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Foreword

Welcome to the geological field trip in the Iberian Massif! During this field trip, we will have
the opportunity to explore this region's rich and complex geology. We will also have the oppor-
tunity to experience the culture and history of central-south Spain with visits to local villages and
historic sites. After a general description of the Iberian Massif, we intended to describe the route
and the outcrops we shall visit. Readers must understand that it is neither a research paper nor an
exhaustive summary of the current knowledge, simply a field trip guide inevitably slanted ac-
cording to the authors' opinions and prejudices, the major of which was to emphasize preferen-
tially the description of the three zones that we shall visit, Central Iberia, Ossa Morena and South
Portuguese. To keep it simple and readable during field visits, we included just a few inescapable
references in the text; instead, we gave a list of valuable lectures and seminal papers at the end of

the guide.



Introduction

Most of the pre-Mesozoic basement of Central and Western Europe consists of Neoprotero-

zoic and Palaeozoic rocks that were deformed, locally metamorphosed until anatexis, and intrud-

ed by Carboniferous granitoids during the Variscan orogeny. These materials form the West-Eu-

ropean Variscan Belt, resulting from the collision of two main continental masses, Laurussia and

Gondwana, that also involved some minor continental masses, such as Avalonia or Armorica.
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(from Simancas, 2019)

Figure 1.- The west European Variscan Belt (from Murphy et al. 2010)

The largest outcrop of the West European Variscan Belt occurs in the Iberian Peninsula, occu-

pying most of Portugal and West Spain (Fig. 1). It is indistinctly called Iberian Massif, Hesperian

Massif, or Hercynian Massif, although the first variant is the most frequently used.



The Iberian Massif contains autochthonous and allochthonous Paleozoic and Neoproterozoic
materials structured as an S-shaped oroclinal belt with a well-defined convex-to-the-west arc

centred in Asturias and a poorly defined convex-to-the-east arc centred in central Iberia (Fig. 2).

The Asturian Arc (also known as the Asturian Knee) continues to the French Armorican Mas-
sif forming the Ibero-Armorican Arc (Fig. 1). The Asturian and Armorican Arcs were separated

during the Mesozoic opening of the Biscay Gulf.

Since Lotze (1945), the Iberian Massif has been divided into several, classically six, zones
according to their stratigraphic, tectonic, metamorphic and magmatic features. From NNE to
SSW, the Lotze zones, slightly modified by later authors (e.g., Julivert et al., 1974) are the fol-
lowing: Cantabrian (CZ), West-Asturian Leonese (WALZ), Central Iberian (CIZ), Galicia Tras-
os-Montes (GTMZ), Ossa Morena (OMZ) and South Portuguese (SPZ) (Fig. 2). The Cantabrian
and South Portuguese Zones are the most external zones, containing syn-orogenic and post-oro-
genic sediments, with no, or very low, degree of metamorphism and thin-skin tectonics that
caused folds and nappes with opposite vergence, to the E in the Cantabrian and West-Asturian
Leonese zones and the WSW in the South Portuguese zone. The intensity of metamorphism and
deformation increase towards the most internal zones, so about 50% of the Central Iberia crust

consists of Variscan granitoids which, remarkably, do not show across-orogen polarity.

Although most authors agree grosso modo with this division, Arenas et al. (2016) have pro-
posed to join the GTMZ and the OMZ in one single allochthonous zone, the Galicia-Ossa-More-

na Zone, but this idea has not been unanimously accepted.



Z.ones of the Iberian Massif

1. Cantabrian Zone (CZ)

The Cantabrian Zone (Fig. 3) is the external zone of the Iberian Massif in the NW of the

Peninsula, placed in the core of the Ibero-Armorican Arc. It contains mainly Palacozoic sedimen-

tary rocks, from Cambrian to Upper Carboniferous. Neoproterozoic sedimentary rocks are re-

stricted to the Narcea Antiform, located to the west in the boundary with the West-Asturian

Leonese Zone marking the transition to the internal zones of the orogen.
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The pre-Stephanian series, discordant over the Neoproterozoic rocks, has been divided into

pre-orogenic and syn-orogenic, the limit between them roughly situated at the Devonian-Car-

boniferous boundary. The pre-orogenic rocks form a shallow marine sequence thinning to the

east. The syn-orogenic deposits are mainly clastic and siliciclastic with interbedded exploitable



coal layers and massive limestones, especially in the east. Post-orogenic Stephanian sedimentary

rocks appear locally, always discordant on the earliest Carboniferous materials.

The tectonic is thin-skinned, with abundant recumbent folds and nappes. The metamorphism
is very low (anchimetamorphism) or absent, with no —or very local— schistosity development.
There are some pre-Variscan volcanic rocks, chiefly alkali basalts and trachybasalts, and a few

small Variscan plutons and dykes, which may be associated with small gold deposits.

2. West-Asturian Leonese Zone (WALZ)

It is a 100 km wide curved band that follows the Ibero-Armorican Arc (Fig. 4) limiting with
the Cantabrian Zone through La Espina Thrust, placed in the core of the Narcea Antiform. In
contrast with the Cantabrian Zone, dominated by non-schistose upper Paleozoic sedimentary
rocks, the West-Asturian Leonese zone mostly consists of schistose Cambrian to Ordovician low-
grade metasediments that form a thick (>= 11,000 m) siliciclastic series with alternating minor
volcanoclastic and limestone levels. Also contrasting with the Cantabrian zone, the rocks in this
area show generalized tectonic foliations and marked internal strain.
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Based on the stratigraphic differences, most authors consider this zone divided into two do-

mains: (i) the Navia and Alto Sil Domain and (ii) the Manto de Mondofiedo Domain.

Structurally, the WALZ is characterized by folds with axial plane vergent to the east, more
flattened and tighter to the west, cut by thrusts vergent to the same direction and subsequently
folded with vertical axes. The metamorphism is low to medium grade, more intense towards the
west. It is of low grade in the Navia and Alto Sil Domain but may be of high grade in the Manto

de Mondoiiedo Domain.

The increase of metamorphic grade towards the internal zones of the orogen is accompanied
by the intrusion of granite plutons, commonly composed of peraluminous granites to granodior-
ites, which may be associated and hybridized with mafic rocks. These granite rocks match the

ones found in the Central Iberian Zone, described below.



3. Central Iberian Zone (CIZ)

It is the widest (about 350 km) zone of the Iberian Massif and includes the axial part of the
Variscan orogen (Fig. 5). The Vivero fault bounds it to the NE and the Badajoz-Cordoba shear
zone to the SSW. It contains all autochthonous materials underneath the Basal Thrusts of the

Schistose Domain of the Galicia Tras-os-Montes Zone (see below).
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bodies found all over the Iberian Massif.



Stratigraphically, it stands out for the transgressive nature of the Lower Ordovician quartzites
and the predominance of pre-Ordovician rocks, according to the nature of which most authors
divide the Central Iberian Zone into two large domains parallel to the zone boundaries, the
smaller Ollo de Sapo Domain (OSD) in the north, and the larger Schist-Greywacke Complex
Domain (SGCD), in the south.

The Ollo de Sapo (Toad's Eye) Formation consists of porphyritic, all most often augen,
gneisses of granite to granodiorite composition derived from Cambrian-Ordovician (c.a. 490 to
475 Ma, Montero et al., 2009) volcanic and plutonic rocks; it appears in antiform cores and crops
out forming a narrow band about 600 km long. The rock is characterized by large K-feldspar au-
gen, locally rapakivi, and small bluish quartz clasts, the colour of which disappears with increas-

ing metamorphic grade.

The Schist-Greywacke Complex is a thick monotonous series of metapelites and metap-
samites with no fossil record and Ediacaran to Lower Cambrian age which crops out in wide an-

tiforms of Portugal and West Spain.

The pre-Variscan tectonics is only evident in the SGC Domain because of three discordances,
two intra-Ediacaran and the other in the Lower-Medium Cambrian. The Variscan tectonics
caused three main deformation phases. The first deformation phase, Late Devonian to Early Car-
boniferous, caused the major structures to thicken the Central Iberian crust. In the Ollo de Sapo
Domain, these structures consisted of recumbent folds and nappes that were later re-folded and
verticalized during the third phase. The second phase was local, related to low-angle thrust faults
in higher structural domains and granite intrusion and subhorizontal shear zones in the deeper
structural domains. The first phase was also intense tangential in the NE and SW borders of the
Schist-Graywacke Domain. It, however, produced vertical folds in the central areas. The second
phase, particularly intense in thermal domes, yielded subhorizontal shear zones. The third phase

tightened the previous structures and caused different systems of conjugated vertical shear zones.

The pre-Variscan magmatism in Central Iberia occurred during the Ediacaran and the Cambri-
an-Ordovician. The Ediacaran magmatism should have been particularly intense, as revealed by
the abundance of c.a. 590-620 Ma detrital zircons in the Schist-Graywacke Complex and inherit-
ed zircon cores in the Ollo de Sapo gneisses. Few of these rocks, however, were preserved; their
current occurrence is limited to the small c.a. 580 Ma gabbro-dioritic massif of Merida-Aljucén
and the singular c.a. 543 Ma of La Almohalla (Bea et al., 2003).



The Cambrian-Ordovician magmatism is represented by (i) the Ollo de Sapo Formation
gneisses in the NE border, (ii) the similar Urra Formation gneisses in the SW border (Sola et al.,
2008), (ii1) a band of medium-sized undeformed leucotonalites and high-silica granites in the
centre roughly following the Variscan structures (Rubio-Ordonez et al., 2012). A remarkable fea-
ture of the Ollo de Sapo and the Urra gneisses is the elevated zircon inheritance; in most cases,
nearly 90% of zircon grains are composed of an Ediacaran core surrounded by a Cambrian-Or-
dovician rim (Bea et al., 2007). In contrast, the central band undeformed Cambrian-Ordovician

granitoids have zircons with very little or no inheritance.

The Variscan magmatism caused numerous granite batholiths ranging from allochthonous to
autochthonous, related to thermal domes and anatectic complexes. These granites are crustal, de-
rived from the Cambrian-Ordovician gneisses and fertile layers of the Schist-Grauwacke Com-
plex, with few juvenile mantle-derived components. These are represented by small plutons and
stocks of mafic rocks, mostly appinites and vaugnerites that are coeval or slightly postdate the
related granites (Bea et al., 2021). The age of these falls within a narrow range of 315 + 15 Ma,

independent of their position relative to the orogenic axis (Bea et al., 2003).

4. Galicia Tras-os-Montes Zone (GTMZ)

The Galicia Tras-os-Montes Zone (Fig. 5) consists of allochthonous and para-autochtonous
terranes emplaced over the Central Iberian zone's northern part. It comprises two stacked do-

mains, the lower Schistose Domain and the upper Allochthonous Complexes Domain.

The Schistose domain is made of siliciclastic metasediments and metavolcanic rocks, which,
although not identical, bear similarities with those found in the Central Iberian Zone. According-
ly, it is assumed that both formed on the same continental margin of Gondwana but in different

positions.

The Allochthonous Complexes Domain comprises four roughly oval large mafic-ultramafic
complexes: Cabo Ortegal, Ordenes, Morais and Braganza, and one N-S elongated zone, the Blas-
tomilonitic Fossa, composed of felsic, often peralkaline, granites and volcanic rocks. The materi-
als forming these allochthonous complexes are uncommon in the rest of the Iberian Massif. They
include ophiolites and mixed materials of continental and, possibly, island arc origin. The prove-

nance of these exotic items is uncertain.
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5. Ossa Morena Zone (OMZ)

The OMZ forms a ca. 90 km wide NW-SE band (Fig. 6) that evidences a complex evolution
during the late Neoproterozoic Cadomian orogeny, 650-550 Ma, Cambro-Ordovician, 540-480
Ma, and 370-300 Ma Carboniferous Variscan orogeny. It bounds north with the Central Iberian
Zone through the Badajoz-Cordoba Shear Zone and south with the South Portuguese Zone
through South Iberian Shear Zone. Along this boundary, there is a lineament of exotic units,
namely the Moura-Cubito HP complex and the Beja-Acebuches amphibolites, which have been
considered remnants of the Rheic Ocean. As we shall discuss during the field trip, there is con-

siderable discussion about this aspect.
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Figure 6. The Ossa Morena Zone. The coarse solid lines represents the Badajoz-Cordoba Shear Zone
and Beja-Acebuches amphibolites, the boundaries with the Central Iberian Zone and South Por-
tuguese Zone respectively. After Cambeses et al., (2017)

The OMZ stratigraphic succession includes Ediacaran to early Carboniferous rocks. The
basement comprises the Ediacaran Serie Negra, consisting of black shales, quartzites and meta-
greywackes overlain by the Malcocinado Formation, composed of arc-related volcano-sedimen-

tary successions. The contact with Cambrian sediments is unconformable contact associated with
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a stage of rifting. Ordovician is dominated by passive margin deposits. Overlying the Ordovician
sediments is a monotonous series of Silurian black shales covered by Early Devonian shallow-
water terrigenous series. The transition from Early to Middle-Late Devonian is marked by a dis-
cordance related to the beginning of the Variscan collision. Tournaisian-Visean turbidites mark

the intra-orogenic extension.

The OMZ preserves structures related to various transpressional and transtensional events
from the late Neoproterozoic to the early Carboniferous. Pre-Variscan structures were overprint-
ed by the Variscan deformation producing the complex structural relationships that characterize
the OMZ. The Variscan structures preserve evidence of an initial collisional event between 390—
345 Ma that resulted in large recumbent southwest vergent folds, like the Olivenza-Monesterio
antiform, and thrusts that cut the recumbent folds, like the Monesterio thrust. This was followed
at 345-330 Ma by extension/transtension resulting in the Carboniferous basins formation. Final-
ly, a second collisional event at 330-305 Ma generated vertical folds that deformed the previous

structures. Post-Variscan high-angle reverse faults subsequently cut the upright folds.

The metamorphism that affected the OMZ was generally low-grade, although some areas
record high-grade conditions. Among these, they stand up (i) the Pre-Variscan 532-500 Ma
found in the Valuengo and Monesterio complexes, related to a Cambro-Ordovician rifting; (i1)
the Variscan 390-370 Ma LT/HT-HP identified in the Badajoz—Cordoba shear zone and the Cu-
bito-Moura unit; (iii) the late Variscan ca. 340-323 Ma HT-LP metamorphism in the Campo

Maior—Arronches—Crato region and the Evora—Aracena—Lora del Rio metamorphic belt.

The OMZ magmatism can be divided into three main stages: Neoproterozoic-Cambrian
Cadomian collision-related; Cambro-Ordovician, extension-related; and Carboniferous Variscan

to Permian collision- and extension-related

The Neoproterozoic—Cambrian, 590-540 Ma, magmatism mainly comprises Cadomian arc
diorites to granites and basalts, which are preserved as metabasite and amphibolites. The early
rift-related Cambrian magmatism occurred between 540-520 Ma. It produced peraluminous to
metaluminous and peralkaline A2-type granites during the initiation of extension. The main rift-
related late Cambrian event at 520-500 Ma produced abundant bimodal plutonic and volcanic
rocks. The mafic terms show a diachronic transition from E-MORB-like at 517-512 Ma to OIB-
like at 512-505 Ma. The felsic terms consisted of anatectic peraluminous intermediate to felsic

granitoids and peralkaline A-type granites. From 490 to 470 Ma, the Cambro-Ordovician rifting
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produced T- and N-MORB-like mafic rocks. Coeval felsic magmatism was also extension-relat-

ed: peralkaline A1-type anorogenic and peraluminous anatectic.

The Carboniferous magmatism, 350-330 Ma, was a product of the Variscan Orogeny. It in-
cludes minor volcanism, interbedded in Carboniferous sediments, and extensive plutonism. The
magmatism is spread throughout the OMZ in five main regions: i. the La Coronada-Villaviciosa
complex, ii. the Nisa-Santa Eulalia plutons, iii. the Evora Massif, iv. the Beja-Aracena intrusive
complex and v. the Olivenza-Monesterio complex. In all these regions, magmatism comprises
ultrabasic to acid, alkaline to sub-alkaline tholeiitic and calc-alkaline plutons and peraluminous
intrusions that may form complicated gabbro-granite intrusions such as Burguillos del Cerro. As
discussed during the field trip, this magmatism seems to be related to the mid-crustal emplace-
ment of multiple mafic sills revealed by the existence of a marked seismic reflector, the Iberseis
Reflective Body (IRB). The last magmatic event in the region was Permian, c.a. 290 Ma, which

caused the extension-related intrusion of dolerite dykes.

6. South Portuguese Zone (SPZ)

It is the South external region of the Iberian Massif, bounded to the north by the Ossa Morena
Zone through the South Iberian Shear Zone (Fig. 7).
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Figure 7. The South Portuguese Zone. The Beja-Acebuches Ambibolites have been interpreted by
some authors as evidence of the Rheic suture (after Simancas, 2004)
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The SP Zone features marine deposits from the Middle Devonian to the Carboniferous, low-

grade metamorphism, general tectonic foliation, and abundant magmatism.

Based on the stratigraphy, most authors distinguish three domains: the Northern Domain or
Pulo do Lobo, the Central Domain or Iberian Pyrite Belt and the Southern Domain or Southwest
Portuguese. The Northern Domain seems to represent an accretionary prism generated during the

subduction of the South Portuguese plate; it was the source area for the Pyrite Belt.

The Pyrite Belt stands out for containing the world's largest accumulation of massive metal
sulfide of enormous economic importance (mines of Sao Domingos, Neves Corvo, Tharsis, Rio
Tinto or Aznalcollar). Volcanic-hosted massive sulphide mineralization occurs at several strati-
graphic horizons within an Early Carboniferous volcano-sedimentary package formed of tur-
biditic siliciclastic deposits and basaltic, intermediate and silicic volcanic rocks. Volcanic rocks
do not show significant temporal or spatial variations and mainly occur as shallow intrusions into
wet marine sediments. The sulfide deposits originated during the Lower Carboniferous, in an ex-
tensional moment of the basin prior to the Variscan collision; they formed during several hy-
drothermal episodes of progressively increased temperature that were later reworked by tectonic

processes.

The Southwest Portuguese Domain (SWP) represents a paleogeographic position different to
that of the Pyrite Belt. Both areas underwent similar evolution during the Devonian but dramati-
cally differed during the Carboniferous. The SWP remained stable during the Carboniferous with
no noticeable magmatism. The detrital Devonian sediments were replaced by platform detrital-
carbonate sediments until the Upper Namurian when turbiditic materials of the Baixo Alentejo

Flysch Group covered them.

The magmatic activity in the SP zones caused two main formations, the Volcanosedimentary

Complex of the Pyrite Belt and the composite Sevilla Sierra Norte Batholith.

The Volcanosedimentary Complex consists of volcanic and subvolcanic rocks interlayered
with volcanoclastic rocks and detrital and chemical sediments. The volcanism is bimodal, mafic

and felsic this with zircon U-Pb ages around 350 Ma.

The Sierra Norte Batholith crops out in the NE of the South Portuguese Zone, intruding the
Pulo de Lobo Domain in the west and the Pyrite Belt in the south. It consists of plutonic and
subvolcanic rocks of different compositions, from ultramafic cumulates to leucogranites, that can

be grouped into four categories: (i) gabbros, diorites and ultramafic rocks, (ii) garnet-bearing
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monzogranites and subvolcanic granites, (iii) tonalites and granodiorites with microgranular en-
claves, (iv) zones of magma mixing and mingling. All but few of these rocks have SHRIMP zir-

con U-Pb ages around 348 Ma, l.e. which errors of the Volcanosedimentary Complex from the
Pyrite Belt.
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The field trip

Q'b

Figure §.- Areas to be visited

Day One (May 9th): The Avila Batholith

On the first day, we shall visit the Avila Batholith, one of the largest and more complicated of
the Iberian Massif.

The batholith is composed of coalesced autochthonous to allochthonous plutons of aluminous
biotite + cordierite bearing granodiorites to monzogranites accompanied by subordinate two-

mica + aluminosilicate * cordierite granites and leucogranites with ages clustering around 310
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Ma. There are several anatectic complexes of various sizes scattered among batholithic granites,
the Pefia Negra one being the most important. Besides, there are volumetrically insignificant

bodies of mafic-ultramafic appinitic rocks always slightly younger than the coeval granites they
are spatially related to; their ages cluster around 308 Ma. Several dike swarms of Early Permian

(264 Ma) camptonitic lamprophyres cut the peraluminous granites.

Stop 1 (40.27623°N 5.231702°W). Plataforma de Gredos. About one hour walk into
the mountains to the Prado de las Pozas (40.270076°N 5.246394°W). The way makes a ver-
tical cross-section of the subhorizontal Hoyos granodiorite unit (Fig. 9), from the bottom,
just over the Pefia Negra migmatites, to the Prado de la Pozas Mafic Complex, where the
interaction between coeval mafic and felsic rocks is displayed (Fig. 10). The Hoyos-type
granodiorites are porphyritic rocks composed of K-feldspar megacrysts often with a planar
subhorizontal foliation, plus a granodioritic to tonalitic coarse-grained groundmass consist-
ing of andesine-oligoclase, quartz, minor K-feldspar, biotite, often forming sub-centimetric
schlierens, and euhedral prisms of cordierite totally or partially pinnitized. They have ap-

atite, monazite, zircon, Fe-Ti oxides and scarce sulfides as accessories.

The mafic rocks are K-rich diorites or gabbro-diorites, which in contrast with most compo-
sitionally similar Gredos's rocks, do not show appinitic structures. The mineralogy com-
prises andesine or labradorite-andesine, hornblende, Mg-rich biotite and locally minor K-
feldspar, with titanite, apatite, zircon, and Fe-Ti oxides as accessories.

SHRIMP zircon U-Pb revealed that the two rocks, granodiorites and diorites have 310 + 3

Ma and 309 * 2 Ma, respectively.

Figure 9. The Hoyos cordierite-bearing granodi- Figure 10. Mafic rocks fragmented and invaded by
orite. Note the subhorizontal foliation defined by the Hoyos granodiorite
enclaves and K-fsp megacrysts. ‘

17



Stops 2 (40.404273°N 5.377684W) and 3 (40.422424°N 5.310704W). Peiia Negra
migmatites. We shall see the Pefia Negra migmatite series, including the cordierite-bear-
ing metatexites (Fig. 11) and nebulites (Fig. 12) that are the magmatic source for the
Hoyos-type adamellites and granodiorites. The road goes down about 900 m in altitude
from the Pefia Negra Peak to the Piedrahita village, with excellent exposures of the differ-

ent types of migmatites.

Figure 11. Pefia Negra schlieren migmatites. The
leucosome consists of qtz + kfsp + oligoclase +
cordierite. The melanosome consists of biotite +
sillimanite + ilmenite. Occasionally there are large

Figure 12. Peiia Negra nebulitic migmatites. The
bulk composition is similar to the schlieren

migmatites, but the melanosome is de-structured
and the leucosome consists of cordierite-bearing

monomineralic sillimanite or qtz nodules and calc-
silicate enclaves

leucogranites, occasionally segregated in metric
to hectometric bodies.

The Pefia Negra migmatitic series comprises three varieties: mesocratic, pelitic and leuco-
cratic, the former being, by far, the most abundant and hosting the rest of the rocks found in
Pena Negra. Zircon dating (Montero et al., 2004) indicated that anatexis occurred continu-
ously from 352 to 297 Ma, with a maximum at 335 to 305 Ma

Mesocratic migmatites are diatexitic, with a medium to coarse-grained granodioritic to
monzogranitic leucosome dominant over a fine-grained restitic melanosome; they contain
little or no recognizable mesosome. The leucosome has a hypidiomorphic to granoblastic
texture and is mainly composed of quartz, plagioclase (core Anzo-26 rim Anii-13), cordierite,
subordinate K-feldspar, rare biotite and sillimanite, and occasional garnet and muscovite.
The melanosome comprises alternate granoblastic and schistose bands defining a folded
foliation; granoblastic layers are formed of quartz + oligoclase + cordierite + lozengic sil-

limanite; schistose layers are formed of biotite and fibrolitic to lozengic sillimanite accom-
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panied by 5 to 10 vol.% of ilmenite and, locally, Fe (Cu) sulfides and graphite. Other ac-
cessory minerals are apatite, zircon, monazite, huttonite, and rare xenotime, uraninite and
betafite. Accessories, except apatite, mostly appear as inclusions in biotite.

The mesocratic migmatites are divided into three facies: schlieren, nebulitic and transition-
al, on the basis of their mesoscopic structures. Schlieren migmatites (Fig. 11) still preserve
a recognizable compositional leucosome-melanosome banding with visible fold and shear
structures. Nebulitic migmatites (Fig. 12) are more homogeneous; the melanosome appears
within the leucosome either as small enclaves or diffuse schlierens. Transitional migmatites
appear between subauthochtonous granodiorites and nebulitic or, less frequently, schlieren
migmatites; they are characterized by the appearance of megacrysts of K-feldspar oriented
along the foliation. Despite these differences, the three facies have identical modal and
chemical compositions.

Metapelitic migmatites (Fig. 13) consist of fine-grained dark-colored metatexitic
migmatites with abundant dyktionitic structures. The mesosome has well-developed grano-
lepidoblastic textures and is composed of dominant quartz and biotite, with subordinate
sillimanite, cordierite and plagioclase (Ani7.62), and rare K-feldspar and muscovite. The
leucosome forms thin veins; its major minerals are quartz, K-feldspar, acid oligoclase and
rare cordierite, biotite and, locally, muscovite and tourmaline. Accessory minerals are il-

menite, Fe-sulfides, apatite, zircon, monazite and rare huttonite.

Figure 13.- Metapelitic migmatites with different leucosome generations.

Leucocratic migmatites (Fig. 14) have the same mineralogy as mesocratic migmatites, but
the proportion of leucosome is notably higher, and its composition is more leucogranitic.

The melanosome appears either as planar streaks or, more commonly, rounded nodules (@
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~ 10 to 15 cm) generally oriented according to the foliation. For this reason, some authors

have called them “nodular granites”.

Figure 14.- Leucocratic migmatites. The nodules comprise biotite + cordierita + sillimanite £ mus-
covite. They are whithin an haplogranitic groundmass

Stop 3 (40.460976°N 5.371652°W). Almohalla orthogneisses. These are one of the
oldest igneous rocks of the Central Iberian Zone (543 + 3 Ma) and display the three
Variscan deformation phases in a single outcrop (Figs. 15 and 16). The orthogneisses are
coarse-grained, intensely deformed and recrystallized mesocratic rocks which may locally
be slightly migmatised. Textures are gneissose granoblastic, locally oftalmitic. Quartz, pla-
gioclase (Anzs.4s), K-feldspar and biotite are the major minerals; myrmekites are locally
abundant. The orthogneisses contain ilmenite, titanite, apatite, zircon and monazite as ac-
cessories. The migmatization is usually metatexitic and results in forming 5-10 cm wide
veins of fine-grained neosome within the otherwise untransformed orthogneiss. There is no
recognizable melanosome. The neosome has almost the same mineralogical and chemical
composition as the mesosome; it is composed of large crystals of restitic plagioclase within

an aplitic groundmass with abundant micropegmatitic structures.
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Figure 15. Subhorizontal fold in the Almohalla Figure 16. Fine-grained neosome developed on a
orthogneiss (ca. 545 Ma). 1t is atributted to the phase Il shear zone in the Almohalla orthogneiss.
Variscan deformation phase II.

Stop 4 (40.390524°N 5.574678°W) (depending on time). Quarry of cordierite-bearing sub-
autocthonous granodiorites. These are the most abundant rocks of the Pefia Negra Complex
after the mesocratic migmatites. They are medium to coarse-grained rocks with a hypid-
iomorphic granular groundmass composed of quartz, plagioclase (core Anzg-s0, rim Aniz-17),
rare K-feldspar, aluminous biotite, euhedral prisms of cordierite and occasional sillimanite
or andalusite, and large megacrysts of K-feldspar. The average modal composition corre-
sponds to a monzogranite or, rarely, a true granodiorite. Accessory minerals are ilmenite,
Fe (Cu) sulfides, rare graphite, abundant apatite, zircon and monazite, rare huttonite and
occasional xenotime. The granodiorites usually have a planar subhorizontal fabric concor-
dant with the external shape of the body. Shear structures are common, especially at the top

and bottom contacts of the plutons, where they grade into transitional migmatites.
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Day Two (May 10th)
The second day is devoted to the Cabeza de Araya Batholith (308 to 305 Ma) and the
neighbouring Cambrian-Ordovician (ca. 480 Ma) Zarza la Mayor Pluton (Fig. 17).
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Figure 17. Geological map of the Cabeza de Araya Batholith and its surroundings. After Corretgé (1971)
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Cabeza de Araya

Cabeza de Araya is one of the most representative batholiths from the half south of the Cen-
tral Iberian Zone. It is allochthonous, emplaced within the Schist-Graywacke Complex, develop-
ing a contact-metamorphism aureole. The rock types are peraluminous adamellites, granites and
leucogranites with abundant cordierite, andalusite or both, arranged to define a marked cen-

tripetal zonation (Fig. 17).

The adamellites (customarily called Facies A, Fig. 18) occupy the outer parts of the batholith.
They are porphyritic, with abundant K-feldspar megacrysts within a coarse-grained groundmass
formed of quartz, perthitic K-feldspar, oligoclase, often with albitic rims, biotite, cordierite, and
muscovite as major minerals, plus andalusite, zircon, apatite and scarce Fe-Ti oxides as acces-
sories. The Facias A granites are undeformed except in the middle-east of the batholith, near Gar-

rovillas, where they are affected by fragile shears (Fig. 22).

Towards the centre of the batholith, the adamellites merge gradually into more felsic granites,
the so-called Facies B (Fig. 19). These granites are coarse-grained but non-porphyritic, slightly
more felsic, and with plagioclase more sodic than the granites from the Facies A. The varietal
mineralogy comprises muscovite, biotite and andalusite, locally very abundant. The accessories

assemblage includes sillimanite, cordierite, tourmaline, apatite and zircon.

The Facies C (Fig. 20) comprises aplitic muscovite leucogranites with accessory biotite and
andalusite. They occupy the central part of the batholith southeast, also appearing in topographic
highs dispersed in the batholith. C-type leucogranites are more felsic and less ferromagnesian

than the others.

Cross-cutting the batolith there is a 21 km long up to 900 m thick NW-SE dike made up of a
garnet-cordierite microgranite with feldspar megacrysts that occasionally show rapakivi textures,
P1 (Ab>75) and Qtz, together with garnet and cordierite of restitic origin, plus biotite and locally

primary muscovite (Figs. 17 and 21). Provisional monazite dating suggest a 280 + 5 Ma age.
The granite sequence of Cabeza de Araya is also seen in many other granite bodies in the cen-

tre and south of the Central Iberian Zone.

Zarza la Mayor

The Zarza la Mayor pluton bears striking similarities with Cabeza de Araya, despite being

more than 170 million years older. As this, Zarza consists of three main facies: biotite tonalite,
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coarse-grained muscovite * biotite granite and aplitic leucogranite (Corretgé, 1971). The biotite
tonalite constitutes the largest unit of the pluton (Fig. 17). It has a medium-grained hypidiomor-
phic texture with quartz, plagioclase and biotite as the main minerals and K- feldspar, apatite, Fe-
Ti oxides, zircon, titanite, anatase and rutile as accessories. The plagioclase crystals are anhedral
to subhedral and locally partially oriented, defining magmatic flow structures. They show a
strong zonation with Anso-eo cores and Ane 10 rims evidencing intense changes in magma compo-
sition during crystallization. The muscovite * biotite granite is an elongated body, approximately
3 to 4 km wide and 10 km long, located along the southern border of the tonalite. It locally
shows a mylonitic foliation that causes gneissic and cataclastic textures. The aplitic leucogranite
intrudes the tonalite forming a ring- dyke complex with dykes feeding sills on the cupola of the
pluton in a way similar to the Cabeza de Araya Facies C leucogranites. Zarza la Mayor is part of
an NW-SE lineament of Cambrian-Ordovician intrusive granitoids that crop out in half south of
the Central Iberian Zone (Fig. 6) and seem unaffected, or very little, by the Variscan deforma-

tion.

Stop 1 (39.552501°N 6.443129°W). Cabeza de Araya, Facies A. It comprises biotite-domi-
nant two-mica adamellites with abundant K-feldspar megacrysts. The adamellites are
coarse- to very coarse-grained, with subhedral to euhedral cordierite, generally pinnitized.
The megacrysts can be up to 10 cm long, always euhedral. Their concentration varies,

reaching such a high proportion that the rock appears holo-feldespathic.

Figure 18. Facies A; note the
abundance of K-feldspar
megacrysts and cordierite crys-
tals, always pinnitized.
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Stop 2 (39.543451°N 6.481998°W). Cabeza de Araya. The intermediate Facies B comprises
muscovite dominant two-mica granites. They are non-porphyritic and coarse-grained with a
hypidiomorphic granular texture. The main mineral phases are K-feldspar, oligoclase-al-

bite, quartz, muscovite and biotite, accompanied by andalusite, which is locally very abun-

dant, and minor cordierite and sillimanite.

Figure 19. Facies B; note
the absence of K-feldspar
megacrysts. Cordierite is
often accompanied by an-
dalusite.

Stop 3 (39.531241°N 6.510951°W). Cabeza de Araya, Facies C. It comprises aplitic alask-
ites and granites with saccharoidal texture and a pale yellow to white colour. The main

mineral phases are albite, K-feldspar, quartz, muscovite and subordinate biotite, cordierite,

sillimanite, andalusite and tourmaline.

Figure 20.- Facies C. See
text for description
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Stop 4 (39.674007°N 6.516087°W). Cabeza de Araya. Garnet-cordierite microgranite (Fig.
21)

Figure 21.- Cordierite-garnet
granite. The large green spots
are cordierite-garnet aggre-
gates. This rock appears as a
large NW-SE dike in the middle
eastern part of the batholith.

Figure 22.- In the batholith
east appears the Facies A af-
fected by numerous fragile
shears, likely related to a late-
tectonic event.
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Stop 6 (39.721802°N 6.891685°W). Alcantara Roman Bridge. Schist Graywacke Complex

Figure 23.- Mesoscopic and exposure aspect of the Schist-Greywacke Complex at the Alcantara Bridge

R 7

Stop 7 (39.721802°N 6.891685°W). Zarza la Mayor biotite-tonalite (Fig. 24).

Figure 24.- The Zarza la
Mayor biotite tonalite. This
pluton has the same field rela-
tionships as Cabeza de Araya,
with differentiated aplites oc-
cupying the highs. It is unde-
formed or with a tenuous sub-
vertical foliation, yet it is c.a.
170 m.y. older tan Araya
granites.
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Day 3 (May 11th): The boundary between Central Iberia and
the Ossa-Morena Zone

The third day will be dedicated to the OMZ-CIZ boundary (stops 1 to 3 in Fig. 25)

Figure 25. General location of the proposed stops. The geological background corresponds to figures
6 and 7. See Figure 1 and Figure 2 for location within the Iberian Massif and the whole Variscan
puzzle.

Stop 1 (38.59620°N, 6.47724°W): Migmatites, migmatitic gneisses and garnet-bearing
amphibolites (retro-eclogites) from the suture unit between the Ossa-Morena and the
Central Iberian Zone. The stop starts 3.5 km southeast of Villalba de los Barros along the
road EX-361 to Puebla del Maestre, and follows a dirt road directed northwards to a pond
(Charca del Pocito Ciego). The exposures consist of different gneisses and amphibolites
affected by the Badajoz-Cordoba Shear Zone (BCSZ) (Figs. 26-28). The metamorphic evo-
lution of the BCSZ rocks recorded an early eclogite-facies assemblage (=1.7 GPa, 700 °C),
evolving later to lower pressure and temperature conditions (exhumation during deformati-
on dominated by ductile, left-lateral simple shearing). The age of the mafic protoliths is

Lower Ordovician (c. 483 Ma; Ordofiez-Casado, 1998), while the high-pressure meta-
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morphism has been dated at c. 377 Ma (Abati et al., 2018) and migmatization at c. 340 Ma
(Ordoniez-Casado, 1998; Pereira et al., 2012).

There are excellent outcrops of migmatites and migmatitic gneisses at the roadside,
showing a NE-dipping mylonitic foliation (cross-section in Fig. 26) with a gently plunging
stretching lineation (oriented NW-SE). Shear criteria (SC structures and K-feldspar grains

with asymmetric tails) indicate a left-lateral (top-to-the-NW) sense of movement (Fig. 27).

Figure 26. The BCSZ at Villalba de los Barros: schematic map, cross-section and photos of migmatitic
gneisses (top-right) and retroeclogitic amphibolites (bottom-right). See Fig. 25 for general location.

Along the first 50 m of the dirt road, large blocks of stretched and boudinaged retro-eclogi-
tic amphibolites are piled up (bottom-right picture in Fig. 26).

A second part of this stop is conceived to observe large blocks of retro-eclogites (garnet-
bearing amphibolites; Fig. 28) in a pond, namely, Charca del Pocito Ciego (38° 35’ 58.87”
N, 6° 28’ 21.78” W), located 600 m from the roadside following N and NE the dirt road.
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Figure 27. Mylonitic orthogneisses with S-C
structures and asymmetric tails around K-
feldspar porphyroclasts, indicating left-lateral
ductile shearing.

Figure 28. Garnet-bearing amphibolite from the
Charca del Pocito Ciego.

Stop 2 (from 38.504263N, 6.125259W to 38.517889N, 6.143417W; road from Hino-
josa del Valle to Hornachos): Top of the BCSZ and contact with the CIZ (south of Los
Molinos dam). The topmost exposures of the BCSZ consist here of intermediate-grade me-
tamorphic rocks, mainly orthogneisses and mica-schists. The proposed transect begins at
the Ribera del Fresno orthogneiss (c. 475 Ma), a highly deformed body with subhorizontal
stretching lineation and pristine S-C structures indicating left-lateral kinematics (Fig. 29,
left and Fig. 30). The orthogneisses of the BCSZ vary from peraluminous (Ribera del Fres-
no) to peralkaline and are related to the pre-Variscan early Ordovician rifting. The seismic
reflection profile shows that the NE-dipping foliation suggests that the BCSZ sinks below
the CIZ (Fig. 29, right).
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Figure 29. Ribera del Fresno orthogneiss (left), showing S-C structures indicative of left-lateral ductile
shearing. Right: Window of the IBERSEIS seismic reflection profile (vight) (Simancas et al., 2013) show-
ing how the BCSZ sinks to the NE underneath the CIZ.

Following the road northwards, mica-schists and quartzites crop out, dipping to the NE. In
the last 500 m of the cross-section, the schists are affected by semi-brittle structures (pseu-
do-S-C) that indicate an extensional left-lateral normal fault (Matachel fault, north bounda-
ry of the BCSZ), which downthrows the NE block, namely the CIZ. North of the Matachel

fault, dark graphite-rich schists and metagreywackes of the late Ediacaran Serie Negra crop

out, representing the southernmost CIZ

Figure 30. Outcrop of the
Ribera del Fresno
orthogneiss in a section
parallel to the stretching
lineation and
perpendicular to the
foliation to show the
prominent presence of S-
C structures indicative of
left-lateral ductile
shearing
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Stop 3 (Hornachos town): Km-scale NE-vergent recumbent synclinal fold, southernmost CIZ
(Sierra de Hornachos). The southernmost CIZ is characterized by km-scale middle-late
Devonian recumbent folds (Expdsito et al., 2002, Martinez Poyatos et a., 1995), which
show opposite vergence to those of the same age in the OMZ. This stop shows one of these
large-scale folds (Fig. 31). The observations will be done at three different points, which
are described below. The first outcrop to visit corresponds to late Ediacaran Serie Negra
rocks (mainly dark schists with some metagreywacke intercalations) exposed at the exit of
Hornachos along the road EX-342 (38.555205N, 6.083351W). The general dip of the main
foliation in the Serie Negra here is to the NE, and S0/S1 relationships can be observed, in-
dicating NE-vergence (Fig. 32). On the way back to Hornachos along the road, metarhyoli-
tes and metatuffs of the latest Ediacaran-earliest Cambrian Malcocinado formation crop

out, showing low dipping foliation (cross-section in Fig. 31) and no clear S0/S1 relations-

hips.
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Figure 31. Cross-section of the Hornachos middle-late Devonian recumbent syncline, refolded by late
Carboniferous upright folds. The picture over the cross-section shows a view of the hinge of the
recumbent fold affecting Lower Ordovician quartzites. See Fig. 25 for location.



Figure 32. Decimetre-scale fold in the Serie Ne-
gra indicating NE-vergence for the main defor-
mation. The view is approximately NE-SW and
the NE is located to the right.

The second set of observations will be done 1 km north of Hornachos along the road
EX-344 (38.562395N, 6.078179W), where meta andesites of the Malcocinado formation
unconformably overlain by lower Ordovician arkoses and quartzites crop out. The Malco~
cinado formation is below a thick white subhorizontal quartzite level (Fig. 33), presumably
of Lower Ordovician age. Even though the contact is here locally faulted, it correlates at a
regional scale with the Toledanic unconformity that characterizes the CIZ. Some 100 m to
the north along the road and above the previous massive white quartzites, meta arkoses
crop out, showing pristine SO/S1 relationships (Fig. 34) indicative of NE vergence for the
phase 1 folds (cross-section in Fig. 31). Stratigraphically above, new thick quartzite beds

draw (panorama) the hinge of the recumbent synclinal fold of the Sierra de Hornachos.
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Figure 33. View looking south of a subhorizontal white quartzitic level overlying andesites of the
Malcocinado formation and attesting the Toledanic unconformity.

Figure 34. S0/S1 cross-cut relationships in lower Ordovician arkoses showing NE vergence at the
normal limb of the recumbent Hornachos syncline.
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Finally, on the way back to Hornachos, a short walk to the higher part of the town
(38.558200N, 6.065794W) will serve to have a panoramic view of the hinge of the km-
scale recumbent fold (Fig. 35) with a sub-vertical dip of the So.

SW NE

Figure 35. Panoramic view of the Hornachos recumbent syncline.
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Day 4 (May 12th): The boundary between the Ossa-Morena
and the South Portuguese Zones

Stop 4 (38.393478N, 6.536628W): Variscan magmatism, the example of Burguillos del

Cerro plutonic complex (Stop 4 in Fig. 25)
The Burguillos de Cerro plutonic complex crops out over 100 km? in the central part of the
Olivenza-Monesterio antiform (Fig. 25 and Fig. 36). It has a rounded outcrop and chiefly

comprises ultramafic to mafic layered and gabbroic rocks (Fig. 37).

Figure 36. Schematic geological
map of the Burguillos del Cerro
plutonic complex (from Cambeses,
2015).
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Although this plutonic complex is not large, the diversity of rocks and the complexity of
the petrogenetic processes it records make it a representative example of the Variscan
magmatic event in the Ossa Morena Zone. The Burguillos del Cerro plutonic complex is
composed of four main units according to their mineralogical, petrographic, and composi-
tional characteristics: 1) Ultrabasic-Basic layered Unit, which comprises cummulitic lherzo-
lites to poikilitic amphibole gabbros and gabbronorites; 11) Alkaline Unit, composed of
gabbros and gabbronorites which have a blueish colour, diorites to tonalites and acid syeni-
tes and alkali feldspar granites; iii) Subalkaline Unit, comprising diorites to granodiorites

and granites and iv) Peraluminous Unit, made up of two-mica peraluminous granites as

small bodies and dykes crosscutting the whole complex (Fig. 36).

Figure 37. Field relations of
the interacion between
Peraluminous Unit granite

- dykes and the Alkaline Unit
4 gabbros and diorites.




The recent U-Th-Pb SHRIMP zircon ages of the four main units range from 338-335 Ma
with a mean age of 336 £1 Ma (Cambeses, 2015). The compositional features of the Bur-
guillos del Cerro magmatism arose from complex petrogenetic processes marked by the
mineral chemistry of hydrous ferromagnesian minerals biotite and amphibole, and also pla-
gioclase and whole-rock major and trace elements and Nd-Sr isotopes. One of the most re-
levant processes is magma hybridization and mingling. The main magma mixing and ming-
ling event involved: (i) alkaline mafic magmas derived from partially melting an enriched
lithospheric mantle and (ii) acid peraluminous partial melt derived from the Ossa-Morena
Zone basement metasediments. The formers are well represented in the Alkaline Unit, and
the laters in The Peraluminous Unit.

In the quarry, we can observe some excellent field relations indicative of the magmatic in-
teraction process between the rocks of the Alkaline and the Peraluminous Units (Fig. 37A).
Field relations suggest an intrusion of peraluminous magmas into a mush of mafic to in-
termediate composition (Fig. 37B and 37C). The branched or curved contact between crus-
tal-derived magmas indicates the melt presence in the mafic component (Fig. 37D and
37E).

Accordingly, the contacts with the more mafic host rock are gradational rather than abrupt
(Fig. 37F). The transitional nature of the contact is also evident petrographically in an in-
cremental change in the proportion of the ferromagnesian minerals from the more mafic
host to the granitic intrusion (Fig. 37F), which, in places, results in irregular mixed inter-

mediate composition patches (Fig. 37G).

Stops 5 (37.941172N, 6.958319W): Internal structure of the Pulo do Lobo Unit at the
Aroche-Ciries-El Mustio dirt road (Stop 5 in Fig. 25)
The dirt road starts close to Aroche and crosses the Pulo do Lobo. Observations at three

different locations will show the lithostratigraphy and internal structure of the unit.
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Figure 38. 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 (Pérez-Caceres et al., 2015) for a discussion of
the meaning of this unit.

Stop 5A. Southwards from Aroche, at around 8 km from the start of the dirt road and below the
bridge crossing the Ribera del Ciries (37.902044N, 7.011379W), low-grade metamafic
rocks (greenschists) appear intercalated as layers/boudins in the Devonian metasediments
of the Pulo do Lobo formation, resembling a tectonic mélange (Peramora Melange, inter-
preted by some authors as an oceanic accretionary prim with remnants of Rheic Ocean
floor subduction). However, the zircon U/Pb ages of the metamafic rocks (ca. 340 Ma, i.e.,
Visean) indicate that they are intrusive igneous bodies in the Devonian metasediments, de-

formed jointly with them during episodes D2 and D3 (see below).

Stop. 5B. Some 7 km SW following the dirt road, slates and greywackes of the so-called Santa
Iria formation crop out (37.872235N, 7.046961W). These rocks rest unconformably over
the lower formations of the Pulo do Lobo unit (Pulo do Lobo and Ribeira de Limas forma-
tions), being only affected by two penetrative deformations (D2 and D3). The Santa Iria
formation crops out in a synform at the central part of the unit (cross-section in Fig. 38).
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 San-

ta Iria formation.

Stop SC: Quartz and feldspar metasandstones of the Ribeira de Limas formation (Middle/Up-
per Devonian) (El Mustio forest house, 37.838428N, 7.081291W). 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. The features of the D1 folds are not known; however, local
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vergence and stratigraphic polarity relationships indicate that the D2 folds are north-ver-

gent and D3 folds upright to slightly south-vergent.

Stop 6: The Beja-Acebuches Amphibolites in Almonaster la Real (Stop 6 in Fig. 25)
The Beja-Acebuches Amphibolites (BAA) form an E-W belt exposed from Almadén de la
Plata (Spain) to Beja (Portugal), and they crop out particularly well in Almonaster la Real.
They have MORB geochemistry, ophiolitic pseudo-stratigraphy, an age of c¢. 340 Ma, and a

mylonitic deformation.

Plutonic rocks:

Units of OMZ / SPZ boundary: ZOM:
[ Allochthonous Moura-Cubito [:- Paleozoic indiff. [a 4 4] Gabbros and diorites
| Beja-Acebuches Amphibolite b@ Lower Cambrian marbles ﬁ] Granites
["] Pulo do Lobo metasediments Neoproterozoic
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Allochthonous
Cubitcvyloura
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Figure 39. Schematic map and cross-section of the Sierra de Aracena (see location in Fig. 25).

Stop 6A: 3 km east of Almonaster la Real (37.866042N, 6.757612W), on the local road bet-
ween Santa Ana la Real and Cortegana, migmatites and other high-temperature continental
rocks are superposed onto the BAA. On the way to Almonaster la Real, the road offers ex-
cellent outcrops of medium-grained amphibolites (Fig. 40, left), with banded grain size va-
riations that can be interpreted, at least in cases of sharp contrast, as a highly deformed al-
ternation of dykes and gabbros. The mylonitic foliation dips to the NNE, and the stretching
lineation (though not easily visible) plunges moderately to the east. Asymmetric feldspar

tails indicate top-to-the-west shear sense (left-lateral oblique thrusting).
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Figure 40. Beja-Acebuches Amphibolites (BAA): banded amphibolites (left) and greenschists with marked
stretching lineation (right).

Stop 6B: Almonaster la Real. A small road departs towards La Escalada (37.870273N,
6.782220W). Here, greenschists with prominent stretching lineation are observed (Fig. 40,
right), which towards the south, overlie a few meters of mylonitic biotite schists. Finally, a
late brittle thrust fault (Fig. 39) superposes the entire BAA unit onto phyllites and quartzit-
es 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 tex-
tures are preserved. This suggests an inverted polarity for the BAA, with gabbros to the
north and 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 (Pérez-Céceres, et al., 2015).
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Day 5 (May 13th): The South Portuguese Zone

As said in the introduction, the SPZ is the southernmost part of the Iberian Massif, which was
accreted to the Iberian Autochthonous Terrane during Variscan times (Late Devonian to Late
Visean), producing a south-verging, thin-skinned fold-and-thrust belt that propagated southward
over a mid-crustal basal detachment (Simancas et al., 2003). In this region, we shall visit the two

most important structures: the Iberian Pyritic Belt and the Sierra Norte Batholith.

The Iberian Pyrite Belt

The Iberian Pyrite Belt (IPB) is one of the largest concentrations of volcanogenic massive
polymetallic sulphide deposits. It is a 250 km long and 25 to 75 km wide belt composed of vol-
canic and sedimentary rocks of Late Devonian-Pennsylvanian age. From the footwall to the

hanging wall, Schermerhorn (1971) defined three main lithostratigraphic units (Fig. 41):
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« The Phyllite Quartzite group (PQ) comprises a >2,000-m-thick detrital sequence dominated
by Late Devonian shales and quartzites. It resulted from catastrophic delta fan deposits
(Moreno et al., 1996).

42



« The Volcano Sedimentary Complex (CVS) is up to 1,300 m thick of diverse basaltic and rhy-
olitic lavas and volcaniclastic and sedimentary rocks of Late Famennian to Middle Visean age.
It contains the famous polymetallic sulfide and Mn deposits of Aljustrel, Lousal, S. Domingo,
Tharsis, Valdelamusa, Rio Tinto and Gerena, some of which are currently exploited. The for-
mation of the volcano-sedimentary complex is attributed to crustal extension, underplating of
mafic magmas, and decompression-related melting of the continental crust.

« The Baixo Alentejo Flysch Group is a late Visean turbidite-like sequence of slate, greywacke,
and conglomerate that diachronically lays on the CVS.

Stop 1: Cerro Colorado open pit of Atalaya-Rio Tinto Mining: Lookout at A-461 route, South

La Dehesa de Riotinto village.

Figure 42. Cerro Colorado open
pit.

The IPB is the largest mining producer in Spain, and growing player in the European mi-
ning sector. In the IPB outcrops more than 85 massive sulfide deposits, an estimate of 1600
Mt of massive sulphide ore and about 2500 t of stock-work ore (Tornos, 2006). The provin-
ce of Huelva is the main mining region, producing 70% of the region’s metallic mining. In
this stop, we visit the lookout of Cerro Colorado open pit of the Atalaya Minig Project (Fig.
42) which is one of the three most important mining projects in activity in the SPZ, along
with Las Cruces (Gerena) and MATSA Aguas Teniidas (Valdelamusa). In 2021, Atalaya
Mining Project produced 56,000 mt of copper in Rio tinto, and processing 15.8 Mt of mine-

ral.
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Fig. 43. Location of stops 2 to 6 in El Campillo Area

STOP 2: Basaltic rocks (spilites) of CVS at El Campillo Park.

This outcrop is one of the best places to observe spilitized basaltic rocks in the Rio Tinto

sector (Fig. 44). The basalts are porphyritic with phenocrysts of plagioclase, clinopyroxene
(Ti-augite), and occasional biotite within an aphanitic groundmass. Columnar disjunctions
can be distinguished. These volcanic rocks correspond to contemporary sills with the sedi-
ments at the base of the CVS. In the Odiel river area, the age of these intrusions is circa
345 Ma (unpublished data).
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Figure 44. Basaltic rock (spi-
lites) of the IPB.

STOP 3: Phyllites and Quarzites (PQ-Formation) at the South Road crossing A-461- El
Campillo village.

This stop shows shales and quarzites with visible S (see Figure 43).

STOP 4: Rhyolites and volcanic breccias North of El Campillo, Road to Aspromin (Fig. 43).
Outcrop of rhyolites with porphyritic texture and aphanitic matrix. Feldspar phenocrysts. It

is interpreted as a dome (Fig.45) broken towards the north, transitioning to volcaniclastic
rocks, including fragments of rhyolites, jasper and different types of tuffites. The breccia

deposits present a positive grain classification.

Stop 4

~Rhyolitic
Dome

* “Velcanoclastic
breccias

Figure 45. Rhyolitic dome and volcanoclastic
breccias in the El Campillo area. Interpretation
of dome (Donaire et al., 2008).
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STOP 5: Purple slates at the north route ASPROMIN- EI Campillo
Purple slate layers serve as a level guide for all the IPB, outcropping at the top of the vol-

canic sequence (Fig. 46). In purple slates, the color is interpreted by the iron oxidation state

of Fe-oxides.

Figure 46. Purple slates.

STOP 6: Slates and grawvaques (CULM formation) at the north route ASPROMIN- El

Campillo.

The Culm Group is the uppermost IPB unit and it is interpreted to represent a synorogenic flysch
related to the Variscan tectonic event and was partly sourced from the CVS (Moreno, 1993). In
this last stop, small outcrop of shales (CULM formation, Fig. 43).
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The Sierra Norte Batholith

The Sierra Norte Batholith (SNB, Fig. 47) intrudes into the eastern part of the SPZ (Fig. 7). It
is characterized by 10-20 km diameter subvolcanic to epizonal plutonic bodies aligned parallel to
the regional structures, intruding a Devonian-Lower Carboniferous pelitic-quartzitic sequence
and, occasionally, a Devonian Carboniferous volcaniclastic complex (Simancas 1983). Their

compositions include granites, tonalites, and gabbroic rocks, alternating in elongated sheets.
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Figure 47. Schematic map of the Sierra Norte Batholith (de la Rosa, 1992).

Acid rocks include granites, tonalites and granodiorites with microgranular enclaves. The tex-
tures show a great complexity, from porphyritic, granophyric, orbicular and combinations be-
tween them. Among the ferromagnesian minerals, biotite and amphibole (<15%) are the most

frequent and are usually retrograded to chlorite + epidote.

These granitoids have ages around 335-340 Ma (de la Rosa et al. 1993). Inherited zircons
record ages between 3.0 and 0.6 Ga (de la Rosa et al. 2002); they are, therefore, similar to zir-
cons in the host Serie Negra metasediments, which have ages of 2.1 Ga and older (Shifer et al.
1993). Nd model ages reported for the granitoids of the Sierra Norte Batholith are in the range of
1.1 to 1.3 Ga (de la Rosa and Castro, 2004). The calc-alkaline suite has a typical signature of
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subduction-related magmatism, as seen in the American Andes and Sierra Nevada batholiths. We

shall visit two prominent locations: Castillo de las Guardas and Gerena.

STOP 7 (optional): Ultramafic cumulates and hb-diorites of the Sierra Norte Batholith at the
Castillo de las Guardas- El Pedrosillo road

In the Castillo de las Guardas Sector, cumulate rocks (peridotites and horblendites) (Fig.

48) and anorthosite layered gabbros outcrop in bodies 20-500 m in size and with clear con-
tacts with the host hornblende diorites. Abundant masses of differentiated dioritic pegma-

toids of 10-20 cm in size are frequently near contact with cumulate rocks.

Figure 48. Lherzolitic cumu-
late rocks in the Castillo de las

Guardas area

STOP 8: Magma Interaction Zone. Gerena Massif at the Palace Quarry. Gerena village.
The Gerena Massif is near Seville in the Guadalquivir Basin (Castro et al. 1990). Complex

relationships of felsic and mafic magmas characterize this massif. Pillow-like bodies and
syn-plutonic dykes of mafic magma intruded into felsic magma chambers resulting in hy-
brid tonalite-granodiorite rocks. The ‘interaction zone’ is in the southern part of the massif,
cropping out in several east-west orientated quarries near the village of Gerena (Fig. 49).
Several types of rock can be distinguished in the Gerena Interaction Zone (Figs. 50).

Pillow-like bodies

Ocellic tonalitic enclaves

Syn-plutonic tonalitic dykes

Hybrid granodiorites

Synplutonic quarz diorite-tonalite enclaves

AR

48



Figure 49. Quarries of magma
interaction zone in the Gerena
village.

Figure 50. Magma interaction

a) Pillow-like masses

b) Ocellic enclaves

¢) Syn-plutonic dykes

d) Syn-plutonic enclave with
chilled margin
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Field relationships indicate that mafic magma was injected into a felsic magma chamber.

Intrusion took place mainly as syn-plutonic dykes and liquid, pillow-like globules
(Fig.50a), and most of the dykes were disrupted by the magmatic flow. Extensive mingling-
mixing zones existed between these magmas, as evidenced by mineral textures and compo-
sitions that indicate episodic crystallization histories and hybridization.

The mixing process occurred episodically in response to the intermittent input of mafic
magma into the felsic chamber. This idea is supported by the appearance, in the same place,

of evolved hybrid facies resulting from complete mixing with non-mixed syn-plutonic bo-

dies with sharp contacts and chilled margins. The process is schematically shown in Fig.
51.

¢ Fragment . .
) ) Sinplutonic dyke
® Fragment with ocelli
@ Enclave
Pillow like mass .

o 5m

Figure 51. Schematic evolution of the magma mixing phenomena in the Gerena Interaction Zone.
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