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Abstract
Progressive opening of the Rheic Ocean led to the drifting
away of one or several ribbon terranes, generally ascribed
to Avalonia, and inaugurated a passive margin stage on
the newly formed margin of NW Gondwana. In Iberia,
which remained on the Gondwanan side of the ocean, the
rift to drift transition is recorded in the Ossa Morena Zone
in latest Furongian times and migrated towards more

internal parts of the margin during the Lower Ordovician.
The passive margin stage is characterized by development
of open marine platform sedimentation locally punctuated
by eruption/intrusion of mainly basaltic, alkaline volcanic
rocks, during transient periods of tectonic extension.
A progression from outer (Ossa Morena Zone), through
intermediate (Central Iberian and West Asturian-Leonese
Zone, to inner (Cantabrian Zone) shelf environments can
be generally established, although with significant vari-
ations related to local tectonic development. The end of
the passive margin stage is marked by the formation of
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syn-orogenic basins, which roughly migrate in the same
direction, i.e. from external to internal parts of the margin,
as a response to the propagation towards the foreland of
the Variscan orogenic wedge.

3.1 Introduction

After the attenuation of the rifting event started in the early
Cambrian, andwhich culminatedwith the progressive opening
of the Rheic Ocean by the Early Ordovician—and the subse-
quent drifting away from Gondwana of the Avalonia micro-
continent—, a long period (ca. 100 Ma) of relative tectonic
stability was established in the Iberian marine shelf before the
onset of the convergent events leading to theVariscan orogenic
cycle. This passive margin stage extends from the late Early
Ordovician to—at least—the Middle Devonian and is well
documented in the sedimentary record, showing the influx of
several paleoclimatic, depositional and tectono-sedimentary
major events of regional and global significance.

The Paleozoic rocks corresponding to this phase outcrop
extensively in the different areas of the Hesperian Massif
(=the Iberian Massif plus its subsurface extension to the
eastern border outcrops in the Demanda and Iberian Range:
San José 2006), with the exception of the South Portuguese
Zone, that belongs to the Avalonian paleogeographic realm.
The pre-Variscan basement of the Alpine Pyrenean and
Betic orogens show clear resemblance to certain Upper
Ordovician to Devonian sequences of the Hesperian Massif,
but is treated in a separate chapter of the volume (see
Chaps. 8 and 9). Terrigenous sedimentation clearly domi-
nated in the Ordovician and during most of the Silurian
periods, whereas limestone units started to occur from the
upper Silurian, became widespread in the Lower to Middle
Devonian and continued in the upper Mississippian. This is a
consequence of the slow movement of the Gondwana con-
tinent towards the southern hemisphere, inducing a north-
ward drift of the entire Ibero-North African shelf, which
changes from a position near the South Pole at the end of the
Ordovician to more temperate and even tropical paleolati-
tudes, before docking with Laurussia in Variscan times.

The transition from the rift to a drift stage related with the
opening of the Rheic Ocean, occurred in a complex tectonic
framework that led to a long-lived magmatism (the ‘Ollo de
Sapo’ plutonic and volcanic event), as well to graben-like
subsiding zones active during the Cambrian-Ordovician
transition. In the West Asturian-Leonese Zone, as well as in
its southeastern extension into the Sierra de la Demanda and
the Iberian Range, the Cambrian/Ordovician boundary beds
are in clear stratigraphic continuity. However, both in the
Cantabrian Zone and in the Ossa-Morena Zone
(Estremoz-Barrancos-Hinojales sector), the oldest Ordovi-
cian sediments bearing Tremadocian fossils, paracon-
formably to disconformably overlie uncomplete middle to
upper Cambrian successions, involving stratigraphic gaps of
variable amplitude but without the development of angular
unconformities. Finally, the situation in the Central Iberian
Zone is even more complex, with the genesis of one or more
breakup unconformities (Fig. 3.1), above which the marine
shelf sedimentation typical of the passive margin setting was
established. The main unconformity was alternatively
interpreted as related with a crustal thickening of the
Gondwana margin during a period of flat subduction, in a
stage which also evolved towards the passive margin setting
described below (Villaseca et al. 2016).

3.2 The Ordovician Sequence

The Lower Ordovician sequence in the Hesperian Massif is
mainly represented by the ubiquitous Armorican Quartzite
Formation (5–500 m thick), which gets its name from the
Armorican Massif of western France (Grès Armoricain) and
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typically occurs in the Central Iberian Zone and the Iberian
Range, but also is known—under some local equivalent
names—in the Cantabrian and West Asturian-Leonese
zones. Despite a large diachroneity has been suggested in
Portugal for the sedimentation of these light-colored and
thick-bedded mature sandstones (references in Sá et al.
2011), the entire Armorican Quartzite of southwestern Eur-
ope is presently correlated with the single Eremochitina
brevis chitinozoan Biozone (Paris 1990), which is broadly
equivalent to a late Floian (=‘middle’ Arenigian) age
(Videt et al. 2010). However, the recent dating (Gutiérre-
z-Alonso et al. 2016) of a widespread K-bentonite bed
occurring in the Barrios Fm, whose Tanes (=upper) member
has been correlated with the Armorican Quartzite, places the
Tremadocian-Floian boundary relatively close to the top of
the formation in the Cantabrian Zone. This fact, and the
previous paleontological dating reviewed by Sá et al. (2011),
makes improbable a migration of the basal breakup dis-
continuity of the passive margin stage from south to north at

least in inner platform zones (from the southern Central
Iberian Zone to the Cantabrian Zone). Some authors (Que-
sada 2006; López Guijarro et al. 2007; Álvaro et al. 2014,
2018) have interpreted the unconformity at Venta del Ciervo
locality in the Ossa-Morena Zone as representing the same
breakup discontinuity but, there, U–Pb zircon dating of
K-bentonites interbedded in quartzites yielded a ca. 489 Ma
age, suggesting that the rift-to drift transition may have
started earlier in the Ossa-Morena Zone (during the late
Furongian).

Besides the Ollo de Sapo magmatic belt, and its coeval
large volcanic event recorded in other northern Iberia
localities (Gutiérrez-Alonso et al. 2016), alignments of
Furongian and/or Tremadocian igneous rocks are known:
(a) near the boundary with the Ossa-Morena Zone (Urra Fm.,
Portalegre and Carrascal granitoids); (b) in the south-central
part of the Central Iberian Zone (the Beira Baixa-Central
Extremadura tonalite-granodiorite belt of Rubio-Ordóñez
et al. 2012), and (c) in the eastern Mounts of Toledo region

Fig. 3.1 Field view of the Toledanian unconformity in the norwestern
bank of the Estena River near Navas de Estena (Ciudad Real Province,
Cabañeros National Park). The sandstones and shales of the early
Cambrian Azorejo Formation (left, vertical bedding) are onlapped in
angular erosive discordance (of *45º) by the early Ordovician

‘Intermediate Beds’, the unit that underlies the Armorican Quartzite
(inclined to the right in this picture). The tectonic and erosive contact is
interpreted as the breakup unconformity revealing the rift-to-drift
transition to the shelf sedimentation belonging to the passive margin
stage. The encircled person serves as scale
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(the ‘Volcano-Sedimentary Complex’ of Martín Escorza
1976). As a result of the thermal subsidence and the
extensional tectonics active in the Central Iberian Zone at the
beginning of the Ordovician, sedimentation of unfossilifer-
ous units of conglomerates, sandstones and shales tentatively
assigned to the lower Floian and uppermost Tremadocian
generally occurred in several grabens and half-grabens
mostly showing Cadomian orientations. They correspond to
diverse formations preceding the Armorican Quartzite
(Fig. 3.2), which show great variations in thicknesses (0–
450 m) and sedimentary facies, so that in short distances the
sedimentation could rapidly have changed from almost
continental conglomerates to fan deltas and storm-dominated
shallow-marine deposits (e.g., McDougall et al. 1987). The
active tectonism and the considerable paleotopography
influenced the formation in the Central Iberian Zone of at

least two angular unconformities (Figs. 3.2 and 3.3) and
various sedimentary gaps. The main and more widespread of
these is the Toledanian Unconformity, originally placed by
Lotze (1956) below the Cambrian/Ordovician boundary,
which has a more important structural significance and puts
the Lower Ordovician sequence directly over Neoprotero-
zoic or lower Cambrian rocks.

In the ‘Ollo de Sapo’ Domain, local outcrops of grey
shales erroneously attributed to the Schist-Graywacke Com-
plex by Talavera et al. 2012: (localities a–b in Fig. 3.3) were
dated as late Tremadocian or even as Floian based on detrital
zircons. However, in agreement with González-Clavijo
(2006), these rocks clearly occur as an intercalation in the
Villadepera/‘Ollo de Sapo’ gneisses, which are laterally cor-
relatable with the basal Constantim member of the Angueira
Fm of the Portuguese part (Meireles 2013).

Fig. 3.2 Left: Schematic map of the Iberian Massif (left) with position
of reference areas for Lower Ordovician sedimentary rocks (in black)
within the Central Iberian Zone. CZ, Cantabrian Zone; WALZ, West
Asturian-Leonese Zone; GTMZ, Galicia—Trás-os-Montes Zone; OMZ,
Ossa-Morena Zone; SPZ, South Portuguese Zone. Localities: 1. Ollo de
Sapo antiform; 2. Marão; 3. Moncorvo; 4. Valongo; 5. Buçaco; 6.
Mação; 7. Cañaveral; 8. Guadarranque; 9. eastern Mounts of Toledo;
10. Despeñaperros pass (eastern Sierra Morena). a–b, outcrops of
Lower Ordovician shales previously assigned to the pre-Ordovician
Schist-Graywacke Complex: a, Pino del Oro schist; b, Malpica do Tejo
shale (after Talavera et al. 2013). Right: detail of the Paleozoic structure
in the framed area (number 7), showing part of the Cañaveral syncline

just east of the Plasencia Fault. A-A′ and B-B′, underneath, correspond
to the cross sections illustrating several angular unconformities between
the Schist-Graywacke Complex (a. Neoproterozoic to middle Cam-
brian), an unnamed shale and sandstone unit (b. Tremadocian), the
Serra Gorda conglomeratic beds underlying the Armorican Quartzite (c.
lower Floian) and the Armorican Quartzite (d. upper Floian). Remain-
ing symbols: e. Middle to Upper Ordovician shale and sandstone units;
f. Variscan igneous rocks (Cancho García granite and
Alentejo-Plasencia toleitic dyke); g. post-Paleozoic cover; h. faults.
Geological map and cross sections adapted from Martín Herrero et al.
(1987). Figure reproduced from (Sá et al. 2014, Fig. 1, ©Springer)
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The late Floian marine transgression leading to the
deposition of the Armorican Quartzite operated over a huge
area of SW Europe, and the unit usually ends with a variably
developed succession (20–250 m) of alternating quartzites
and shales, which make the transition into the Middle
Ordovician shales. In some places, this alternation was
incorporated as an upper member of the Armorican Quartzite
sensu lato (e.g., the Fragas da Ermida Mb of the Marão Fm:
Sá et al. 2005), but most frequently it was differentiated as an
independent unit (e.g., Rubiana Fm, Marjaliza or Pochico
‘beds’), which may extend regionally up to the lower Dar-
riwilian. However, in some places, such as in the Portuguese
inliers of Buçaco and Valongo, the top of the Armorican
Quartzite grades up abruptly into dark shales already bearing
Dapingian graptolites, implicating that the chronostrati-
graphic frame for the end of the widespread sand sedimen-
tation is also quite complex (Gutiérrez-Marco et al. 2014a).

In the West Asturian-Leonese Zone, Lower Ordovician
strata conformably succeed Cambrian formations, the bases
of which discordantly overlie the Neoproterozoic. The lower
limit of the Ordovician lies within the upper part of the very
thick Los Cabos Group (up to 4,400 m in the Navia-Alto Sil

Domain) that consists of alternating shallow marine sand-
stones and shales (Marcos 1973 Pérez-Estaún et al. 1990).
This group extends from the Miaolingian up into the Floian
in its uppermost part where sandstones closely similar to
those of the Armorican Quartzite predominate.

The Lower Ordovician sequence of the Iberian Range
conformably overlies a thick Cambrian succession and is
subdivided into distinct formations (Wolf 1980). The base of
the Ordovician, traditionally placed at the upper part of the
Valconchán Formation (thick-bedded quartzites with some
grey to green shaly intercalations), has been recently moved
up to the upper-middle part of the succeeding Borrachón
Formation (320–900 m of green to grey laminated siltstones
and shales with some sandy intercalations). Above it, the
sandstones and quartzites of the Deré Fm (420–850 m) are
followed by green to brown siltstones and shales of the
Santed Fm (200–950 m), where the Tremadocian-Floian
boundary can be traced and is, in turn, overlain by the
Armorican Quartzite (450–650 m).

In most regions of the Iberian Massif, the remaining
Ordovician strata can be grouped into two other major
sequences. The first is composed predominantly of dark

Fig. 3.3 Correlation chart of the main stratigraphic units around the
Cambrian/Ordovician and Lower/Middle Ordovician boundaries in the
‘Ollo de Sapo’ Domain (left) and the southern Central Iberian Zone

(Portugal and Spain), showing the sedimentary gaps (vertical stripes).
For localization of the columns, see Fig. 3.2
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mudstones and siltstones with more or less important sand-
stone intercalations, being roughly representative of the Mid-
dle Ordovician. The upper sequence is much less uniform and
is incomplete in many areas, where it can also show internal
unconformities. These Upper Ordovician strata consist of
alternating mudstones, siltstones and sandstones overlain by
limestone, glaciomarine diamictites and massive quartzites.

After the complete erosion of the rift shoulders flanking
the Rheic Ocean opening, the compartmentalisation of the
Gondwanan segment of the Iberian Massif was considerably
attenuated, so that monotonous units of dark mudstones,
richly fossiliferous and with a mean thickness of about
300 m (but ranging from 150 up to 1,000 m) were deposited
over the areas previously reached by the Armorican Quart-
zite. This Middle Ordovician transgression was diachronical
from the Dapingian to the late Darriwilian, starting at the
base with few meters of relatively condensed strata and a
widely distributed ooidal ironstone bed. The latter represents
the initial deposit above a disconformity, associated with a
rapid eustatic rise and showing a good development in the
shallower parts of the shelf. The main ooidal ironstone bed is
recorded at the base of the middle Darriwilian sequence and
occurred almost synchronously over a wide area of the
Central Iberian Zone, indicating uniform sedimentary con-
ditions across large areas of a shallow, low gradient shelf
(Young 1992). However, the eustatic control of the deposi-
tion of this first ooidal ironstone is not so evident in the
Cantabrian Zone and in the Iberian Range, where the bed
directly ovelies the Armorican Quartzite and is of a late
middle Darriwilian age. This may reflect uplifting of the area
by faults and generation of the corresponding paraconfor-
mity, involving an extensive sedimentary gap from the
Dapingian to the lower middle Darriwilian strata.

The sedimentation of dark mudstones by the middle and
early late Darriwilian is generalised in Iberia, but a regressive
tendency predominates in the late Darriwilian with the record
of new sandstone units. They are well-developed in the
southeastern Central Iberian Zone within and above the fos-
siliferous mudstones discussed above, known as the so-called
‘Los Rasos’ or ‘Monte da Sombadeira Sandstone’ and
‘Quartzites inférieurs’ or ‘Botella Quartzite’, respectively. The
former unit is especially interesting because this sandstone,
25–200 m thick and covering an area of approximately
75,000 km2 in the southern Central Iberian Zone, corresponds
—according to the sedimentological study of Brenchley et al.
(1986)—to a single storm-generated body deposited more
than 100 km from the shore. This allowed to estimate an
average seaward-dip of the Ordovician Central Iberian shelf
of less than 0.1º, taking into account the maximal depth
known (ca. 50–80 m) in which a sediment surface above
storm wave base is capable of forming hummocky
cross-stratification. The thickness and the distribution of these
sandstone facies, decreasing to zero northward, also indicates

that the shoreline should have been positioned towards the
present south and southeast, in the actual place of the
Obejo-Valsequillo Domain. The latter was juxtaposed to the
Central Iberian Zone in Variscan times by the Puente Géna-
ve-Castelo de Vide shear zone (Martín Parra et al. 2006). This
has recently been reinterpreted as a huge rootless nappe
related with an eo-Variscan continental subduction, previous
to the Rheic Ocean closure, and stacked by the Late Devonian
the Ossa-Morena Zone onto the Central Iberian shelf (Díez
Fernández and Arenas 2015, 2016; Arenas et al. 2016).

The general deepening towards the north of the Central
Iberian shelf was also confirmed by other stratigraphic evi-
dences and by the distribution of trilobite biofacies (Ham-
mann and Henry 1978, Rábano 1989, Robardet and
Gutiérrez-Marco 1990). However, this shelf gradient is
exactly inverse to the model proposed by Rubio-Ordóñez
et al. (2012), which postulates an ocean over the emerged,
source area for the siliciclastics, being the Beira-
Extremadura belt tentatively interpreted as a continental
volcanic arc in their tectonic model.

By the late middle Darriwilian (global chronostrati-
graphic nomenclature after Bergström et al. 2009) the whole
Iberia was almost uniformly blanketed by shelf muds (e.g.,
Luarca, Navas de Estena, Castillejo, Sueve, Brejo Fundeiro,
Moncorvo and Valongo formations). The predominantly
shallow siliciclastic sedimentation without any trace of
limestones, and the abundant fossil record consisting of low
diversity benthic assemblages of invertebrates regarded as
cold-water faunas, indicate a high paleolatitudinal position
for the Iberian shelf in Gondwana. The ‘polar gigantism’
observed in some groups of Darriwilian trilobites (Gutiér-
rez-Marco et al. 2009) also supports the general placement
of Iberia near the South Pole, as represented in most pale-
ogeographic reconstructions for the Ordovician (e.g. Cocks
and Fortey 1990, Robardet 2002, Torsvik and Cocks 2013,
2017). Also the close similarities of certain Darriwilian
faunas from Ibero-Armorica to those recorded from north-
east Algeria, Libya and Saudi Arabia, led Gutiérrez-Marco
et al. (2002) to propose that, during Ordovician times, cen-
tral Iberia was probably north of present-day Libya or Egypt
instead of in the vicinity of Morocco/NW Africa. The new
location, closer to the Arabian-Nubian shield and the Sahara
metacraton, was later supported by isotopic and provenance
studies of magmatic rocks (Bea et al. 2010, Fernández--
Suárez et al. 2014), information not taken into account by
Franke et al. (2017).

Paleoecological data derived from Middle Ordovician
fossils confirm the general dipping of the Central Iberian
shelf towards the north, with a maximal depth reached in its
extension in the Navia-Alto Sil domain of the West
Asturian-Leonese Zone and the Iberian Range, where some
mesopelagic graptolites have been recorded (Gutiérrez--
Marco et al. 1999). The Cantabrian Zone, by the way,
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remain emerged during much of the Middle and Late
Ordovician times, with the sporadic record of some units
bound by stratigraphic discontinuities in certain corridors
limited by faults, within the wide uplifted area. This is the
case of the Sueve Fm, yielding inshore trilobites but with
some rare elements derived from offshore settings (e.g.,
raphiophorids: Gutiérrez-Marco and Bernárdez 2003).

The general gradient in the Ordovician shelf documented
in the Central Iberian Zone would require a shoreline and an
emerged area in the region presently occupied by the
Obejo-Valsequillo Domain and the Ossa-Morena Zone,
previous to the Variscan Orogeny. The first is a complex
area of mixed paleogeographic affinities for the Lower
Paleozoic, especially along the Ordovician (Gutiérrez-Marco
et al. 2014b, 2016). On the other hand, the Ossa-Morena
Zone clearly represents the outer and distal-shelf counterpart
of the Iberian platform which was tectonically (laterally)
juxtaposed to its present position during the Variscan Oro-
geny (Quesada 1991). The Lower Ordovician sequence
starts here with offshore sediments bearing late Tremadocian
mesopelagic graptolites and trilobites, followed by Floian to
early Darriwilian green shales and slates, which rarely show
the discontinuous ooidal ironstone bed correlatable with the
widespread bed of basal middle Darriwilian age. In the Valle
syncline of northern Seville, the middle Darriwilian shales
yielded a fossil assemblage of Bohemian affinities, unique
for Iberia and representative of deeper environments than the
typical ‘Neseuretus fauna’ (Gutiérrez-Marco et al. 2002,
Robardet and Gutiérrez-Marco 2004). Above this unit,
sedimentation proceeded with micaceous and calcareous
sands continuing until the Late Ordovician.

The upper part of the Ordovician sequence generally
begins with argillaceous units that, at its base or within their
lower third, intercalate an ooidal ironstone bed with common
phosphatic pebbles and remanié fossils. This is the so-called
Favaçal or Chôsa Velha bed in Portugal, which is also
widely recognized in the Cantera Shale of the Central Spain,
the base of the Fombuena Fm of the Iberian Range and in the
Manto de Mondoñedo Domain of the West Asturian-
Leonese Zone. The age of this bed and the starting of sed-
imentation above it has been established as middle Berou-
nian, by using the high-resolution biochronological scheme
and the regional chronostratigraphic scale for the Mediter-
ranean Ordovician (Gutiérrez-Marco et al. 2015, 2016,
2017). This dating is roughly equivalent to the late Sand-
bian–earliest Katian of the global scale and, in regional
terms, is correlatable with the age of formation of the Sardic
Uncorformity in SW Sardinia, that in its type area seals a
sedimentary gap equivalent to the entire Middle Ordovician
and part of the Early and earliest Late Ordovician (Leone
et al. 1991, Pillola et al. 2008). Due to the great continuity of
this ‘early Caradoc’ ironstone, extending even to Armorica
and other places of the Mediterranean area, it has been

interpreted as associated with an eustatically controlled
episode of sea-level rise (Young 1989, 1992). But their
coincidence in time with the Sardic movements also
favoured a complementary interpretation associated to the
discrete uplift of part of western Iberia as reflecting the distal
echoes of the Sardic phase (Gutiérrez-Marco et al. 2002 with
references). In this scenario, the minimal sedimentary gap
sealed by the ooidal ironstone in Iberia varies from a partly
Sandbian (late early Berounian to earliest middle Berounian)
interval in the southern Central Iberian and the Iberian
Range, to include part of the Middle Ordovician in north
Portugal (Sá et al. 2006). The ironstone’s petrographic fea-
tures—more phosphatic and conglomeratic towards the
south of the Central Iberian Zone—also fits with the general
paleoslope of the shelf. The existence of a variable paleo-
topography previous to the interval or non deposition—and
erosion—is demonstrated by minor uplifting areas such as
the ‘Dornes/Amêndoa rise’ of central Portugal (Young 1989)
and also by the Valongo ‘rise’ that emerged in the latest
Darriwilian. The absence of latest Darriwilian-early
Sandbian sedimentation over a large area of NW Spain
(Gutiérrez-Marco et al. 1999) may also be due to the same
tectonic rise, with some sin-sedimentary rifting later devel-
oped in the Truchas area (Martínez Catalán et al. 1992) and
the important subsiding trough of the Navia-Alto Sil Domain
of the West Asturian-Leonese Zone. Here, deep-
sedimentation with up to 1,500 m-thick turbidites of the
Agüeira Fm. (Pérez-Estaún and Marcos 1981) was recorded
mainly along the Katian. The interpretation of the Sardic
phase as a general episode of uplift (the ‘Sardinian-Taurian
rise’ of Hammann 1992) may include also the Cantabrian
Zone, that remains uplifted until the end of the Ordovician
with the exception of two small fault-controlled troughs
where Middle–Late Ordovician sedimentation and rare
rifting-associated volcanism (in the Peñas Cape) took place.
According to some authors, the Sardic Phase can be better
interpreted as linked to orogenic subduction or alternatively
to transtensive-transpressive modification of the Rheic
Ocean opening patterns leading to the Paleotethys (Stampfli
et al. 2002, Álvaro et al. 2016 and references therein).

The post-Sardic Ordovician sedimentation in Sardinia
displays many facies and faunas in common with other
Mediterranean settings including Iberia. Most deposits
developed during the early and middle Katian (=middle–late
Berounian) are thick units of alternating shales, siltstones
and sandstones, with some intercalations of quartzites and
dark shales, or micaceous shales with minor proportion of
intercalated sandstones, within shallow shelf environments
with storm influence. By the late Katian (=Kralodvorian
regional stage), the global warming climatic event that pre-
ceded the Latest Ordovician glaciation (Boda Event of
Fortey and Cocks 2005) favoured the arrival of warm-water
taxa to south Polar Gondwana, as well as limestone

3 Early Ordovician-Devonian Passive Margin Stage … 81



deposition in several places of Iberia. The base of the
limestone seems to rest conformably on middle Katian beds,
but sometimes the contact is clearly disconformable (the
Urbana Limestone of the southern Central Iberian Zone), or
develop a ferruginous bed at the base (of the Cystoid
Limestone of the Iberian Range). In the Ossa Morena Zone,
a true ooidal ironstone bed marks the basal contact of the
limestone which directly rests on Middle Ordovician shales
(Gutiérrez-Marco et al. 2002, Robardet and Gutiérrez-Marco
2004). The basal sedimentary gap is greater in NW Iberia,
where the Aquiana Limestone may even be transgressive
over the Cambrian, reaching a maximum thickness of
250 m. The enormous variations of thickness observed in
the late Katian limestone unit in relatively short distances
(0–250 m), has been associated with the erosive processes
linked to the global lowering of the sea-level induced by the
Late Ordovician glaciation, perhaps combined with
synsedimentary tectonics (Martínez Catalán et al. 1992,
Gutiérrez-Marco et al. 2002). A Katian ooidal ironstone bed
is also recorded at the base of some volcano-sedimentary
units (e.g. Porto de Santa Anna Fm) that partly replaced or
precluded carbonate deposition in some places of central
Portugal (Buçaco).

The uppermost part of the Ordovician sequence is under
the direct influx of the Hirnantian Glaciation centered in
African Gondwana (Ghienne et al. 2007). This, again,
demonstrates the general location of Iberia at high latitudes in
the southern hemisphere during the Late Ordovician. Evi-
dence that the main ice-sheet must have also extended to the
Cantabrian Zone was presented by Gutiérrez-Marco et al.
(2010), who found subglacial tunnel valleys incised on the
upper part of the Barrios Fm (Armorican Quartzite). Never-
theless, the ubiquitous sediments associated with the Hir-
nantian Glaciation are the widespread glaciomarine diamictite
formations that, under several local names, occur all over the
Hesperian Massif. These deposits may be preceded by shal-
low sandstone-dominated sediments or, more rarely, they can
show some quartzitic intercalations at its middle part (Las
Majuelas Quartzite of the Gualija Fm). A terminal, overlying
quartzite is rather common at the top of the Ordovician
sequence (the Criadero Quartzite and equivalents such as the
Luna Quartzite/La Serrona Fm of the Barrios de Luna
Reservoir, previously mistaken for the Armorican Quartzite:
Gutiérrez-Marco et al. 2010, Toyos and Aramburu 2014),
which may extend to the Silurian. A majority of the drop-
stones contained in the diamictites seem to be of close
provenance, but some other pebbles are striated and of clear
exotic origin, having suffered a long transport by icebergs.
The opportunistic Hirnantia Fauna, coeval with the glacia-
tion, has been recorded so far in the Cantabrian and Central
Iberian zones, as well as in the Iberian Range, associated to
coarse sandstones and fine volcanoclastic sediments (Ber-
nárdez et al. 2014). Acritarchs, trilobites and brachiopods of

Hirnantian age were also recovered from central Portugal
(Lopes et al. 2011, Lopes 2013, Colmenar et al. 2019).

3.3 The Silurian Sequence

The platformal sedimentation on a drifting passive margin
setting prevails in the Silurian Period during spreading of the
Rheic Ocean. The latitudinal position of the Iberian Massif
can be estimated roughly as intermediate between the
south-polar paleolatitudes of the latest Ordovician (Hirnan-
tian glaciomarine sediments and tunnel valleys) and the
warm temperate to subtropical latitudes of the Early Devo-
nian (limestones with local reefs), with a latitudinal dis-
placement to about 40–35º S in the latest Silurian (Robardet
and Gutiérrez-Marco 2002).

The onset of the Silurian sedimentation is somewhat
diachronic in the different areas of the Hesperian Massif,
where strata of this system can be adscribed to two basic
types of succession (Fig. 3.4). However, by the Telychian
(late Llandovery) the sedimentation of graptolitic black
shales constitutes an uniform event, shared with the
remaining part of the Mediterranean area. This early Silurian
sea-level rise was likely caused by a combination of global
eustatic rise and local increased rates of tectonic subsidence.

The regional analyses show that both types of basic Sil-
urian successions in Iberia, also associated with different
faunas, probably correspond to distinct paleoenvironmental
conditions and paleogeographical positions.

The first type of succession is widespread and occurs in
most of the Central Iberian Zone, the Iberian Cordillera, in
some units of the West Asturian-Leonese Zone (Mon-
doñedo) and in the Cantabrian Zone. Except in the latter, it
begins with sandstone units at the Ordovician-Silurian
transition. Euxinic black-shale sedimentation started gener-
ally during the late Aeronian and Telychian and persisted
during the Wenlock and, in some regions, until the early
Ludlow. This black-shale sequence, which received local
lithostratigraphic names (e.g., Formigoso, Bádenas, Lla-
garinos, Guadarranquejo or ‘Xistos Carbonosos’ formations)
was overlain by thick units of alternating sandstones, silt-
stones and shales of Ludlow and Pridoli age (e.g.,
Furada-San Pedro, Alcolea, Luesma or Sobrado formations),
which are in turn overlain by other sandstone and quartzite
units of the earliest Devonian. Within these sand-dominated
sequences forming the upper part of the Silurian succession,
the fossil record is scarce and consists mainly of
shallow-water shelly faunas. The abundance of terrestrial
palynomorphs and thin ooidal ironstone beds in the
Furada-San Pedro Fm of the Cantabrian Zone would indicate
a close proximity to the emerged source areas.

The shallow character of sedimentation of this first type
of the Silurian succession is also recognised in the euxinic
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graptolitic facies, probably generated in areas with a stable
stratification on the water masses instead of involving deep
environments. This could be inferred by the presence of
some Telychian graptolites listed by Robardet and Gutiér-
rez-Marco (2002) which are shared with those inshore
environments of the pericratonic and intracratonic basins of
Algeria and Libya, but that have never been found in the
Ossa-Morena Zone, the northern Central Iberian Zone, the
Pyrenees or the Catalonian Coastal Ranges.

In the West Asturian-Leonese Zone and the transitional
area to the Central Iberian Zone, the Late Silurian
sandstone-dominated sedimentation is replaced by massive
chloritoid slates, extending into the Devonian, which have
yielded Ludlow and Pridoli benthic and planktic elements of
Bohemian type (Gutiérrez-Marco et al. 2001). The Palentian
Region of the southeastern Cantabrian Zone, which probably
originated in the West Asturian-Leonese Zone, also displays a
lithological succession slightly different from the general
scheme of the first type of Silurian succession. It starts with
thick, white sandstones (Robledo Fm, Wenlock), then follows
with siltstones and black shales (Las Arroyacas Fm, Wenlock
to Pridoli age) and ends with sansdtones and some carbonate
beds (Carazo Fm, Pridoli to Lochkovian), as indicated by
García Alcalde et al. (2002). The Silurian sequences in both
areas are hence representative of slightly deeper environments

than those in the southern Central Iberian, Cantabrian or
Iberian Range successions, as indicated also by the record of
Bohemian (=Hercynian) faunas and scyphocrinoids around
the Silurian/Devonian boundary beds.

The second main type of Silurian succession recorded in
the Hesperian Massif is characterized by a continuous eux-
inic black shale or black shale-black limestone sedimenta-
tion, rather condensed (up to 200 m thick) that ranges from
the basal Llandovery to the Lochkovian. It is characteristi-
cally represented in the Ossa-Morena Zone, but a similar
sequence, also intercalating thin beds of black chert, occurs
in the Moncorvo syncline and in the nearby autochthonous
units of the northernmost part of the Central Iberian Zone in
Portugal (Sarmiento et al. 1999, Meireles 2013). Because of
the absence of important clastic influx of coarser terrigenous
particles, it can be assumed that all these regions were sit-
uated at a distance from the terrestrial emerged land source
areas, in the outer distal part of the Gondwanan marine shelf.

The Silurian-Lochkovian succession of northern Seville
consists of 130–150 m of black argillaceous graptolitic
shales with intercalations of siliceous slates and cherts, it is
stratigraphically almost complete and fossiliferous (Jaeger
and Robardet 1979, Robardet and Gutiérrez-Marco 2004,
Loydell et al. 2015 with earlier references). A thin (0.5–1 m)
black limestone level with orthoceratids and bivalves occurs

Fig. 3.4 The different types of
Silurian successions in the Iberian
Peninsula, reproduced from
Gutiérrez-Marco et al. (1998)
with permission from IGME, the
copyright holder. Dominant
lithofacies: 1. limestones; 2. black
shales; 3. shales and siltstones; 4.
alternating sandstones, siltstones
and shales; 5. sandstones.
Abbreviations: CZ, Cantabrian
Zone; WALZ, West
Asturian-Leonese Zone; CIZ,
Central Iberian Zone; OMZ,
Ossa-Morena Zone; IC, Iberian
Range; CCR, Catalonian Coastal
Ranges; P, Pyrenees. The three
columns from Portugal are, from
North to South, Moncorvo,
Dornes-Mação and Barrancos
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in the Ludlow, and a thicker alternation of limestones and
shales with benthic faunas of Bohemian type (the ‘Scypho-
crinites Limestone’, 10–15 m) was intercalated on the Pri-
doli black shales.

Silurian limestones have never been observed in other
areas of the western Ossa-Morena Zone, neither in Spain nor
Portugal. In Villanueva del Fresno and Estremoz, unfossilif-
erous sandstones and quartzites occur in the lowermost part of
the Silurian, below the graptolitic shales. The most complete
succession of this system is known from the Barrancos area
(Portugal), starting from the base of the Silurian according to
the graptolites recognized in the uppermost levels of the
Colorada Fm (Piçarra et al. 1995). This is overlain by the
‘Xistos com Nódulos’ Fm (30–50 m of black shales and thin
intercalations of chert) where most of the biozones ranging
from Llandovery to Ludlow strata were characterized, and by
the suceeding ‘Xistos Raiados’ Fm (100 m of banded chlo-
ritoid shales and siltstones), which include successive grap-
tolite biozones of upper Ludlow, Pridoli and Lochkovian ages
(Piçarra et al. 1998, 1999, Araújo et al. 2013). The general
succession of graptolite faunas from Barrancos displays a
close identity with those of the Valle syncline, especially
around the Homerian Lundgreni Event, with similar litholo-
gies and non-graptolitic faunas present in both areas
(Gutiérrez-Marco et al. 1996, Rigby et al. 1997, Lopes 2013).

According to Robardet and Gutiérrez-Marco (2002), there
is a general trend within the Hesperian Massif, from shallow
deposits in the south of the Central Iberian Zone to deeper
and more distal sediments in the northern Central Iberian
Zone and in the southern part of the West Asturian-Leonese
Zone. To this regard, Pridolian ‘Scyphocrinites limestones’
occur in the Moncorvo area and at Guadramil (Portugal), in
the north of the Central Iberian Zone, and Silurian succes-
sions of the Peñalba and Sil synclines are more shaly and
silty, while Ludlow limestones bear trilobites of Bohemian
affinities, in some way reminiscent of the Silurian of Pyre-
nees and Catalonia. These Hercynian magnafacies were also
recognized in the Palentian Domain of the Cantabrian Zone.
A different distal area of the Gondwanan platform is repre-
sented by the Ossa-Morena Zone, where the terrigenous
influx was permanently weak in the Silurian and where the
faunas were almost exclusively pelagic. Quesada (1991)
considers these deposits as sedimented in the thinned, dis-
talmost parts of the Gondwanan margin, before being jux-
taposed tectonically to other Iberian zones that have
occupied more internal parts of it. However, there is no
consensus on the timing of the juxtaposition, with some
authors that favoured the late Paleozoic Variscan orogeny
(Simancas et al., 2001, 2003, 2005, 2006) and others who
proposed a much earlier accretion during the Neoproterozoic
Cadomian orogeny (Ábalos 1990, Quesada 1990a, b, 1997,
2006). The latter would require an important combination of
Variscan tectonism to move the Ossa-Morena Zone to its

actual position, displacing the emerged Ordovician land to
the present southeast. The latter would have acted as the
source area of the Central Iberian shelf during the Ordovi-
cian and Silurian, as has been repeatedly demonstrated by its
general gradient indicated in both sediments and faunas
(Gutiérrez-Marco et al. 2014b).

3.4 Silurian-Devonian Within-Plate
Magmatism

Locally and discontinuous in time, mostly alkaline mafic
intraplate volcanic and volcaniclastic rocks occur
interbedded/intruded into the passive margin succession in
the Iberian Massif. The most important activity was located
in the southern Central Iberian Zone; e.g. Almadén area with
its gigantic Hg ore deposits in Silurian and Lower Devonian
times (Higueras et al. 2013 and references therein), La
Codosera syncline close to the Badajoz-Córdoba shear zone
(López-Moro et al. 2007) or El Castillo volcanics at the
Tamames syncline.

The Almadén syncline is by far the area with more
abundant and varied magmatic rocks, spanning in age from
Early Silurian to Late Devonian times (Saupé 1990;
Higueras 1995; Hall et al. 1997; Hernández et al. 1999;
Higueras et al. 1995, 2013). Volcanic types mainly include
porphyritic metabasalts but minor outcrops of differentiated
rocks, such as trachyte, trachyandesite and rhyolite lavas
also occur. Pyroclastic rocks are also abundant throughout
the succession, among which the so-called Frailesca rock, a
lapilli tuff with basaltic, sedimentary and ocassional ultra-
mafic fragments that generally infills diatreme-like struc-
tures, has deserved special attention due to its presence in
most mercury deposits in the region and its interpretation as
genetically linked to their formation (Hernández et al. 1999;
Jébrak et al. 1997; Higueras et al. 2011, 2013). In addition to
lavas and pyroclastic rocks, mafic dolerite sills intrude the
passive margin succession in this area.

In terms of composition, a spread from basanites and
nephelinites, through olivine-basalts, pyroxenitic-basalts
(interpreted as pyroxene cumulates), trachybasalts, tra-
chytes, to very rare rhyolites is found. Phenocrysts comprise
olivine, diopsidic pyroxene, analcite and plagioclase in the
mafic rocks, biotite and plagioclase in intermediate rocks,
and K-feldspar and quartz in the rare rhyolites. Late mag-
matic kaersutitic amphibole and Ti-rich biotite are also
conspicuous in the mafic types. Textures are porphyritic,
with a crystalline matrix, and often vesicular (Higueras et al.
2013). In addition to their presence as clasts in the Frailesca
rock, ultramafic fragments also occur as xenoliths in the least
differentiated basalts. They contain 50–80% olivine, pyrox-
ene, and minor spinel, usually unaltered, which allows their
classification as spinel lherzolites.
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A peculiar characteristic of the Almadén mafic rocks is
their high content in CO2, with concentrations ranging from
8 to 15%; 20 to 30% in basalts and ultramafic xenoliths,
respectively, in and around the mercury deposits (Higueras,
1995). The isotopic composition of these carbonates sug-
gests a primary character and a probable mantle origin. Helo
et al. (2011) interpreted that given its low solubility, CO2 is
the only magmatic volatile phase that may be significantly
exsolved as the magmas ascend to the surface, resulting in
explosive eruptions. This model could explain the explosive
nature of the volcanism at Almadén as shown by the
numerous Frailesca rock units and pyroclastic rocks along
the stratigraphic succession (Higueras et al. 2013).

All the geochemical characteristics indicate (Higueras
et al. 2013): (i) most rocks show alkaline affinities with some
transitional to a tholeiite affinity; (ii) derivation from prim-
itive mantle-derived magmas, with most rocks plotting in the
alkali basalt and basanite/nephelinite fields typical of
within-plate settings; and (iii) enriched nature of the mantle
source, with eventual contribution from asthenospheric
sources.

In the southwestern corner of the Central Iberian Zone,
close to the Badajoz-Córdoba shear zone, mostly mafic
magmatic rocks occur at La Codosera syncline as meter to
decameter-thick sills (ocassionally reaching ca. 300 m in
thickness and up to 3 km in length; López-Moro et al. 2001,
2007). The sills intrude at various levels into a metasedi-
mentary succession which includes Lower and Upper
Devonian rocks (Santos et al. 2003; López Díaz et al. 2007).
López-Moro et al. (2007) published a 436 ± 17 Ma Sm–Nd
isochron age (early Silurian) obtained from samples col-
lected in four different sills. However, intrusion of these sills
produced thermal metamorphic aureoles in the fossiliferous
Devonian country rocks that postdate development of a first
deformation fabric (Santos et al. 2003; López Díaz et al.
2007). This fact contradicts the early Silurian radiometric
age obtained by López-Moro et al. (2007), casting doubts on
their emplacement during the passive margin stage, and
shows the need for further geochronological work. Com-
positionally the mafic rocks correspond to high-Mg tholeiites
and tholeiitic andesites but their source is hard to charac-
terize (López-Moro et al. 2007). On one hand, a eNd value
of +6 indicates a significant mantle component; on the other
hand, a moderate LREE enrichment relative to HREE and a
Nb negative anomaly suggest contribution of a crustal
component. To account for this apparent contradiction
(López-Moro et al. 2007), inferred a hybrid mantle source
with contribution of a metasomatised component and a
major, depleted component.

SW of Salamanca, the El Castillo volcanics crop out in
the Tamames syncline. They mainly consist of basaltic sills
intruded in fossiliferous Silurian shales and minor pyro-
clastic rocks. Initially considered as Silurian in age (Díez

Balda 1986), recent dating of a basaltic sample as Middle
Devonian (394.7 ± 1.4 Ma, U–Pb zircon age, Gutiérrez
Alonso et al. 2008) suggests that magmatism may have
extended in this area from the Silurian, to account for the
interbedded pyroclastics, into at least the Middle Devonian.
According to Díez Balda (1986) both lavas and pyroclastic
rocks exhibit alkaline basaltic compositions (basanites).

In addition to the above areas, Silurian and/or Devonian
alkaline mafic rocks are known in many other localities
across the Iberian passive margin of Gondwana; e.g. Alca-
ñices syncline in the northern Central Iberian Zone
(González-Clavijo 2006), eastern Central Iberian Zone
(Ancochea et al. 1988), Ossa-Morena Zone (Piçarra 2000),
and even the Cantabrian Zone, where volcanic rocks
belonging to the Huergas Fm where dated at ca. 395 Ma
(whole-rock Rb–Sr method; Loeschke 1983). All these
volcanic manifestations attest for punctuated extensional
tectonic events affecting the Iberian Gondwanan shelf during
the duration of the passive margin stage.

3.5 The Devonian Sequence

The Devonian sedimentation is continuous with the Silurian
in different areas of the Hesperian Massif, where the
boundary between both systems is placed within certain
successions dominated by sandstones or alternation of shales
and sandstones, with some ooidal ironstone beds and, in the
upper part, impure fossiliferous limestones that are already
of Lochkovian age. These units are the Furada-San Pedro
and Carazo formations of the Cantabrian Zone, the Luesma
Fm of the Iberian Range, and the Seceda and Alcolea for-
mations of the ‘Ollo de Sapo’ Domain (northern Central
Iberian Zone). Above them, Devonian rocks are mostly
calcareous in northern Spain with some remarkable reefal
developments, especially during the late Emsian and Give-
tian. The greatest thicknesses of Devonian rocks recorded in
the Hesperian Massif, to the north of the South-Portuguese
Zone, are located in the Iberian Range (>4,000 m) and in the
Cantabrian Zone (>2,000 m), essentially developed in
shallow-water marine facies bearing abundant fossils. Out-
side these areas, Devonian outcrops are more scarce and
discontinuous, with scattered occurrences in the southern
Central Iberian Zone and in the Ossa-Morena Zone, which
also included frequent volcanic intercalations.

In the Cantabrian Zone, Devonian rocks can be typified
by two distinct marine domains: the so-called
Asturo-Leonian facies, mainly representing nearshore to
shallow shelf environments, and the Palentian facies, rep-
resenting the offshore settings and deeper environments of
the same platform. The first facies is widely distributed
across the Cantabrian Zone, showing a general deepening
trend towards the west and southwest, in a general regressive
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context due to regional vertical movements (García Alcalde
et al. 2002). The second is restricted to an area of nappes
which is thrusted over the SE of the Cantabrian Zone,
probably originating in southern areas of the West
Asturian-Leonese Zone (Henn and Jahnke 1984).

The Devonian succession in the Asturo-Leonian Domain
is formed by an alternation of formations of either silici-
clastic or carbonatic predominance, whose lithostratigraphic
nomenclature shows obvious equivalences among the
northern and southern slopes of the Cantabrian Ranges
(Fig. 3.5). Details of the different formations have been
summarized by García-Alcalde et al. (2002) and Aramburu

et al. (2004), who described the continuous character of the
sedimentation from the Lochkovian to the Frasnian, and the
appearance of paraconformities and disconformities in the
Famennian within the most complete Devonian sequences.
Over an extense part of the Cantabrian Zone and towards the
Asturian arc core, an important pre-upper Famennian sedi-
mentation gap was developped, also affecting Silurian and
some Ordovician strata.

The Devonian sequence of the Palentian Domain starts
with shallow-water sandstones, limestones and shales that
predominated in ascending order during the deposition of the
early Lochkovian Carazo Fm, the late Lochkovian to Pragian

Fig. 3.5 General correlation chart of the most complete and contin-
uous Ordovician to Devonian sedimentary units occurring in the
Hesperian Massif. Devonian data mainly adapted from García Alcalde
et al. (2002), Robardet and Gutiérrez-Marco (2004) and Meireles
(2013). Lithostratigraphic abbreviations for formation names: Aa. Ls.,
La Aquiana limestone; F. Corv., Fraga dos Corvos; Ferr., Ferradosa;
Glacio. Dm., unnamed glaciomarine diamictites; Losa, Losadilla; ‘Lo,
PN and Mo’, Loscos, Peña Negra and Molino (in ascending order);

OvB, Oville or lower Barrios (La Matosa Member); Pelm. Ls.,
Pelmatozoan limestone; PSA, Porto de Santa Anna; Rib. Silos, Ribeira
de Silos; Roza, Rozadais; Sombadeira; Monte da Sombadeira; V. Bj.,
Vale de Bojas; ‘X. Carbon.’, Xistos Carbonosos; Other abbreviations:
CA., Cerro; Graptol., Graptolitic; Gp., Group; Ls., limestone; O-M,
Ossa-Morena; Rib., Ribeira; s.l., sensu lato; s.s., sensu stricto; St.,
Santo; WALZ—NCIZ, West Asturian-Leonese Zone
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Lebanza Fm, and the Pragian to late Emsian Abadía Fm.
Above the latter, the incoming of pelagic faunas of ammo-
noids, dacryoconarids and certain conodonts in the next four
Devonian formations suggest quieter water to relatively deep
conditions starting from the latest Emsian to the Famennian.
To this regard, the quartz sandstones of the Murcia Fm (early
Famennian) were interpreted as posible turbidites, and the
reddish nodular limestones and shales of the overlying
Vidrieros Fm (early Famennian to earliest Tournaisian) are
representative of offshore deposits close to the slope. As in
the previous case, a summary description of the formations
of the Palentian Domain, including the location of the
Devonian global events, was presented by García Alcalde
et al. (2002), Aramburu et al. (2004).

The thick Devonian succession of the Iberian Range was
deposited in an active subsiding trough presently outcrop-
ping to the west of the Datos fault, being the sedimentation
continuous from the Silurian at least up to middle Famen-
nian times. Devonian strata mostly represent shallow-water
marine environments dominated by clastic sediments, richly
fossiliferous, also with common thin intercalations of shelly
limestones and marls. Rhythmothems due to variations in
subsidence and water depth are also frequent, some of them
containing pelagic faunas on black shales and limestones in
alternation with neritic faunas. These pelagic faunas of
dacryoconarids, ammonoids, ostracods, conodonts and epi-
planktonic bivalves became relatively more abundant in the
succession of the Late Devonian, where a background sed-
imentation of fine shale predominates. A basic study of the
Devonian formations in the Iberian Range, including general
aspects of correlation and paleogeographical problems, was
presented by Carls (in García Alcalde et al. 2002) and Carls
et al. (2004).

Scattered outcrops with Lower Devonian sedimentary
rocks known from the West Asturian-Leonese Zone, other
than the nappes of the Palentian Domain displaced onto the
Cantabrian Zone, are only preserved in the transitional area
with the ‘Ollo de Sapo’ Domain of the northern Central
Iberian Zone. The main areas lie in the core of the
Courel-Peñalba syncline, as well as in the eastern Guadar-
rama Sierra (García Alcalde et al. 2002). Other Devonian
outcrops occurring in the autochthonous part of the Trá-
s-os-Montes region and the Alcañices syncline are still very
poorly known because of a complex tectonic overprint
(González-Clavijo 2006; Meireles 2013).

The main Devonian successions of the southern Central
Iberian Zone occur in the Portuguese inliers of Valongo,
Marão, Dornes, Mação and Portalegre, as well as in the
Spanish outcrops of the Sierra de San Pedro, Cáceres syn-
cline, Almadén region and the eastern Sierra Morena area,
each one with slightly different stratigraphical features.
Nevertheless, a ‘mid-Devonian stratigraphical gap’ is a
common feature even in the most complete successions of

the domain. This involves a paraconformably contact, only
detectable by biostratigraphic criteria, between successive
deposits of Emsian and Frasnian (sometimes latest Givetian)
ages, all developed in very similar marine facies. The
‘mid-Devonian stratigraphical gap’ has been interpreted as
produced by an ‘eo-Variscan’ tectonic phase that in some
parts of the southern ‘Obejo-Valsequillo’ Domain generates
an angular unconformity of the Frasnian sandstones upon
Early Devonian or earlier Paleozoic formations (Herranz
Araújo 1985), being in the latter folded by a
compressive/transpressive event. Oliveira et al. (1991) were
the first authors who linked such tectonic episode to the
initial subduction of oceanic lithosphere (‘Pulo do Lobo
Ocean’) in the south of the Iberian Peninsula, now related
with the starting of the Variscan collision and its ‘echoes’ in
some of the apparently stable shelf areas at a wider scale.

The more complete and better-known Devonian sequen-
ces of the southern Central Iberian Zone are located in the
Almadén area, lying in the core of the Herrera del Duque,
Almadén and Guadalmez synclines, as well as in the Sierra
de San Pedro. They are mainly composed of thick alterna-
tions of sandstones and shales, separated by metric to
decametric packages of massive sandstones and quartzites.
The shale-dominated formations are more frequent in the
Late Devonian, whereas limestones are only recorded in the
Herrera Fm (the Molino de la Dehesa Mb, Emsian) but also
occur—as limestone lenses and nodules—within the Casa de
la Vega Fm (early Famennian to late Tournaisian). In the
Almadén syncline, a thick development of volcanic rocks
(the ‘Chillón Volcano-Sedimentary Complex’) locally ran-
ges along the entire Frasnian (see previous section). Details
of the different Devonian formations and faunas of the
southern Iberian Zone have been summarized by García
Alcalde et al. (2002). In the same work the main Devonian
sequences recognized in the ‘Obejo-Valsequillo’ Domain are
also envisaged, being different from the southern Central
Iberian Zone successions by a larger presence of shales and
more abundant intercalations of Lower Devonian limestones
(e.g. Rodríguez et al. 2010), but with some Frasnian faunas
in common. Recent papers on the Devonian strata of
south-central Portugal are by Gourvennec et al. (2008), Vaz
(2010), Lopes (2013) and Schemm-Gregory and Piçarra
(2013).

Devonian rocks have a relatively low number of
well-characterised occurrences in the Ossa-Morena Zone.
The better sections are located in the Zafra-Alanís and in the
Barrancos-Hinojales sectors, and have been summarized by
Robardet and Gutiérrez-Marco (2004). The first Unit
includes the Devonian outcrops of the Valle and Cerrón del
Hornillo synclines of northern Seville, where the Lochko-
vian graptolitic black shales, continuous with the Silurian,
are conformably overlain by green to brown shales and
siltst-ones of the lower part of the El Pintado Group. They
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have yielded brachiopods, trilobites and ostracods of the
whole Pragian and the early Emsian. The upper part of the El
Pintado Group concordantly overlies these Lower Devonian
strata, and started with limestones and calcareous sandstones
with Famennian brachiopods and conodonts, followed by
black shales and black argillaceous limestones with other
Famennian bivalves and conodonts. These datings demon-
strate the existence of an enlarged ‘mid-Devonian strati-
graphical gap’ within the El Pintado Group and its extension
to this part of the Ossa-Morena Zone.

The Devonian sequences of the Barrancos-Hinojales
sector are quite different and sparsely fossiliferous, regard-
ing the diverse Portuguese and Spanish sections. The most
complete is represented in the Barrancos area, where the
‘Xistos Raiados’ Fm, continuous with the Silurian, yielded
Lochkovian graptolites and palynomorphs, as well as some
Praguian spores at the upper beds. A lateral defined forma-
tion (Russianas Fm) composed of grey-green shales with
crinoidal limestone, yielded some Pragian trilobites, bra-
chiopods, tabulate corals, bryozoans and crinoid columnals.
Above the ‘Xistos Raiados’ Fm and in apparent gradual to
concordant basal stratigraphic contact, the Lower Terena
Formation consists of greywackes and shales with con-
glomeratic levels. The unit yielded Lochkovian graptolites
and spores from their lowermost part, and Pragian and
Emsian spore assemblages from higher levels. The bios-
tratigraphic data raise paleogeographical or structural prob-
lems because three partly coeval Early Devonian lithosomes
(‘Xistos Raiados’, Russianas and Lower Terena) seem to
occur in different parts of the Barrancos region, perhaps
involving various tectonic slices (Piçarra 2000, vol. 2,
p. 143).

Other interesting Lower Devonian successions in the
Ossa-Morena Zone are located in the Venta del Ciervo area,
where fossiliferous shales of the Verdugo Fm having yielded
brachiopods, trilobites, ostracods, rugose corals and a single
graptolite of Pragian-early Emsian age. Also scattered
occurrences of Upper Devonian rocks considered as
syn-orogenic deposits (see Chap. 11 in this volume), located
in the western Beja Massif, occur in the Cabrela and Toca da
Moura complexes interbedded with terrigenous sediments
dated as early Carboniferous (Pereira et al. 2006a, b; Oli-
veira et al. 2013). The Engenharia quarry (near
Montemor-o-Novo) contains calciturbidites with late Eife-
lian conodonts, and the limestone lenses of the Cabrela Fm
yielded late Frasnian conodonts, besides some poorly pre-
served macrofauna of possible Late Devonian age. Mid and
Late Devonian limestones are now interpreted as olistholiths
dislocated from a Devonian carbonate platform, situated
south of the region in present day coordinates (Pereira et al.
2006a, b). In the upper part of the Odivelas Basic Complex
in the Beja Massif, the Odivelas Limestone bears
Emsian-Eifelian conodonts and reefal faunas, occurring in a

sequence of calciturbidites and debris-flow deposits, which
include hemipelagic tufites related to a reefal system resting
on top of volcanic buildings within a large volcanic complex
(Machado et al. 2009, 2010).

Finally, the recent finding of Early Devonian free-living
tentaculitoids and crinoid columnals, occurring in marbles
belonging to the ‘Volcanic-Sedimentary Complex of Estre-
moz’, opens the possibility of a complete reconsideration of
the age of one of the most distinctive units in the Paleozoic
basement of soutwestern Iberia (Piçarra et al. 2014).

3.6 The Latest Devonian-Early Carboniferous
Sequences

The onset of the Variscan collision between Laurussia and
Gondwana in late Lower Devonian times (see Chaps. 10 and
11 in this volume) brought to an end the tectonically quies-
cent passive margin stage. This was specially rapid in the
outer margin Gondwanan domains such as the Middle and
Lower allochthons and the Parautochthon of the
Galicia-Trás-os-Montes Zone, which were subducted beneath
Laurussia. The associated deformation of those domains
renders very difficult the identification of the passive margin
record in them, reason why they are dealt with separately in
the next section. Away from the orogenic hinterland, the
initial expression of the collisional event is varied and dia-
chronous. In the Ossa-Morena, Central Iberian and probably
the West Asturian-Leonese zones it is expressed by the
sedimentary gaps, with or without associated tilting described
in the previous section (see also Fig. 3.5), but platformal
sedimentary conditions resumed until the propagation of
deformation towards the foreland progressively reached them
during the Carboniferous.

Owing to the southeasterly escape the Ossa-Morena
Zone, accommodated by sinistral displacement along the
Badajoz-Córdoba shear zone since Lower Devonian times
(see Chaps. 10 and 11 in this volume), a process of trans-
pressional uflift and transtensional basin formation affected
most of the Ossa-Morena and the southernmost Central
Iberian Zone. Denudation of part or all the passive margin
succession took place in the uplifted blocks, whereas sedi-
mentary continuity or paraconformity happened in the sub-
siding basins.

The transition from the Devonian into the Carboniferous
sedimentation is marked by an unconformity in the Can-
tabrian Zone located at the base of the Ermita Fm in the late
Famennian. No true unconformity (only a disconformity or
paraconformity) is recognized in the Ossa-Morena Zone,
where it seems to be younger from SW to NE from the Late
Devonian into the Mississippian (Oliveira et al. 1991 and
references therein), nor in the southern Central Iberian Zone
or Obejo-Valsequillo Domain (Fig. 3.6). Lithological
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descriptions are mostly based on García Alcalde et al.
(2002), Colmenero et al. (2002), Fernández et al. (2004) and
references therein.

In the Cantabrian Zone, the Ermita Fm is 5–75 m thick
and composed of cross-bedded sandstones, siltstones, shales,
and sandy limestone lenses with microconglomeratic sand-
stone layers. Above and laterally, it passes into sandy bio-
clastic packstone and grainstone limestone (mostly
encrinitic) of the Baleas Fm (1–15 m thick). The overlying
Vegamián Fm contains 2–5 m of black siltstones with
phosphatic nodules and lydite bands with an erosive base
over the Ermita Fm in some localities (Sanz-López and

Blanco-Ferrera 2012). The synorogenic rocks seem to be
apparently in continuity in the Palentian Domain, where the
Vidrieros Fm, an ammonoid-bearing reddish nodular lime-
stones interbedded with shales in a condensed sedimenta-
tion, and is deposited over the Murcia Fm. Laterally the
Palentian Domain, Nemyrovska et al. (2011) named this
formation as the Montó Fm, where it contains 30–40 m of
shales and siltstones, with yellowish to pale grey nodular
limestones.

There are no detailed sedimentological studies in those
formations, and the Ermita Fm and lateral equivalents were
interpreted as deposited in intertidal to supratidal

Fig. 3.6 Correlation chart of the main late Famennian and Mississip-
pian rocks. Note that formal formations are not defined in many areas of
the southern Central Iberian and Ossa-Morena zones (formal units are

highlighted in bold font). Formations with grey filling are considered as
pre-orogenic
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environments, whereas the Baleas limestone was considered
as submarine shoals separated by slightly deeper channels
with coarser grain than the Ermita and Vegamián formations,
although the presence of black shales and lydites suggest
deeper water settings, and possibly anoxica. The Vidrieros
Fm was interpreted as offshore deposits close to the slope.
The sedimentation was continuous through the
Devonian/Carboniferous boundary in the Ermita, Baleas and
Vidrieros formations, although their bases and tops are not
synchronous (Fig. 3.6). Another gap occurs within these
formations in the Cantabrian Zone, from the lowermost
Tournaisian to the upper Tournaisian (Fig. 3.6). However, it
has not been demonstrated yet if it extends into the Palentian
and León domains (Sanz-López and Blanco-Ferrera 2012).

The latest Devonian in the Iberian Range is limited to the
Tabuenca outcrops, where a composite succession of
1,300 m was described for the Frasnian-Famennian. The
succession probably ends at the late Famennian, although the
area is poorly known biostratigraphically, due to it being
mostly composed of pelagic shales with rather sparse fauna.

The latest Devonian is absent in most of the Central
Iberian Zone, where it only occurs in the southern outcrops
(Fig. 3.6). In the Almadén area, the late Famennian is rep-
resented by limestones of the Casa de Vegas Fm (early
Famennian to late Tournaisian) overlying pelagic black
shales and carbonate nodules of the Guadalmez Fm. In the
Sierra de San Pedro, the Famennian is recognized in the La
Graña Fm, mostly composed of shales with greywackes,
shales and microconglomerates in its upper part. The for-
mation passes into the Perna Fm, composed of brecciated
volcanic rocks and shales, attributed to the early Tour-
naisian. In the Obejo-Valsequillo Domain, east of Pedroches
and close to La Carolina, the ‘Aquisgrana shales’ are
regarded as the base of the Campana Fm, which contains
siltstones, shales and quartzites, with ostracods of late
Famennian age.

From the late Tournaisian upwards, the succession in the
Cantabrian Mountains contains the Alba Fm (late Tour-
naisian–late Serpukhovian) and Barcaliente Fm (latest Ser-
pukhovian–early Baskhirian; Sanz-López et al. 2013). The
Alba Fm, 20–30 m thick, is a predominantly
ammonoid-bearing reddish to grey nodular limestone com-
posed of up to 6 members (Sanz-López and Blanco-Ferrera
2012), and interpreted as a pelagic platform. However, in the
Palentian Domain, Nemyrovska et al. (2005, 2011) descri-
bed the Carrión Limestone and Peña formations. The former
is composed of grey to yellowish nodular to well-bedded
limestone (ca. 15 m thick) and it ranges from the early
Visean up to the lower part of the early Serpukhovian. The
Peña Fm is composed of well-bedded partly bioclastic
limestones, ca. 250 m thick, and it ranges up to the earliest
Bashkirian. The Carrión Limestone Fm is interpreted as a
pelagic platform, whereas the Peña Fm was considered as

shallow-water platform. In the core of the Picos de Europa
province, the informal Valdediezma Limestone (latest
Tournaisian to early Bashkirian) has been recently described
(Sanz-López et al. 2018). This limestone is the result of a
highly subsiding agradational platform which accumulated
more than 1,200 m of massive to well-bedded limestones,
mostly corresponding to microbial carbonate mounds
developed in shallow-water platform, surrounded by bio-
clastic and oncoidal beds in the lower and upper parts of the
succession. Lateral facies changes with the typical Alba and
Barcaliente formations are observed in the southeastern
outcrops (Sanz-López et al. 2018). The Barcaliente Fm is
mostly composed of black, laminated micrites with disperse
organic matter and levels with quartz grains of silt size and
scattered bioclasts, interpreted as distal turbidites and
deep-water background sedimentation, mostly in its lower
half. This formation passes laterally to the turbiditic shales of
the Olleros Fm.

The Mississippian succession is sparsely distributed in
the southern Central Iberian and Ossa-Morena zones, and the
Obejo-Valsequillo Domain, whereas it is absent in northern
Central Iberian Zone and Iberian Range (Fig. 3.6). It is also
noteworthy, that Mississippian lithostratigraphical units are
rarely formally defined.

In the southwestern part of the Central Iberian Zone, in the
Sierra de San Pedro, the Mississipian contains the Perna,
Valedelascasas and Huertas formations (Soldevila Bartolí
1992) with a total thickness of ca. 600 m. The Perna (Tour-
naisian) is a volcano-sedimentary unit composed of tuffs,
limrstones, shales and lydites with numerous lateral facies
changes. The Valedelascasas limestones (latestTournaisian-
middle Visen) are pale grey to dark limestones, very recrys-
tallized and dolomitized. Above, extend outcrops of the shales
and Huertas Fm occur, up to 400 m. The shales were com-
pared to those of the Cáceres syncline, and assigned to the
Mississipian.

In La Codosera—Puebla de Obando syncline, the Mis-
sissippian is represented by the Gévora Fm (early to late
Visean), which is mostly composed of shales with
interbedded sandstones, local volcanic rocks and limestone
olistoliths, and may reach up to 5,000 m in thickness
(Rodriguez Gonzalez et al. 2007. In the Portuguese part of
the syncline, early Carboniferous palynostratigraphic data
(Z. Pereira, unpublished data; Lopes 2013) have been
recently recorded in the so-called Rabaça Fm (Geological
Map of Portugal, sheet 6, 1: 200,000 scale, in prep.).

In the north of the Obejo-Valsequillo Domain, close to
Santa Eufemia, two successions are recognized: one with
massive to well-bedded limestones and shales (ca. 100 m
thick) and the other composed of shales and greywackes (ca.
4,000 m thick) (Rodríguez Pevida et al. 1990). The lime-
stone lenses were considered as olistoliths, and the alter-
nating shales and greywackes as part of the ‘culm’ facies fill
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of the Pedroches basin. Limestone lenses were attributed to
the late Visean, although the siliciclastic complex can be
assigned to late Visean–earliest Bashkirian on the basis of
conodonts. The Pedroches ‘Culm’ forms the most extensive
outcrops in the Obejo-Valsequillo Domain (with a similar
succession than that in the Guadalbarbo ‘Culm’), where
numerous folds and faults were recognized and its general
thickness was estimated to be ca. 1,500 m. The base of the
succession is composed of pyroclastic rocks (tuffs and vol-
canic ashes) interbedded with shales and carbonate breccias.
Higher up in the succession, thick shale, siltstone and
greywacke alternations are observed. A slope environment
was proposed by Pérez-Lorente (1979). Foraminifers in the
basal limestone boulders allow an assignation of the base of
Pedroches “culm” to the late Visean. The upper part has not
been dated as yet, but compared with neighbouring ‘culm’
facies in the Guadiato or Santa Eufemia, it might range into
the Serpukhovian. More diverse rocks are recorded in the
Guadiato and Guadalmellato areas (see Chap. 11 in this
volume). Three tectonostratigraphic units were defined to
characterize the Mississippian in the Guadiato area: the
Fresnedoso, Sierra del Castillo and San Antonio-La Juliana
units (Cózar and Rodríguez 1999). In the Fresnedoso Unit, a
basal conglomerate is recorded in the so-called Alhondigu-
illa ‘Culm’ where abundant olistoliths are recorded, mostly
carbonates but also fragments of nearshore sandstones and
shales. The Sierra del Castillo Unit preserves fragments of
the carbonate shallow-water platform. Both units were dated
as late Visean. The succession during the late Visean cor-
responds to a deepening sequence with black shales at the
top. The youngest unit, San Antonio-La Juliana Unit is
composed of shales with common olistoliths and calcitur-
bidites in a shallowing sequence reaching intertidal to
supratidal carbonates interbedded with shales, veneered by
deltaic conglomerates, and ranging from the early Ser-
pukhovian to the lower part of the late Serpukhovian. The
succession in the Guadalmellato area is rather similar (Cózar
et al. 2006).

In the Ossa-Morena Zone some sparse marine outcrops
occur (Fig. 3.6), which represent preserved parts of the infill
of the syn-orogenic basins referred to above (see Chap. 11 in
this volume). In the Terena-Cala area, represented by the
Upper Terena Fm, the succession is composed of turbiditic
shales interbedded with sandstones and conglomerates, ca.
1,000 m thick, interpreted to be deposited in a subsiding
trough. In the upper part of the succession, calcareous
sandstone lenses yield late Tournaisian-early Visean con-
odonts. The lenses were interpreted as shallow-water
buildups redeposited in a toe-of-slope due to storm events.
The succession in Los Santos de Maimona is composed of
green shales and greywackes (rare coal) with common vol-
canic rocks in the lower part, followed by ca. 220 m of

predominantly bioclastic and reefal limestones, and un upper
part, ca. 500 m thick of siltstones, black shales, sandstones,
conglomerates and some limestone olistoliths (Rodríguez
1992). The lower and upper parts of the succession were
interpreted as ‘culm’ facies and slope deposits, whereas the
limestones correspond to tidal-controlled sediments in mid-
dle and inner platform settings. The succession was assigned
to the late Visean. In the area of Benajarafe, a 200–300 m
thick succession is recorded, composed of conglomerates
passing into marine siltstones and sandstones (with thin
volcanic rocks and coal) and, in the younger part, a volcanic
sequence (several hundred metres thick). In Berlanga, three
units were recognized, a predominantly conglomeratic unit
in the lower part (with interbedded shales and greywackes),
a second shaly interval with thin sandstone beds, and the
upper greywackes, interbedded with thin shales. A late
Tournaisian-early Visean age was proposed for the lower
part of the succession, which might range up to the late
Visean. The sedimentation in Benajarafe and Berlanda were
interpreted as deltaic and lagoonal (Gabaldón et al. 1985).
The Cerrón del Hornillo is a poorly-known sequence,
composed of a basal conglomerate, ca. 200 m of shales and
rare sandy-encrinitic limestone lenses in its upper part. The
lower part of the shales was assigned to the mid-late Tour-
naisian (Robardet et al. 1986, 1988).

3.6.1 The Drift Stage in the Upper
Parautochthon of the Galicia
Trás-Os-Montes Zone

Í. Dias da Silva, E. González-Clavijo, A. Díez-Montes,
J. Gómez Barreiro

The drifting stage in the Upper Parautochthon (see definition
in Chap. 4 of this volume) of the Galicia Trás-os-Montes Zone
starts with a relatively thin (100 m) orthoquartzite unit, the
Algoso Formation (Fig. 3.7; Dias da Silva 2014; Dias da Silva
et al. 2014, 2016), which constitutes a reference bed suitable to
unravel the Variscan structure in the Upper Parautochthon, and
can be correlated to the widespread Armorican-type quartzite
in Western Europe and the tectonically underlying Autochthon
(Central Iberian Zone). The sedimentation of this sandy
shoreline facies stratigraphic unit represents the establishment
of a stable platform that culminates the regressive sequence of
the stratigraphically underlying Mora-Saldanha Volcano-
Sedimentary Complex (Fig. 3.7). Although no stratigraphic
unconformity has been identified to date at the base of the
Algoso Formation, we assume that it represents the rift-drift
transition in the Upper Parautochthon stratigraphic sequence as
it marks the maximum regression of the platform in the Lower
Ordovician period.
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The Algoso Formation is overlain by a relatively thick
volcano-sedimentary unit named Peso Formation (Fig. 3.7;
Dias da Silva 2014; Dias da Silva et al. 2016). It is made of
black slates, locally purple probably in relation with volcanic
exhalations, and includes a voluminous bimodal volcanism
with abundant pyroclastic and epiclastic rocks, as well as
some thin chert levels. Towards the upper part of the Peso
Formation, a carbonate sedimentary unit, the Castro Vicente
limestones (Pereira et al. 2006a, b), has an ambiguous
stratigraphic position, pending for a better understanding of
the geological structure. Meanwhile, it can be correlated to
the Upper Ordovician limestones locally described at several
localities of the nearby autochthonous Central Iberian Zone
(Santo Adrião in Trás-os-Montes, Sá et al. 2005; and La
Aquiana in the Truchas Syncline, Martínez Catalán et al.
1992). The Peso Formation volcanics include calc-alkaline
rhyolites and rhyodacites, tholeiitic E-MORB basalts, and
alkaline OIB basalts with locally associated plagiogranite
dykes (Dias da Silva et al. 2016). Two ages of *455 Ma

were obtained in calc-alkaline rhyolites lying above the
Algoso Formation (Dias da Silva et al. 2016). Together with
new preliminary magmatic ages of 461 and 474 Ma found in
similar rocks to the W of the Morais Complex (Dias da Silva
et al. 2017), U–Pb dating confirms a Middle-Upper
Ordovician age for the Peso Formation.

The volcanism of this unit shows an alkaline increase of
the basaltic end-members in comparison with the Furongian
Mora Volcanics. This may be an evidence of a second
lithospheric stretching event as response of the extensional
geodynamic setting of the N-Gondwana margin at this stage
(Middle-Upper Ordovician), which ultimately led to the
formation of different magmatic reservoirs/sources with a
wide range of geochemical compositions (calc-alkaline,
tholeiitic and alkaline) that evidence mantellic and crustal
origins.

Finally, a thin unit of black ampelite and lydite beds is
observed. It is gently deformed and yielded fauna with a
paleogeographic affinity with the autochthonous realm, the
Central Iberian Zone (Piçarra et al. 2006). This Silurian black
layer is overlain by the Variscan shear zones at the top of the
Upper Parautochthon, and then, by the higher metamorphic
grade realm of the Lower Allochthon (Maçedo de Cavaleiros
Formation, Pereira et al. 2006a, b; González-Clavijo et al.
2016).

3.6.2 Discussion of the Geodynamic
Significance of the Upper Parautochthon
Stratigraphic Sequence

Inside the Upper Parautochthon, no evidences of unconfor-
mities have been found. Two possibilities arise, the existence
of a continuous sedimentary record from the middle Cam-
brian to the Silurian, as in the West Asturian-Leonese Zone
(Cabos Series, Pérez-Estaún et al. 1990), or the unconfor-
mities are not recognized due to the superimposed pervasive
deformation. In the second option, and comparing to what is
known from the autochthonous Central Iberian Zone, two
major discontinuities might be hidden. The lower one is the
Toledanian unconformity (in the sense of Gutiérrez-Marco
et al. 2002), that should be expected at the base of the Mora
or Saldanha Volcanics, as described in the nearby CIZ in
Serra do Marão, São Gabriel, Eucísia and Poiares zones,
according to Sá et al. (2005), Coke et al. (2001, 2011),
Gomes et al. (2009), Teixeira et al. (2013) and Dias da Silva
(2014). In a higher stratigraphic position, the Sardic
unconformity, would be located at the base of the Castro
Vicente limestone, by correlation with the Santo Adrião
Upper Ordovician limestones (Sá et al. 2005), occurring in
the Autochthon, close to the Morais Complex, where this
unconformity has been recently mapped (Dias da Silva
2014; Dias da Silva et al. 2010, 2011).

Fig. 3.7 Synthetic lithostratigraphic column of the Upper Parautoch-
thon, in the Morais Complex, NE Portugal
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Assuming the simplest option, that of a continuous sed-
imentary sequence, the Furongian-Silurian sequence of the
Upper Parautochthon correlates better to the West
Asturian-Leonese Zone, starting with the Cabos Series in the
middle Cambrian, than with the nearer Central Iberian Zone
sequence, where the bottom of the Montes Beds is located at
the Cambrian-Ordovician boundary. However, the very thick
stratigraphic sequence that characterizes an Ordovician
trough in the former (Marcos et al. 2004) is not identified at
the Upper Parautochthon. Moreover, it is difficult to explain
how, during the Variscan orogeny, a slice of a more proxi-
mal continental upper crust (West Asturian-Leonese Zone)
was thrust on top of the more distal crust (Central Iberian
Zone). For these reasons, it looks more realistic to envisage a
wide continental shelf, with the Central Iberian Zone in an
inner position and the Upper Parautochthon in a contiguous
more external situation.

Thus, the Upper Parautochthon sedimentary facies could
be considered similar to the nearby Central Iberian Zone
and, therefore, we propose that during the Ordovician both
areas were parts of a shallow shelf in the Gondwana margin,
evolving to a tidal or littoral environment at the Floian
(Robardet 2002). During the Middle Ordovician, sedimen-
tation has characteristics of an anoxic distal shelf (Gutiér-
rez-Marco et al. 2002). The Castro Vicente limestones may
have formed on top of a non-identified unconformity,
occupying the upthrown block of a normal fault, as proposed
by Martínez Catalán et al. (1992) for the La Aquiana lime-
stones at the Truchas region, and by Dias da Silva (2014) for
the Santo Adrião Formation in NE-Portugal. Finally, the
uppermost thin Silurian black unit would indicate a starved
basin in a distal shelf environment.

This paleogeographic history fits that of a passive con-
tinental margin reflecting transgressions and regressions.
But the abundant and long-lasting, though episodic, vol-
canism suggests a more complex evolution, involving
extensional deformation suitable to provide channels for
the outpouring of igneous rocks, some of them of mantellic
derivation. Syn-sedimentary tectonic activity during the
Ordovician has been proposed also in the nearby auto-
chthonous Central Iberian Zone (Martínez Catalán et al.
1992). The calc-alkaline affinity of the volcanism in both
areas is considered inherited from the melting of Cadomian
arc-related basement during rifting of the N-Gondwana
margin (Bea et al. 2007; Díez-Montes et al. 2010), and is
not related to an island-arc setting (Dias da Silva et al.
2014, 2015).

The Upper Parautochthon tectonic slice was part of a
large N Gondwana continental shelf that underwent exten-
sion during the Furongian-Silurian period allowing profuse
and long term (about 50 Ma) volcanic activity. The current
structural position, on top of the autochthonous and forming
part of a piggy-back nappe stack (Schermerhorn and Kotsch

1984; Dallmeyer et al. 1997), suggests that it was previously
placed in a relatively distal position of the margin relative to
the Central Iberian Zone. This extensional process is being
related to the rifting/drifting of Gondwana resulting in the
detachment of a ribbon continent including a magmatic arc,
the Upper Allochthon (see Chap. 4 in this volume), produced
by back-arc (hyper) extension, preserved in the Lower
Allochthon (see Chaps. 2 and 4) and resulting in the for-
mation of an intermediate ocean, partially preserved in the
Middle Allochthon (Chap. 4 in this volume; Dias da Silva
et al. 2014, 2016).
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