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ABSTRACT

One of the most long-lasting scientific achievements of Eduard Suess was the recognition of the terrestrial, particularly interglacial
Upper Paleozoic (Permian) flora (incl. Glossopteris sp.) on different southern continents and he coined the term Gondwana-Land for
this paleogeographic entity. He believed that the southern continents were connected by land bridges crossing the oceans. Later, the
name Gondwana was used for the southern supercontinent, which formed during the Pan-African orogeny, and Gondwana collided
with Laurussia, together forming the Pangea supercontinent during the Variscan orogeny. In this contribution, the fact is reviewed
that pieces of West Gondwana became detached and crossed the Paleo-Tethys and Rheic Oceans to accrete to the northern conti-
nental block, Laurussia, during the Variscan orogeny. Based on published U-Pb detrital zircon ages from Variscan and Alpine Europe,
all with a significant 1.0 to 1.2 Ga-age population, four potential paleogeographic derivations of Variscan Europe are discussed: (1)
the classical hypothesis with an origin in North Africa, (2) the NW-Africa/South America (Amazonia) hypothesis, (3) a NE African/
Arabian origin with a close relationship to the Early Paleozoic Gondwanan super-fan originating in the East Africa-Antarctica orogen
and (4) a far-travelled microplate from the eastern part of the Prototethys.

Eine der wichtigsten wissenschaftlichen Konzepte mit Langzeitwirkung von Eduard Suess war die Erkenntnis des Vorkommens von
terrestrischen, teilweise interglazialen jungpaldozoischen (permischen) Floren (einschlieRlich Glossopteris sp.) auf verschiedenen
sudlichen Kontinenten, wobei er fiir diese paldogeographische Einheit den Ausdruck Gondwana-Land pragte. Suess glaubte, dass
diese sudlichen Kontinente durch Landbriicken verbunden waren. Spater wurde der Name Gondwana fur den sidlichen Superkon-
tinent gebraucht, der u. a. wahrend der panafrikanischen Orogenese gebildet wurde. Gondwana kollidierte schliellich wahrend der
variszischen Orogenese mit Laurussia und bildete den Superkontinent Pangaa. In diesem Beitrag wird das Faktum behandelt, dass
wahrend des Altpaldozoikums kontinentale Stiick von Westgondwana absplitterten und nach Durchquerung der Paldotethys bzw.
des Rheischen Ozeans an den nérdlichen (,europaischen”) Laurussia-Kontinent angelagert wurden. Basierend auf publizierten U-
Pb-Altern von detritischen Zirkonen des variszischen und alpinen Europas, die alle einen signifikanten Anteil einer Population mit
Altern von 1.0 bis 1.2 Ga fuhren, werden vier potenzielle Hypothesen der paldogeographischen Herkunft des variszischen Europas
diskutiert: 1., die klassische Hypothese mit einer Herkunft von Nordafrika, 2., die Herkunft von Nordwestafrika/Stidamerika (Ama-
zonia-Hypothese), 3., eine Herkunft aus Nordostafrika bzw. Arabien mit einer engen Beziehung zum panafrikanischen Ostafrika-
Antarktis-Orogen und 4., eine Herkunft als weitgereister Mikrokontinent vom &stlichen Teil der Prototethys.

1. INTRODUCTION

One of the important and long-lasting achievements of Eduard
Suess (1885) was the recognition and naming of Gondwana-
Land. In his first book “Das Antlitz der Erde” (The Face of the
Earth), he described the continental pieces of Africa, the Ara-
bian Peninsula, Madagascar, and eastern India as the regions
characterized by the Late Paleozoic Gondwana flora. Likely
based on an earlier report (Medlicott and Blanford, 1879),
Suess also described similarities between non-marine and
terrestrial, particularly glacial strata. He believed that these
continents were somehow connected across oceans. Other
authors, such as Neumayr (1887) believed that oceans repre-
sent sunken submarine continents, and the concept of land
bridges was introduced. Later, Suess (1888) extended Gond-
wana-Land to South America but he never included Antarctica,
simply due to the lack of detailed knowledge on Antarctian
geology at that time. The early history of the term Gondwana-
Land, the precursor studies leading to this concept, and paleo-

geographic consequences are described in Thenius (1981).
Particularly important is the influence of the existing Gond-
wana continent on the development of the continental drift
theory by Wegener (1912).

Gondwana now receives much attention because the modi-
fied concept of the Gondwana supercontinent, which formed
in late Neoproterozoic times and was stable over at least 300
Myr from Cambrian to Triassic times, is obviously successful.
Regular large biannual conferences on research on Gondwana
are held by the International Association for Gondwana Re-
search (IAGR) and their journal “Gondwana Research” is now
one of the most influential Earth Sciences journals. Internatio-
nal research groups reflect the importance of the Gondwana
concept at present but ironically also the political fact that
Gondwana continental remnants largely correspond to newly
Industrializing Economies and developing countries. Students
of Gondwana geology developed a professional scientific so-
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ciety capable of competing with the established geological
societies of northern industrialized countries.

2. PRESENT USAGE OF GONDWANA

The present usage of the term Gondwana-Land and Gond-
wana is as follows (see also Leviton and Aldrich, 2012). As
“wana” in Dravidian means land or country, Gondwana conse-
quently means "the country of Gonds” (Sengér, 1991). Land
in Gondwana-Land in the sense of continent means, there-
fore, "the continent of the country of Gonds" (Sengdr, 1991).
Gondwana-Land was originally used for the Permian continent
hosting the Glossopteris flora but is no longer commonly used
in this sense. The term Gondwana instead presently refers to
the southern supercontinent, which was formed by amalgama-
tion of southern continents including Africa, Arabia and South
America (then often called West Gondwana) by the Panafrican/
Brasilian orogeny in late Neoproterozoic times and their amal-
gamation with India, Antarctica and Australia, together consti-
tuting East Gondwana (Fig. 1; Torsvik and Cocks, 2013; Nance
et al., 2014). This supercontinent occupied the southern he-
misphere during Late Neoproterozoic to Triassic times and

Alternative
location of
Armorican

An':lazonan belt
(Grenville)

stretched from the South Pole to the equator. Gondwana and
ribbon-like continental pieces at its front gradually drifted north-
wards and amalgamated with Laurentia/Baltica to form Pangea
during the Variscan orogeny in Carboniferous times (Stampfli
et al., 2002, 2011; Torsvik and Cocks, 2013; von Raumer et al.,
2013). Destruction of Gondwana and Pangea started in Early
Jurassic times as a result of the opening of the mid-Atlantic
ocean, whereas the South Atlantic and Indian Oceans did
not open until the Early Cretaceous (Stampfli and Borel, 2002
and references therein). In summary, this means that the term
Gondwana was gradually used for the coherent Early Paleo-
zoic southern supercontinent. The formation and existence
had a significant influence on the evolution of biota (Squire et
al., 2006; Meert and Lieberman, 2008).

Consequently, Gondwana-Land was a continent in existence
for more than 300 Myrs surrounded by oceans and this conti-
nent is now generally referred to as Gondwana or the Gond-
wana supercontinent. After its formation, Gondwana was sur-
rounded by the Panthalassa Ocean and subduction prevailed
only along the northeastern margin of West Gondwana (e.g.,
Nance and Murphy, 1994; Stern, 1994). Later, rifting was the

" jsland arcs

FIGURE 1: The Gondwana supercontinent after amalgamation of West and East Gondwana resulting from the formation of the East African orogen.
Kroner and Romer (2013) recently postulated a northern continental prolongation called the Armorican Spur, which largely corresponds to the western
part of the European Variscides. The Armorican Spur might have been located much further to the west close to the Amazonian belt (“Alternative loca-
tion of the Armorican spur”). Early Paleozoic Gondwana super-fan dispersing material from the East African orogen is shown after Meinhold et al. (2013).
Encircled 1, 2 and 3 relate to models discussed in the text. Red arrows show the direction of Paleozoic dispersal of Gondwana-derived terranes.
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predominant process along most other margins during Paleo-
zoic times (e.g., von Raumer et al., 2003, 2013 and referen-
ces therein; see below). The Gondwana-Land continent was
stable from ca. Cambrian to Late Triassic. The Permian Glos-
sopteris flora was the main argument of Suess for postulating
the Gondwana-Land supercontinent.

3. PRESENT MODELS ON FORMATION OF THE GOND-
WANA CONTINENT

Gondwana was formed by amalgamation of West and East
Gondwana as a result of the Panafrican closure of the Mozam-
bique Ocean between the East and West Gondwana conti-
nents, and the Mozambique shear belt is the result of the clo-
sure (Fig. 1; Shackleton, 1996; Windley, 1995; Grantham et
al., 2003; Fritz et al., 2005, 2013; Squire et al., 2006; Viola et
al., 2008; Abu-Alam et al., 2013; Nance et al., 2014). The Pan-
african, respectively the Brasilian orogenic events are charac-
terized by amalgamation of subordinately Archean and domi-
nating Lower Proterozoic cratons by continent-continent colli-
sion over a wide span of events ranging from ca. 670 to 500
Ma (Veevers, 2004). In all these orogenic belts, amphibolite-
/migmatite- to granulite-grade metamorphism are common,
together with widespread intrusions of leucogranites. Oroge-
nic belts are often overprinted by strike-slip shear belts (e.g.,
Fritz et al., 2005). Subduction zones only existed along a few
margins, particularly in future northeast Africa (consisting of
Arabia, eastern Egypt, Sudan and Ethiopia). These terrains
are occupied by island arc successions dominated by plutons
and volcanics and various types of ophiolites whereas high-
temperature metamorphism is subordinate. Within West Gond-
wana, Grenvillian tectonic elements occur mainly in the inte-
rior and, along northern Gondwana margins, only in the Ama-
zonian shield in South America (Nance et al., 2014).

4. GONDWANA REMNANTS IN EUROPE

As mentioned before, the Gondwana-Land concept refers to
Permian paleogeography of a southern supercontinent and
the term was later extended back until its formation during late
Proterozoic “Panafrican”/Brasilian tectonic events (Kennedy,
1964, for the term Panafrican). In plate tectonic models since
the advent of new global tectonics, continental fragments in-
corporated within Alpine-Mediterranean mountain belts in sou-
thern Europe, e.g. the Adriatic microplate, were often consi-
dered to represent fragments of Africa and to have moved
together with Africa (e.g., Channell et al., 1979; Dewey et al.,
1989; Handy et al., 2010 as the most recent review with refe-
rences therein). The knowledge on elements with Gondwana
affinity within the European fragments gradually grew, recog-
nizing Ediacaran to Cambrian island arc successions within
Caledonian and Variscan Western Europe such as the Cado-
mian-Avalon belts (see von Raumer et al., 2009; Nance and
Murphy, 1994; Nance et al., 2002 for discussion of earlier pa-
pers), which were correlated with those exposed in the Ara-
bian shield (Neubauer, 1991; Stern, 1994).

Several methods were applied to reveal the Gondwana affi-

nities: (1) lithostratigraphic correlations like the distribution of
mature Ordovician Armorican Quartzite and biogeographic con-
siderations (Paris and Robardet (1990) and Robardet (2003
and references therein), (2) paleomagnetism and paleoclimate
indicators (Tait et al., 2000; Cocks and Torsvik, 2002, 2011;
Edel et al., 2013; Torsvik and Cocks, 2013). Although earlier
multi-grain U-Pb zircon and “Ar/**Ar white mica analysis re-
cognized Panafrican elements in Variscan and Alpine Europe
(e.g., Dallmeyer and Neubauer, 1994), single-grain U-Pb zir-
con and “Ar/*Ar white mica provenance studies confirmed
that nearly all portions of Variscan and Alpine Europe show a
provenance relationship to West Gondwana (e.g. Linnemann
et al., 2004, 2007; Nance et al., 2008; Neubauer et al., 2007).
In this review, mainly detrital U-Pb zircon ages are used for
discussion although an update of biogeographic data might
allow many further insights (Schonlaub, 1993; Cocks and
Torsvik, 2002).

Aside from some sedimentary units of western Europe such
as the Ordovician Armorican Quartzite within Armorica (Fig. 1;
Fernandez-Suarez et al., 2002a and references therein), for
which sedimentary linkages to northern Africa were postulated
in the past, potential West Gondwana-Land tectonic elements
dispersed and incorporated within other orogenic belts could
be characterized by one of the following three combinations of
characteristic features (for references, see next paragraph):
(1) Late Proterozoic island arc successions sometimes asso-
ciated with ophiolites; (2) Panafrican metamorphic and pluto-
nic detritus with ages ranging from 500 to 670 Ma, often in
combination with inherited zircons with U-Pb ages of ca. 2.0
to 2.2 Ga; (3) Panafrican metamorphic and plutonic detritus
with ages ranging from 500 to 670 Ma, often in combination
with inherited zircons with U-Pb ages of ca. 2.0 to 2.2 Ga and
Grenvillian ages (ca. 0.9 to 1.3 Ga; Friedl et al., 2000; Nance
et al., 2008).

Based on these three criteria, Gondwanan affinities were
postulated within the last two decades, and these are briefly
discussed. Details can be found in overview papers including
Neubauer (1991, 2002), Yilmaz et al. (2013), von Raumer et
al. (2013), Kroner and Romer (2013) and Nance et al. (2014).

Avalonia is a Neoproterozoic to Ordovician island/continental
magmatic arc succession, which accreted to the Laurussian
continent during Silurian times (Kroner and Romer, 2013; von
Raumer et al., 2013, and Willner et al., 2013 and references
therein). Some bear Early and Middle Proterozoic detritus,
arguing for continental pieces within Avalonia (Murphy et al.,
2004; Willner et al., 2013). Other major continental magmatic
arc successions occur in several areas. These comprise Nor-
thern Armorica, there forming the Cadomian belt (with Lower
Proterozoic crustal pieces attached in the north), the Tepla-
Barrandian unit within the Bohemian Massif, the basement of
the Tauern Window in the Eastern Alps as well as parts of the
Austroalpine basement units together with the Speik ophiolite
(Melcher and Meisel, 2004), and can also be found in the Bal-
kan region (Kounov et al., 2012). All these units are regarded
to represent one or several parts of a Cadomian belt, which



Gondwana-Land goes Europe

continues from southeastern Europe further to the east to the
Arabian-Nubian shield (Stern, 1994).

The combination of Panafrican and Early Proterozoic detrital
zircon ages is quite common in metasedimentary basement
units of the European Variscides and Alpine Mediterranean
mountain belts, e.g. in the Rhenohercynian zone (Eckelmann
et al., 2014) and in the Saxothuringian zone of the Bohemian
Massif (Linnemann et al., 2004, 2007, 2012, 2014), and Aus-
troalpine units of the Eastern Alps (Drost et al., 2011; Heinrichs
et al., 2012; Klotzli, 1999; Schulz et al., 2004; Siegesmund et
al., 2007) and Hellenides (Zulauf et al., 2007).

The combination of Panafrican with usually small proportions
of Grenvillian detrital U-Pb zircon ages is more decisive and
is typical for the Ordovician Armorican Quartzite of Armorica
(Fernandez-Suarez et al., 2002a, 2002b; Gutiérrez-Alonso et
al., 2007), metasediments in the Ossa-Morena zone in the
Iberian massif (Linnemann et al., 2008), the Central Iberian
zone (Bea et al., 2010), the Mid-German crystalline rise (Zeh
et al., 2001), and the Bohemian Massif (Friedl et al., 2000,
Kosler et al., 2014, Mazur et al., 2012), although the zircon
ages of ca. 500-550 Ma are often related to Avalonia. Inte-
restingly, recent reports argue for a similar Grenvillian detritus
within Avalonia (e.g., Willner et al., 2013). Similar combina-
tions can be found in Austroalpine units of the Eastern Alps
(Kl6tzli, 1999; Schulz et al., 2004; Siegesmund et al., 2007;
Heinrichs et al., 2012), and the Eastern and Southern Carpa-
thians (Balintoni et al., 2010, 2011; Balintoni and Balica, 2013)
and southeastern Europe (Keay and Lister, 2002; Zlatkin et
al., 2014). A similar combination also occurs in southern Tur-
key (Anatolia in Fig. 1; Kroner and S$engér, 1990). All these

units are generally derived from northern West Gondwana.
Friedl et al. (2000) proposes a close paleogeographic origin
in the Amazonian belt although Grenvillian units are known to
be widespread within the Gondwana continent (Nance et al.,
2014) but not along its northern margin. Ustadmer et al. (2011)
describe Grenvillian detritus from the Istanbul terrane of nor-
thern Turkey.

Based on the hypothesis of the existence of a large Cambri-
an to Ordovician Gondwana super-fan transporting material
from central-southern parts of the East African Orogen to the
north (Squire et al., 2006), Meinhold et al. (2013) recently de-
monstrated a significant proportion of a Grenvillian zircon age
population (ca. 1.1-0.95 Ga) in Cambrian to Upper Ordovician
sandstones in eastern North Africa (overlying the Saharan me-
tacraton) forming part of the eastern part of this Gondwana
super-fan. Consequently, these authors also proposed an ori-
gin of the Grenvillian zircon age population within Variscan
Europe from the eastern part of North Africa.

5. DIScussION: GONDWANA-LAND GOES EUROPE

Suess (1885, 1888) considered Gondwana-Land with its ter-
restrial Glossopteris flora to have been a Permian southern
continent. Later, it became apparent that Gondwana was a
supercontinent in existence from Cambrian to Triassic times.
This goes back much further in time than Suess likely envisa-
ged. The new provenance data, particularly of the last two de-
cades, revealed that continental pieces broke away from the
northern margin of Gondwana and moved northwards. Avalo-
nia formed an island arc and moved rapidly towards the north,
finally attaching to Laurussia in the Silurian after the closure of

East European
platform

FIGURE 2: Basement terranes in Southern and Central Europe and record of Cadomian/Panafrican orogeny (modified after Neubauer, 2002). See

text for data sources and discussion.
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the lapetus Ocean (Nance et al., 2014). Recent models argue
for the motion of a major continental piece, which detached
from Gondwana during Ordovician times and moved towards
Laurussia and eventually collided with it (Fig. 3) after con-
sumption of the Rheic (or Rhenohercynian) Ocean (Kroner
and Romer, 2013; von Raumer et al., 2013), which may cor-
respond to the Proto-Tethys further to the east. Based on li-
thological indicators of palaeoclimate and palaeobiogeogra-
phical data of Early Paleozoic strata of Western Europe and
West Gondwana, Robardet (2003) concluded that the sou-
thern European regions remained permanently closely con-
nected with Gondwana, composing the northern margin du-
ring Early Paleozoic times.

Paleogeographic relationships and detrital zircon U-Pb ages,
particularly the common occurrence of Panafrican (500 — 670
Ma) and Grenvillian (1.0 to 1.2 Ga) age populations allow to
distinguish four potential paleogeographic derivations of Va-
riscan and Alpine Europe: (1) the classical hypothesis (model
1in Fig. 1) assumes an origin close to Amazonia (e.g., Friedl,
2000); (2) another hypothesis postulates the origin as an Ar-
morican promontory along NW Africa (model 2 in Fig. 1); (3) a
recent hypothesis assumes an origin close to NE Africa and

Arabia fed by the Lower Paleozoic Gondwana super-fan with
its origin in the East Africa-Antarctica orogen (Meinhold et al.,
2013; model 3 in Fig. 1), and (4) a far-travelled Variscan mi-
croplate from the eastern part of the Prototethys cannot be
excluded.

All models also include major dextral wrenching between
Gondwana and Laurussia, implying that potential Grenvillian
units within Gondwana, like the Amazonian zone in the clas-
sical hypothesis (e.g., Friedl et al., 2000; model 1 in Fig. 1) or
from northeastern Africa (Armorican promontory; Meinhold et
al., 2013; model 2 in Fig. 1), moved away to form the future
European Variscides. The wrench zone or zones are consi-
dered to be parallel to oceanic tracts (Fig. 3). Further major
Grenvillian pieces may be incorporated within the Tethyan
Alpine-Himalayan orogenic belt as some are known along its
eastern end, in the Qinling Mountains (e.g., Dong et al., 2011).

Consequently, Central and Southern Europe was part of
Gondwana, probably unlike Eduard Suess envisaged it. The
Gondwana-Land concept of Suess (1885) appears to be one
of his most important ideas and survived the huge accumula-
tion of data and concepts since that time. The question is why
this concept is so successful. It appears that the simplicity of

Gondwana

Laurussia

B future Alps
[ ] future Pangea

B future Hunia terranes e passive continental margin

setting
Ml active margin setting

FIGURE 3: Paleogeographic evolution of units along northern margins of Gondwana (slightly modified after von Raumer et al., 2009, and Stampfli et
al., 2013). Abbreviations: Aqg: Aquitaine; BM: Bohemian Massif; Ca: Carnic Alps; Clb: Central Iberian; Ext: External Alpine domains; Ka—Ba: Kabyles— Ba-
leares; MC: Massif Central; OM: Ossa Morena; Py: Pyrenees; Sa: Sardinia; S-A: Southern Alps; SP: future South-Portuguese Zone; SX: Saxothuringian.



the observation is the success. It was based on the observa-
tion that terrestrial plant fossils occur on different and distant
continents within terrestrial rock successions, implying that all
these continental pieces must have once been connected.
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