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Abstract

An update of the main Devonian pre-Variscan palaeogeographical features of the southern Cantabrian Zone is present-
ed. The approximal locations of these features are recorded in sections studied, with thin, incomplete developments
for the highs and thick successions for the troughs. Generally, pre-Variscan palaeogeographical features were affected
by Variscan and Alpine orogenic deformations, but with a different impact. Oroclinal bending, tectonic shortening by
thrusts, movements along strike-slip faults and bending by folds all affected the Devonian palaeogeographical features,
and only an approximation of their location and shape can be given. Nevertheless, the palaeogeography recorded in
pre-Variscan sedimentary successions and their relative positions, provide specific, clear and objective evidence of the

pre-Variscan elements.

Key words: Devonian, palaeogeography, Variscan orogeny, Alpine deformations

1. Introduction

The Cantabrian Zone (abbreviated henceforth
as CZ) is the northern external thrust-and-fold
belt of the Variscan Iberian orogen (Matte, 1991;
Diez Fernandez et al., 2016). It contains one of the
best-preserved and best-exposed, non-metamor-
phic to anchimetamorphic sedimentary records of
the northern Gondwana continent, ranging in age
from Ediacaran to Permian (Fig. 1A). It displays
variations in thickness and facies that reflect a com-
plex basin history and configurations (Van Loevezi-
jn, 1986; Keller et al., 1988; Vera de La Puente, 1989;
Aramburu et al., 1992, Van Loevezijn & Raven,
2020). Pre-Variscan palaeogeographical features are
generally affected by Variscan and Alpine orogen-
ic deformations, but with a different impact. Many
pre-Variscan palaeogeographical elements, defined
by Dutch scientists as facies change lines and pal-
aeohighs of the southern CZ were developed in the
1960s and 1970s (e.g., Sitter, 1962; Brouwer, 1964;

Evers, 1967; Van Adrichem Boogaert, 1967; Reijers,
1972; Raven, 1983; Van Loevezijn, 1983). Since then,
geological knowledge has increased and earlier
interpretations should be reassessed critically and
updated. Disagreement and discrepancies exist re-
garding extent, location, age or even existence of
pre-Variscan palaeogeographical features of the CZ
(e.g., Alonso et al., 1991; Nijman & Savage, 1991,
Fernandez et al., 2006).

The recognition of pre-Variscan palaeogeo-
graphical elements must be based on features of the
pre-Variscan Palaeozoic successions after restoring
the overprint by Variscan deformation, represent-
ed mainly by thrust shortening of variable magni-
tude. The fact that the pre-Variscan succession is
deformed by Variscan and Alpine structures, some
of which might actually be reactivated pre-Variscan
structures, has led to disagreement over some of the
interpreted pre-Variscan palaeogeographical ele-
ments discussed herein. There is an ongoing debate
on the role of the bounding faults during pre-Var-
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iscan sedimentation (Kullmann & Schonenberg,
1975; Marcos, 1979; Nijman & Savage, 1991; Alonso
et al., 1991, 2009; Espina et al., 1996). Some authors
claim that the Variscan deformation has not been
satisfactorily accounted for, in such way that the
facies changes observed can be merely an effect of
Variscan shortening (Fernandez et al., 2006). In the
present paper, objective, specific evidence of these
interpreted pre-Variscan palaeogeographical ele-
ments is provided.

Thus, although there is no agreement over the
extent and shape of pre-Variscan palaeogeography,
the existence of the features must be recorded in
pre-Variscan successions and their facies distribu-
tion patterns. Here, some of the main (supposed)
pre-Variscan palaeogeographical units of the south-
ern CZ, their origin, stratigraphical expression, rel-
ative locations and assumed roles during pre-Var-
iscan times are investigated.

2. Geological settings

2.1. The Cantabrian Zone

The Iberian Massif of Lotze (1945) represents
a fragment of the Variscan Orogen (Fig. 1A). It
forms the major part of the Ibero-Armorican chain.
It displays an arcuate shape and is related to the
closure of the Rheic Ocean and the collision be-
tween Laurussia and Gondwana (see Lotze, 1945;
Ribeiro et al., 1990; Pastor-Galan et al., 2013). The
orocline of the CZ formed during two major phases
of Variscan deformation. The originally N-S-direct-
ed linear belt was affected primarily by E-W com-
pressional events at the end of the Carboniferous,
creating large thrust zones and tectonic shortening,.
A subsequent change to a N-S-directed compres-
sion bent the thrust zones, and was responsible for
most of the Asturian Arc curvature, resulting in the
finite orocline arc shape during the Early Permian
(Weil, 2006; Wotte, 2009; Weil et al., 2013).

The CZ represents the external zone of the Ibe-
rian Variscan orogen (Lotze, 1945; Matte, 1991;
Pérez-Estatn & Bea, 2004; Gutiérrez-Alonso et al.,
2015), and is a classic foreland fold-and-thrust belt
characterised by thin-skinned tectonics with a trans-
port direction towards the core of the arc (Julivert,
1971) (Fig. 1B). During Alpine orogeny, the CZ was
uplifted and exhumed with little internal deforma-
tion of the uplifted block (Alonso et al., 1996; Fillon
et al., 2016).

To the west, the Narcea Antiform separates
the western nappes of the CZ from the West As-

turian-Leonese Zone (henceforth abbreviated as
WALZ), a more internal unit of the Iberian Massif
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Fig. 1. Location and tectonostratigraphical units of the
Cantabrian Zone in north-west Spain. A - Location of
the Cantabrian Zone (CZ) between the pieces of the
Variscan Orogen of western Europe (modified after
Alonso et al.,, 2009); B - Tectonostratigraphical units
of the CZ (after Julivert, 1971); C - Main Devonian
palaeogeographical units of the CZ and the location
of the West Asturian-Leonese trough. Red rectangle
indicates study area shown in Figure 6.
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(Gutiérrez-Alonso, 1996; Keller et al., 2007) (Fig. 1).
To the north the CZ is bounded by the Bay of Biscay,
and eastwards and southwards the zone is covered
by Mesozoic and Cenozoic deposits (Gallastegui et
al., 2016).

The CZ has been subdivided into several geo-
logical regions on the basis of stratigraphical and
structural features (Julivert, 1971), which have sub-
sequently been slightly modified (Pérez-Estatin et
al., 1988; Rodriguez-Fernandez & Heredia, 1988;
Alonso et al., 2009) (Fig. 1B). The Silurian-Devonian
rocks in the CZ occur mainly in the geological re-
gions of the Fold and Nappe Province and the Pisu-
erga-Carrion Province, where they consist of the
Asturo-Leonese and the Palencian facies of Brouw-
er (1964), respectively (Fig. 1C). These two tectonos-
tratigraphical regions of the CZ host the study area.

2.2. Palaeozoic succession

The Palaeozoic succession of the CZ has been di-
vided classically into a pre-, syn- and post-orogen-
ic unit (Marcos & Pulgar, 1982; Julivert, 1978). To
these, a transition unit (Van Loevezijn, 2020) and an
early syn-orogenic unit (Alonso et al., 2015) should
be added.

Pre-orogenic succession. The onset of the Pal-
aeozoic is characterised by rift-related igneous ac-
tivity and the presence of a widespread angular
unconformity that records deformation in Edia-
caran rocks (Pereira et al., 2012). The Cambrian to
Devonian, pre-orogenic succession consists of si-
liciclastics and carbonates that are interpreted to
have been deposited on extensive, stable platforms
of large epicontinental inland seas on the northern
passive margin of Gondwana (e.g., Aramburu et al.,
2002; Pastor Galén et al., 2013; Stampfli et al., 2013;
Gutiérrez-Alonso et al., 2015 and references there-
in). This passive margin was subjected to additional
extension and deposition of rift-related successions
during the Middle to Late Ordovician (Navidad
et al., 2018). The Devonian basin was fed from an
emerged land area, the Asturian Geanticline of Van
Adrichem Boogaert (1967), located to the north-east
of the Devonian basin in the CZ core area (Raven,
1983; Hofmann & Keller, 2006). The land area is
characterised by a near-complete absence of Silu-
rian and Devonian deposits. The Devonian prox-
imal-distal facies trend from the CZ core towards
the outer areas was modified by small palaeogeo-
graphical features, that is, the Somiedo High in the
west and the Pardomino High between the Bernes-
ga and Esla areas (Evers, 1967; Raven, 1983; Van Lo-
evezijn, 1986; Keller et al., 1988).

The CZ contains an up-to-2,000-m-thick Devo-
nian shelf succession consisting mainly of coarse-
grained siliciclastics with reef intercalations: the
Asturo-Leonese facies of Brouwer (1964). The out-
ermost part of the facies area, or the External Zone,
contains the most complete and thickest Siluri-
an-Devonian succession (Raven, 1983; Van Loev-
ezijn, 1986). In the Pisuerga-Carrion Province, nap-
pes in a Carboniferous flysch succession contain an
up-to-800-m-thick, fine-grained Silurian-Devonian
pelagic succession of mainly dark shales and car-
bonate mudstones; this is the pelagic Palencian fa-
cies of Brouwer (1964). These Palencian facies have
been interpreted as allochthonous, having been em-
placed as gravitational nappes from the south of the
CZ (Frankenfeld, 1983, 1984).

Transition succession. The first record of insta-
bility along the passive margin, owing to loading
in the hinterland, was interpreted to have occurred
in Late Devonian times by Keller et al. (2007). The
Upper Devonian succession consists of sedimenta-
ry clastic wedges, deposited on the outermost rim
of the CZ. According to Keller et al. (2007) and Van
Loevezijn (2020) this would represent the initia-
tion of Variscan orogeny, when the most external
margin of the Gondwana continent was incorporat-
ed into a subduction zone (Abati et al., 2010; Diez
Fernandez et al., 2016).

Early syn-orogenic succession. The widespread
Upper Devonian unconformity separates the Upper
Devonian clastic wedges from the overlying con-
densed Mississippian sequence, approximately 30
m thick (Kullmann & Schonenberg, 1975; Colmene-
ro et al., 2002; Keller et al., 2007). This records the
inversion to a marginal basin influenced by the con-
tinuing Variscan collision taking place further west
(see Colmenero et al., 2002; Gutiérrez-Alonso et al.,
2015 and references therein), and is interpreted as
an underfilled foreland basin succession, formed in
absence of significant early orogenic relief (Keller et
al., 2007; Van Loevezijn, 2020). It marks the funda-
mental reorganisation of depositional system to the
Carboniferous sedimentation.

Syn-orogenic succession. The syn-orogenic
foredeep fill succession contains the main part of the
Carboniferous. The several thousand metres thick
successions fill up the deep throughs in front of the
approaching thrust units from the west (Colmenero
et al., 2002). Sediment shedding from the approach-
ing Variscan fold and thrust belt started during the
Namurian, when debris flow deposits and turbidites
are first observed in the most south-westerly part of
the CZ (Reuther, 1977; Rodriguez-Fernandez, 1993).
These sediments are interpreted to originate from
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erosion of the internal zones of the Variscan Orogen
in the south-west (Colmenero et al., 2002).

Post-orogenic succession. The post-orogen-
ic successions are represented by discontinuous
Stephanian-Lower Permian coal basins (Colmenero
et. al., 2008; Martin-Merino et al., 2014).

3. Pre-Variscan palaeogeography

3.1. Controlling mechanisms

A number of tectonic models on regional and
local scales have been proposed for the controlling
mechanism(s) of (pre-Variscan) palaeogeographical
features. These include the following:

Flexural bending lithosphere. During Frasnian-
Famennian times, the external margin of the Gond-
wana continent was incorporated into a subduction
zone (Abati et al., 2010; Diez Fernandez et al., 2016).
The supra crustal load led to flexural bending of the
lithosphere of Gondwana and produced a bulge in
the CZ core area with uplift and erosion, and sub-
sidence and prograding clastic wedge sedimen-
tation in the outermost external part of the zone
(Keller et al., 2007, 2008; Van Loevezijn, 2020).

Basement wrenching. A tectonic model in which
major basement wrench faults account for subsid-
ence and uplift areas and sedimentation directions
has also been proposed. Wrench faulting can con-
trol sedimentation throughout Palaeozoic times
(Reijers, 1985; Nijman & Savage, 1989, 1991; Keller,
1997), whereas Alonso et al. (1991) emphasised that
most interpreted pre-Variscan palaeogeographical
features did not result from basement wrenching,
but instead could be attributed to Variscan defor-
mation.

Local tectonism. Local tectonic movements can
result in individualisation of palaeohighs and in-
tervening areas (Stel, 1975; Raven, 1983; Hofmann
& Keller, 2006), creating emerged landmasses that
delivered sediment to neighbouring sedimentation
areas.

Geological data do not point to a single process,
and various controlling mechanisms may have act-
ed simultaneously or successively. From Lower
Devonian successions Fernandez et al. (2006) and
Keller (1997) concluded that tectonics must have
played a significant role in the facies distribution
and vertical organisation of these successions, and
Van Loevezijn (2020) demonstrated that Upper De-
vonian uplift and erosion and nearby subsidence
and deposition probably were tectonically con-
trolled.

However, the present map-appearance of sup-
posed pre-Variscan features of the CZ is that the
pre-Variscan palaeogeography often crosses Var-
iscan and later faults (e.g., see Fig. 6, the Pardomino
High). Obviously, the shape of the old palaeogeog-
raphy is affected by later Variscan thrusts and folds
and only an approximation of its location and shape
can be given. Nevertheless, the palaeogeography
recorded in pre-Variscan sedimentary successions
and their relative positions, provides specific, clear
and objective evidence of pre-Variscan elements.

Thus, although there is no agreement over the
controlling mechanisms or even over the exist-
ence of pre-Variscan palaeogeography and caution
should be exercised over the identification of any
potential structure, the thickness and facies distri-
bution of Devonian successions makes it likely that
tectonics played a significant role in sediment dis-
tribution.

3.2. Palaeogeographical challenges of/in the
Cantabrian Zone

When taking Variscan deformation into account
in pre-Variscan palaeogeographical reconstructions
of the CZ, one should be aware of the following:

Kinematic model. The various kinematic mod-
els proposed for the formation of the arcuate shape
of the Cantabrian Zone, favouring a late bending
of an initial linear belt (Alonso et al., 2009; Weil et
al., 2013), which disrupted and shifted to some ex-
tent the original pre-Variscan facies patterns. A pa-
linspastically restored linear belt was proposed by
Weil et al. (2013, their fig. 9) and Keller et al. (2007,
their fig. 7) showed an idealised rendering of the
relative linear position of thrust units prior to em-
placement.

Tectonic shortening. The Palaeozoic succession
of the CZ displays a well-developed, thin-skinned
Variscan structure; the succession was deformed by
a set of imbricated thrusts and by late high-angle
faults. The strong tectonic shortening by the nappe
displacement significantly modified the original
palaeogeography, bringing together successions
that originally lay far apart. The bent thrust units
of the CZ resulted in a total tectonic shortening of
about 70 per cent (Pérez-Estatin et al., 1988), with
an accumulated displacement ranging from 90 km
for the Esla Nappe (Alonso, 1987) to 150 km for the
entire CZ, as calculated by Wotte (2009) on the ba-
sis of published data. Tectonic shortening contains
thrust displacement directions in the southern CZ
towards the north-east (Pérez-Estatin et al., 1988)
(Fig. 1B). Devonian deposits of the Asturo-Leonese
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facies area in the southern CZ display a palaeo-
geographical trend from thicker and more distal
successions in the south and west to thinner more
proximal successions, with unconformities, to the
north and north-east, that is, towards the core of the
CZ (Van Adrichem Boogaert, 1967; Raven, 1983).
Therefore, the general south-west/north-east De-
vonian facies trend is approximately parallel to the
south-west/north-east tectonic shortening of the
Palaeozoic thrust stack, and the displacement by
the thrusts emphasises the distal-proximal facies
trend, bringing together rocks that were originally
further apart (Fig. 2).

Missing pieces of the puzzle. As a result of Var-
iscan shortening, the present areal extent of the CZ
represents only a small portion of a much larger
original outcrop belt (Sitter, 1962; Pérez-Estatn et
al., 1988; Wotte, 2009) (Fig.1A). This is also appli-
cable on a more local scale within the CZ, where
only pieces of the pre-Variscan puzzle remain and
consequently only a small part of the Devonian suc-
cession is exposed (Sitter, 1962; Alonso et al., 2009)
(Fig. 2). For instance, the Sabero-Gordén fault zone
between the Alba and Pedroso synclines cuts across
the pre-Variscan succession, and the anticlinal
structure between both synclines is missing (Figs 2,
6; see also Knight et al., 2000). This tectonic shorten-
ing emphasises the Devonian facies differences be-
tween the successions of this age in both synclines,

as the transitional area in between had been tecton-
ically removed.

Relative position of pre-Variscan sections. Sec-
tions located within the same tectonic unit approx-
imately retain their relative positions, although the
structure itself can be tectonically transported.

All this makes it difficult to establish the size
and boundaries of the several Devonian sedimen-
tary domains and pre-Variscan palaeogeographical
elements. However, their existence can be proved
by given, specific (interpreted) palaeogeographical
elements in the pre-Variscan sedimentary succes-
sions.

4. Devonian palaeogeography

4.1. The Cantabrian-Iberian trough

Northern Iberian palaeogeography. The Can-
tabrian-Iberian trough of Lotze (1961) contains the
CZ and WALZ, and developed on the northern
margin of Gondwana (Aramburu et al., 2002). Dur-
ing the Devonian the Cantabrian-Iberian trough
was bordered, on both sides, by rising or stable ar-
eas: the Asturian Geanticline (Van Adrichem Boo-
gaert, 1967) and Ebroian Massif (Carls, 1988) on the
inner side of the arc, and a formerly existing, unpre-
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Fig. 2. Thin-skinned imbricated thrust development of the Fold and Nappe Province (modified after Veselovsky, 2004).



82

Gerard B.S. van Loevezijn

served, large source area, which delivered clastics
via the Central Iberian Zone from the south-west,
postulated by Carls (1988). The CZ Devonian con-
sists mainly of shallow-marine successions, locat-
ed in a strip between the Asturian Geanticline and
Ebroian Massif in the north-east, and the sedimen-
tary trough of the WALZ. The latter unit is a Var-
iscan structural zone that rose from part of the basin
located distally, to the west and south of the CZ,
and during Early Palaeozoic times was a graben
basin (Aramburu et al., 2002), where a rather thick
(c. 11,000 m) Lower Palaeozoic succession accumu-
lated (Fig. 3). The CZ would present the basin mar-
gin of the West Asturian Leonese trough along the
north-eastern Cantabro-Ebroian Massif, containing
a ¢. 4,500-m-thick Lower Palaeozoic succession of
platform and carbonate strata that thin towards the
core of the arc (Carls, 1988; Aramburu et al., 2002)
(Fig. 4A). The Cantabro-Ebroian Massif emerged
several times during phases of the (Late) Devonian,
and the repeated uplifts with corresponding un-
conformities in its interior are preserved along the
basin margins, in the shallow-marine strip of the
Cantabrian Devonian, e.g., the Upper Devonian se-

quence boundaries sbl to 4 of Van Loevezijn (2020)
(Fig. 5).

CZ shallow-marine facies area. The Devonian
coarse-grained Asturo-Leonese facies succession
of Brouwer (1964) consists of sandstones, shales,
coarse limestones and microconglomerates, up to
2,000 m thick, characterised by an abundant benthic
fauna, with major reef intercalations (Fig. 5), repre-
senting shallow-marine, near-coastal environments
along the Asturian Geanticline (Van Adrichem
Boogaert, 1967). Presently, the area is located main-
ly in the Fold and Nappe Province (see Fig. 1C),
and is bounded by the next tectonostratigraphical
unit (Central Asturian Coalfield) towards the core
of the arc. Towards the north-east, the Asturo-Le-
onese succession displays proximal features inter-
rupted by progressively more unconformities of
greater importance (Figs 5, 6). In the core area of
the CZ, pre-Famennian Devonian strata are absent.
The outer boundary of the facies area is formed by
the CZ outer limits: the Narcea antiform in the west
and the Cenozoic and Mesozoic cover in the south.

CZ pelagic facies area. The Pisuerga-Carriéon
unit, located in the east of the CZ, consists ex-
clusively of Carboniferous deposits containing

West Asturian-Leonese Zone

Cantabrian Zone

West Asturian-Leonese trough

Palencian . R
facies %? Devonian facies

Cantabrian trough-margin

Asturian Geanticline

Silurian

Legend

.

Lower Palaeozoic after
Alonso et al. (2009)

Lower Palaeozoic after
Aramburo et. al. (2002)

Lower Palaeozoic after
Marcos (1973)

sandstone

% shale-siltstone

% limestone-dolomite \zl volcaniclastic rocks

—

—

slates,graywackes
quartzites

Fig. 3. General thickness and lithology of Cambrian, Ordovician, Silurian and Devonian rocks in the West Asturian-Le-
onese Zone (WALZ) and Cantabrian Zone (CZ). The WALZ contains the depocentre of the trough. It is assumed
that the Devonian condensed calcareous shales of the Palentian facies originally formed in the WALZ (Frankenfeld,
1983, 1984; Marquinez & Marcos, 1984). The CZ represents the trough margin close to the Asturian Geanticline,
where a Lower Palaeozoic succession and the Devonian carbonate belts of the Asturo-Leonese facies accumulated.
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Fig. 4. Devonian facies distribution and box
model of the Cantabrian-Iberian trough.
A - Settings of Devonian facies areas of
the CZ within the context of the palae-
ography of the northern Iberian Massif;
palinspastic provenance Palencian facies
(P) indicated (modified after Carls, 1988);
B - Palaeogeographical box model of the
Devonian basin.
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north-directed thrust sheets made up of Upper
Silurian to Lower Carboniferous rocks (Julivert,
1978; Rodriguez-Ferndndez, 1994) (compare Fig.
1B). The Devonian successions of these nappes are
fine grained (Palencian facies of Brouwer, 1964) and
are characterised by pelagic deposits and scarce
detrital material (Fig. 7). The Lochkovian-Pragian
interval of the Palencian facies are shallow-water
deposits with small reefal intercalations, compara-
ble to those of the Asturo-Leonese facies. The Pra-
gian-Emsian and younger deposits of the Palentian
facies consist of pelagic dark shales with carbonate
mudstones, containing scarce benthic fauna. This
succession records a low average sedimentation
rate and deposition in anoxic or semi-anoxic envi-
ronments (Garcia-Alcalde et al., 1988). Frankenfeld
(1983, 1984) and Henn & Jahnke (1984) demonstrat-
ed that the Palencian Devonian was allochthonous,
occurring in gravitationally nappes emplaced onto
a Carboniferous flysch succession (Ambrose, 1974;
Frankenfeld, 1983; Rodriguez-Fernandez, 1993).
Structural and sedimentological evidence support
a provenance for the Palencian facies from the West
Asturian-Leonese area, located to the south-west

(Frankenfeld, 1983; Rodriguez-Fernandez, 1993).
The facies is interpreted to represent the southern
and western deeper, distal continuation of the shal-
low-marine Asturo-Leonese facies (Frankenfeld,
1983, 1984; Henn & Jahnke, 1984; Rodriguez-Fernan-
dez, 1993; Weil et al., 2013).

4.2. Asturian Geanticline

In the core of the CZ a more stable area existed
with a thin Devonian succession; the Cantabrian
Block of Radig (1962), Asturian Geanticline of Van
Adrichem Boogaert (1967) or Cantabrian Massif of
Carls (1988). It is considered the western prolonga-
tion of the Ebroian Massif, both forming the Can-
tabro-Ebroian Massif (Carls, 1983) (Fig. 4A). The
Devonian successions are generally thinner, and
display more proximal facies towards the core of
the CZ, where a few metres of coarse sandstone,
conglomerate and coarse limestone of the Famenni-
an-Tournaisian Llombera Beds rest unconformably
on Silurian, Ordovician or Cambrian strata (Raven,
1983). This lithostratigraphical unit, defined by
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Keller et al. (2008), is equivalent to the unconform-
able, uppermost part of the Upper Devonian sand-
stones, classically known as the Ermita Formation.

The Asturian Geanticline did not rise suddenly;
the stratigraphical picture makes it clear that the
geanticline must already have been a high during
the Cambrian (Lotze, 1961); Radig (1962) demon-
strated that the Ordovician and Silurian became
less complete towards the Asturian Geanticline.
However, Aramburu et al. (1992, 2002) noted lo-
cal outcrops of Middle Ordovician dark shales,
indicating a more complex thickness/facies dis-
tribution. Subsequent uplift and active erosion of
the Asturian Geanticline and the proximal part of
the Asturo-Leonese facies area took place during
the latest Frasnian and Famennian (Van Loevezijn,

2020), which led to the truncation of the inferred
thin Lower Devonian or Silurian successions in the
proximal part of the Asturo-Leonese facies area,
whilst on the Asturian geanticline itself the Upper
Devonian unconformity progressively truncated
Lower Palaeozoic rocks (Van Adrichem Boogaert,
1967; Raven, 1983). Palaeocurrent measurements in
Upper Devonian successions indicate a sediment
transport away from the Asturian Geanticline to-
wards the west and south (Raven, 1983; Van Loev-
ezijn, 1986, 2020), in a similar way to what has been
found for the Silurian-Devonian formations (Coo,
1974; Suarez de Centi, 1988; Keller, 1997) (Fig. 6).

4.3. External Zone and Intra Asturo-Leonese
facies line

The External Zone of the Asturo-Leonese faci-
es area is an approximately 5-km-wide facies belt,
which, contrasting to the inner zone with its thin
incomplete Upper Devonian succession, comprises
a thick Frasnian to lower Famennian interval (Figs
1C, 6). The External Zone developed during the
Frasnian as a consequence of the rise of the near-
by core area of the CZ (Sjerp, 1967; Van Loevezijn,
2020), and lasted into the Famennian. It represents
a depositional Late Devonian area of subsidence,
where clastics were deposited from the nearby
area of the Asturian Geanticline and the proximal
parts of the Asturo-Leonese facies area. The Intra
Asturo-Leonese facies line acted as a Late Devonian
hinge line between the area of uplift and erosion in
the core of the CZ and the External Zone of subsid-
ence and sedimentation in the outermost rim of the
zone (Raven, 1983; Van Loevezijn, 1986). The Upper
Devonian succession in the External Zone is organ-
ised into three wedges, each with a coarsening- and
shallowing-upward trend and with a basal uncon-
formity, that evolves into stratigraphical continuity
away from the Asturian Geanticline to the distal
part of the External Zone. They are the sequences
A, B and C of Van Loevezijn & Van Loevezijn Pefia
(2017) (Fig. 8).

The wedge of the Millar Member of the No-
cedo Formation (sequence B) and the wedge of
the Fueyo-Ermita formations (sequence C) oc-
cur only in the External Zone, and are dominated
by storm-bedded shale-sandstone deposits, with
cross-bedded sandstones and carbonates in the top.
Not only did subsidence of the External Zone create
accommodation space for a thick Frasnian-Famen-
nian succession, the subsidence coupled with the
nearby enlargement of the uplifted northern area
also led to steep, unstable depositional slopes, as
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revealed by the slumped deposits that crop out in
sections such as Matallana, Llombera, Sorribos de
Alba, Piedrasecha and Puente de las Palomas (Van
Loevezijn, 2022), as well as a Frasnian-Famennian
depositional shift away from the uplifted area, to-
wards the outermost part of the External Zone (Van
Loevezijn & Raven, 2017, their fig. 14; Van Loevezi-
jn, 2020, his fig. 18) (Fig. 9). The overall characteris-

tics of the zone are: 1) its location on the outermost
edge of the CZ, and 2) its thick (Upper) Devonian
development, which differs from the inner part of
the CZ.

4.4. Pardomino High

The distribution of the Devonian sedimentary
successions within the Asturo-Leonese facies area
indicates that the boundary between the source
(Asturian Geanticline) and shelf (Asturo-Leonese
facies area) areas was not a linear feature, but that
it had embayments and headlands, defined by ridg-
es and highs, which exerted a major control on the
sedimentary patterns and affected facies belts (Fig.
6). During the Early Devonian, carbonates spread
rapidly across the partly exposed siliciclastic land
area (‘San Pedro Land” of Keller, 1997), onlapping
the Asturian Geanticline in the north. The abrupt
shift to deeper facies represents the transgressive
surface between the sandstones of the underlying
San Pedro Formation and the transitional unit of the
overlying Abelgas Formation (La Vid Group). The
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Abelgas successions in the eastern part of the Lu-
na-Bernesga area, and in the western part of the Esla
area show a thinning of strata with erosion events
(Fig. 10). The sections lie in different thrusts, and
their mutual distance has not been measured, nor
have their different tectonic locations been account-
ed for, which makes the spatial palaeogeographical
interpretation difficult. However, although the in-
terpretation compares successions from different
thrust units, the area with thin successions was
interpreted as a positive palaeogeographical fea-
ture, the so-called Pardomino High, by Evers (1967)
and Keller (1988, 1997). The palaeogeographical
feature curved the straight-forward, north-south
proximal-distal trend of the Devonian Cantabrian
Basin. A similar palaeogeographical picture can be
obtained from the Frasnian east-west transect, with
thick, continuous sections in the outermost areas,
and a thinning, coarsening and shallowing trend
towards the inner central part of the Bernesga-Esla
area (Fig. 11). However, between Matallana and San
Adreén the transect crosses the Porma fault, which
again poses some uncertainties. Thus, we see a sys-
tematic Devonian stratal thinning in the Esla nappe
from east to west into the Pardomino area, and
a stratal thinning in the Correcilla unit from west
to east towards the Pardomino area, separated by
the Porma fault, which is a Variscan tear fault (Weil
et al., 2010), running perpendicular to the strike of
the thrust faults (Weil et al., 2013) and, as a conse-

West

quence, a tectonic juxtaposition occurs of different
parts of the Devonian basin between both sides of
the fault. The displacement along the Porma fault
(Fig. 6), the north-south tectonic shortening by the
thrusts and the left-lateral displacement along the
Sabero-Gordén fault Zone, make the pre-Variscan
connection between Bernesga and Esla areas diffi-
cult, and complicates the stratigraphical relation
between the Bernasga and Esla areas. Palaeomag-
netic data document for the Esla unit a secondary
rotation of the initial thrusting and folding of 90°
counterclockwise (Weil, 2006; Wotte, 2009; Weil
et al., 2013). Therefore, a primary position of this
unit in a more south-westerly location, close to the
Correcilla unit must be assumed (Keller et al., 2007;
Wotte, 2009). This is in accordance with the Upper
Devonian sediment successions of the Alba syncline
of the Correcilla unit and the Pefia Corada structure
of the Esla unit; both are part of the External Zone
of the Asturo-Leonese facies area (Raven, 1983; Van
Loevezijn, 1986).

In contrast, the Famennian transect shows
a slight coarsening and thinning of the succession/
stratigraphical units towards the east from the
Bernesga area into the Esla area, where the trans-
gressive base onlaps sequence boundary 1 (Fig. 12).
This early Famennian transgression is recorded in
dark shales in the basal part of the Fueyo Forma-
tion, which constitutes the transgressive system
tract of Upper Devonian sequence C (Van Loevezijn
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1997). For locations of sections see Figure 6.
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& Van Loevezijn Pefia, 2017). It seems obvious that
the influence of the Pardomino High on the Famen-
nian sediment pattern had disappeared. Thus, the
Pardomino High was a Devonian positive palae-
ogeographical feature, with a strong depositional

influence that controlled the Devonian depositional
patterns up to the Early Famennian.

From the above it becomes clear that a simple
linear facies trend between clastic source area in the
north (Asturian Geanticline) and the sedimentation
basin in the south is an oversimplification of the
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likely palaeogeography, and that local palaeogeo-
graphical features had a great impact on Devonian
sedimentation.

4.5. Somiedo High

The Portilla Formation of the Somiedo area
is subdivided into a lower and upper biostromal
limestone with biohermal intercalations (members
A and C) and a more siliciclastic middle unit (Mem-
ber B) (Ten Have, 1979; Raven, 1983). This forma-
tion, like all Devonian formations of the Asturo-Le-
onese facies area, thins out towards the core of the
CZ (Fig. 13). However, a narrow zone of thinly
developed Portilla overprints this general palaeo-
geographical trend. This was named the Somiedo
High by Raven (1983); it occurs in the stratigraphi-
cal pattern of the Portilla. Thinning across sections
of the Somiedo High reaches up to 50 per cent (Fig.
14, sections VII and XVI).

From Lower-Middle Devonian limestones of the
Santa Lucia Formation there are indications that
the Somiedo High may already have existed dur-
ing the Emsian-Eifelian, when in the Somiedo area
a south-west to north-east running belt between

the Vega de las Viejos and the Saliencia synclines
existed of thin Santa Lucia Formation, containing
a high grain-mud ratio (as based on internal reports
of the Department of Palaeontology and Stratigra-
phy, University of Leiden, the Netherlands), and
thicker successions towards the south-east. How-
ever, the data set is not very detailed, and conclu-
sions must be treated with caution. Successions of
the overlying Upper Devonian Nocedo and Ermita
formations in the Somiedo area do not indicate a lo-
cal north-east to south-west thin depositional zone,
but a general Devonian thinning from the External
Zone towards the core of Asturian Geanticline (Van
Loevezijn, 1986; Van Loevezijn & Raven, 2021).

5. Discussion

The existence of all the Devonian palaeogeo-
graphical features of the CZ area are recorded in
the stratigraphical correlation patterns, and all the
pre-Variscan palaeogeographical features suffer
from Variscan disruption, affecting the reliability
of palaeogeographical elements interpreted. There-
fore, some of these pre-Variscan features must be
discussed briefly.
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The Pardomino High. This feature is recorded in
Lower-Upper Devonian facies transects of the east-
ern Bernesga area and western Esla area. However,
the exact location of its boundary is complicated by
Variscan tectonic features; the north-south tectonic
shortening by the thrusts, the left-lateral displacement
along the Sabero-Gordén fault Zone and the displace-
ment along the Porma fault (Fig. 6). Therefore, only
an indication can be given of the location and shape
of the Pardomino High. However, although the struc-
ture of the Alba syncline and the Pefia-Corada unit are
both bounded by Variscan faults, strata are not that
much deformed, and in both structures the sections
have more or less preserved their relative positions.
Both tectonic units contain a Devonian shallowing
and stratal thinning trend; the Alba syncline towards
the east and the Pefia-Corada unit towards the west.

The Somiedo High. This high is characterised
by a narrow zone of thinly developed Portilla.
However, based on the 1:50,000 map Hoja 76-Pola
de Somiedo (Rodriguez-Fernandez, 1979), the Por-
tilla Formation in the northern limb of the La Cue-
ta syncline is faulted and thrusted, and therefore
stratigraphical conclusions should be view criti-
cally. However, even these thin sections from the
north-western part of the syncline contain a com-
plete threefold subdivision of the Portilla, and also
the sections of the Vega de losViejos syncline, the
Saliencia syncline and the La Cueta syncline close
to the northern limb, display thin successions of the
formation (sections VIII, XII and XV), indicating
that thinning is probably a primary, depositional
feature (Fig. 15). The sections are all located with-
in the same thrust structure of the Somiedo-Cor-
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where subsidence was lower (after Ten Have, 1979). For location of sections see Figure 6.

recilla unit. Thus, they approximately retain their
relative positions, although the structure itself may
have been tectonically transported. The dimension
and shape of the palaeogeographical feature suf-
fered mainly from shortening by the folds of the
syncline structures and by bending of the orocline,
but probably hardly by large thrust displacements.
There are indications that the palaeogeographical
feature already existed during the Emsian-Eifelian.
However, these are not very convincing and more
research is needed.

The Intra Asturo-Leonese facies line and the
External Zone. The Intra Asturo-Leonese facies line
along the outer margin of the CZ separates an outer
area with a thick Upper Devonian succession, the
External Zone, from the inner part with a thin in-
complete Upper Devonian. However, the Intra As-
turo-Leonese facies line in part coincides with the
Esla thrust front in the east, whereas to the west it
coincides with the Sabero-Gordén fault zone, locat-
ed between the Alba and Pedroso synclines, and
continues to the Sil area where it runs across the
Vega de los Viejos syncline (Fig. 6). Ferndndez et
al. (2021) demonstrated that facies changes between
both limbs of the Vega de los Viejos Syncline seem
to occur in a gradual way. However, these gradual
facies changes occur in the transgressive Famenni-
an-Tournaisian Llombera Beds (Ermita Formation)
above the upper Devonian Unconformity, the fun-
damental change to Carboniferous sedimentation
patterns (Keller et al., 2008). The underlying shales
of the Fueyo Formation and sandstones of the Er-
mita Formation of sequence C are absent in the
north-eastern limb of the syncline (Van Loevezijn
& Raven, 2021), and the Intra Asturo-Leonese facies

line is located between both limbs. Thus, the charac-
ter of the boundary varies along the External Zone,
and locally coincides with Variscan and later faults
and thrust fronts. However, everywhere the bound-
ary line separates the area of thick Upper Devonian
development from the inner area of thin, incomplete
successions. Therefore, it is a pre-Variscan palaeo-
geographical feature, with a significant Devonian
facies change across its bounding line. In fact, the
line connects the Upper Devonian facies and thick-
ness changes in the different tectonic units, and the
facies trend is emphasised by Variscan faulting,
folding and thrust movements, locally bringing
rocks together which were originally further apart.
Thus, although the facies line is a sharp boundary,
probably also transitional facies belts once existed
between the External- and inner facies domains.

5.1. Reliability of palaeogeographical
interpretations

The approximate location of the pre-Variscan
palaeogeography is pinpointed by the Devonian
sections and the stratigraphical correlation tran-
sects. However, for the original pre-Variscan pal-
aeogeographical shape, we must bear in mind
Variscan tectonic features: the complex shift of
the thrust units (Alonso et al., 2009), the tectonic
shortening of up to 70 per cent (Pérez-Estatn et
al., 1988) and, finally, the bending of the orocline
(Weil, 2006; Weil et al., 2013). Tectonic thrust-shifts
are directed towards the core of the CZ, that is, in
the investigated southern area they have approxi-
mately a north(easterly) directed shift (Fig. 1B). The
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east-west correlations are approximately perpen-
dicular (and oblique) to the north-eastern thrust
displacement, and therefore suffered less from ex-
treme shortening (Fig. 6). Moreover, facies trends
within a single Variscan structure, that is, the Alba
syncline, Pefia Corada unit, Vega de losViejos-, La
Cueta- and Saliencia synclines, contain less Var-
iscan cross cutting and tectonic deformation. With-
in each structure or thrust, sections approximately
retain their relative positions, although the struc-
ture itself was tectonically transported. The relative
movements along the vertical fault planes of strike-
slip faults can make interpretations of the spatial
relation between successions on both sites of the
fault difficult. For example, the Porma fault runs
approximately parallel to the north-eastern thrust
transport direction, crossing the pre-Variscan Par-
domio High and separating the Esla area from its
western Palaeozoic region, and the Sabero-Gordén
fault zone contains a left-lateral strike-slip displace-
ment of about 15-20 km (Bastida et al., 1976; Alonso
et al.,, 2009) and also crosses the Pardomino High,
disrupting the shape of the Devonian feature. In
addition, the Intra-Asturo-Leonesefacies line part-

ly coincides with the Esla thrust front, whereas to
the west it is located between the Alba and Pedroso
synclines, whose bounding fault also implies signif-
icant shortening (Fig. 2).

6. Conclusions

In Figure 16, pre-Variscan palaeogeographical
features are lined up, based on the stratigraphical
information recorded in the Devonian successions.
The Cantabrian-Iberian trough, and the area of up-
lift and emergence of the Asturian Geanticline in
the core of the CZ, cover the entire Devonian.

The Pardomino High with a thin Devonian suc-
cession which existed until the Famennian, when
it was drowned by the early Famennian transgres-
sion, recorded in dark shales in the basal part of the
Fueyo Formation. The Somiedo High is recorded
in a local thin development of the Givetian Portilla
Formation in the Somiedo area. These Portilla reef
deposits vary significantly in thickness and facies
over short distances, and their deposition and lat-
eral facies distribution was mainly tectonically con-
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trolled, indicating tectonic instability. The Somiedo
High can be the expression of such a tectonically
controlled palaeogeographical feature. However,
there are indications that the high already existed
during Early Devonian times.

The External zone contains the most distal and
thickest Upper Devonian facies succession of the
CZ. The Intra-Asturo-Leonese facies line represents
the bounding line between the External Zone and
the inner part of the CZ with erosion events and thin
proximal facies successions. The zone developed
during the Late Devonian, when northern Iberia
became part of the collision between the Gondwana
and Laurussia continents. The External Zone can be
interpreted as a distal foreland basin with the In-
tra-Asturo-Leonese facies line as the hinge between
the area of rapid subsidence in the south and west,
and the uplifted peripheral bulge of the inner part
of the Asturo-Leonese facies area and the Asturian
Geanticline in the north.

Finally, the Upper Devonian Unconformity is
the result of the Frasnian-early Famennian uplift
and erosion of the core of the CZ, and marks the end
of the depositional influence of all pre-Variscan pal-
aeogeographical features. In fact, the unconformity
is the start of the fundamental reorganisation of
the depositional system to Carboniferous settings.
Probably all the pre-Variscan palaeogeographica
features suffered from Variscan disruption. There-
fore, the exact location and shape of these old
pre-Variscan structures may be controversial, and
only an approximation of their estimated relative
palaeogeographical position can be given.
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