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Abstract
Closure of the southern Adamastor Ocean led to the
development of the Neoproterozoic-Early Cambrian oro-
gens on both margins of the present South Atlantic Ocean,
which preserve a rich record of West Gondwana assembly
and large-scale crustal evolution. Here we describe the
distinct stages and tectonic regimes related to the evolu-
tion of the southern Adamastor Ocean as reconstructed
from the geological record in southeastern Brazil,
Uruguay and southwestern Africa. The welding of the
Rio de la Plata/Paranapanema and African cratons was the
result of a long history that generated the Dom Feliciano
Belt in southeastern Brasil and Uruguay and its African
counterparts, the Kaoko, Gariep and Saldania belts.
Recent ideas and previous hypotheses are discussed and
integrated into a tectonic model for the evolution of the
southern Adamastor Ocean, largely based on comparison
of the Neoproterozoic Kaoko and Dom Feliciano belts.
The history of the southern Adamastor Ocean spans
between 900 and 590 Ma, from the earliest records of
magmatism related to Rodinia break-up (980–780 Ma),
through the climax of the extensional phase that led to the
opening of a vast ocean (780–640 Ma). Tectonic inversion
led to subduction towards the east (in today’s coordinates),
which generated an extensive magmatic arc on the western

margin of the Congo and Kalahari cratons (640–600 Ma)
and eventually the collision between the Congo and Rio de
La Plata Cratons (600–590 Ma) juxtaposing the magmatic
arc and the western South American schist belts. At
around 530 Ma, still under the influence of plate conver-
gence, a positive flower structure was generated causing
the extrusion of the Granite Belt, the eroded remnant of the
magmatic arc, and reactivation of the doubly verging
thrusts that affected the supracrustal units of the Kaoko
and Dom Feliciano belts. Only at that time did deforma-
tion reach the Itajaí and Nama foreland basins.
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3.1 Introduction

Since the formation of the first larger masses of continental
crust and preservation thereof, several cycles of continental
dispersion and subsequent convergence of continental frag-
ments have taken place. By the end of the Precambrian, four
large supercontinental masses had formed (Hoffman 1991):
Laurentia (North America), Gondwana (southern conti-
nents), Baltica and Siberia. In addition, several smaller
peri-Gondwana blocks existed.

Comparative studies of the Western Gondwana segments
in South America and Africa started with Almeida (1965),
Hurley et al. (1967) and Porada (1979), and were followed
by many more. In South America, recent geologic syntheses,
such as those by Kröner and Cordani (2003), Cordani et al.
(2010) and Brito Neves and Fuck (2013), divided the Pre-
cambrian rocks into two major geotectonic domains, roughly
bounded by the Transbrasiliano Lineament: the Amazonas
or pre-Brasiliano domain (of Laurentian affinity) and the
Brasiliano domain (of Gondwana affinity). The latter
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comprises a Neoproterozoic framework of orogens adjacent
to cratonic entities, such as the Rio de la Plata, Parana-
panema and São Francisco cratons (Alkmim and Teixeira
2017; Assumpção et al. 2017; Barbosa and Barbosa 2017;
Teixeira et al. 2017).

The geological records of convergent oceanic plate regimes
and a succession of collisions between continental blocks
along a continuous belt define the Western Gondwana
Orogenic System (Ganade Araujo et al. 2012, 2016).
This orogenic system reflects the diachronous closure of a
large ocean—the Ocean (Caby 2003; Cordani et al. 2013;
D’Agrela-Filho and Cordani 2017)—along a suture that is
represented by today’s Transbrasiliano Lineament, a product of
a long-term geological history of c. 250 million years. As the
example of the Mozambique Orogen in Eastern
Africa-Antarctica (Squire et al. 2006), the Western Gondwana
Orogenic System, as a result of its deep continental deforma-
tion,most likely formedahugemountain chain by the end of the
Neoproterozoic, comparable with today’s Alpine-Himalayan
system of orogenic belts (Ganade Araujo et al. 2014).

The paleogeographic starting point for the Neoprotero-
zoic tectonic history, including the opening and closure of
the Farusian-Goiás Ocean, remains a matter of debate but is
generally assumed to start with the existence of a super-
continent—that is, Rodinia. Various configurations have
been proposed for Rodinia, such as Urung (1997), and more
recently Fuck et al. (2008) and Li et al. (2008). Alternative
paleogeographic reconstructions of the Rodinia superconti-
nent, with continental masses of Laurentian and Gondwana
affinities, such as the Rio de la Plata Craton, have been
suggested on geological (Cordani et al. 2003a, b; Kröner and
Cordani 2003; Johnson et al. 2005; Teixeira et al. 2013;
Fuck et al. 2017) and geophysical grounds (Pisarevsky et al.
2003; Tohver et al. 2006; D’Agrela-Filho and Cordani
2017). An alternative model involves a large ocean between
Rodinia and proto-Gondwana (Tohver et al. 2006), next to
the Amazonian-Rio Apa Block and between Pampia (Ramos
et al. 2010) and Rio de la Plata—named Clymene Ocean, as
proposed by Tohver et al. (2010). The corresponding rock
record is suggested to be in the Paraguai-Araguaia belts and
the Pampean magmatic arc.

A map of Western Gondwana (Fig. 3.1) shows the oro-
genic systems related to the diachronous closure of the
Farusian-Goiás and Adamastor oceans, and the continental
blocks and cratons involved in plate convergence in the
Neoproterozoic. While oceanic plate convergence in the
South American sector marked the Farusian-Goiás domain
in the Tonian to early Cryogenian periods (Cordani et al.
2013), divergent plate regimes segmented the Congo-São
Francisco (Tack et al. 2001; Pedrosa-Soares et al. 2008;
Babinski et al. 2012; Affaton et al. 2016) and Kalahari-Rio
de la Plata continental blocks (Basei et al. 2005, 2008a,
2011a; Frimmel et al. 2011, 2013), resulting in the opening

of the Adamastor Ocean. In this context, the Luís Alves and
Curitiba continental blocks would represent microcontinents
with an active margin by the end of the Neoproterozoic
(Basei et al. 1992, 1998, 2000, 2009).

Beyond the Mesoproterozoic units of the Irumide Belt
(Johnson et al. 2005, 2007; De Waele et al. 2009;
Fernandez-Alonso et al. 2012; Hauzenberger et al. 2014),
between the Congo and Kalahari cratons, the Damara Belt
reflects the evolution from continental rifting to spreading
and formation of a narrow oceanic basin in the Ediacaran
(Miller et al. 2009; Frimmel et al. 2011; Lehmann et al.
2015; Nascimento et al. 2016). This suggests an aulacogen
opening of lithospheric proportions, synchronous with the
closure of the Adamastor Ocean.

The Ediacaran formation of magmatic arcs in active
continental margins (Campos Neto and Figueiredo 1995;
Basei et al. 2000, 2008a; Prazeres Filho et al. 2003; Leite
et al. 2007; Frimmel et al. 2013; Hueck et al. 2016; Philipp
et al. 2016a, b; Tedeschi et al. 2016; Heilbron et al. 2017)
marked the end of ocean opening. Except for the hot roots of
the Araçuaí Orogen (Valeriano et al. 2016), plate tectonic
processes were fast and culminated in end-Ediacaran colli-
sions (Basei et al. 2008a, 2010; Faleiros et al. 2011; Santos
et al. 2015), which were followed by lithospheric exten-
sional regimes, with subalkaline volcanism and continental
basins (Teixeira et al. 2004b), and with elongated
orogen-parallel provinces of A-type alkaline plutonism
(Vlach and Galda 2007; Janasi et al. 2009; Pimentel 2016).

The term ‘Adamastor Ocean’ was originally coined by
Hartnady et al. (1985) based on the areal distribution of
mafic oceanic crustal rock assemablages in southwestern
Africa, notably the Matchless amphibolite zone in the
southern Damara Belt and the metavolcanic rocks of ophi-
olitic affinity in the Gariep Belt. These oceanic crustal rock
suites continue south(west)ward from the Kalahari Craton
towards southern South America and the Transantarctic
Province. Oceanic opening towards the north up to the São
Francisco-Congo gulf, ancestor of the Araçuaí-West Congo
Orogen (Pedrosa Soares et al. 2001; Degler et al. 2017),
seems to have been linked with the peripheral collision of
the São Francisco Craton against the Paranapanema Block
and Amazonian Craton. The Ediacaran magmatic arcs mark
the end of ocean opening and record an extensive system of
accretionary orogens that led to the Ediacaran-Cambrian
assembly of western Gondwana.

The term ‘Adamastor Ocean’ is here considered in a
broader sense than originally proposed by Hartnady et al.
(1985), who regarded it as a kind of proto-South Atlantic
ocean. In the current view, illustrated in Fig. 3.1, this Neo-
proterozoic ocean would include several branches, such as
those that eventually led to the Ribeira and Araçuaí belts. In
their midst several continental fragments with different
shapes and sizes existed—namely the Nico Peres,
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Fig. 3.1 Western Gondwana reconstruction (modified from de Wit
et al. 1988). RP Rio de la Plata Craton; P Pampia Block; A Amazonian
Craton; SF São Francisco Craton; Pp Paranapanema Block; WA West
Africa Craton; Pb Parnaíba Block; C Congo Craton; C–U

Congo-Uganda Craton; A Angola Craton; KA Kazai Block; B Bang-
weulu Block; T Tanzania Craton; Z Zimbabwe Craton; K Kalahari
Craton; Cy Cuyania Terrane; H Hoggar Inlier; D Dahomei Inlier; RN
Rio Grande do Norte Inlier
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Encantadas, Luis Alves, and Curitica blocks—and in Africa
possibly the Angola cratonic block. All these segments were
diachronously amalgamated around 600 Ma during the
closure of the Adamastor Ocean.

3.2 Pan-African/Brasiliano Belts Along
the Southern South Atlantic Margins

Remnants of former southwestern Gondwana exist on both
sides of the present South Atlantic Ocean with Neopro-
terozoic fold belts along the coasts and old cratons towards
the interior. This symmetry is defined by a central granitic
belt bounded on both sides by fold-and-thrust belts with
opposite tectonic vergence: towards the west in the Dom
Feliciano Belt and to the east in the Kaoko and Gariep belts
(Trompette 1997; Goscombe and Gray 2007; Basei et al.
2008a). Supracrustal rocks predominate on the African side,
where only small magmatic segments may correspond to the
magmatic arc associated with the tectonic evolution of the
Neoproterozoic belts. The domain on the African side that
most closely resembles a magmatic arc occurs in the west-
ernmost Kaoko Belt in the form of the Skeleton Coast
granitoids. This African segment most likely corresponds to
the 1200 km-long Granite Belt in the Dom Feliciano Belt in
southeastern South America. As the main goal of this
chapter is to characterize the geological history of the
Southern Adamastor Ocean, we shall focus on a comparison
between the Kaoko and Dom Feliciano belts.

3.2.1 Dom Feliciano Belt

The Dom Feliciano Belt (DFB) represents the geotectonic
unit of greatest continuity of the southern portion of the
Mantiqueira Province (Almeida et al. 1981) (Fig. 3.2). It
defines an extensive north-northeast-trending polyphase belt
of some 1200 km length, which occupies the whole south-
eastern portion of Brazil and Uruguay (Fragoso Cesar, 1980;
Basei et al. 2000, 2008a, 2010; Oyhantçabal et al. 2009b;
Philipp et al. 2016a, b). From its northern limit in Santa
Catarina to its termination in Uruguay, it unifies three crustal
segments with distinct lithological and tectonic characteris-
tics. These are, from southeast to northwest, the Granitoid
Belt (deformed calc-alkaline to alkaline granitoid rocks), a
metamorphic (greenschist to amphibolite facies) volcano
sedimentary belt, and a former foreland basin filled with
anchimetamorphic sedimentary and volcanic rocks. In spite
of younger sedimentary cover in many places, the continuity
of these three segments is indicated by similarities in rock
types, structural characteristics and gravimetric signatures
(Schukowsky et al. 1991; Halinann and Mantovani 1993).
The present constitution of the DFB was reached only in the

Ediacaran Period when its different components were
juxtaposed.

Northeast-southwest contacts between the different
domains and the tectonic vergence pointing to the foreland
westwards are conspicuous features of the entire DFB. This
late geometry reflects different pulses of an overall continuous
tectonic process between 640 and 530 Ma (Basei et al. 2008a).

The DomFeliciano schist belt, referred to in the following as
the Schist Belt, constitutes the Brusque (Santa Catarina),
Porongos (Rio Grande do Sul) and Lavalleja (Uruguay)
supracrustal sucessions, which represent the passive margin
deposit on the western side of the Adamastor Ocean. Continuity
of these supracrustal belts, besides geophysical evidence, is
suggested by several similarities, including the predominance of
lower-pressuremetamorphism, the same geotectonic position of
all sequences and also granitic magmatism intrusive into these
supracrustal rocks. These units are polydeformed sequences,
with three folding phases associated with a northwestwardmass
transport, which evolved to late lateral transpression. In struc-
tural terms themain foliation in themajority of themetamorphic
rocks is a syn-peak metamorphic S2 foliation. The regional
metamorphism is of greenschist facies, locally reaching the
lower amphibolite facies (Silva et al. 1980; Sanchez-Bettucci
et al. 2001, 2004; Philipp et al. 2004; Basei et al. 2011b).

Along the Schist Belt, syn- to late-collisional, c. 600 Ma
granitoids were emplaced into the supracrustal rocks and
developed contact metamorphic aureoles that post-date the
main foliation of the regional metamorphic rocks. They are
more frequent in the Brusque Belt and decrease in abun-
dance towards the south, with hardly any expression in the
rocks of the Lavalleja Group in Uruguay (Plate 3.1).

Despite numerous new U–Pb detrital zircon age data, the
precise age of sedimentation along the entire belt remains
poorly constrained. The basement of all sedimentary units is
Paleoproterozoic (Basei et al. 2008a, 2013). Late Neopro-
terozoic granite emplacement at around 600 Ma sets a
minimum limit for the age of sedimentation. Volcanic rocks
interspersed in the sedimentary sequences indicate ages
along the belt that vary between 780 and 640 Ma.

3.2.2 Kaoko Belt

In southwestern Africa, the Pan-African Orogeny led to a
system of three coast-parallel belts—namely, the Kaoko,
Gariep and (western) Saldania belts—and an intracontinental
belt, the Damara Belt (Fig. 3.3). This system evolved
through successive phases of rifting and continental
break-up, drifting, subduction and continental collision. In
this chapter the emphasis is placed on the Kaoko Belt.

A range of basement rocks are exposed in the Kaoko
Belt, most prominently in the Kamanjab Inlier and the Epupa
Complex, containing Archean orthogneiss of c. 2600 Ma
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(Seth et al. 1998). Mesoproterozoic rocks occur in several
places, predominantly quartzite and amphibolite with sub-
ordinate felsic rocks, with ages grouping in the 1350–
1500 Ma interval (Seth et al. 1998; Kröner et al. 2004;
Goscombe et al. 2005).

The Kaoko Belt has been subdivided into several zones.
The Eastern Kaoko Zone consists of Neoproterozoic

platform sediments on the western margin of Congo Craton.
The metamorphic grade is only very low. A marine ingres-
sion prior to 750 Ma is evident from a carbonate, deep-water
rhythmic argillite and shallow-water stromatolite succession
(Ombombo Subgroup), which lies on siliciclastic deposits of
the Nosib Group and is covered by the Chuos Formation
diamictite (Hoffman et al. 1998).

Fig. 3.2 Main geological features of Southern Mantiqueira Province
focusing on the Dom Feliciano Belt (Brazil–Uruguay) a Reconstruction
of West Gondwana after Heilbron and Machado (2003) and Heilbron
et al. (2017); de Wit et al. (1988) and Cordani et al. (2013), showing
cratonic blocks and Brasiliano–Panafrican belts. Cratons shown in
grey: A Amazonia; C Congo; K Kalahari; LA Luis Alves; P Parana-
panema; SF São Francisco; WA West Africa. Brasiliano–Panafrican
belts (ringed): Bo Borborema; Rp Rio Preto; A Araguaia; Aç Araçuaí;

P Paraguai; B Brasilía; R Ribeira; DF Dom Feliciano; Pa Pampean;
H Hoggar; D Dahomey; Ro Rockelides; O Oubangides; Ta Tanzania;
WC West Congo; Ka Kaoko; Da Damara; K/Z Katangan/Zambezi; Kl
Katanga-Lufilian Arc; M Mozambique; G Gariep; S Saldania. Location
of the Mantiqueira Province is shown. b General outline of the
Mantiqueira Province (Brazil–Uruguay). Simplified from Basei et al.
(2008a), Passarelli et al. (2011, unpublished)
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Plate 3.1 Field photographs from the Dom Feliciano Belt. Granite Belt: a banded gneisses of Aguas Mornas Complex; b São Pedro de Alcantara
biotite-monzogranite with mafic enclaves; Schist Belt: c 640 Ma amphibolite interlayered with metasedimentary units; d thinly bedded limestone;
e late-stage folds in biotite-quartzschist; f two sets of crenulation folds deforming quartz-sericiteschist; Granitoids intrusive into the Schist Belt:
g São João Batista banded tourmaline-muscovite leucogranite; h coarse-grained Valsungana biotite granite with microgranular enclaves;
i homogeneous Nova Trento two mica granite; Foreland Basin: j banded turbidite of Itajaí Basin; Luis Alves Craton (Foreland): k orthopyroxene
banded gneiss; l typical massif charno-enderbitic gneiss
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Fig. 3.3 Main tectonostratigraphic units of southwestern Africa. Lineaments: ORMZ Ogden mylonitic zone; PMZ Purros mylonitic zone; ST
Sesfontein thrust; SCT Schakalsberge thrust. After Frimmel et al. (2011)
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The Central Kaoko Zone is bounded to the east by a
shallow late Pan-African thrust zone (Sesfontein Thrust)
(Goscombe et al. 2003), and to the west by the mylonitic
Purros Shear Zone (Fig. 3.3). It is composed of an Archean
to Paleoproterozoic gneissic-granitic basement, with Paleo-
to Mesoproterozoic granitoid bodies, and covered by Neo-
proterozoic metapelitic to metapsammitic supracrustal rocks
(Seth et al. 1998; Kröner et al. 2004). Konopásek et al.
(2008) reported U–Pb zircon ages (SIMS) between 840 and
805 Ma for felsic rocks of bimodal metavolcanic suites and
interpreted them as dating continental rift-related volcanism.
The metamorphic grade increases from east to west, passing
from lower greenschist to upper amphibolite facies, and
reflecting a Barrovian-type P/T gradient.

Both basement and sedimentary cover display an intense
sinistral transpressional superposed fabric and folds associ-
ated with series of thrusts and nappes transported eastwards
(Goscombe et al. 2003; Will et al. 2004). The sequences
observed in the Ugab zone correspond to turbidites (Gray
et al. 2006) containing two thin cap carbonate units possibly
associated with Sturtian glaciation at 720–700 Ma (oldest)
and the youngest with the Ghaub Formation diamictite of
supposedly Marinoan age of 635 Ma (Hoffman et al. 1998;
Hoffmann et al. 2004).

The Western Zone of the Kaoko Belt, also referred to as
Coastal Terrane (Fig. 3.3), records two high-grade (upper
amphibolite to granulite facies) low-P/high-T metamorphic
episodes around 645 and 550 Ma (Franz et al. 1999) associ-
ated with Neoproterozoic granitoids. Type-I calc-alkaline
granitoids of 650–630 Ma age are also present (Seth et al.
1998; Konopásek et al. 2016). All rocks in this domain were
affected by sinistral shearing, isoclinal folding (Goscombe
et al. 2003) and high-grade metamorphism (Seth et al. 1998;
Franz et al. 1999; Konopásek et al. 2008). The Three Palms
Mylonite Zone defines the eastern limit of the Coastal Terrane.
It represents, analogous to the Major Gercino-Sierra Ballena
Shear Zone on the western flank of the Granite Belt in the
DFB, a low-angle shear zone that in the course of progressing
crustal shortening was gradually transformed into high-angle
faults with a predominantly directional component.

The abundance of calc-alkaline intrusive rocks, which
form a large batholith (the Skeleton Coast Batholith), is
generally explained as representing a former magmatic arc in
the Coastal Terrane. These rocks range in composition from
mafic, intermediate to felsic (Seth et al. 1998; Franz et al.
1999; Masberg et al. 2005), and were emplaced into meta-
morphosed supracrustals rocks (Goscombe and Gray 2007).
The absence of a tectonic boundary between the metasedi-
mentary cover and the rocks of the Skeleton Coast Batholith
suggests an intimate relation between deposition of the
metasedimentary rocks and the evolution of the magmatic
arc. Interestingly, similar sedimentary cover as in the Coastal
Terrane and with the same detrital zircon populations also

occurs as roof pendants of the granitoids in the DFB (Basei
et al. 2008a). Part of the detrital zircon age patterns of the
metasedimentary units in the Coastal Terrane cannot be
reconciled with any source in the Central Zone of the belt
but match very well the age pattern of the magmatic arc
rocks (Goscombe and Gray 2007, 2008; Konapásek et al.
2014; Basei et al. unpublished data). It is therefore con-
cluded that the Coastal Terrane as a whole (magmatic arc
and its sedimentary cover) would be a para-autochthonous
unit and not an exotic terrane without genetic links with the
rest of Kaoko Belt.

In a similar way to that observed in the DFB, where a set
of S-type granitoids occurs adjacent to the Major
Gercino-Sierra Ballena Suture Zone, marking the contact
between the Schist Belt and the magmatic arc, a significant
volume of S-type granitoids also marks the eastern contact of
the magmatic arc of the Coastal Terrane in the vicinity of the
Three Palms Mylonite Zone (Goscombe and Gray 2007;
Konapásek et al. 2008, 2014) (Plate 3.2).

3.3 Depositional Age and Provenance
Constraints from Detrital Zircon Ages
from the Dom Feliciano and Kaoko Belts

U–Pb ages (SHRIMP and LAICPMS) on detrital zircon have
been used as the main tool to define the provenance and
maximum age of deposition of the metasedimentary rocks
that constitute the schist belts. When this type of information
is combined with ages of volcanic rocks interlayered in
sedimentary sequences as well as ages of metamorphic and
magmatic events, it becomes possible to reconstruct the
geological evolution of a given belt with a high degree of
confidence.

Zircon age dating on mylonitic quartzite that occurs in the
northern portion of the Brusque Group (Hartmann et al.
2003) yielded largely Paleoproterozoic values in the range
2180–2090 Ma and a single crystal with 2220 Ma. Basei
et al. (2008a) analysed two samples of metasedimentary
rocks, a volcanosedimentary micaschist and a garnet-biotite
schist. The zircon grains therein revealed age peaks in the
ranges 2250–1700, 1500–1300 and 1300–1100 Ma, and two
grains with anomalously young ages of 540 and 570 Ma.
A metaconglomerate at the top of the metavolcancosedi-
mentary unit in Morro do Carneiro gave detrital zircon ages
mainly between 2100 and 1850 Ma with some older,
Archean grains (2600–3000 Ma). In this sample the main
age peak is around 2000 Ma and the youngest concordant
age is 1250 Ma. Another sample, from a quartzitic bed in the
micaschist, yielded a similar age distribution, with popula-
tions of 1500–1300 and 2200–1800, and some Archean
values between 2600 and 3100 Ma. The main peak is at
2200 Ma (Yamamoto and Basei 2009).
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Plate 3.2 Field photographs from the Kaoko Belt. Basement rocks: a deformed granitoid of Kamanjab Inlier; b sheared pink megacrystic granite
at Marien Fluss, Kunene River; Eastern Domain (carbonate platform); c thinly bedded limestone of the Tsumeb formation; d limestone of the
Hüttenberg formation; Central Domain; e general view of medium-grade Kaoko mica schist just above the Sesfontein thrust; f folded diamictite of
Chuos formation; Orogen core; g deformed coarse-grained biotite granite, near Purros shear zone; h Porphyroclastic augen gneiss of three palm
Mylonite zone; Costal Terrane; i banded high-grade migmatite with metasedimentary paleosome; j feldspathic garnet-mica schist of supracrustal
units near Terrace Bay; k deformed tonalite with elongated mafic enclaves; l deformed biotite monzogranite with elongated mafic bands
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Considering the detrital zircon age patterns of the Brus-
que Group, the predominance of Paleoproterozoic values is
evident, as well as a moderate Archean contribution. In
terms of provenance, the origin of these zircon grains can be
essentially South American, with the Archean to Paleopro-
terozoic domains constituting the Luis Alves, Paranapanema
and Rio de la Plata cratons, as well as the Camboriú Com-
plex, representing the likely source areas. On the other hand,
the origin of the few Mesoproterozoic ages found in these
rocks, with values between 1200 and 1300 Ma, is more
problematic as there are no known rocks of this age exposed
in southern and southeastern Brazil. A probable African
origin for these Mesoproterozoic zircons has been suggested
by Basei et al. (2005, 2008a). The two young grains
obtained, with ages of 540 and 570 Ma, confirm the Neo-
proterozoic depositional age of the Brusque Group. How-
ever, the values are much younger than one might expect
and may reflect loss of radiogenic Pb.

Late Cryogenian deposition of most of the Brusque
Group is confirmed by age data of around 637 and 640 Ma
obtained on intercalated felsic and mafic metavolcanic rocks
(Silva et al. 2002; Basei et al. 2011b). In addition, U–Pb
zircon ages from four calsilicatic samples with a probable
tuffecous contribution indicate several detrital zircon popu-
lations, with age peaks in the ranges 2350–2040, 2000–1880
and 1270–780 Ma, whereas the age of volcanism is around
640 Ma (Brentan 2011).

Recent U–Pb detrital zircon studies on the Porongos
Group revealed the existence of two sedimentary sucessions
with different ages and tectonic contexts. An older sedi-
mentary sequence is Tonian to Cryogenian, as evidenced by
810 and 770 Ma felsic and mafic metavolcanic rocks
(Porcher et al. 1999; Chemale 2000; Gruber et al. 2011;
Saalmann et al. 2011; Arena et al. 2017; Pertille et al. 2017).
In the enclosing sedimentary rocks, a younger population of
detrital zircon with ages between 800 and 1300 Ma is dis-
tinguished from an older group with ages mainly between
2000 and 2200 Ma and a few Archean values (Gruber et al.
2011; Höfig et al. accepted). The younger depositional
sequence is Ediacaran, with 610 Ma metatuff layers (Höfig
et al. accepted) intercalated in the psamopelitic sedimentary
rocks, and deformed 600 Ma alkaline leucosyenogranite
(Zvirtes et al. 2015) crosscutting the metasedimentary rocks.
The detrital zircon age pattern of the Ediacaran succession is
marked by 580 and 610 Ma major peaks, with subordinate
populations between 2200 and 2000 Ma and some Archean
values between 2900 and 2700 Ma (Pertille et al. 2015b,
2017; Höfig et al. accepted).

The possibility of Paleo- to Mesoproterozoic metasedi-
mentary units having formed part of the basement of the
Porongos Basin is suggested by the existence of quartzite
beds that contain detrital zircon populations of quite different
provenance. These rocks occur on the western edge of the

Santana Dome, the best exposure of the Paleoproterozoic
basement of the Porongos Group occurs. Detrital zircon in
this quartzite yielded ages in the 3200–1990 Ma range with
a main peak around 2100 Ma (Hartmann et al. 2004; Gruber
et al. 2011; Pertille et al. 2015a). A few grains yielded an age
of c. 1750 Ma (Gruber et al. 2011) but no Meso- or Neo-
proterozoic data has been obtained.

The absence of Neoproterozoic detrital zircon grains is a
critical feature that continues into the mica schists of the
eastern and southern flanks of the Santana Dome. There,
however, Mesoproterozoic detrital zircon ages from 1010 to
1060 Ma are abundant. In addition, the sedimentary suc-
cession contains intercalations of acidic and intermediate
volcanic rocks that have been dated around 770 Ma (Porcher
et al. 1999; Gruber et al. 2011; Saalmann et al. 2011; Pertille
et al. 2017), thus suggesting a correlation with the oldest
Tonian succession of the Porongos Group.

The oldest Tonian-Cryogenian metasedimentary succes-
sion of the Porongos Group corresponds to remnants of a
marginal basin fill (including the rift units) that were laid
down on the margin of the Rio de la Plata and Paranapanema
cratons at the western end of the Adamastor Ocean. The
Ediacaran upper units of the Porongos Group are related to
the synorogenic deposits of the collisional phase of the DFB.
The Meso-Paleoproterozoic quartzites may correspond,
similar to those observed in the Kaoko Belt, to an old
platform cover.

From the Lavalleja Group, which represents the contin-
uation of the Schist Belt in Uruguay, only few data is
available. SHRIMP U-Pb detrital zircon ages for two sam-
ples were presented by Basei et al. (2008a). The first cor-
responds to a quartz-sericite schist of the Fuente del Puma
Formation (Sanchez-Bettucci et al. 2001, 2004) collected
from a well-exposed outcrop on Road 60. A range of zircon
ages was obtained with Archean (2600–3400 Ma), Paleo-
proterozoic (1780–2400 Ma) and Neoproterozoic ages
(600–1000 Ma). The age pattern observed in a sample from
the Zanja del Tigre Formation (Sanchez-Bettucci et al. 2001,
2004) is quite different from the previous sample. This rock
corresponds to a rhythmic metapsammitic rock collected on
Road 12. In this sample, some Archean grains were found
(some older than 3000 Ma), with the majority being Paleo-
proterozoic (1800–2300 Ma). No Meso- or Neoproterozoic
zircon grains were found in this sample. Here the older
zircon populations are of particular interest because no
corresponding Archean units are known so far in Uruguay.

On the African side, the number of provenance studies on
(meta)sedimenatary units of the Kaoko Belt remains limited.
Nevertheless, the control on the timing of sediment deposi-
tion is reasonably good thanks to age data for interlayered
volcanic rocks. An additional control is provided by the age
of metamorphism and granitoids that cut these metasedi-
mentary units.
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Two of the three lithostructural segments that make up
the Kaoko Belt were studied by Konapásek et al. (2014),
who presented a set of detrital zircon U–Pb ages. For the
Central Domain, three samples yielded a large variation of
ages, with main peaks at 650–750, 1250–1400 and 1850–
2000 Ma. Only a few grains gave Archean ages of 2600–
2700 Ma. The Orogen Core, located between the Purros and
Three Palms Mylonite shear zones, contains detrital zircon
grains with the main age groups around 650, 1000, 1450 and
1800 Ma. Neoproterozoic ages in this segment are more
abundant than in the Central Domain. The well-documented
increase in the grade of metamorphism towards the Orogen
Core is well reflected by an abundance of U–Pb zircon
overgrowth ages between 570 and 620 Ma. In the Coastal
Terrane, the vast majority of detrital zircon grains in the
metasedimentary rocks is Neoproterozoic in age, with a
main peak around 650 Ma. Minor age peaks are at
950–1050, 1250–1050, 1850 and 2150 Ma. High-grade
metamorphism in the Coastal Terrane is recorded in
orthogranulitic gneisses and reflected by metamorphic zircon
overgrowths with ages of 630–650 Ma.

For the metasedimentary units that occur south of the
Kamanjab basement inlier, a set of U–Pb results in detrital
zircon were presented for the Otavi-Swakop groups ranging
from Nabis Formation to the Mulden Group molasse
(Nascimento et al. 2017). The age pattern observed by
Nascimento et al. shows an unimodal distribution around
1750 Ma for the Nabis Formation whereas in the Chuos
Formation of the Nosib Group, additional populations with
ages of c. 1250 Ma and to a lesser extent 740 Ma exist. The
latter is in good agreement with the intercalated volcanic
rocks that provided ages between 745 and 760 Ma (Hoffman
et al. 1996; DeKock et al. 2000; Halverson et al. 2002;
Nascimento et al. 2016) for spatially associated diamictite,
which has been related to the Sturtian glaciation. In the
Ghaub/Black River Formation, detrital zircon ages of around
1970 Ma predominate with a few grains having older ages of
1000–2600 Ma. In addition, younger values of 660–680 Ma
are in agreement with a Marinoan age generally postulated
for these units based on a precise U–Pb zircon age of
635 Ma obtained on an intercalated tuff layer in a suppos-
edly correlatable unit further south in the Damara Belt
(Hoffman et al. 2004). In contrast to the above, the molasse
sediments of the Mulden Group contain detrital zircon grains
that are predominantly Neoproterozoic (650–710 Ma), with
a second population around 1030 Ma and minor contribu-
tions from Paleoproterozoic (*1860 Ma) and Archean
(2600 Ma) sources.

For the intracontinental branch of the Damara Belt, Foster
et al. (2015) could distinguish sediment sources in the
Congo Craton and in the Kalahari Craton. The former is
characterized by age peaks of 1150–1000 and 800–600 Ma,
whereas the latter is characterized by ages between 1300 and

1150 Ma. This difference led them to conclude that both
cratons were widely separated from each other at the end of
the Mesoproterozoic and became juxtaposed only in Edi-
acaran times. Such a strict separation of Congo and Kalahari
provenance is, however, problematic because elsewhere the
Kalahari Craton contains voluminous units with ages that
correspond to those allegedly typical of the Congo Craton—
for example, in the Bushmanland Subprovince of the
Namaqua-Natal Belt (Robb et al. 1999) and in the Rich-
tersveld Igneous Complex (Frimmel et al. 2001).

Foster et al. (2015) also suggested a maximum deposi-
tional age for the Mulden Group in the Northern Foreland
of *590 Ma, which is supported by the youngest concor-
dant detrital zircon ages of c. 620 Ma obtained from the
Hartmann Subgroup (Goscombe et al. 2005).

The main sediment sources in both the DFB and the
Kaoko Belts are evidently their basement and adjacent cra-
tons (Goscombe et al. 2005; Basei et al. 2008a; Konapásek
et al. 2014; Foster et al. 2015; Pertille et al. 2015a, 2017;
Höfig et al. accepted; Nascimento et al. 2017). In most
sedimentary sequences of these two belts, zircon populations
with Paleoproterozoic ages predominate. Mesoproterozoic
ages are abundant on the African side but are very minor on
the South American side of the DFB, with only few such
grains in the Brusque Group and increasing in number
towards the south. However, in both belts, Cryogenian and
Ediacaran zircon populations predominate in the younger
syn- to late-orogenic units. This is due to the extrusion of the
magmatic arc, represented by the Granite Belt, which
became a high ground and thus constituted the main sedi-
ment source for the younger units in both belts. Similarly,
the Coastal Terrane metasedimentary units are unequivocally
related to magmatic arc evolution and probably had the
Granite Belt as their main sediment source area. Metasedi-
mentary remnants that occur as large roof-pendants in the
middle of the Granite Belt probably have an African
provenance of Meso- to Neoproterozoic age, which seems to
be a fingerprint of Neoproterozoic supracrustal rocks of
(southern) African affinity.

3.4 Tectonic Model

In the last 15 years, advances in the correlation of
tectonothermal events, and Neoproterozoic sedimentation
history on both sides of the Southern Atlantic Ocean have
helped to fill gaps in the tectonopaleogeographic interpre-
tation of the Neoproterozoic fold belts in southwestern
Africa and southeastern South America.

A new tectonic model is proposed here, which hinges
essentially on five findings: (1) The westernmost domain of
the Kaoko Belt (Coastal Terrane) can be correlated with the
Florianópolis-Pelotas-Aiguá magmatic arc in the DFB;
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(2) the late-Ediacaran detrital zircon population in the
supracrustal sequences of the western portion of the Kaoko,
Gariep and Saldania belts and in the Rocha Group were
probably derived from the above magmatic arc; (3) the Dom
Feliciano Schist Belt represents the passive margin deposits
that accumulated on the eastern margin of the South
American cratons and on the plate that eventually became
subducted; (4) the late Ediacarian synorogenic units in the
Porongos Group register a second stage of sedimentary
deposition in DFB owing to the magmatic arc collision
against the DFB passive margin deposits around 600 Ma;
and (5) the estimated time for the existence of the Adamastor
Ocean would be 180 myr from first oceanic crust formation
at c. 780 Ma to its closure around 600 Ma.

In addition to the above points, but equally important for
the proposed tectonic model, is the finding that the upper
units and mafic rocks of the Marmora Terrain in the Gariep
Belt in southwestern Africa bear many similarities to those
of the Rocha Group and Paso del Dragón Formation
mafic-ultramafic rocks in northeastern Uruguay and are
likely to represent the same original basin (Will et al. 2014).

Eastward subduction of Adamastor oceanic crust explains
the positions of the 640–600 Ma Florianópolis-Pelotas-
Aiguá granitoid belt (magmatic arc) and the passive mar-
gin reflected by the Brusque-Porongos-Lavalleja groups
located between that arc and the Rio de la
Plata/Paranapanema cratonic margins, as well as the
back-arc domains of the Kaoko-Gariep-western Saldania
belts (Basei et al. 2005, 2008a; Frimmel et al. 2011, 2013).
The Major Gercino-Cordilheira-Sierra Ballena lineament
represents the Neoproterozoic suture that separates the ter-
ranes with African and South American affinities. Around
535 Ma, crustal shortening in the region came to a close
when folding and thrusting reached the foreland basins of
the Kaoko-Gariep-western Saldania belts and the Dom
Feliciano Belt. Thus the history of the Adamastor Ocean as
suggested here reflects a complete Wilson Cycle.

3.5 Principle Tectonic Stages
in the Evolution of the Adamastor Ocean

Figure 3.4 shows a diagram displaying the main steps rela-
ted to the evolution of the Adamastor Ocean as well as the
final shortening phase when the major faults zones began to
present a predominant directional displacent and more ver-
tical planes. The final step represents the present situation,
with the rupture plane that generated the Atlantic Ocean
developed predominantly along the eastern portion of the
former Granite Belt—that is, along the corresponding
back-arc basin (Marmora Basin).

3.5.1 Crustal Extension (980–780 Ma)

Although the Adamastor Ocean is considered to be one of
the main products of Rodinia fragmentation, there is no
direct evidence of its existence as there are no unequivocal
remnants of corresponding oceanic crust recorded. All evi-
dence is indirect and mainly in the form of significant marine
deposits in the Neoproterozoic sedimentary successions on
both the African and South American sides.

Age data on rift-related siliciclastic and bimodal volcanic
rocks preserved in the Neoproterozoic schist belts from both
Rio de la Plata/Paranapanema and Congo/Kalahari cratonic
margins suggest a protracted continental rifting phase
between 900 and 780 Ma (Frimmel et al. 1996; Hoffman
et al. 1996; Basei et al. 2000; Pedrosa Soares and Alkmin
2011). However, considering the size of the area related to
the Adamastor Ocean, it is likely that rifting was diachro-
nous, with the period of 980–780 Ma covering different
stages of crustal thinning that occurred simultaneously at
different places.

On the African side, the granitoids of the Richtersveld
Suite in the Gariep Belt with magmatic pulses at 835, 800
and 770 Ma are a good example of the magmatism associ-
ated with the taphrogenic phase (Frimmel et al. 2001). Ages
between 880 and 820 Ma obtained on the Lufilian Belt, the
eastern continuation of the Damara Belt, have also been
attributed to continental rifting (Johnson et al. 2007; Frim-
mel et al. 2011). In the Kaoko Belt, a similar range of U–Pb
ages (840–805 Ma) obtained on metavolcanic rocks of a
bimodal suite in the Central Domain have been interpreted as
dating continental rift magmatism (Konopásek et al. 2008).
Further zircon age data of 770–710 Ma from amphibolite at
the eastern side of the Three Palms Mylonite Zone (Kona-
pásek et al. 2014) indicate that rift-related magmatism there
continued into the Cryogenian Period.

For the northern Mantiqueira Province in the eastern part
of South America, Pedrosa-Soares and Alkmin (2011) sug-
gested several episodes of fissural magmatism in the Araçuaí
Belt, which preceded the opening of the Adamastor Ocean.
The oldest of these events would correspond to emplacement
of 1000 Ma mafic dykes in the southern portion of Bahia
State (Renné et al. 1990). A second event between 960 and
875 Ma is marked by the association of basic dykes and
A-type granitoids (Machado et al. 1989; Silva et al. 2008;
Queiroga et al. 2012; Castro 2014; Souza 2016). Alkaline
magmatism between 730 and 700 Ma (Rosa et al. 2007,
2015) is the youngest event of this phase. In the central and
southern portion of the Ribeira Belt, this taphrogenic phase
can be associated with the emplacement of dykes and mafic
bodies with ages between 900 and 800 Ma (Heibron and
Machado 2003; Siga et al. 2009; Campanha et al. 2016).
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A good example of Tonian magmatism associated with
continental rifting in the south-southeastern part of Brazil is
the mylonitic Parapente syenogranite, which pre-dates the
deposition of the sediments of the Brusque Group at the
northern end of the DFB. This syenogranite has a compo-
sition akin to A-type granite and yielded a U–Pb zircon age
of 845 Ma (Basei et al. 2008b). Also in the same area, a
930 Ma deformed gabbro occurs (Basei et al. 2011b), which,
together with the above syenogranite, evidences magmatism
related to crustal thinning prior to volcanism and sedimen-
tation in the Brusque Belt.

Large serpentinite bodies in the Pien region might rep-
resent remnants of the oceanic crust exhumed during the
closure of the Adamastor Ocean branch that would have
existed between the Luis Alves Craton and the Curitiba
Block. Gabbro and norite occurring among these serpentinite
bodies, with U–Pb zircon ages around 630 Ma (Harara
2001), suggest that the generation of this oceanic crust
occurred in the Ediacaran. Arc-related calc-alkaline grani-
toids ranging in age between 614–610 Ma mark the onset of
subduction (Harara et al. 2004).

On the other hand, in Rio Grande do Sul, remnants of
oceanic crust of Tonian age were identified in two distinct
sites associated with ophiolitic complexes. One of them is
the mafic-ultramafic complex of the São Gabriel terrain and
yielded ages of 900–850 Ma. The closure of that ocean
would have occurred around 750 Ma with the generation of
island arc granitoids (Gubert et al. 2016; Arena et al. 2016).
The second site where oceanic crust was also identified is in
the Capané Antiform area, where 750 Ma deformed
mafic-ultramafic rocks were found interstratified in the
Tonian metasedimentary successions of the Porongos Group
of the DFB (Arena et al. 2017).

Crustal thinning in the course of continental rifting should
have invariably led to an increase in the regional geothermal
gradient resulting from a rise of the asthenospheric mantle.
Partial melting of the lower crust, thus generating granitic
melts and migmatites, and low P/T metamorphism, can be
expected for this stage. On the African side, little evidence is
recorded for this metamorphic overprint, except for the noted
increase in metamorphic grade towards the west within the
Kaoko Belt.

On the South American side, evidence for such Tonian
metamorphism is recorded by rocks in the Punta del Este
Terrane (PET) of eastern Uruguay (Preciozzi et al. 1999;
Basei et al. 2011a; Masquelin et al. 2012). The Jaguarão
Terrane in southeastern Rio Grande do Sul (Brazil) has been
suggested to represent a continuation of the PET because of
similarities in lithology and geochronology (Cruz et al. 2017).

The PET is the continuation into South America of the
Gariep Belt and its Namaqua metamorphic basement in

Namibia and South Africa. Correlation of the PET with the
Namaqua Metamorphic Belt was initially proposed by Pre-
ciozzi et al. (1999) and confirmed by subsequent studies on
the supracrustal rocks on both sides of the South Atlantic
Ocean (Basei et al. 2000, 2005, 2011a; Frimmel et al. 2011,
2013; Masquelin et al.2012). The PET consists of a
high-grade metamorphic gneissic to migmatitic basement,
the Cerro Olivo Complex, and its low-grade supracrustal
cover, the Rocha Group. This terrain, along with the Granite
Belt, thus represents a remnant of the Kalahari Plate under
which the Adamastor oceanic crust was subducted.

The Cerro Olivo Complex comprises orthogneisses,
constituting the Cerro Bori unit, and paragneisses of the
Chefalote unit (Masquelin 2000). The Chefalote migmatites
and mafic granulites contain four distinct metamorphic
assemblages, recording M2 peak-metamorphic conditions of
7–10 kbar and 830–950 °C on a clockwise P–T path (Gross
et al. 2009). The tectonic evolution of this segment is
characterized by Mesoproterozoic Namaqualand Metamor-
phic Complex-type rocks having been overprinted by several
Neoproterozoic tectonometamorphic events (Masquelin
2000; Oyhantçabal et al. 2009a; Basei et al. 2011a; Lenz
et al. 2011; Masquelin et al. 2012).

Tonian 850–760 Ma granitoids in the PET have been
interpreted as products of either subduction (Lenz et al.
2011; Masquelin et al. 2012) or continental rifting
(Oyhantçabal et al. 2009a). We prefer the latter interpretation
because of the omnipresence of Namaqua-age zircon xeno-
crysts and inherited nuclei in dated zircon grains (Basei et al.
2011a; Lenz et al. 2011). It is proposed, therefore, that
crustal thinning prior to the opening of the Adamastor Ocean
led to decompression-induced anatexis of Namaqua-type
basement and associated low P/T metamorphism along the
western margin of the Kalahari continental plate. Remnants
of this modified crust with Tonian granitoids can also be
found within the Granite Belt, notably in the Pelotas and
Florianópolis batholiths, where several 780–800 Ma tona-
litic, dioritic and orthogneissic xenoliths have been observed
(Silva et al. 1999; Frantz and Botelho 2000; Koester et al.
2008; Basei unpublished data).

Inversion from extension to compression occurred only in
Ediacaran times, as evident from deformation and
granulite-facies metamorphism in the PET (Gross et al.
2009; Masquelin et al. 2012). An age of 614 Ma for this
stage of high-grade metamorphism is indicated by U–Pb
data obtained on metamorphic zircon overgrowths around
Tonain magmatic zircon cores (Oyhantçabal et al. 2009a).
Metamorphic monazite ages from Chefalote Formation
paragneisses corroborate syncompressional metamorphism
and migmatite formation between 645 and 632 Ma (Basei
et al. 2011a).
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3.5.2 Drifting Phase (780–640 Ma)

Crustal thinning and continental rifting eventually led to
continental break-up and first formation of oceanic crust at
around 780 Ma. First evidence of subduction and thus onset
of closure of the Adamastor Ocean at 640 Ma leaves at least
140 myr for the opening of this ocean. This would be
enough time to generate an ocean as wide as the modern
South Atlantic and to accumulate a thick pile of sediments
(largely siliciclastic) on its margins.

Recent studies have revealed three major depositional
episodes associated with the tectonic history of the
Adamastor Ocean—that is, continental rifting, followed by
marine deposits of sag basins (predominantly siliciclastic
units), both associated with the main extension phases and
sediment supply mainly from the adjacent cratons. During
closure of the Adamastor Ocean, Ediacaran synorogenic
deposits related to subduction (back-arc) and collisional
phases are distinguished by their sediment derivation mainly
from the Ediacaran magmatic arc (Basei et al. 2008a;
Frimmel et al. 2013; Pertille et al. 2015b, 2017; Höfig et al.
in revision).

The above scenario was built by compiling information
from the different Neoprotezoic belts that occur on both
sides of the South Atlantic (Ribeira, Dom Feliciano, Kaoko,
Gariep and Saldania belts). However, it is not straightfor-
ward to assemble this puzzle because of intense deformation
with tectonic imbrication, which makes it difficult to rec-
ognize and characterize the tectonic context that controlled
the deposition of the various units. For most units the
identification of their real tectonic setting remains
precarious.

In many cases, the provenance and age of detrital zircon
grains have been valuable tools in the characterization of the
depositional tectonic context. Several authors have sug-
gested the existence of two main periods for the filling of the
Neoproterozoic Kaoko/Gariep paleobasins using changes in
the sedimentary successions that suggest a depositional
hiatus separating the rift basins from the subsequent thick
marine siliciclastic deposits.

Most of the Neoproterozoic sedimentary successions on
the African side are either rift graben fills or represent Edi-
acaran back-arc basins (Goscombe et al. 2003, 2005; Frim-
mel et al. 2011, 2013). In contrast, sedimentation in the DFB
schist belts (Brusque, Porongos and Lavalleja) reflects a
passive margin setting on the western side of the Adamastor
Ocean. The influence of the magmatic arc on the sedimen-
tary units of the DFB became significant only after the
collision between the arc and the terranes located to the west,
when the Ediacaran late synorogenic units were deposited.
These units are well identified in the Porongos Group
(Pertille et al. 2015a, b, 2017; Höfig et al. in revision).

3.5.3 Subduction and Magmatic Arc Formation
(640–600 Ma)

The best geological record of the former existence of the
Adamastor Ocean are the Granite Belt (Florianópolis-Pelotas
and Aiguá magmatic arc) in South America and its equiva-
lent, the Coastal Terrane, in northwestern Namibia (Basei
et al. 2000; Goscombe et al. 2005; Goscombe and Gray
2007). Eastward subduction of the Adamastor oceanic crust
must have begun prior to 640 Ma, which is the oldest age of
granitoids in the magmatic arc that developed above the
subduction zone.

The c. 1200 km long Granite Belt is composed of the
Florianópolis, Pelotas and Aiguá batholiths. Remains of the
metasedimentary cover occur in the three segments, with its
best exposure in Santa Catarina, represented by paragneiss
(with minor calcareous intercalations) and by the low-grade
metasedimentary rocks of the Queçaba Formation. In the
latter, the abundance of detrital zircon with ages of 900–
1200 Ma suggests that the Namaqualand Metamorphic
Complex of southwestern Africa as a likely sediment source
(Basei et al. 2008a).

In Santa Catarina the Florianópolis Batholith exhibits
three main lithological associations (Aguas Mornas, São
Pedro de Alcantara and Pedras Grandes) that bear strong
resemblance, both lithological and geochronological, to the
rock associations defined by Philipp and Machado (2005)
and Philipp et al. (2016a, b) for the Pelotas Batholith in Rio
Grande do Sul. In Uruguay, the Aiguá Batholith has the
same age range but presents greater uniformity, and its
internal units have not been mapped in any greater detail yet.

In Santa Catarina, the oldest unit, Aguas Mornas, is
composed of deformed meso- to leucocratic grayish grani-
toids, with composition ranging from quartz-monzonite,
granodiorite to granite. Gabbro and diorite stocks and plu-
tons are common. The intermediate suite, São Pedro de
Alcantara, is the most voluminous, consisting predominantly
of equi- to inequigranular grayish leucocratic granitoids.
Among the porphyritic types, hornblende-biotite granodior-
ite to monzogranitic granitoids predominate. Enclaves of
amphibolite, diorite and quartz-diorite are common. The
youngest association, Pedras Grandes, is composed pre-
dominantly of pink leucocratic syeno- to monzogranitic
granitoids. These rocks are equigranular to slightly por-
phyritic, medium-grained and texturally isotropic, and they
are associated with felsic volcanic and volcaniclastic rocks
and microgranite dykes.

The first two groups represent the least differentiated
magmatites (SiO2 < 60wt%), whereas the younger
syenogranite and felsic volcanic rocks contain >73wt%
SiO2. A strong negative correlation between P2O5 and TiO2

in granitoids of the Florianópolis Batholith suggests that
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fractional crystallization involving apatite was important
(Basei et al. 2015). Negative correlation of SiO2 with Sr and
Ba (except for the Águas Mornas Complex) and positive
correlation with Rb indicates that the fractional crystalliza-
tion process involved a considerable volume of feldspar.
Calc-alkaline and subalkaline compositions predominate.
Some of the two older units are metaluminous whereas the
younger ones are transitional between meta- and peralumi-
nous (Basei et al. 2015).

Fractionation between light and heavy rare-earth elements
is observed in all the granitoid suites, with the Pedras
Grandes Suite showing the smallest fractionation and most
intense negative Eu anomaly. Virtually all the analysed
samples plot in the field defined as post-collisional granite,
indicating strong contamination of the magmas in the arc by
continental crustal material.

All available U–Pb zircon ages (LAICPMS and
SHRIMP) for the entire magmatic arc cover a range from
640 to 590 Ma (Silva et al. 2005; Florisbal et al. 2012a, b;
Basei et al.2015). The younger values were obtained from
the late Pedras Altas syenogranite and the oldest from augen
gneiss of the Águas Mornas association. Whole rock Sm–Nd
model ages are between 1200 and 1600 Ma (Basei et al.
2008a). High initial 87Sr/86Sr (>0.708) and moderate nega-
tive epsilon Nd values are further strong support of conti-
nental crust contribution in the generation of the magmatic
arc.

Thus the Florianópolis, together with its corresponding
Pelotas and Aiguá batholiths, corresponds to the roots of a
Neoproterozoic magmatic arc, with strong crustal signature.
Basei et al. (2000, 2008a) suggested that, based on the Nd
model ages, and detrital zircon age pattern of its sedimentary
cover, this arc would have an isotopic affinity with the ter-
rains on the African side and that its genesis was related to
the consumption of an oceanic crust subducted towards the
east under the Kalahari and Congo cratons.

The generation of the magmatic arc on the edge of the
African cratons, in a setting similar to the modern Andean
Orogen, implies that the greatest extension of the Adamastor
Ocean was to the west of the arc. The incorporation of the
magmatic arc into the Dom Feliciano Belt took place only in
the Ediacaran, after closure of the Adamastor Ocean and
continent–continent collision in the course of Western
Gondwana assembly. Its current position in South America
is the result of the opening of the Atlantic Ocean along the
eastern edge of the arc, following the contact with the
back-arc deposits that correspond to the westernmost
deposits of the Kaoko, Gariep and Saldania belts in south-
western Africa (Basei et al. 2008a; Frimmel et al. 2011,
2013).

Considering that this magmatic arc was active for at least
40 myr, it can be concluded that the Adamastor Ocean had
reached at least 2000 km in width, assuming an average

subduction rate of 5 cm/year. This value was obtained only
for the ocean that existed between the Kaoko and the DFB,
not including the branches between the Luis Alves and
Curitiba Terranes and the Ribeira Belt, which would imply a
much larger ocean. However, the total width of the ocean
could have been much greater, possibly as much as
6000 km, if one takes the entire timespan of some 100 myr
for the opening of the ocean into account (and using the
same rate of subduction). This is close to the value suggested
by Meert (2003) based on paleomagnetic data from African
and South American cratons.

The Coastal Terrane has been recognized as the African
counterpart of the magmatic arc consisting of calc-alkaline
mafic, intermediate and felsic granitoids of 660–620 Ma age
and metasedimentary rocks whose sediment load was
derived from the magmatic arc (Seth et al. 1998; Kröner
et al. 2004; Goscombe et al. 2005; Goscombe and Gray
2007; Foster et al. 2015; Konapásek et al. 2016). There the
arc-rocks are calc-alkaline granitoids, such as monzodiorite,
granodiorite and monzogranite with minor amount of diorite,
quartz diorite and gabbro. All of them were affected by
high-grade metamorphism (Seth et al. 1998; Franz et al.
1999; Masberg et al. 2005).

The Coastal Terrane is considered an exotic domain when
compared with the Kaoko Belt turbiditic units deposited on
the Congo Craton margin (Goscombe et al. 2003, 2005;
Goscombe and Gray 2007, 2008; Frimmel et al. 2011;
Konapásek et al. 2014). Differences in sedimentary prove-
nance, magmatism and metamorphism in relation to the
other segments of the Kaoko Belt are observed. Despite
these differences the isotopic signature of its magmatic rocks
and the detrital zircon provenance of its metasedimentary
rocks are good indicators of the African roots of this seg-
ment, whose origin is also linked to the attenuated margin of
the Congo Craton. The tectonic contacts and thrusts along
which the Coastal Terrane were emplaced onto the other
Kaoko Belt domains resulted from crustal shortening of the
Kaoko and Dom Feliciano belts that followed the collision
between the African and South American cratons.

3.5.4 Continental Collision (~600 Ma)

The Adamastor Ocean was much larger to the western side
of the magmatic arc developed along the border of south-
western African cratons. Final closure of this ocean culmi-
nated in the collision of the magmatic arc with the South
American continental segments. This collision occurred in
the Ediacaran and left behind the Major
Gercino-Cordillera-Sierra Ballena Suture Zone along which
the sedimentary succession from the western margin of the
Adamastor Ocean was juxtaposed to magmatic arc
granitoids.
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The suture zone, which stretches over a strike length of
some 1200 km, is marked by up to a few kilometres-thick
mylonite zones that display dextral displacement in Santa
Catarina (Passarelli et al. 2011) and sinistral displacements
in Rio Grande do Sul and Uruguay (Oyhantçabal et al.
2009b, 2011; Philipp et al. 2016a, b). The opposite dis-
placements that took place at the same time along the shear
zone are interpreted to reflect local partitioning of the col-
lision vectors related to the different shapes of the conti-
nental masses involved in the collision.

This collision, although diachronic along its length,
would have occurred around 600 Ma as suggested by U–Pb
zircon age data from mylonitic arc granites, as well as by K–
Ar cooling ages of synkinematic micas (Basei et al. 2011b;
Passarelli et al. 2011). Compared with the age of arc mag-
matism (640–590 Ma), continental collision and suturing
took place close to the end of arc magmatism, but about
10 myr after this magmatic episode had reached its peak
(*610 Ma). In the Schist Belt, contact metamorphism
overprinted, however, main syncollisional S2 fabric evident
in the supracrustal rocks.

In Santa Catarina, the geochronological and
geochemical-isotopic information of the intrusive bodies in
the Schist Belt, all of them with a remarkable crustal sig-
nature (São João Batista, Valsungana and Nova Trento
suites), suggest that these granitoids were generated around
590 Ma as a result of the thickening of the crust and heat
introduced into the area by the 600 Ma collision of the
magmatic arc with the Schist Belt (Basei et al. 2011b; Hueck
et al. 2016, unpublished data). The 10 myr difference
between the collision and the emplacement of the granitoids
in the middle of the supracrustal rocks underlying the arc
may result from the time required for the generation of
granitic melts and their rise to shallower crustal levels.

In Rio Grande do Sul, the Cordillera Suite is the best
example of collision-related magmatism. It consists of
deformed, peraluminous granites that are now in many pla-
ces mylonitic (Koester et al. 2001a, b; Philipp et al. 2013),
intrusives in the metasedimentary rocks of the Porongos
Group that outcrop parallel to the suture zone that follows
the tectonic contact between the Pelotas Batholith (magmatic
arc) and the Schist Belt. U–Pb zircon ages of these granitoids
are around 600 Ma (Koester et al. 2001c).

Correlation of magmatic arc granitoid emplacement and
its collision with the Schist Belt was first suggested by
Passarelli et al. (1993) through the identification of a gra-
dational change of the magmatic fabrics to subsolid shear
deformation associated with the development of the Major
Gercino Suture Zone in Santa Catarina. In the Rio Grande do
Sul, a similar relationship has been observed between the

granitoids of the Pelotas Batolith and the Cordillera shear
zone (Philipp et al. 2016a, b).

Considering the above scenario, the magmatic-arc gran-
itoids related to the Florianópolis, Pelotas and Aiguá bath-
oliths are pre- to syncollisional. On the other hand, the
younger granitoids that correspond to the syenogranites of
the Pedras Grandes and Dom Feliciano Suites, with ages
around 590 Ma, must be post-collisional, generated by
decompression melting of continental crust as a result of
orogenic collapse.

The filling of the Kaoko and Dom Feliciano depositional
basins continued to about 590–580 Ma in the course of
synorogenic basin development associated with the collision
of the magmatic arc with the schist belts. This process was
also concomitant with the installation of the foreland basins
in both belts (Prave 1996; Hoffmann et al. 1998, 2004;
Foster et al. 2015; Pertille et al. 2015a,b, 2017; Höfig et al.
in revision).

The stress field that prevailed during the closure of the
Adamastor Ocean and subsequent continental collision
remained active and was responsible for the transpressive
system that reactivated the main pre-existing lineaments with
predominantly sinistral movements in the African domains
and dextral displacement in the South American counter-
part. This accentuated the extrusion of the arc, its double
vergence, and caused its displacement towards the south
(Goscombe et al. 2005) (Fig. 3.5).

3.6 Final Remarks and Conclusions

The comparative analysis of the Dom Feliciano and Kaoko
belts made it possible to establish a protracted Wilson Cycle
for the birth and demise of the Adamastor Ocean, but not in
the position originally suggested by Hartnady et al. (1985),
passing through lithospheric thinning, passive margin
development, subduction, magmatic arc generation, collision
and crustal thickening.

Originally, the Adamastor Ocean was perceived as a kind
of proto-South Atlantic, and the modern South Atlantic has
been thought to have opened along the Pan-African suture
along which the Rio de la Plata Craton and the amalgamated
Congo and Kalahari cratons became welded together.
Although this notion is still being upheld by many workers
(e.g. Buiter and Torsvik 2014), evidence reviewed in this
chapter rather supports a more recently proposed model of
the modern South Atlantic having opened up not along a
suture zone but along a former back-arc basin (Frimmel et al.
2011; Will and Frimmel 2018). Subduction, which had led
to the development of a large Andean-type magmatic arc,
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was not to the west but towards the east, implying the
existence of a wide ocean, the redefined Adamastor Ocean,
to the west of this magmatic arc. Integration of available data
on the sedimentation history, magmatism and tectonometa-
morphic evolution of the various Neoproterozoic units of
both sides of the modern South Atlantic, specifically the
Dom Feliciano and Kaoko belts, revealed the following
stages of a Wilson Cycle:

(1) Thinning and rifting of the Rodinia supercontinent,
during the Tonian, with the climax of mafic dyke swarm
emplacement, probably feeding a rift-related flood basalt
province, around 850 Ma. This was followed by
decompression- and mantle heat transfer-induced ana-
taxis of the lower crust, the resulting emplacement of
granitoids and formation of migmatites between 800 and
770 Ma. Evidence of this is best preserved in the PET in
Uruguay. Transition from rifting to drifting occurred
around 780 Ma. At the same time, further rift grabens
opened to the east, along today’s African west coast, but
failed (see Chap. 13).

(2) Opening of the Adamastor Ocean lasted for at least
100 myr, and by 640 Ma subduction must have been
well under way as evident from the oldest granitoids in
the corresponding magmatic arc. Over this extended
period of time, passive margin deposits accumulated on

the margins of the Kalahari/Congo and Paranapanema/
Rio de la Plata cratons.

(3) Peak of arc magmatism in the western edge of the
Kalahari Craton was reached around 610–600 Ma. At
the same time, a back-arc basin, the Marmora Basin,
opened up east of the arc, probably reactivating
pre-existing rift structures along the modern African
west coast (see Chap. 13).

(4) Collision of the African cratons and the terranes of the
South American portion began around 600 Ma shortly
after the last manifestations of the magmatic arc,
resulting in thickening of the continental crust along the
Pan-African orogenic belts.

The importance of the magmatic arc in the structuring of
the Kaoko and Dom Feliciano belts is striking, both because
it represents the main product of the subduction process and
because it formed, after collision, an important sediment
source for the synorogenic deposits in both belts. The major
tectonic boundaries are now present as important lineaments
—that is, the Major Gercino-Cordilheira-Sierra Ballena
Suture Zone in the DFB and the Three Palms Mylonite Zone
in the Kaoko Belt. These doubly vergent shear zones were
originally of low angle, being generated during the collision
of Rio de La Plata and Congo cratons, progressing later to
high-angle faults with directional movement owing to the
crustal shortening process that followed the collision.

Fig. 3.5 Idealized cross-section juxtaposing Dom Felicano and Kaoko
Belts: 1—Rio de la Plata Craton; 2—Congo Craton; 3—Encantadas,
Luis Alves, Nico Perez crustal fragments; 4—tectonic exposures of
basement belts inlier probably related to attenuated upper plate; 5—

Adamastor oceanic crust remnant; 6—Dom Feliciano schist belt; 7—
Kaoko schist belt; 8—Granite Belt (magmatic arc granitoids); 9—
arc-related Ediacaran sediments; 10—Foreland basin deposits; 11—late
stage 529 Ma Subida syenogranite
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