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Figure 0. The Caledonian/Variscan/Appalachian realm, inset square focused on SW Iberia 

(modified from Martínez Catalán et al., 2002). 



Introduction 

 

The southwestern Iberian Massif (Variscan Orogen) resulted from the accretion of three 

continental terranes in the Upper Paleozoic; these are, from north to south, the Central Iberian 

Zone (CIZ), the Ossa-Morena Zone (OMZ), and the South Portuguese Zone (SPZ) (Fig. 1) [1]. 

The collision between these terranes had a marked left-lateral oblique component [2]. 

 

Figure 1. Zones (terranes) of the SW Iberian Massif, units of the limits between them, and 

general geological cross-section. For an interpretation of the deep crustal structure, see the 

IBERSEIS profile [1]. 

The CIZ must have been part of the northern edge of Gondwana. The OMZ is also a northern 

Gondwanan continental fragment but separated from the CIZ by the so-called Badajoz-Córdoba 

Shear Zone (BCSZ), which includes retroeclogitic amphibolites of Lower Paleozoic age [3, 4]. 

The OMZ is characterized by an Upper Proterozoic - Lower Carboniferous succession. 

Continental rifting occured in the Lower Paleozoic (pre-Variscan) and again during the Lower 

Carboniferous (intra-Variscan). The main deformation is Devonian in age and developed large 

SW-vergent recumbent folds rooted in the BCSZ. The Lower Carboniferous sedimentary rocks 

are unconformable over the previous succession and associated with significant magmatism, and 

were in turn deformed in the Upper Carboniferous [5]. 

The SPZ is interpreted as a portion of Avalonia, with Devonian and Carboniferous rocks 

deformed during the Carboniferous collision with the OMZ. Three units form the OMZ-SPZ 

boundary: (1) the allochthonous Cubito-Moura unit (rocks with high-pressure metamorphism and 

mafic rocks with oceanic affinity); (2) the Beja-Acebuches Amphibolite unit; and (3) the 



metasedimentary Pulo do Lobo unit (Fig. 1). This boundary is considered part of the Rheic 

Ocean suture and has a complex evolution [2, 6].  

__________________________________________________________ 

GEOLOGICAL ITINERARY AND STOPS 
 

The itinerary in this guide traverses the three zones (terranes) of SW Iberia (Fig. 1) and focuses 

mainly on the boundaries between zones. The description that follows begins in the ZSP and 

ends in the southern CIZ (Fig. 2). 

 
Figure 2. General location of the proposed stops. The geological background is from the 

Geological Map of Spain 1:2.000.000 (IGME, 2004) [7]. The acronyms are explained in the text. 

See Figure 1 for map location. 

______________________________________________________________________________ 

STOP 1: Structure of the SPZ in Villanueva de los Castillejos 

Location: Villanueva de los Castillejos (37º29’43’’N / 7º16’07’’W), road from Ayamonte to 

Puebla de Guzmán. 

Description (Fig. 3): About 6 km south of Villanueva de los Castillejos, in the trench of the 

road, a south-vergent thrust deforms carboniferous greywackes of the Culm Group (Lower 

Carboniferous) of the SPZ (Fig. 3). These thrusts are rooted in the middle crust (see seismic 

profile on Figure 3). Towards the north, the S1/S0 relationships determine deca-hectometric 

folds of south-vergence in these greywackes. In Villanueva de los Castillejos, the 



Volcanosedimentary Complex (VSC, lowermost Carboniferous) outcrops in the reverse limb of 

the Puebla de Guzmán anticline. The Phyllite/Quartzite Group (PQ, Upper Devonian) appears to 

the north, in the core of the mentioned anticline. 

 
Figure 3. SPZ: Villanueva de los Castillejos. Geological section and seismic structure [1]. See 

Figure 2 for location of seismic line (stop 1). 

______________________________________________________________________________

STOP 2: structure of the Pulo do Lobo Unit, El Mustio-Ciries-Aroche lane 

Location: Dirt road from Cabezas Rubias to Aroche. The dirt road starts in the road from 

Cabezas Rubias to San Telmo at point 37º44’16.5’’N / 7º04’47’’W (aprox. 1.3 km NE of 

Cabezas Rubias). 

Description [2]; Fig. 4: 

 
Figure 4. Geological cross-section of the Pulo do Lobo Unit. Right: Superposed Variscan 

foliations in metasandstones of the Ribeira de Limas formation: S1 foliation preserved inside S2 

microlithons, which, in turn, appear deformed by phase 3 folds. See [2] for a discussion of the 

meaning of this unit. See Figure 2 for location of geological cross-section (stop 2). 

 

Stop 2a: Late Variscan thrust fault zone placing the Pulo do Lobo Unit onto the SPZ 

(37º48’18’’N / 7º04’16.3’’W), 7.4 km north of the start of the dirt road. Phyllites with abundant 



microfolds and quartz veins (Pulo do Lobo formation, Middle/Upper Devonian) were affected by 

semi-brittle “S-C” structures indicating top-to-the-south shear sense. 

 

Stop 2b: About 2.5 km towards the NNE, the Pulo do Lobo phyllites are conformably 

overlain by quartz and feldspar metasandstones of the Ribeira de Limas formation 

(Middle/Upper Devonian) (El Mustio forest house, 37º50’52’’N / 7º04’13’’W). An S1 foliation 

is best observed in the metasandstone layers, enclosed in microlithons of a S2 foliation, which, in 

turn, is folded by a D3 phase (photo in Fig. 4). The characteristics of the D1 folds are not known, 

however, local vergence and stratigraphic polarity relationships indicate that the D2 folds are 

north-vergent and D3 folds upright to slightly south-vergent. 

 

Stop 2c: Stratigraphically unconformably overlying there are slates and greywackes (Santa 

Iría formation) that were affected only by the two last penetrative deformation events mentioned 

above. They outcrop widely in a synform at the central part of the unit (Fig. 4), around 

coordinates 37º52’20’’N / 7º02’49’’W. Palynomorphs and detrital zircons suggest Frasnian 

and/or Famennian ages for the Pulo do Lobo and Ribeira de Limas formations, and late 

Famennian and/or Tournaisian for the Santa Iría formation. 

 

Stop 2d: Ribera del Ciries (37º54’08’’N / 7º00’40’’W): Low-grade metamafic rocks 

(greenschists) appear intercalated as layers/boudins in the metasediments of the Pulo do Lobo 

formation, resembling a tectonic mélange (Peramora Melange, interpreted by some authors as 

related to Rheic Ocean subduction). However, their zircon U/Pb ages (ca. 340 Ma, i.e., Visean), 

indicate that they are intrusive igneous bodies in the Devonian metasediments, deformed jointly 

with them during episodes D2 and D3. 

 

______________________________________________________________________________ 

STOP 3: The Beja-Acebuches Amphibolites in Almonaster la Real  

Location: Road HU-8105 between road N-435 and Almonaster la Real (AR). 

Description [2, 8, 9]; Fig. 5: The Beja-Acebuches Amphibolites (BAA) form an E-W belt 

exposed from Almadén de la Plata (Spain) to Beja (Portugal), and they outcrop particularly well 

in Almonaster la Real. They have MORB geochemistry, ophiolitic pseudostratigraphy, age of c. 

340 Ma, and mylonitic deformation. 

 

Stop 3a: 3 km east of Almonaster la Real (37º51’58’’N / 6º45’27.8’’W), on the local road 

between Santa Ana la Real and Cortegana, migmatites and other high-temperature continental 

rocks (see stop 4) are superposed onto the BAA. On the way to Almonaster la Real, the road 

offers excellent outcrops of medium-grained amphibolites (Fig. 5, left), with banded grain size 

variations that can be interpreted, at least in cases of sharp contrast, as a highly deformed 



alternation of dykes and gabbros. The mylonitic foliation dips to the NNE, and the stretching 

lineation (though not easily visible) plunges moderate to the east. Asymmetric feldspar tails 

indicate top-to-the-west shear sense (left-lateral oblique thrusting). 

 
Figure 5. Beja-Acebuches Amphibolites (BAA): banded amphibolites (left) and greenschists 

with marked stretching lineation (right). 

 

Stop 3b: Before Almonaster la Real, a small road departs towards La Escalada (37º52’13.1’N 

/ 6º46’56’’W). Here, greenschists with prominent stretching lineation are observed (Fig. 5, right) 

which towards the south overlie a few meters of mylonitic biotite schists. Finally, a late brittle 

thrust fault superposes the entire BAA unit onto phyllites and quartzites of possible Famennian 

age (Pulo do Lobo unit). 

 

In other sections (e.g., south of Aracena), the foliation locally surrounds less deformed mafic 

bodies in which igneous textures are preserved. This suggests an inverted polarity for the BAA, 

with gabbros to the north overlying volcanic rocks (metabasalts) to the south. Furthermore, in 

Portugal, west of Serpa, the section of the BAA along the Guadiana river confirms the existence 

of a large south-vergent anticline with ultramafic rocks in its core [2]. 

 

______________________________________________________________________________ 

STOP 4: Structure of the southern edge of the OMZ north of Aracena 

Location: Aracena-(Castañuelo)-Carboneras road. It starts north of Aracena, next to a 

supermarket (37º53’52.6’’N / 6º34’03.5’’W). 

Description [6]; Fig. 6: The southern edge of the OMZ (between the BAA and the Cubito-

Moura units) contains Late Proterozoic and Cambrian rocks metamorphosed at high-temperature 

conditions (southern portion, [10]) and low-grade conditions (northern portion). The section 

described here (C-D, Fig. 6) refers to the low-grade portion. 



 
Figure 6. Schematic map and cross-section of the Sierra de Aracena. The described stops 

correspond to the partial C-D section from Aracena to Carboneras. See Figure 2 for map location 

(stop 4). 

 

Stop 4a: Next to the supermarket, low-grade marbles attributed to the Lower Cambrian crop 

out. At about 200 m towards the north, graywackes and volcanic rocks appear, the last attesting 

the beginning of the pre-Variscan rifting in the OMZ. 

 

Stop 4b: At 1 km towards the north from the previous stop, abundant intercalations of 

metabasalt (possible Middle Cambrian) are well exposed. 

 

Stop 4c: At 800 m towards the north from the previous stop, the previous Cambrian 

succession is overlain by phyllites with higher metamorphism that belong to the allochthonous 

Cubito-Moura unit (Fig. 6). The phyllite contains abundant refolded quartz veins. 

 

Stop 4d: At the Castañuelo-Carboneras road junction, go toward Carboneras. Just before 

entering Carboneras village, abundant metabasites are exposed among the phyllite (Cubito-

Moura unit). 

 

Stop 4e: As soon as you leave Carboneras heading northeast, a semi-brittle shear zone is 

exposed (Valdelarco or Aroche fault), which amounts 25-30 km of left-lateral displacement. 

 

Stop 4f: North of the Valdelarco fault, phyllite and metasandstone were affected by south-

vergent thrusts (Santo Aleixo thrust). The Valdelarco fault and the Santo Aleixo thrust almost 

overlap here (Fig. 6), whereas both faults are widely separated in Portugal. Towards the north, a 

low-grade Paleozoic succession of the OMZ is exposed: at 37º55’57’’N / 6º32’12.8’’W, phyllites 

(Ordovician?) are conformably overlain by Silurian siliceous shales, and these by Devonian 

shales and greywackes (Devonian flysch of Terena that attests the early Variscan deformation in 

the OMZ). 

 



______________________________________________________________________________ 

STOP 5: Structure of the OMZ west of Encinasola 

Location: Road from Encinasola (Spain) to Barrancos (Portugal). 

Description: [5]; Fig. 7: partial section illustrating the refolded structure. 

 
Figure 7.- Section illustrating the structure of the OMZ (downdip facing folds of Encinasola): 

Devonian SW-vergent recumbent folds, refolded by Carboniferous upright folds. See Figure 2 

for location (stop 5). 

 

Stop 5a: West exit from Encinasola (38º08’23’’N / 6º52’43’’W): Middle Cambrian 

metabasalts (pre-Variscan rifting). 

 

Stop 5b: Westwards, slates and metasandstones of middle-upper Cambrian age are exposed, 

with preserved ripple sedimentary structures. S1/S0 relationships demonstrate changes of local 

vergence of the F1 folds (Fig. 7). S1 is axial-planar of F1 folds (SW-vergent recumbent folds), 

which in turn appear overthrown to the SW due to later upright folds. 

 

Stop 5c: At point 38º07’54.5’’N / 6º54’31’’W, conglomerate with sandstone and basalt 

pebbles (Upper Cambrian?) are exposed. A second crenulation foliation (S2), axial-planar of the 

upright folds, is intensified here. 

 

Stop 5d: At point 38º07’51’’N / 6º54’52.4’’W, the conglomerate is conformably overlain by 

slate and sandstone (Ordovician), with preserved bioturbation sedimentary structures. They crop 

out until the bridge on the Múrtiga river. On the other side of the river, lowermost Devonian 

laminated slates outcrop. 

 

______________________________________________________________________________ 



STOP 6: Gneisses and retroeclogitic amphibolites of the Badajoz-Córdoba 

Shear Zone (BCSZ), east of Villalba de los Barros 

Location: Road from Fuente del Maestre to Villalba de los Barros; path starting at 38º35’46’’N / 

6º28’38.1’’W towards a pond (Charca del Pocito Ciego). 

Description: [3, 4]; Fig. 8: Exposures of the BCSZ here consist of different types of gneisses and 

amphibolites. The metamorphism was initially eclogitic (≈1.7 GPa, 700 ºC), evolving to lower 

pressure and temperature conditions (exhumation during deformation dominated by ductile, left-

lateral simple shearing). The age of the mafic protoliths is Lower Ordovician (483 Ma). 

At the road, mylonitic migmatitic gneisses dipping to the NE crop out (upper photo, Fig. 8). The 

stretching lineation is subhorizontal, and kinematic indicators show left-lateral sense of shear. 

Along the the first 50 m of the path, large blocks of stretched and boudinaged retroeclogitic 

amphibolites are piled up (lower photo). Further on (taking the path to the right, at a bifurcation), 

various types of ortho- and migmatitic gneisses are exposed. Finally, around the pond (Charca 

del Pocito Ciego; 38º36’00.4’’N / 6º28’22’’W), retroeclogitic garnet-bearing amphibolites are 

found. 

 
Figure 8. The BCSZ in Villalba de los Barros: schematic map, geological section and photos of 

migmatitic gneisses (top) and retroeclogitic amphibolites (bottom). See Figure 2 for location 

(stop 6). 

 

______________________________________________________________________________ 

STOP 7: Northern edge of the BCSZ and contact with the CIZ (south of Los 

Molinos water reservoir) 



Location: Road from Hinojosa del Valle to Hornachos; from 38º30’15.5’’N / 6º09’33.4’’W, to 

38º31’04.4’’N /6º08’36.3’’W. 

Description: Fig. 9: Exposures of the BCSZ here consists of intermediate-grade metamorphic 

rocks, mainly orthogneisses and mica-schists. 

The section begins at the Ribera del Fresno orthogneiss (475 Ma), a highly deformed body with 

subhorizontal stretching lineation, excellent S/C structures, and left-lateral kinematics (Fig. 9, 

left). The orthogneisses of the BCSZ vary from peraluminous (Ribera del Fresno) to peralkaline 

and are related to the pre-Variscan rifting. As shown by the reflection seismic profile, the NE-

dipping foliation suggests that the BCSZ sinks below the CIZ (Fig. 9, right). 

On the road ahead, mica-schists and quartzites outcrop, also dipping to the NE. In the last 500 m 

of the section (straight and descending road portion), the schists are affected by semi-brittle 

structures (pseudo-S/C) that indicate an extensional left-lateral normal fault that sinks the NE 

block (Matachel fault, north boundary of the BCSZ). Farther north, there are dark graphite-rich 

schists and metagreywackes of the Black Series (Ediacaran Serie Negra), that belong to the CIZ. 

 
Figure 9. Ribera del Fresno orthogneiss (left), with left-lateral ductile shear and moderate NE 

dip. Right: closeup of the IBERSEIS seismic reflection profile [1] showing how the BCSZ sinks 

to the NE under the CIZ. See Figure 2 for location of seismic line (stop 7). 

 

______________________________________________________________________________ 

STOP 8: NE-vergent recumbent synclinal fold, southern part of the CIZ 

(Sierra de Hornachos) 

Location: Hornachos village. 

Description: [5, 11]; Fig. 10: In the southern part of the CIZ, Devonian large recumbent folds 

(F1) have opposite vergence to those of the same age in the OMZ (Fig. 1). This section exposes 

one of these folds. 



At the entrance to Hornachos from the Puebla del Prior road (38º33’18.8’’N / 6º05’00.1’’W) are 

dark schist and metagreywacke (Black Series) dipping to the NE, with NE-vergence (S0/S1) can 

be observed. To the east, past a normal fault, metarhyolites and metatuffs (Malcocinado 

formation, Late Ediacaran/Cambrian) appear also with NE vergence of F1. 

Leaving Hornachos, along the road to Puebla de la Reina, metaandesites of the Malcocinado 

formation crop out; these rocks sink under the immediate quartzite exposures (white massive 

quartzites, Lower Ordovician?). The locally faulted andesite-quartzite contact  correlates with the 

Toledanic unconformity that characterizes the CIZ. About 100 m to the north along the road, and 

above the previous massive quartzites, are metaarkose with clear S0/S1 relationships, indicating 

NE vergence of F1. Stratigraphically above, new thick quartzite beds draw (panorama) the hinge 

of the recumbent synclinal fold of the Sierra de Hornachos. 

 
Figure 10. Hornachos Devonian recumbent syncline, refolded by Carboniferous upright folds. 

Above, panorama view of the quartzite hinge; below, a detailed section. See Figure 2 for location 

(stop 8). 
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