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Two very different periods of magma emplacement in the crust of the Ossa-Morena zone (early and main
events) in SW Iberia have been previously interpreted to record a Cambrian/Early Ordovician rifting event
that is thought to have culminated in the opening of the Rheic Ocean during the Early Ordovician. New
stratigraphic, petrographic, geochemical and Sm-Nd isotope data from Cambrian volcanic rocks included in
six key low-grade sections in both Portugal and Spain considerably improve our understanding of these
events. These data: (1) confirm the existence of two rift-related magmatic events in the Cambrian of the
Ossa-Morena zone, (2) demonstrate that the early rift-related event was associated with migmatite and
core-complex formation in the mid-upper crust and is represented by felsic peraluminous rocks, the parent
magmas of which were derived mainly from crustal sources, and (3) show the main rift-related event to be
represented by a bimodal association of felsic and mafic rocks with minor amounts of intermediate rocks.
Some of the mafic rocks show N-MORB affinity, whereas others have OIB or E-MORB affinities, suggesting
different heterogeneous mantle sources (depleted and enriched, asthenospheric and lithospheric, plume-like
and non-plume-like). The acid and intermediate rocks appear to represent hybrid mixtures of crust and
mantle-derived magmas.
This new data supports the hypothesis that the onset of rifting was associated with a process of oblique ridge-
trench collision. We interpret the significant differences between the early and main events as reflecting the
evolution from a wide rift stage with passive extension mainly accommodated by lower-crust flow in a high heat-
flow setting, to a narrow rift stage with active extension characterized by extension rates that outpaced thermal
diffusion rates.
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deformation of the Paleozoic Iberian margin of Gondwana and the
present geometrical arrangement of units (Fig. 1) (Ribeiro et al., 1990;
Quesadaetal., 1991; Quesada, 1991; Quesada et al., 2006; Quesada, 2006).

1. Introduction

Two events played crucial roles in the evolution of the Iberian Massif

during the Paleozoic. The first of these was a Cambrian/Early Ordovician
rifting event, which was largely responsible for the compartmentaliza-
tion of the Paleozoic Iberian autochthonous margin of Gondwana and
consequent paleogeographic and lithotectonic differences between the
Cantabrian, West Asturian-Leonese, Central Iberian, and Ossa-Morena
zones (Fig. 1) (Lifian and Quesada, 1990; Quesada et al., 1991; Quesada,
1991; Sanchez-Garcia, 2001; Sanchez-Garcia et al, 2003; Quesada,
2006; Quesada et al,, 2006; Sanchez-Garcia et al., 2008a). This rifting
event is interpreted as having culminated in the sequential opening of
the Rheic Ocean by the Early Ordovician (Quesada, 1991; Sanchez-
Garcia et al,, 2003, 2008a; Fernandez et al., 2008). The second event was
the Variscan orogeny, which was caused by continental collision
following the closure of the Rheic Ocean and is responsible for the
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Previous to these Paleozoic events, the geodynamic evolution of
northern Gondwana was characterized by a period of arc growth and
accretion to the continental margin during the Ediacaran (Cadomian
orogeny). This process had come to a fairly abrupt halt by the Early
Cambrian, when the margin, including parts of the previously accreted
Cadomian-Avalonian arc (Quesada, 1991; Nance et al., 2002; Sanchez-
Garcia et al., 2003; Murphy et al., 2006; Pereira and Quesada, 2006;
Pereira et al., 2006; Sanchez-Garcia et al., 2008a), started to undergo
differential uplift and erosion together with a cessation of subduction-
related magmatism. This was followed by an onset of extensional
deformation, which was responsible for crustal thinning with compart-
mentalization into subsiding (graben) and more stable (horst) domains
(Lifidn and Quesada, 1990). At the same time mantle upwelling
triggered rift-related igneous activity, which reached its maximum
expression in Iberia within the Ossa-Morena zone (Sanchez-Garciaetal.,
2003, 2008a). This evolution from subduction/arc growth to continental
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