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Are the oroclines of the Variscan belt related to late Variscan
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ABSTRACT

Early Variscan structures and magnetic anomalies delineate four
oroclines along the Variscan belt. The arcs bend the lithostrati-
graphic zones of the autochthon and the allochthonous
terranes, which include ophiolites of the Rheic suture and units

of Gondwanan derivation subducted on both sides of the Rheic

Ocean. A transcurrent model dominated by right-lateral motion

Introduction

Four arcs characterize the Variscan
belt: the relatively open Bohemian
(BA) and Massif Central arcs
(MCA), and the tight Ibero-Armori-
can (IAA) and Central Iberian arcs
(CIA) (Argand, 1924; Du Toit, 1937;
Carey, 1955; Bard et al., 1971; Per-
roud, 1986; Ribeiro et al., 1995; Tait
et al., 1996; Franke and Zelazniewicz,
2002; Matte, 2001; Aerden, 2004;
Martinez Catalan, 2010). The arcs
fold the lithostratigraphic zones, as
well as many Variscan structures and
magnetic anomalies (Fig. 1), and are
interpreted as oroclinal bends.

The Variscan belt is also character-
ized by orogen-parallel components,
probably active during most of the
continental convergence, and clearly
demonstrated by large strike-slip
shear zones developed at late orogenic
stages (Gates ef al., 1986; Hatcher,
2002; Martinez Catalan, 1990; Shelley
and Bossiere, 2000, 2002). Parallel
components of plate convergence were
considered responsible for terrane dis-
persion coeval with the formation of
the TAA and more ecasterly arcs by
Martinez  Catalan et al.  (2007),
although no mechanism for arc for-
mation was proposed. This contribu-
tion tries to integrate late Variscan
transpression and orocline formation,
and to explain the resulting geometry
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and its causes in terms of a simple
plate-tectonics scenario.

Geological setting

Figure 1 sketches the zonation, oro-
clines and main strike-slip shear zones
of the Variscan belt. The Iberian
autochthon, the central and northern
domains of the Armorican Massif and
several zones of the Bohemian Massif
share stratigraphic and palacotectonic
similarities including a peri-Gondwa-
nan origin and an internal domain with
Early Ordovician magmatism related
to crustal extension. (Cogné, 1974;
Franke, 1989, 2000; Robardet et al.,
1990; Young, 1990; Chantraine et al.,
1994; Gutiérrez Marco et al., 1999,
2001; Eguiluz et al., 2000; Robardet,
2003; Robardet and Gutiérrez-Marco,
2004; Linnemann et al., 2004, 2008).
The zone occupying a more distal and a
more western position in the Gond-
wana margin shows also a strong
Cadomian imprint in its Neoprotero-
zoic series, and rift-related Early and
Middle Cambrian magmatism.
Allochthonous terranes occur as
remnants of a large nappe stack in
north-west Iberia, southern Armori-
can Massif, French Massif Central,
external crystalline massifs of the
Alps, Maures Massif, Corsica, north-
ern Sardinia, Vosges, Black Forest
and Saxo-Thuringian Zone of the
Bohemian Massif (references in
Martinez Catalan et al., 2007). They
include ophiolites of the Rheic Ocean
and peri-Gondwanan units subducted
at both sides of it. The references
include a similar interpretation for the
Moldanubian Zone and the Polish
Sudetes, although an autochthonistic

explains the genesis and evolution of the oroclines and a simple
plate-tectonics scenario links late Variscan dextral strike-slip
movements in the Variscides to a broad intracontinental shear
zone, kinematically equivalent to a transform fault.
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Andean interpretation has also been
proposed for them (Schulmann et al.,
2008, 2009).

The postulated single oceanic do-
main is paired with that of a single
passive continental margin situated in
northern Gondwana. The fact that all
autochthonous zones formed a part of
this margin explains the widely
distributed evidence of the Late Ordo-
vician (Hirnantian) Saharan Glacia-
tion (Linnemann et al., 2004; von
Raumer and Stampfli, 2008) and the
continuous supply of the same zircon
populations during the Palaeozoic,
derived from the northern and western
African cratons (Fernandez-Suarez
et al., 2002; Linnemann et al., 2004,
2008; Martinez Catalan et al., 2004;
Gomez Barreiro et al.,2007; Diez Fern-
andez et al., 2010; Bea et al., 2010).

Timing of Variscan oroclines

The formation of the IAA has
been bracketed by palacomagnetism
between 304 and 295 Ma (Weil, 2006;
Weil et al., 2010), but the age of the
other arcs is less constrained. The CIA
overprints D1  Variscan  folds
(360-335 Ma; Dallmeyer et al., 1997),
so that its nucleation occurred later,
either during emplacement of the
allochthonous terranes (345-330 Ma;
Dallmeyer et al., 1997, Martinez
Catalan et al., 2007, 2009), during
subsequent D2 extensional collapse
(330-310 Ma; Diez Montes, 2007;
Valverde-Vaquero et al., 2007) or dur-
ing D3 folding (315-305 Ma; Capdevila
and Vialette, 1970; Valle Aguado ef al.,
2005). But in any case, closure of the
CIA was coeval with D3 folds, as their
traces are often axial planar to the arc.
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Fig. 1 Sketch of the Variscan belt, modified from Martinez Catalan e al. (2007). Magnetic data from the World Digital Magnetic
Anomaly Map project (Maus et al., 2007) and from Ardizone et al. (1989) for Spain, Galdeano et al. (1990) for France and
Salansky (1995) for the Czech Republic. Arcs: BA, Bohemian; CIA, Central Iberian; IAA, Ibero-Armorican; MCA, Massif
Central. Zones: CIZ, Central Iberian; CZ, Cantabrian; GTMZ, Galicia-Tras-os-Montes; MGCZ, Mid-German Crystalline; MZ,
Moldanubian; OMZ, Ossa-Morena; RHZ, Rheno-Hercynian; SPZ, South Portuguese; STZ, Saxo-Thuringian; TBZ, Tepla-
Barrandian; WALZ, West Asturian-Leonese. Shear zones and faults: BCSZ, Badajoz-Cordoba; JPSZ, Juzbado-Penalva; LLF,
Layale-Lubine; LPSZ, Los Pedroches; MT, Moldanubian thrust; NASZ, North Armorican; NEF, Nort-sur-Erdre; NPF, North
Pyrenean; PTSZ, Porto-Tomar; SASZ, South Armorican (N and S, northern and southern branches); SISZ, Southern Iberian; VF,
Variscan front. Other: B, Bugaco; BF, Black Forest; C, Crozon; CO, Corsica; ECM, External crystalline massifs of the Alps; LC,

Lizard Complex; MM, Maures Massif; S, Sardinia; VM, Vosges Massif.

D3 folds are linked to strike-slip
shear zones (Iglesias Ponce de Leon
and Choukroune, 1980), but the rela-
tionship between Variscan oroclines
and strike-slip shear zones is complex,
because not all shear zones were
coeval and show different relation-
ships with orocline development. Fig-
ure 1 shows folding of some shear
zones by the MCA, and also that the
southern branch of the South Armor-
ican shear zone overprints previous
dextral shear zones in the Armorican
Massif. In Iberia, the Porto-Tomar
shear zone cuts across the whole CIA
and overprints all previous shear
zones. Furthermore, the Porto-Tomar
shear zone is folded by the IAA, but
less tightly than the zones of the
Iberian Massif, indicating that the
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CIA is older than or reached full
development before the IAA. The
Moldanubian thrust also overprints
previous dextral shear zones folded by
the BA, indicating a relatively late
development, with the latest deforma-
tions in the area dated around 310 Ma
(Schulmann et al., 2008).

A transpressional model for late
Variscan orocline formation

Current hypotheses of orocline devel-
opment include slab rollback, typical
of volcanic arcs and back-arc spread-
ing, plastic indentation, buckling by
parallel shortening and extrusion tec-
tonics, which may be accompanied
with slab retreat (Tapponnier et al.,
1986; Schellart and Lister, 2004).

Buckling, as well as transpression,
are thought to affect large strips of
continental lithosphere known as rib-
bon continents (Johnston, 2001, 2008;
Van der Voo, 2004).

A popular hypothesis for the origin
of the TAA is a rigid-plastic indenta-
tion coeval with the main phases of
the Variscan collision (Matte and
Ribeiro, 1975; Matte, 1986), although
buckling by parallel shortening has
been proposed by Weil (2006). The
CIA could be related to indentation
during the emplacement of the north-
west Iberian allochthon (Martinez
Catalan, 1990), which occupies its
core, but it is a subhorizontal thin
sheet 15-20 km thick (Alcock et al.,
2009) that hardly can be viewed as a
rigid indentor. An extruding wedge

© 2011 Blackwell Publishing Ltd
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spreading laterally from the collision
zone of two continents (Schellart and
Lister, 2004) would be a more reason-
able option for the nucleation of the
CIA. Gneiss domes and D2 exten-
sional detachments with a stretching
lineation parallel to the axial trace of
the arc (Escuder Viruete et al., 1994;
Diez Balda er al., 1995; Diez Fernan-
dez, 2011), as well as large amounts of
granites, occur beneath the allochtho-
nous nappe stack and in the area
surrounding it in the core of the CIA.
All these facts point to significant
crustal thickening, related to thrust-
ing, but perhaps also to the arc itself.
This would indicate synchronism, sug-
gesting that extrusion tectonics might
have triggered arc development. How-
ever, its tightness is better explained
by D3 shortening, which is clearly
associated with transcurrent shearing.

Strike-slip is a realistic option for
oroclinal bending, as demonstrated by
the South Island orocline in New
Zealand, caused by dextral strike-slip
motion of the Alpine fault (Norris
et al., 1990; Hall et al., 2004). It was
suggested by Perroud (1986) for the
IAA and the Massif Central, and by
Matte (2001) and Franke and Zel-
azniewicz (2002) for the Bohemian
Massif, and is explored in what
follows for the whole Variscan belt.

Figure 2 shows the feasibility of this
assumption. It starts with the
emplacement of the allochthonous
terranes with a thrust front oblique to
the zones in the autochthon (Fig. 2a),
as deduced from the asymmetry of the
allochthonous terranes in relation to
the Central Iberian Zone (Fig. 1), and
because in central Europe the alloch-
thon cuts the more distal Gondwanan
zone. Figure 2b,c shows the activity of
a large strike-slip fault with stair-case
trajectory and right-lateral motion,
which fits the dominant parallel com-
ponent of late Variscan wrench tec-
tonics (Gates et al., 1986; Rolet et al.,
1994; van Staal and De Roo, 1995;
Shelley and Bossiére, 2000, 2002;
Franke and Zelazniewicz, 2002;
Hatcher, 2002; Martinez Catalan
et al., 2007).

Straights and bends in strike-slip
faults are equivalent to ramps and
flats in dip-slip faults, and originate at
fault offsets (Woodcock and Fischer,
1986). A bend cutting across the
Central Iberian Zone may have
formed the CIA as a fault-bend or

© 2011 Blackwell Publishing Ltd
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Fig. 2 Sketch of the proposed evolution of the Variscan belt during the middle and
late Carboniferous, conditioned by the motion of right-lateral shear zones during
Gondwana—Laurussia convergence. Dextral transpression explains the stratigraphic
similarity between the Central Iberian and Central Armorican zones, and accounts
for the original proximity of Bugaco (western Portugal) and Crozon (western
Armorican Massif; B and C, Fig. 1), with identical Ordovician and Devonian sections
(Henry et al., 1974; Paris and Robardet, 1977; Robardet et al., 1990; Young, 1990;
Paris, 1998). Note that the Gondwanan zones with a strong Cadomian imprint
occupy the relatively more distal position inside the continental margin (Robardet
and Gutiérrez-Marco, 2004; Linnemann et al., 2008), but also a more western
position, and that the boundary with the adjacent zone is assumed to be transitional.

Abbreviations as in Fig. 1.

fault-propagation ~ fold,  perhaps
helped by pinning at the western edge
of the bend. The fault trajectory
would have delineated a restraining
bend (Crowell, 1974) that explains the
arc and the contractional duplex of
the Central Armorican Domain,
which has Central Iberian affinities.
Note that Fig. 2b,c explains the CIA
essentially by transpression, but it
might have been initiated by lateral

extrusion of the wedge resulting from
collision and the emplacement of the
allochthonous terranes, being the
result of combined extrusion and
wrench tectonics.

A right-lateral shear zone hidden by
Los Pedroches granitic lineament and
the Culm basin (Aranguren et al.,
1997) might represent the southern
limit of the CIA, although not that of
the Central Iberian Zone, whose
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southern limit is the Badajoz—Codrdoba
shear zone (Burg et al., 1981; Ribeiro
et al., 2007, 2009). Whether Los Ped-
roches shear zone binds to the south
the CIA, or that limit corresponds to
another dextral fault hidden by late
left-lateral movements around the
Badajoz—Cordoba shear zone, the
main dextral fault would continue in
central Europe by the North Armor-
ican shear zone and the Layale-Lubine
fault (Franke, 2000).

Figure 2d shows the activity of left-
lateral shear zones cutting across the
CIA, and kinematically equivalent to
those bounding domino-style anti-
thetic structures. Last motion along
the Badajoz—Cordoba shear zone
would have occurred at this stage,
post-dating formation of the CIA and
pre-dating the Porto-Tomar shear
zone (Fig. 2e). The latter limits the
CIA to the west and is believed to
continue in the southern branch of the
South Armorican shear zone, which
cut across previous Armorican shear
zones (Shelley and Bossiéere, 2002).

The Moldanubian thrust, with a
dextral strike-slip component of more
than 400 km (Franke and Zel-
azniewicz, 2002; 1000 km according
to Matte, 2001), nearly limits the
Variscan belt to the east. Figure 2f
shows the development of the MCA
and BA, and tightening of the IAA,
linked to counterclockwise ductile
rotation of the bounding shear zones
to the west (Badajoz—Cordoba and
Los Pedroches shear zones) and east
(Moldanubian thrust), probably be-
cause their orientation was no longer
appropriate to allow the blocks on
both sides to glide.

Plate-tectonics framing

Arthaud and Matte (1977) interpreted
late Variscan strike-slip faults as Ri-
edel structures of types R (dextral)
and R’ (sinistral) inside a right-lateral
shear zone joining the Appalachians
and the Urals (Fig. 3a). Its limits are
subparallel to present geographical
parallels in stable Europe, roughly
following a small circle of the Earth

e
Appalachians

Mauritanides '\

(b)

Laurussia

Fig. 3 (a) Late Variscan strike-slip faults in the Variscan belt interpreted as Riedel
fractures in a right-lateral shear zone between the Appalachians and the Urals after
Arthaud and Matte (1977). (b) Interpretation of the older, large strike-slip shear
zones and oroclines of the Variscan belt as a transfer zone evolved into a compressive
bridge between two transform faults representing the Laurussia—Gondwana plate
boundary and joining the convergent boundaries of the Appalachians and the Urals.

Same scale for (a) and (b).
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surface, like transform faults. As it
joined two destructive plate bound-
aries, it would be equivalent to an
intracontinental transform with defor-
mation distributed in a wide area.

This occurred at the waning stages
of the Variscan cycle, when the crust
was cold enough to show a brittle—
ductile behaviour, with discrete shear
zones binding rigid blocks. Shortly
before, a more ductile behaviour of
the same intracontinental structure
may explain the large strike-slip shear
zones and the formation of the arcs
(Fig. 3b). The reference is the sector of
an annulus whose northern part ro-
tated counterclockwise with a relative
displacement around 2000 km in the
middle of the shear zone. Its limits
would be equivalent to a couple of
transform faults, with a restraining
offset (Woodcock and Fischer, 1986)
at the place of the Variscan belt.
Riedel structures developed at each
termination would have joined the
other fault, giving rise to a pair of
restraining bends.

The staircase trajectory might have
developed the CIA and nucleated the
TIAA, whereas rotation of the restrain-
ing bends may have impeded slip,
forcing them to evolve into contrac-
tional structures. The one in the west
acted as a buttress, rotating the CIA
and bending the previously nucleated
arcs, whereas the one in the east, the
Moldanubian thrust, evolved into a
reverse fault and developed the BA. In
the idealized reconstruction of Fig. 3b,
the dark gray area represents a com-
pressive bridge (Gamond, 1987) be-
tween two main en-échelon transforms
that include the European Variscides.

Implications for the Variscan belt

Advances in the palacogeography of
the Variscan autochthon based on
zircon age populations can be
explained by dextral transpression.
Although the Ossa-Morena, North
Armorican and  Saxo-Thuringian
zones have affinities with the West
African craton (Fernandez-Suarez
et al., 2002; Linnemann et al., 2004,
2008), the Central Iberian Zone
reflects an intermediate position
between it and more eastern regions
of northern Africa, as indicated by
Mesoproterozoic zircons derived from
the Saharan craton and/or the
Arabian—Nubian shield (Martinez

© 2011 Blackwell Publishing Ltd
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Catalan er al., 2004; Gomez Barreiro
et al., 2007, Diez Fernandez et al.,
2010; Bea et al., 2010). The relative
positions of the Central Iberian and
Saxo-Thuringian zones are presently
the opposite of those during the early
Palaeozoic, and the inversion can be
explained by right-lateral displace-
ments of a few thousands of kilome-
tres.

Orocline formation was facilitated
by the peculiar rheology of the conti-
nental lithosphere. The arcs formed
after thickening, during or after ther-
mal relaxation and collapse, when the
crust was recovering a normal thick-
ness and was still hot and weak.
Thermal models (Alcock et al., 2009)
show that at the end of the Variscan
cycle, the lower continental crust
reached a high enough temperature
to produce abundant anhydrous
melts, and the mantle lithosphere
was probably thin due to the raised
isotherms. A thin lithosphere com-
bined with a relatively hot crust
favoured the development of the late
Variscan oroclines, with internal
deformation being accommodated by
late folds, minor strike-slip shear
zones and late extensional structures.

It has been proposed that the Vari-
scan terranes formed a ribbon-like
superterrane separated from Gondw-
ana by the Palacotethys (Stampfli and
Borel, 2002; Stampfli et al., 2002; von
Raumer et al., 2009). Although no
ocean did exist south of Iberia by the
late Carboniferous, when the Iberian
oroclines were formed, the continental
lithosphere could have been weakened
by a suture, a continental rift or a
Palaeotethyan transform fault. This
would have favoured continental-scale
transcurrence, and together with the
northern strike-slip shear zones and
perhaps the Rheno-Hercynian suture,
would have bounded a weak, elongate
continental strip prone to orocline
development. The Variscan belt would
then be another example of an oro-
genic strip sheared, imbricated and
buckled by strike-slip tectonics, as the
ones described by Johnston (2001,
2008), Sengdér and Natalin (2004)
and Van der Voo (2004).

Conclusions

Transpression can explain the Vari-
scan oroclines as developed in a broad
shear zone kinematically equivalent to

© 2011 Blackwell Publishing Ltd

an intracontinental transform fault. A
model is proposed that includes en-
échelon, discrete shear zones with
offsets connected by oblique segments
that evolved into a compressive
bridge. The distribution of autochtho-
nous Gondwanan zones and the dis-
persed occurrence of ophiolites and
subducted terranes related with a sin-
gle oceanic realm are explained by
intracontinental dextral transcurrence
to the scale of the Variscan belt.

Acknowledgements

This work has been funded by the Direc-
cion General de Programas y Transferencia
del Conocimiento (Spanish Ministry of
Science and Innovation), through the
research  project CGL2007-65338-C02-
02/BTE. Nigel Woodcock and Jean-Marc
Lardeaux are kindly acknowledged for
their constructive reviews.

References

Aerden, D.G.A.M., 2004. Correlating
deformation in Variscan NW-Iberia
using porphyroblasts; implications for
the Ibero-Armorican Arc. J. Struct.
Geol., 26, 177-196.

Alcock, J.E., Martinez Catalan, J.R., Are-
nas, R. and Diez Montes, A., 2009. Use
of thermal modelling to assess the tec-
tono-metamorphic history of the Lugo
and Sanabria gneiss domes, Northwest
Iberia. Bull. Soc. Géol. France, 180, 179—
197.

Aranguren, A., Larrea, F.J., Carracedo,
M., Cuevas, J. and Tubia, J.M., 1997.
The Los Pedroches batholith (southern
Spain): polyphase interplay between
shear zones in transtension and setting of
granites. In: Granite: From Segregation
of Melt to Emplacement Fabrics (J.L.
Bouchez, W.E. Stephens and D.H.W.
Hutton, eds), pp. 215-229. Academic
Publ., Dordrecht.

Ardizone, J., Mezcua, J. and Socias, I.,
1989. Mapa Aeromagnético de Esparia
Peninsular 1:1.000.000. Instituto Geog-
rafico Nacional, Madrid.

Argand, E., 1924. La tectonique de I’Asie.
C.R. XIII Congr. Géol. Int. 1922, Liege,
171-372.

Arthaud, F. and Matte, Ph., 1977. Late
Paleozoic strike-slip faulting in southern
Europe and northern Africa: result of a
right-lateral shear zone between the
Appalachians and the Urals. Geol.

Soc. Am. Bull., 88, 1305-1320.

Bard, J.P., Capdevila, R. and Matte, Ph.,
1971. Structure de la chaine hercynienne
de la Meseta Ibérique: Comparaison
avec les segments voisins. In: Histoire
Structurale du Golfe de Gascogne. Publ.

Inst. Frangais du Pétrole, Technip, Paris,
Symposium, CNEXO I, 4, 1-68.

Bea, F., Montero, P., Talavera, C., Abu
Anbar, M., Scarrow, J.H., Molina, J.F.
and Moreno, J.A., 2010. The palaco-
geographic position of Central Iberia in
Gondwana during the Ordovician:
evidence from zircon chronology and Nd
isotopes. Terra Nova, 22, 341-346.

Burg, J.P., Iglesias, M., Laurent, Ph., Matte,
Ph. and Ribeiro, A., 1981. Variscan
intracontinental deformation: the Coim-
bra-Cordoba shear zone (SW Iberian
Peninsula). Tectonophysics, 78, 161-177.

Capdevila, R. and Vialette, Y., 1970.
Estimation radiométrique de I'age de la
deuxiéme phase tectonique hercynienne
en Galice Moyenne (Nord-Ouest de
I’Espagne). CR Acad. Sci. Paris, 270,
2527-2530.

Carey, S.W., 1955. The orocline concept in
geotectonics. Royal Soc. Tasmania Proc.,
89, 255-288.

Chantraine, J., Chauvel, J.J. and Rabu, D.,
1994. The Cadomian Orogeny in the
Armorican Massif, Lithostratigraphy,
In: Pre-Mesozoic Geology in France and
Related Areas (J.D. Keppie, ed.), pp. 80—
95. Germany, Springer-Verlag, Berlin.

Cogné, J., 1974. Le Massif Armoricain, In:
Géologie de la France (J. Debelmas, ed.).
Doin, Paris, 1, 105-161.

Crowell, J.C., 1974. Sedimentation along
the San Andreas Fault. In: (R.H. Dott,
ed.), Modern and Ancient Geosynclinal
Sedimentation. Spec. Publ. Soc. Econ.
Paleont. Mineral., Tulsa 19, 292-303.

Dallmeyer, R.D., Martinez Catalan, J.R.,
Arenas, R., Gil Ibarguchi, J.1., Gutiérrez
Alonso, G., Farias, P., Aller, J. and
Bastida, F., 1997. Diachronous Variscan
tectonothermal activity in the NW
Iberian Massif: evidence from *°Ar/*Ar
dating of regional fabrics. Tectono-
physics, 277, 307-337.

Diez Balda, M.A., Martinez Catalan, J.R.
and Ayarza, P., 1995. Syn-collisional
extensional collapse parallel to the oro-
genic trend in a domain of steep tecton-
ics: the Salamanca detachment zone
(Central Iberian Zone, Spain). J. Struct.
Geol., 17, 163-182.

Diez Fernandez, R., 2011. Evolucion
estructural y cinemdtica de una corteza
continental subducida: la Unidad de
Malpica-Tui (NO del Macizo Ibérico).
Inst. Univ. Geol. Isidro Parga Pondal,
Coruiia, Spain, Serie Nova Terra, 40,
228 pp.

Diez Fernandez, R., Martinez Catalan,
J.R., Gerdes, A., Abati, J., Arenas, R.
and Fernandez-Suarez, J., 2010. U-Pb
ages of detrital zircons from the Basal
allochthonous units of NW Iberia:
provenance and paleoposition on the
northern margin of Gondwana during
the Neoproterozoic and Paleozoic. Gond.
Res., 18, 385-399.

245



Variscan oroclines and strike-slip tectonics e J. R. Martinez Catalan

Terra Nova, Vol 23, No. 4, 241-247

Diez Montes, A., 2007. La Geologia del
Dominio “Ollo de Sapo’ en las comarcas
de Sanabria y Terra do Bolo. Inst. Univ.
Geol. Isidro Parga Pondal, Coruia,
Spain , Serie Nova Terra, 34, 494 pp.

Du Toit, A.L., 1937. Our Wandering
Continents: An Hypothesis of Continental
Drifting. Oliver and Boyd, Edinburgh,
366 pp.

Eguiluz, L., Gil Ibarguchi, J.I., Abalos, B.
and Apraiz, A., 2000. Superposed
Hercynian and Cadomian orogenic cy-
cles in the Ossa-Morena zone and related
areas of the Iberian Massif. Geol. Soc.
Am. Bull., 9, 1398-1413.

Escuder Viruete, J., Arenas, R. and
Martinez Catalan, J.R., 1994. Tectono-
thermal evolution associated with Vari-
scan crustal extension in the Tormes
Gneiss Dome (NW Salamanca, Iberian
Massif, Spain). Tectonophysics, 238,
117-138.

Fernandez-Suarez, J., Gutiérrez Alonso, G.
and Jeffries, T.E., 2002. The importance
of along-margin terrane transport in
northern Gondwana: insights from
detrital zircon parentage in Neoprotero-
zoic rocks from Iberia and Brittany.
Earth Planet. Sci. Lett., 204, 75-88.

Franke, W., 1989. Tectonostratigraphic
units in the Variscan belt of central
Europe. In: (R.D. Dallmeyer, ed.),
Terranes in the Circum-Atlantic Paleo-
zoic Orogens. Geol. Soc. Am. Spec.
Pap., 230, 67-90.

Franke, W., 2000. The mid-European
segment of the Variscides: tectonostrati-
graphic units, terrane boundaries and
plate tectonic evolution. In: Orogenic
Processes: Quantification and Modelling
in the Variscan Belt (W. Franke,

V. Haak, O. Oncken and D. Tanner,
eds). Geol. Soc. Spec. Publ., 179, 35-61.

Franke, W. and Zelazniewicz, A., 2002.
Structure and evolution of the Bohemian
Arc. In: Palaeozoic Amalgamation of
Central Europe (J.A. Winchester, T.C.
Pharaoh and J. Verniers, eds). Geol. Soc.
Spec. Publ., 201, 279-293.

Galdeano, A., Miranda, J.M., Matte, Ph.,
Mouge, P. and Rossignol, J.C., 1990.
Aeromagnetic data: a tool for studying
the Variscan arc of Western Europe and
its correlations with transatlantic struc-
tures. Tectonophysics, 177, 293-305.

Gamond, J.F., 1987. Bridge structures as
sense of displacement criteria in brittle
fault zones. J. Struct. Geol., 9, 609-621.

Gates, A.E., Simpson, C. and Glover III,
L., 1986. Appalachian Carboniferous
dextral strike-slip faults: an example
from Brookneal, Virginia. Tectonics, 5,
119-133.

Gomez Barreiro, J., Martinez Catalan,
J.R., Arenas, R., Castifieiras, P., Abati,
J., Diaz Garcia, F. and Wijbrans, J.R.,
2007. Tectonic evolution of the upper
allochthon of the Ordenes Complex

246

(northwestern Iberian Massif): structural
constraints to a polyorogenic peri-Gon-
dwanan terrane. In: The Evolution of the
Rheic Ocean: From Avalonian-Cadomian
Active Margin to Alleghenian-Variscan
Collision (U. Linnemann, R.D. Nance,
P. Kraft and G. Zulauf, eds). Geol.

Soc. Am. Spec. Pap., 423, 315-332.

Gutiérrez Marco, J.C., Rabano, I., Sarmi-

ento, G.N., Acenolaza, G.F., San José,
M.A., Pieren, A.P., Herranz, P., Couto,
H.M. and Pigarra, J.M., 1999. Faunal
dynamics between Iberia and Bohemia
during the Oretanian and Dobrotivian
(late Middle-earliest Upper Ordovician),
and biogeographic relations with Ava-
lonia and Baltica. Acta Univers. Caroli-
nae-Geol., 43, 487-490.

Gutiérrez-Marco, J.C., Sarmiento, G.N.,

Robardet, M., Rabano, I. and Vanek, J.,
2001. Upper Silurian fossils of Bohemian
type from NW Spain and their palaco-
geographical interest. J. Czech Geol.
Soc., 46, 247-258.

Hall, L.S., Lamb, S.H. and Mac Niocail,

C., 2004. Cenozoic distributed rotational
deformation, South Island, New
Zealand. Tectonics, 23, TC2002, 1-16.

Hatcher Jr, R.D., 2002. Alleghanian

(Appalachian) orogeny, a product of
zipper tectonics: rotational, transpressive
continent-continent collision and closing
of ancient oceans along irregular
margins. In: Variscan-Appalachian
Dynamics: The Building of the Late
Paleozoic Basement (J.R. Martinez
Catalan, R.D. Hatcher Jr, R. Arenas and
F. Diaz Garcia, eds). Geol. Soc. Am.
Spec. Pap., 364, 199-208.

Henry, J.L., Nion, J., Paris, F. and

Thadeu, D., 1974. Chitinozoaires, Os-
tracodes et Trilobites de I"Ordovicien
du Portugal (Serra de Bugaco) et du
Massif Armoricain: essai de
comparacion et signification paléogéo-
graphique. Com. Serv. Geol. Portugal,
57, 303-345.

Iglesias Ponce de Leon, M. and Choukro-

une, P., 1980. Shear zones in the Iberian
arc. J. Struct. Geol., 2, 63—68.

Johnston, S.T., 2001. The Great Alaskan

Terrane Wreck: reconciliation of paleo-
magnetic and geological data in the
northern Cordillera. Earth Planet. Sci.
Lett., 193, 259-272.

Johnston, S.T., 2008. The Cordilleran

ribbon continent of North America.
Ann. Rev. Earth Planet. Sci., 36, 495—
530.

Linnemann, U., McNaughton, N.J.,

Roner, R.L., Gehmlich, M., Drost, K.
and Tonk, C., 2004. West African
provenance for Saxo-Thuringia (Bohe-
mian Massif): did Armorica ever leave
pre-Pangean Gondwana? U/Pb-
SHRIMP zircon evidence and the
Nd-isotopic record. Int. J. Earth Sci., 93,
683-705.

Linnemann, U., Pereira, F., Jeffries, T.E.,
Drost, K. and Gerdes, A., 2008. The
Cadomian Orogeny and the opening of
the Rheic Ocean: the diacrony of
geotectonic processes constrained by
LA-ICP-MS U-Pb zircon dating
(Ossa-Morena and Saxo-Thuringian
Zones, Iberian and Bohemian Massifs).
Tectonophysics, 461, 21-43.

Martinez Catalan, J.R., 1990. A non-
cylindrical model for the northwest Ibe-
rian allochthonous terranes and their
equivalents in the Hercynian belt of
Western Europe. Tectonophysics, 179,
253-272.

Martinez Catalan, J.R., 2010. The Central
Iberian arc (Variscan belt). Geol. Soc.
Am., Abstr. with Progr., 42, No. 5, p. 34.

Martinez Catalan, J.R., Fernandez-Suarez,
J., Jenner, G.A., Belousova, E. and Diez
Montes, A., 2004. Provenance con-
straints from detrital zircon U-Pb ages in
the NW Iberian Massif: implications for
Paleozoic plate configuration and
Variscan evolution. J. Geol. Soc. Lon-
don, 161, 461-473.

Martinez Catalan, J.R., Arenas, R., Diaz
Garcia, F., Gomez-Barreiro, J., Gon-
zalez Cuadra, P., Abati, J., Castifeiras,
P., Fernandez-Suarez, J., Sanchez
Martinez, S., Andonaegui, P., Gonzalez
Clavijo, E., Diez Montes, A., Rubio
Pascual, F.J. and Valle Aguado, B.,
2007. Space and time in the tectonic
evolution of the northwestern Iberian
Massif. Implications for the Variscan
belt. In: 4-D Framework of Continental
Crust (R.D. Hatcher Jr, M.P. Carlson,
J.H. McBride and J.R. Martinez Catal-
an, eds). Geol. Soc. Am. Mem., 200,
403-423.

Martinez Catalan, J.R., Arenas, R., Abati,
J., Sanchez Martinez, S., Diaz Garcia,
F., Fernandez-Suarez, J., Gonzalez
Cuadra, P., Castineiras, P., Gomez
Barreiro, J., Diez Montes, A., Gonzalez
Clavijo, E., Rubio Pascual, F.J., Ando-
naegui, P., Jeffries, T.E., Alcock, J.E.,
Diez Fernandez, R. and Lopez Carmo-
na, A., 2009. A rootless suture and the
loss of the roots of a mountain chain:
the Variscan belt of NW Iberia. C. R.
Geoscience, 341, 114-126.

Matte, Ph., 1986. Tectonics and plate tec-
tonics model for the Variscan belt of
Europe. Tectonophysics, 126, 329-374.

Matte, Ph., 2001. The Variscan collage and
orogeny (480-290 Ma) and the tectonic
definition of the Armorica microplate: a
review. Terra Nova, 13, 112-128.

Matte, P. and Ribeiro, A., 1975. Forme
et orientation de I’ellipsoide de défor-
mation dans la virgation hercynienne de
Galice. Relations avec le plissement
et hypotheéses sur la genése de I'arc
ibéro-armoricain. CR Acad. Sci. Paris,
280, 2825-2828.

© 2011 Blackwell Publishing Ltd



Terra Nova, Vol 23, No. 4, 241-247

J. R. Martinez Catalan e Variscan oroclines and strike-slip tectonics

Maus, S., Sazonova, T., Hemant, K.,
Fairhead, J.D. and Ravat, D., 2007.
National Geophysical Data Center
candidate for the World Digital Mag-
netic Anomaly Map. G> (Geochem.
Geophys. Geosyst.), 8, 1-10.

Norris, R.J., Koons, P.O. and Cooper, A.F.,
1990. The obliquely-convergent plate
boundary in the South Island of New
Zealand: implications for ancient colli-
sion zones. J. Struct. Geol., 12, 715-725.

Paris, F., 1998. Early Palaeozoic palaeco-
biogeography of northern Gondwana
regions. Acta Univ. Carolinae-Geologica,
42, 473-483.

Paris, F. and Robardet, M., 1977. Pal-
¢ogéographie et relations ibéro-armori-
caines au Paléozoique anté-carbonifére.
Bull. Soc. Géol. France, 19, 1121-1126.

Perroud, H., 1986. Paleomagnetic evidence
for tectonic rotations in the Variscan
mountain belt. Tectonics, 5, 205-214.

von Raumer, J.F. and Stampfli, G.M.,
2008. The birth of the Rheic Ocean —
Early Palacozoic subsidence patterns
and subsequent tectonic plate scenarios.
Tectonophysics, 461, 9-20.

von Raumer, J.F., Bussy, F., Stampfli,
G.M. and Borel, G., 2009. The Variscan
evolution in the External massifs of the
Alps and place in their Variscan frame-
work. C. R. Geoscience, 341, 239-252.

Ribeiro, A., Dias, R. and Brandao Silva, J.,
1995. Genesis of the Ibero-Armorican
arc. Geodin. Acta, 8, 173-184.

Ribeiro, A., Munha, J., Dias, R., Mateus,
A., Pereira, E., Ribeiro, L., Fonseca, P.,
Araujo, A., Oliveira, T., Romao, J.,
Chaminé, H., Coke, C. and Pedro, J.,
2007. Geodynamic evolution of the SW
Europe Variscides. Tectonics, 26, 1-24,
TC6009.

Ribeiro, A., Munha, J., Dias, R., Mateus,
A., Fonseca, P., Pereira, E., Noronha,
F., Romao, J., Rodrigues, J., Castro, P.,
Meireles, C. and Ferreira, N., 2009.
Mechanics of thick-skinned Variscan
overprinting of Cadomian basement
(Iberian Variscides). C. R. Geoscience,
341, 127-139.

Robardet, M., 2003. The Armorica
‘microplate’: fact or fiction? Critical
review of the concept and contradictory
paleobiogeographical data. Palaeo-
geogr., Palaeoclimat. Palaeoecol., 195,
125-148.

Robardet, M. and Gutiérrez-Marco, J.C.,
2004. The Ordovician, Silurian and
Devonian sedimentary rocks of the
Ossa-Morena Zone (SW Iberian Penin-
sula, Spain). J. Iberian Geol., 30, 73-92.

Robardet, M., Paris, F. and Racheboeuf,
P.R., 1990. Paleogeographic evolution of
southwestern Europe during Early
Paleozoic times. In: Paleozoic Palaeo-
geography and Biogeography (W.S.
McKerrow and C.R. Scotese, eds). Geol.
Soc. London Mem., 12, 411-419.

© 2011 Blackwell Publishing Ltd

Rolet, J., Gresselin, F., Jegouzo, P., Ledru,
P. and Wyns, R., 1994. Intracontinental
Hercynian events in the Armorican
Massif, The Variscan Orogeny in the
Armorican Massif, Structure and Meta-
morphism. In: Pre-Mesozoic Geology
in France and Related Areas (J.D. Kep-
pie, ed.). pp. 195-219. Springer-Verlag,
Berlin.

Salansky, K., 1995. Magnetic Map of the
Czech Republic, 1:500,000. Czech Geo-
logical Survey.

Schellart, W.P. and Lister, G.S., 2004.
Tectonic models for the formation of
arc-shaped convergent zones and back-
arc basins. In: Orogenic Curvature:
Integrating Paleomagnetic and Structural
Analyses (A.J. Sussman and A.B. Weil,
eds). Geol. Soc. Am. Spec. Pap., 383,
237-258.

Schulmann, K., Lexa, O., Stipska, P., Ra-
cek, M., Tajcmanova, L., Konopasek, J.,
Edel, J.-B., Peschler, A. and Lehmann,
J., 2008. Vertical extrusion and hori-
zontal channel flow of orogenic lower
crust: key exhumation mechanisms in
large hot orogens? J. Metam. Geol., 26,
273-297.

Schulmann, K., Konopasek, K., Janousek,
V., Lexa, O., Lardeaux, J.-M., Edel, J.-
B., Stipska, P. and Ulrich, S., 2009. An
Andean type Palacozoic convergence in
the Bohemian Massif. C. R. Geoscience,
341, 266-286.

Sengor, A.M.C. and Natal'in, B.A., 2004.
Tectonics of the Altaids: an example of a
Turkic-type orogen. In: Earth Structure,
2nd edn (B.A. van der Pluijm and
S. Marshak, eds), pp. 535-546. W.W.
Norton and Co, New York.

Shelley, D. and Bossiére, G., 2000.

A new model for the Hercynian Orogen
of Gondwanan France and Iberia. J.
Struct. Geol., 22, 757-776.

Shelley, D. and Bossiére, G., 2002.
Megadisplacements and the Hercynian
orogen of Gondwanan France and
Iberia. In: Variscan-Appalachian
Dynamics: The Building of the Late
Paleozoic Basement (J.R. Martinez
Catalan, R.D. Hatcher Jr, R. Arenas and
F. Diaz Garcia, eds). Geol. Soc. Am.
Spec. Pap., 364, 209-222.

van Staal, C.R. and De Roo, J.A., 1995.
Mid-Paleozoic tectonic evolution of the
Appalachian Central Mobile Belt in
northern New Brunswick, Canada: col-
lision, extensional collapse and dextral
transpression. In: Current Perspectives in
the Appalachian-Caledonian Orogen
(J.P. Hibbard, C.R. van Staal and P.A.
Cawood, eds). Geol. Assoc. Canada Spec.
Pap., 41, 367-389.

Stampfli, G.M. and Borel, G.D., 2002. A
plate tectonic model for the Paleozoic
and Mesozoic constrained by dynamic
plate boundaries and restored synthetic

oceanic isochrons. Earth Planet. Sci.
Lett., 196, 17-33.

Stampfli, G.M., von Raumer, J.F. and
Borel, G.D., 2002. Paleozoic evolution
of pre-Variscan terranes: from Gondw-
ana to the Variscan collision. In: Vari-
scan-Appalachian Dynamics: The
Building of the Late Paleozoic Basement
(J.R. Martinez Catalan, R.D. Hatcher
Jr, R. Arenas and F. Diaz Garcia, eds).
Geol. Soc. Am. Spec. Pap., 364, 263-280.

Tait, J.A., Bachtadse, V. and Soffel, H.,
1996. Eastern Variscan fold belt: paleo-
magnetic evidence for oroclinal bending.
Geology, 24, 871-874.

Tapponnier, P., Peltzer, G. and Armijo, R.,
1986. On the mechanics of the collision
between India and Asia. In: Collision
Tectonics (M.P. Coward and A.C. Ries,
eds). Geol. Soc. Spec. Publ., 19, 115-157.

Valle Aguado, B., Azevedo, M.R., Schal-
tegger, U., Martinez Catalan, J.R. and
Nolan, J., 2005. U-Pb zircon and mon-
azite geochronology of Variscan mag-
matism related to syn-convergence
extension in Central Northern Portugal.
Lithos, 82, 169—184.

Valverde-Vaquero, P., Diez Balda, M.A.,
Diez Montes, A., Dorr, W., Escuder
Viruete, J., Gonzalez Clavijo, E., Malu-
ski, H., Rodriguez-Fernandez, L.R.,
Rubio, F. and Villar, P., 2007. The “hot
orogen”: two separate variscan low-
pressure metamorphic events in the
Central Iberian Zone. In: Mechanics of
Variscan Orogeny: A Modern View on
Orogenic Research (SGF and BRGM,
eds). Géol. Fr., 2, 168.

Van der Voo, R., 2004. Paleomagnetism,
oroclines, and growth of the continental
crust. GSA Today, 14 (12), 4-9.

Weil, A.B., 2006. Kinematics of orocline
tightening in the core of an arc: paleo-
magnetic analysis of the Ponga Unit,
Cantabrian Arc, northern Spain.
Tectonics, 25, 1-23, TC3012.

Weil, A., Gutiérrez-Alonso, G. and Conan,
J., 2010. New time constraints on litho-
spheric-scale oroclinal bending of the
Ibero-Armorican Arc: a palacomagnetic
study of earliest Permian rocks from
Iberia. J. Geol. Soc. London, 167,
127-143.

Woodcock, N.H. and Fischer, M., 1986.
Strike-slip duplexes. J. Struct. Geol., 8,
725-735.

Young, T.P., 1990. Ordovician sedimen-
tary facies and faunas of Southwest
Europe: palacogeographic and tectoni
implications. In: Palaeozoic Palaeogeog-
raphy and Biogeography (W.S. McKer-
row and C.R. Scotese, eds). Geol. Soc.
Mem., 12, 421-430.

Received 26 December 2010; revised version
accepted 1 May 2011

247



