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Paleogeographic inversion resulting from large out of sequence
breaching thrusts: The León Fault (Cantabrian Zone, NW Iberia). A new
picture of the external Variscan Thrust Belt in the Ibero-Armorican Arc

Out of sequence breaching thrusts may give rise to duplication of a former thrust stack in map view in the same
manner that stratigraphic units are repeated by initial thrusts. In this way, large breaching thrusts may put an ini-
tial paleogeographic pattern out of order, producing apparent paleogeographic inversions at regional scale. The
León Fault, an orogen-scale fault located in the Variscan foreland fold-thrust belt of the Iberian Peninsula,
known as the Cantabrian Zone, has caused much controversy in the understanding of Iberian Paleozoic tecton-
ics. The León Fault displays all the features of a breaching thrust and from this interpretation a simple paleo-
geographic pattern results, once both breaching and former thrusts are restored, in contrasts with previously
reported paleogeographic models. This approach implies a redefinition of the geological provinces of the
Cantabrian Zone, since some major nappes of that zone, so far considered as different tectonic units, are reinter-
preted as one single unit repeated by the León Thrust. It also has implications in discriminating between the var-
ious kinematic models proposed for the larger Ibero-Armorican Arc, favouring a late bending of an initial linear
belt instead of a progressive change in transport direction during nappe emplacement. Finally, the paleogeo-
graphic inversion caused by the León breaching Thrust is compared to other orogen-scale paleogeographic
inversions associated with antiformal stacks, such as the preAlps with respect to the Helvetic Nappes, and the
Ligurian-Tuscan domains in the Apennines.
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INTRODUCTION

Thrusts in the foreland of orogenic belts are common-
ly arranged as hinterland dipping imbricate thrust fans,
causing shortening of the preorogenic basin. In the

absence of back-thrusts, footwall rocks of these imbricate
thrust sheets are, from a paleogeographic point of view,
closer to the foreland than the hanging wall rocks (Fig.
1A, B). Only when tectonic windows or klippes result
from erosion, paleogeographic inversions on geological



maps or sections are observed (Fig. 1A, B, C1). A well-
known example of outstanding paleogeographic inversion
occurs in the external Alps, where the pre-Alpine Klippe
(Penninic Domain) is located ahead of the more external
Helvetic nappes.

When thrust systems show two different detachment
levels, the thrusts branching from a lower flat may link
into a higher level giving rise to a duplex (Boyer and
Elliot, 1982), or cutting across it (Coward 1980; Butler
and Coward, 1984), in which case they are called
“breaching thrusts” (Butler, 1987). At higher structural
levels, a breaching thrust may appear as a hindward
sequence or “out-of-sequence” thrust (Morley, 1988).
Breaching thrusts also produce paleogeographic inver-
sions, because unlike in the imbricate thrusts mentioned
above, the hanging wall rocks are, from the paleogeo-
graphic viewpoint, closer to the craton than those of the
footwall (Fig. 1A, B, C2). In fact, breaching thrusts give
rise to particular types of tectonic windows more difficult
to recognize than the common ones, because their leading
edges are hinterland-dipping thrusts, instead of facing-
down folded thrusts as in ordinary tectonic windows (Fig.
1). However, other distinctive features described by But-
ler (1987) allow us to recognize breaching thrusts. For

example, the same breaching thrust may alternatively car-
ry older rocks on younger rocks or vice-versa (Fig. 2A).
When the displacement of a breaching thrust is greater
than the thickness of previous thrust sheets, it can give
rise to duplication of former thrust stacks in the same way
that stratigraphic successions are repeated by initial
thrusts (Fig. 2B). In spite of breaching thrusts truncate
former thrusts and their related folds, they may display
characteristics similar to those of the initial thrusts, such
as the development of flat and ramp geometries and
thrust-related folds, particularly in their root zones where
they propagate into undeformed layers (Fig. 2).

In this paper, the León Fault, one of the longest and
most controversial in the foreland of the Variscan Chain
of NW Iberia (the Cantabrian Zone), is explained as a
“breaching thrust”, which has implications for regional
and orogen-scale geology. This new interpretation has
significant implications with respect to the identification
of thrust units and thrust sequences, as well as on the
paleogeographic reconstruction of both the pre- and syn-
orogenic basins of the Cantabrian Zone, leading to new
geological domains. The new model also sheds light in
differentiating between the various rotational models pro-
posed to explain the origin of the Ibero-Armorican Arc. 
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Paleogeographic inversion as a result of C1) tectonic window, C2) breaching thrust. Notice that at the topographic surface, the original
order of the paleogeographic locations 2 and 3 in A) become inverted as a result of thrusting in C1 and C2. d: thrust sheet displacement.
FIGURE 1
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GEOLOGIC SETTING AND HISTORICAL BACKGROUND

The Cantabrian Zone constitutes the core of the
Ibero-Armorican Arc and is the external part of the
Variscan Orogen in the NW Iberian Peninsula (Lotze
1945) (Fig. 3). Structurally, it is characterized by thin-
skinned tectonics with a transport direction towards the
core of the arc (De Sitter, 1962; Julivert, 1971a; Pérez-
Estaún et al., 1988) (Figs. 4 and 5). The origin of the
arcuate shape has been controversial, its curvature
being attributed either to rotational movement of the
nappes (Julivert and Arboleya, 1984, a and b; Pérez-
Estaún et al., 1988), to late bending of a linear primi-
tive belt (Ries and Schackleton, 1976; Bonhommet et
al, 1981; Stewart, 1995; Van der Voo et al, 1997; Weil
et al. 2000; Kollmeier et al. 2000; Gutiérrez Alonso et

al., 2004; Weil, 2006) or to a combination of both
processes (Perroud, 1986; Hirt et al. 1992).

During Alpine orogenesis, the Cantabrian Zone was
uplifted and exhumed, as a result of a crustal thrust
(Alonso et al., 1996; Gallastegui, 2000), giving rise to the
Cantabrian Mountains. However, the Alpine orogeny
caused little internal deformation in the uplifted block, in
which some Variscan folds and thrusts were slightly reac-
tivated (Pulgar et al., 1999). 

Julivert (1967; 1971a) divided the Cantabrian
Zone into several geologic domains on the basis of
combined stratigraphic and structural features (Fig. 5)
and this division has generally been accepted into the
literature, sometimes with slight modifications (Pérez-
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A) An out of sequence breaching thrust
can carry younger beds on older ones (point Z) or
vice-versa (point X). Based on Butler (1987). B) The
same breaching thrust gives rise to duplication of a
former thrust stack composed of thrust sheets 1 and
2. d: breaching thrust displacement.

FIGURE 2



Estaún et al., 1988; Rodríguez Fernández and Here-
dia, 1988). The León Fault trends E-W along the
boundary that divides several of these provinces.
Towards the W, the fault changes to a NW trend, run-
ning along the Fold and Nappe Province (Marcos
1968, a, b) (Fig. 5). 

De Sitter (1962) first considered the León Fault to be
a significant paleogeographic boundary. He interpreted it
as an essential fault line that controlled both Devonian
and Carboniferous sedimentation and influenced Variscan
deformation. This interpretation was followed by other
geologists from the Dutch school (e.g. Rupke 1965; Sjerp
1967; Evers 1967, Raven 1983; Savage 1979, Nijman and
Savage, 1989).

On the other hand, the geologists of the Oviedo Uni-
versity have considered the León Fault to be a late
Variscan strike slip or tear fault of Westphalian to
Stephanian age (Marcos, 1968a, b; 1979; Lobato, 1975;
Julivert, 1967, 1971b, Julivert et al., 1977; Aller 1986,
Alonso, 1987; Rodríguez Fernández and Heredia, 1987,
1988; and Rodríguez Fernández, 1991). They also refer to
movements during post-Stephanian times. Other authors,
such as Kullmann and Schönenberg (1978) and Heward
and Reading (1980), suggested the León Fault is a dextral
strike-slip fault responsible for the control of sedimenta-
tion during the Carboniferous.

THE INTERPRETATION OF THE LEÓN FAULT AS A
BREACHING THRUST 

Several arguments supported by old and new mapping
data lead to consider the León Fault as a breaching thrust
(Figs. 6 to 10):

Structural features of the León Fault and its
relationship to other structures

The general cross-sections shown in Figs. 6 and 7,
the detailed cross-section of Fig. 8 and the structural
map of Fig. 9 illustrate the relationship between the
León Fault and other regional structures. The León
Fault displays many common features with the former
thrusts of the Cantabrian Zone, but differs in some fea-
tures typical of breaching thrusts. 

On the whole, the León Fault displays a map trace
and attitude similar to that of the Cantabrian Zone
thrusts, although locally it cuts across some of them
(Figs. 4, 5, 6A, 7A, 8, and 9). On the southern arm of
the Cantabrian Zone, the León Fault trace is sinuous,
trending alternatively NE and NW, following the same
direction respectively as frontal and lateral structures
of the thrust sheets in the southern branch of the
Cantabrian Zone (Alonso, 1987; Alonso et al., 1989)
(Fig. 9).
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Location of the Cantabrian Zone within the Variscan Orogen in Western Europe and North America (reconstruction of the Pangea in the area
surrounding Iberia after Lefort, 1989). Closed triangles: Variscan Front; heavy dotted: accretionary prism; light dotted: foreland fold-and-thrust belt.
FIGURE 3
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With regard to the hangingwall, the fault runs paral-
lel to the Bodón and Forcada thrusts along most of its
trace (Figs. 4 and 5). To the West, it cuts across the
Bodón Thrust developing hanging wall folds whose
axial traces run parallel to the tectonic transport direc-
tion. These folds can be interpreted as lateral ramp-
related folds. Until now, the León Fault was thought to
die out west of the Sobia (Fig. 5) but subsequent to
detailed mapping, we extend the fault trace northwards
(Fig. 10). In this area, the León Thrust splits north-
wards into several branches, which is a common fea-
ture of other major thrusts of the Cantabrian Zone
(compare the León Thrust splitting with the Somiedo
and the Sobia Thrusts branching northwards, Fig. 10).
This lateral change is evidence of the difficulties in

thrust propagation northwards, from a southern sector
dominated by major thrusts to a northern sector where
shortening is accommodated by folds (Julivert and
Arboleya, 1984a, b) or thrust-propagation folds (Alon-
so et al, 1991; Alonso and Marcos, 1992; Bulnes and
Aller, 2002). The westernmost splay of the León Fault
cuts and folds the overlying thrust units, named
Tameza and Somiedo, by way of a thrust propagation
fold (Figs. 9 and 10). Further north, the main splay of
the León Fault probably corresponds with the Granda
Thrust, which is also a breaching thrust (Alonso and
Marcos, 1992) (Fig. 5). 

The splitting of the León Thrust is also recorded
by displacement changes along its trace. This dis-
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A) Geological section and B) partially restored section across the León Fault in the Somiedo sector. Location and stratigraphic legend in
Fig. 4. C) Names of thrust sheets in simplified section. For this cross-section, constraints were derived from the deep-crustal seismic reflection pro-
file ESCICANTABRICA 1 (Pérez-Estaún et al. 1994). 

FIGURE 7



placement is some 20 km in the Porma sector (Fig. 6)
and about 9 km for the fault and its splays in the
Sobia sector (Fig. 7). This change could imply a
strong counterclockwise rotational movement of the
hangingwall of the León Thrust, although, in the
west, the thrust probably transfers part of its displace-
ment to the Pajares Fault (Aller, 1986), which we
have interpreted as an out-of-sequence back-thrust
because it also cuts many earlier structures (Figs. 7A
and 9). 

The León Fault displays all structural features of
breaching thrusts, cutting across earlier structures in
the footwall whereas in the hanging wall it presents
some well-developed flat regions (Figs. 6, 7, 9, and
10). The most common structural relationship between
the León Fault and its footwall is the truncation of ear-
lier structures: thrust surfaces (Sobia and Aramo
thrusts) and both frontal and lateral folds related to the
thrust sheets (Figs. 5 and 9). In some places, the trun-
cation of previous structures causes the León Fault to

The León out of sequence breaching thrust (NW Iberia)J.L. ALONSO et al.
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A) Geological map and B) detailed section across the León Thrust close to the Gold Mine of Salamón. Location in Fig. 4. FIGURE 8



carry younger rocks over older ones, as shown in Figs.
6A, 7A, 8, and 10, or viceversa (Figs. 4 and 10).

Duplication of former thrust sheets as a result of
the development of the León Thrust and conse-
quential paleogeographic inversion. 

When a breaching thrust attains several kms of dis-
placement it can give rise to duplication of the former
thrust sheets at regional scale (Fig. 2B). In order to under-
stand this type of duplication caused by the León Fault,
the Paleozoic paleogeography in the Cantabrian Zone
must first be described. The general stratigraphic succes-
sion of the area is shown in Figs. 4 and 11. Whereas the
preorogenic succession ranges from Cambrian to Late
Devonian and consists of marine sediments derived from
the core of the arc, the synorogenic succession is Car-
boniferous and consists of sediments that were derived
from the hinterland in the west (Julivert, 1978). The upper
part of the synorogenic sequence has not been illustrated
in Fig. 11 because it displays great variations in facies
and thickness and several syntectonic unconformities.

The preservation of the preorogenic sequence in the
Cantabrian Zone depends on the presence of a low-angle
unconformity of Fammenian age which is located at the
base of the Ermita Formation, resulting in a wedge which
becomes gradually thinner towards the center of the arc
(Fig. 12A). Thus, in the western part of the Cantabrian
Zone, the pre-Carboniferous Paleozoic succession is
almost complete, while in the eastern part, Devonian
rocks are not preserved. In fact, in the easternmost part of
the Ponga Nappe Province and in Picos de Europa

Province, even Ordovician-Silurian rocks are not pre-
served (Figs. 4, 5, and 12). This paleogeographic pattern
is clear in the northern arm of the arc, where thrust dis-
placement is usually small, not exceeding 5 km, both in
the former and in the out of sequence thrusts, and there-
fore the initial paleogeography was not very disturbed
during thrusting. However, in the southern branch of the
arc, this thinning of the sedimentary wedge towards the
center of the arch highlights a duplication when crossing
the León Fault, where the sequence of the Forcada Nappe
is less complete than that of the Laviana Nappe, located
ahead of it (Fig. 12B). Such a pattern implies a paleogeo-
graphic inversion similar to that which occurs by erosion
of breaching thrusts (Fig. 1). In fact, the thrust sheets
located in the hangingwall of the León fault are duplicat-
ed in its footwall in the same order. Thus, the stratigraph-
ic succession of the Forcada Nappe is very similar to the
Lower Ricacabiello Nappe and the stratigraphic record of
the Bodón Nappe is in its turn close to the Laviana Nappe
(Fig. 12B). That stratigraphic correlation is not only sup-
ported by the erosion level of the Ermita unconformity.
For instance, a characteristic condensed succession of
Carboniferous age, known as Ricacabiello Formation
(Sjerp, 1967) only occurs in the Forcada Nappe and the
foremost thrust sheets of the Ponga Nappe Province
(Heredia, 1991) (Fig. 12B). Taking the stratigraphic fea-
tures of the aforementioned nappes into account, the sim-
plest solution would consider the Forcada and Riosol-
Lower Ricacabiello Nappes as one tectonic unit and the
Bodón, Laviana, Rioseco and Upper Ricacabiello Nappes
as a different imbricate system. The later development of
the León Fault as a breaching thrust explains their duplica-
tion on the map (Figs. 6 and 13). The León Thrust could
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Structural sketch of the central sector of the León Thrust showing its relation with the surrounding structures.FIGURE 9



reutilize the foremost part of the Bodón Thrust, however,
we cannot determine accurately the primitive location and
displacement of the original Bodón Nappe, because its
foremost sector is deeply eroded (Fig. 6C and D). 

The rocks exposed in the footwall of the Forcada-
Riosol Nappe (Pisuerga-Carrión Province) also became
duplicated as a result of the development of the León
Thrust (Figs. 6E and 13). These rocks occur both at the
foremost sector of the Forcada-Riosol Nappe in the Esla
valley, and in the Porma valley, in the hanging wall of the
León Thrust (Fig. 13). Here, the Pisuerga-Carrión

Province was uplifted upon the Central Coal Basin. The
Carboniferous succession underlying the Forcada Nappe
in the Porma valley has until now been considered as part
of the Central Coal Basin (Julivert, 1967; Aller, 1986;
Barba, 1991; Heredia, 1991, among others) (Fig. 5), but
its olistostromic-mélange facies (Suárez et al., 1996;
Alonso et al, 2006) make it equivalent to the Maraña For-
mation (Heredia, 1991) of the Pisuerga-Carrión Province,
rather than to the well-stratified succession of the Central
Coal Basin situated in the footwall of the León Thrust in
this sector. Therefore, both the Maraña Formation and the
mélange of the Porma valley should be assigned to the
Pisuerga-Carrión province. The exhumation of the foot-
wall of the Forcada-Riosol Nappe in the hanging wall of
the León Thrust indicates that this breaching thrust is
rooted at the lowest regional detachment (Figs. 6 and 13).

Duplications of the former thrust units as result of the
development of the León Thrust also occur in the south-
western and southeastern sectors of the Cantabrian Zone.
In the western sector of the Cantabrian Zone, the León
Thrust caused the duplication of the early nappes: the
Somiedo Nappe and the Teverga Coal Basin in the hang-
ingwall, correspond to the Sobia Nappe and to the Quirós
Coal Basin in the footwall, respectively (Figs. 7C and 13).
Fernández González (1990, 1993) has reported the close
stratigraphic correspondence between the Teverga and
Quirós coal basins, which is consistent with Fig. 7C.
Regarding the pre-Carboniferous succession, a paleogeo-
graphic inversion occurs in this area which is more subtle
than the aforementioned one, because the Sobia Nappe
displays a Paleozoic succession more complete than in
the easternmost part of the Bodón Nappe (Fig. 14). In this
area, the paleogeographic boundaries such as the eastern
boundary of the Naranco Formation (Hc in Fig. 14) are
perpendicular to the transport direction of the nappes
(Alonso et al, 2008). If the Sobia Nappe were the same
thrust sheet as the Bodón Nappe, its stratigraphic succes-
sion (B in Fig. 14), including 300 m of the Naranco For-
mation, should have the paleogeographic position B´ in
Fig. 14. Therefore, the Sobia Nappe can be interpreted as
the foremost area of the Somiedo Nappe, which came
apart from it as a result of later development of the León
Fault (Figs. 7 and 13).

The most outstanding paleogeographic inversion is
observed in the eastern sector of the Cantabrian Zone,
where the Fold and Nappe Province displays facies closer
to the craton (Brouwer’s Astur-Leonese facies, 1964) than
in the Pisuerga-Carrión Province (Brouwer’s Palentine
facies, 1964), and with the boundary between both
provinces being the León Fault (Fig. 5). The Palentine
Nappes of the Pisuerga-Carrión Province (Fig. 15) com-
prise Devonian rocks with marine facies deeper than
those of the Fold and Nappe Province. This represents a
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Geological map of the Teverga area showing the relation-
ship between the León Fault and other regional structures, such as
earlier thrusts and folds. The Tameza and Somiedo thrusts are
deformed by the León Thrust according to a thrust-propagation fold
model. Location in Fig. 4.

FIGURE 10



paleogeographic anomaly for which different explana-
tions have been postulated: autochthonist (Kullmann and
Schönenberg, 1978) or allochtonist, either with nappes

derived from the north (Ambrose, 1972) or with gravita-
tional nappes derived from the south (Frankenfeld, 1983,
Keller et al., 2007). The current arrangement of both
domains on the geological map can be easily explained
with the interpretation of the León Fault as a breaching
thrust (Fig. 15). In this model, a paleogeographically
more internal domain than the Cantabrian Zone, probably
derived from the Westasturian-Leonese Zone, to the south
(see Fig. 4A) would have first been emplaced upon the
Cantabrian Zone giving rise to the so-called Palentine
nappes (Rodríguez Fernández, 1994). Then, a second
deeper thrust (León Thrust) rooted in the Cantabrian Zone
would have cut across the first one (Fig. 15), although in
this sector there are several faults rather than one isolated
fault. In this area, Keller et al. (2007) considered the
León-Ruesga Fault (Fig. 5) as a south-dipping reverse
fault involving the pre-Paleozoic basement. However, its
current attitude is north dipping and the top of the base-
ment is probably higher in the northern fault block than in
the southern one (Gallastegui, 2000), as depicted in the
cross-section in Fig. 6. The present overturned attitude of
the León Thrust in this sector (Fig. 15) may be mainly
attributed to a late Variscan N-S shortening recorded by
unconformable Stephanian rocks. Previous thrust-related
folds were tightened and their vergence became southerly
during this deformation, with a consequent thrust over-
turning in the southern arm of the Cantabrian Zone
(Alonso, 1987, 1989). South of the Ruesga Fault zone is a
domain known as the Valsurbio Dome, which exhibits a
well-developed Devonian succession, equivalent to the
one in the Somiedo Unit (Fig. 5) (Koopmans, 1962). The
Valsurbio Dome, although originating from Variscan
deformation, was strongly tightened during the Alpine
deformation (Marín et al., 1995) (Fig. 15). 

To sum up, the interpretation of the León Fault as a
breaching thrust allows a consistent reconstruction of the
preorogenic basin (Figs. 6D and 7B), such that the paleo-
geographic anomalies disappear once the displacement
along the León Thrust is removed.

IMPLICATIONS OF THE NEW INTERPRETATION OF
THE LEÓN FAULT IN THE GEOLOGICAL SUBDIVI-
SION OF THE CANTABRIAN ZONE

The geological division of the Cantabrian Zone based
on the new interpretation of the León Fault is shown in
Fig. 16. Unlike the previous division (Fig. 5), the new one
considers the Ponga Nappe Province and the Central Coal
Basin to be the same unit as the Bodón Unit, since both
are characterised by the same thrust sheets and their cur-
rent separation is the result of the later development of the
León Thrust (Figs. 6 and 13). Accordingly, the Bodón
Unit and the Ponga Nappe Province represent a single
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Generalized stratigraphic column of the preorogenic
sequence and the lower part of the synorogenic sequence of the
Cantabrian Zone.

FIGURE 11
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thrust sequence, instead of two different and subsequent
thrust sequences (Pérez Estaún and Bastida, 1990).

The Sobia Nappe is considered the more advanced
part of the Somiedo Nappe and not as part of the Bodón
Unit, which was the previous interpretation (Marcos,
1968 a; Julivert, 1971a; Pérez Estaún et al., 1988; among
others) (Figs. 7 and 13). 

The new division of the Cantabrian Zone is more con-
sistent with the stratigraphic features of the tectonic units
than the previous division, because the paleogeographic
inversions disappear and a simple paleogeographic pat-
tern is obtained after restoring the León breaching Thrust.
Therefore, the “paleogeographic anomalies” of the
Cantabrian Zone can be explained through structural
restorations. The Picos de Europa Province has been
included within the Bodón-Ponga Province (Fig. 16),
because its preorogenic succession is paleogeographically
equivalent to the more advanced part of the Ponga
Region.

The new interpretation of the León Fault implies the
modification of previously assumed thrust sequences in
the Cantabrian Zone in accordance with the orogenic
wedges theory (Davis et al, 1984; Morley, 1988; Nieuw-
land et al, 2000), in which thrusts propagate not only for-
ward (in sequence) but also out of sequence in order to
maintain the orogenic wedge slope during its growth. Fur-
thermore, the tectonic overload related to the León Thrust
allows us to understand how the main synorogenic basin
(Central Coal Basin) was preserved in a relatively rear
location of the orogenic wedge. This new interpretation

also requires a revision of previous tectonostratigraphic
models of the Cantabrian Zone (Marcos and Pulgar,
1982). For instance, the Teverga Basin and the Quirós
Basin were not two subsequent clastic wedges but a
unique foreland basin broken after its infilling, which is
consistent with their stratigraphic record (Fernández
González, 1990).

The relationship between the León Thrust and
the Esla Region

Above, a correlation between different structures, all
of them truncated by the León Fault and situated on both
of its walls (Forcada, Bodón and Somiedo Nappes, for
instance), has been set. In addition, the paleogeographic
inversion of the Pisuerga-Carrión Province has been rein-
terpreted. However, nothing has been said about the area
between the Pisuerga-Carrión Province and the aforemen-
tioned nappes. The Esla Region is situated in this inter-
mediate area, south of the León Thrust, and represents a
particular problem because no apparent duplication of the
former thrust sheets nor paleogeographic inversion occurs
across the León Fault. The structure of this region con-
sists of thrust duplexes (Alonso, 1987), which contrast
with the imbricate system found in the west. The Porma
Fault, which is parallel to the tectonic transport direction,
divides the two regions and has been interpreted as a tear
fault (Alonso, 1987) (Figs. 5 and 13). The so-called Lois-
Ciguera sector (Fig. 13) is to the north of the Esla Region
and the León Fault. This sector has traditionally been
considered as part of the Central Coal Basin (Julivert,
1971a; Aller, 1986, Barba et al., 1991) and of Picos de
Europa (Julivert, 1971a) (Fig. 5). Heredia (1991) includes

FIGURE 13 Structural sketch of the central sector of the León Thrust showing the duplications of the thrust units it gives rise to. The
same abbreviations for the tectonic units as in Fig. 5.
FIGURE 13
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it within the Ponga Nappe Province. Nevertheless, the
stratigraphic and structural features of this sector differ
both from those of the Central Coal Basin and of the Pon-
ga Nappe Province. In fact, the Lois-Ciguera stratigraphic
succession contains a much larger proportion of Carbonif-
erous limestones than the neighbouring sector of the Cen-
tral Coal Basin (Lillo sector of Aller, 1986). Furthermore,
it contains a limestone unit of Baskirian age (Yordas
Limestone of Alonso Herrero, 1981), a formation that
does not occur in this sector of the Central Coal Basin but
in other sectors further towards the hinterland, where it is
known as Valdeteja Limestone (Wagner et al., 1971). The
advanced location of the Valdeteja Limestone in the Lois-
Ciguera sector is consistent with the more advanced posi-
tion of the Devonian paleogeographic boundaries in the
Esla Region with regard to the western sectors, to the
west of the Porma Fault (Fig. 17). This implies that either
the Solle Fault (Sjerp, 1967), which separates the Lois
sector from the Ponga Region and the Central Coal Basin,
or the Salamón Fault, located within this sector, could be
considered as the northern extension of the Porma Fault

(Figure 13). Accordingly, the Lois-Ciguera sector could
be attributed to the Esla Region. These two regions would
now be apart as a result of the truncation of the Esla
Thrust System by the later development of the León
Thrust, similar to the western nappes (Figs. 13 and 16).

IMPLICATIONS OF THE NEW INTERPRETATION OF
THE LEÓN FAULT IN THE STRUCTURAL EVOLU-
TION OF THE IBERO-ARMORICAN ARC

New constraints on the kinematic models

The new interpretation of the thrust units in the
Cantabrian Zone has implications on the kinematic mod-
els proposed for the Ibero-Armorican Arc, the largest fea-
ture of the Variscan belt in Western Europe (Fig. 3). Many
discussions have arisen about the origin of that arc. The
transport directions in the core of the arc give the appear-
ance of a converging motion (Fig. 5) and this arrangement
has been interpreted in different ways:  
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Stratigraphic columns of the Upper Devonian and Lower Carboniferous in the westernmost sector of A) the Bodón Nappe, B) the Sobia
Nappe and C) the Somiedo Nappe. Notice the paleogeographic inversion across the León Fault.
FIGURE 14



1. As a result of a rotational emplacement of the
nappes, both counterclockwise (Julivert and Arboleya,
1984b) and clockwise (Pérez Estaún et al., 1988), imply-
ing a greater shortening in the southern arm of the arc
than in the northern one or vice-versa, respectively. 

2. Due to a late N-S shortening that bent an initial
nearly linear belt (Julivert, 1971b; Julivert and Marcos,
1973; Stewart, 1995; Van der Voo et al., 1997; Weil et al.,
2000; Kollmeier et al., 2000; Gutiérrez-Alonso et al.,
2004; Weil, 2006), 

The new view of some of the thrust units in the
Cantabrian Zone favour the second kinematic model,
instead of a progressive change in transport direction dur-
ing nappe emplacement. For instance, rotational models
assuming a different transport direction for the Bodón and
the Ponga units (Pérez Estaún et al., 1988) should proba-
bly be avoided, because both units were the same unit
breached later by the León Thrust. 

The age of the León Thrust and its role as a per-
sistent anisotropy controlling subsequent defor-
mations 

The displacement of the fault as a breaching thrust
took place around the Moscovian-Stephanian boundary,
because the Forcada-Riosol Nappe overlies a stratigraphic

unit containing limestone blocks of Podolskian-
Myachkovskian age (Evers, 1967; Heredia, 1991; Suárez
et al., 1996) (Fig. 13). The León Thrust, must have moved
later than this nappe, because it cuts across them, but
before Stephanian times. The present subvertical to over-
turned attitude of the León Thrust in the southern arm of
the Cantabrian Zone (Figs. 6A and 15) may be mainly
attributed to a late Variscan N-S shortening, recorded by
the unconformable Stephanian sequences. During this
deformation, previous thrust-related folds were tightened
and their vergence became southerly, with associated
thrust overturning in the southern arm of the Asturian Arc
(Alonso, 1987, 1989). Minor post-Stephanian reactiva-
tions of the León Fault, as shown in Fig. 8, may be attrib-
uted to flexural slip associated to this fold tightening.
This late episode of N-S shortening has also been docu-
mented with paleomagnetic data and was responsible for
most of the Asturian Arc curvature (Stewart, 1995; Weil et
al., 2000; Weil, 2006). 

The large out of sequence León Thrust, which
breached and carried for more than 10 km a nappe pile of
several kilometres thick, was a major crustal anisotropy,
controlling subsequent deformations. For instance, the
duplication of the pre-Variscan basement in Fig. 6A,
which has been attributed to the Alpine Orogeny (Gal-
lastegui et al., 1997), occurred just to the north of the
León fault. We should not rule out that this basement
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Geological section across the León Thrust with the new interpretation of the relationship between the Pisuerga-Carrión Province and the
Valsurbio Dome. Location in Fig. 4
FIGURE 15
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duplication may represent the reactivation of a late-
Variscan fault, that contributed to the lower crustal
thickening and subsequent lithospheric delamination
postulated during the arc tightening (Gutiérrez Alonso et
al, 2004). This is consistent with the Early Permian
hydrothermal activity and intrusion of small igneous
bodies around the León Fault documented by Valverde-
Vaquero et al. (1999), Crespo et al. (2000) and Gasparri-
ni et al. (2006). During Alpine orogenesis, the above-
mentioned duplication gave rise to the uplift of the
northern fault block, as recorded by the present relief,
with a regional level of summits higher than in the
southern block (Alonso et al., 2007). This uplift is also
recorded by the exhumation of late Variscan metamor-
phism in the northern fault block (Aller and Brime,
1985; García López et al, 2007). The eastern part of the
León Fault, named the Ubierna Fault (Fig. 5), was reac-

tivated as a Lower Cretaceous extensional fault and as a
reverse fault during the Alpine inversion (Espina et al.,
1996). In the western part of the León Fault, a splay
reverse fault overriding Cretaceous sediments also
records the Alpine uplift of the northern fault block
(Alonso et al., 2007).

COMPARISONS OF THE PALEOGEOGRAPHIC
INVERSION CAUSED BY THE LEÓN THRUST WITH
OTHER OROGEN-SCALE PALEOGEOGRAPHIC
INVERSIONS

Well-know examples of paleogeographic inversion
occur in the Prealps-Helvétic Nappes (now in reverse
order with respect to their initial arrangement) and in the
Apennines, where the Ligurian Nappe overtook the Tus-
can Nappes (Fig. 18A and B). In both examples, the pale-
ogeographic inversions are related to major klippes or tec-
tonic windows developed mainly as a result of nappe
stacking, although small out of sequence displacements
truncated the Ligurian Thrust (Fig. 18B). Paleogeograph-
ic inversions related to large breaching thrusts may also
produce apparent paleogeographic inversions at a regional
scale, but these are more difficult to recognize than those
related to classical tectonic windows, because both the
first thrust and later breaching thrusts usually dip in the
same direction, and therefore, the exhumation of a lower
tectonic unit in the midst of a upper imbricate thrust sys-
tem is not evident at first sight (Figs. 4, 6, 7, 13, 18C and
D, and compare Fig. 1C1 and C2). In fact, out of
sequence breaching thrusts give rise to particular types of
tectonic windows where both the rear and leading thrusts
are not the same folded thrust as in classical tectonic win-
dows, but subsequent thrusts.

CONCLUSIONS

Out of sequence breaching thrusts are known to be
responsible for internal deformation of orogenic wedges
in order to maintain their critical taper (Morley, 1988),
but no stress has ever been put on the role of this type of
thrusts in disrupting the palaeogeographical pattern of the
preorogenic sedimentary basins. Large breaching thrusts
may duplicate former thrust units in map view and give
rise to apparent paleogeographic inversions in a similar
way that large tectonic windows do. In fact, out of
sequence breaching thrusts give rise to a particular type of
tectonic window not evident at first sight because both the
rear and leading thrusts bounding the window dip to the
same direction. For large breaching thrust displacements,
structural correlation between previous truncated struc-
tures, located in different fault walls, may be difficult to
recognize, resulting in the misinterpretation of a complex
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Eastern boundaries of de Valdeteja and Naranco forma-
tions and their strike separation along the Porma and Solle Faults. 
FIGURE 17



The León out of sequence breaching thrust (NW Iberia)J.L. ALONSO et al.

469Geolog ica  Acta ,  7(4) ,  451-473 (2009)
DOI:  10.1344/105.000001449

Structural sketches and geological sections across A) the Alps (adapted from Escher et al. 1988) and B) Northern Apennines (adapted
from Pini, 1999 and Pini et al, 2004). C) and D) Geological sections across the Somiedo and Porma areas respectively, in the Cantabrian zone. TW:
tectonic windows related to the León Thrust. 

FIGURE 18



palaeogeographical pattern as a primitive feature of the
preorogenic sedimentary basin. 

The León Fault, an orogen-scale fault located in the
Variscan foreland fold-thrust belt of the Iberian Peninsula,
has caused much controversy in the understanding of
Iberian Paleozoic tectonics, being interpreted either as a
primitive synsedimentary fault or a strike-slip fault. The
León Fault displays all features of a breaching thrust: it
duplicates former thrust sheets and consequently it car-
ried younger rocks over older ones and vice versa.
Although locally it cuts across some major earlier thrust
surfaces, this fault follows the trace of the Asturian Arc
with a trend and attitude similar to that of other thrusts of
the Cantabrian Zone with which it shares many other
structural features (flats, lateral and frontal ramps, fault-
related folds, splitting to the northern branch of the arc).
To sum up, the new interpretation presents a simple
explanation for the apparently complex structural rela-
tionship between the hangingwall and the footwall of the
León Fault. 

Interpreting the León Fault as a breaching thrust pro-
vides a new view of the structure and palaeogeography of
the Cantabrian Zone. Several major tectonic units of the
Cantabrian Zone, long accepted in the geological litera-
ture, must be modified as a result of the new interpreta-
tion, because the earlier thrusts are duplicated on the geo-
logical map due to the later development of the León
Thrust. Hence, the Sobia Nappe is now considered the
most advanced part of the Somiedo Nappe while the For-
cada and Riosol nappes form one single nappe, whereas
the Sobia-Bodón Unit disappears. This implies a new sub-
division of the geological domains of the Cantabrian
Zone, consistent with the new tectonic units. In this new
division, a substantial part of the Fold and Nappe
Province is considered to be the same unit as the Ponga
Province. Furthermore, the southeast end of the latter
(Lois Sector) could be part of the Esla Region.

The new tectonic units here proposed for the Cantabri-
an Zone also imply a substantial modification of the
accepted emplacement sequence of the thrusts. Thus, the
Bodón Unit and the Ponga Nappe Province are claimed
here to represent one single thrust system, instead of two
different and subsequent thrust sequences, as suggested
previously. It also has implications on the kinematic mod-
els proposed for the Ibero-Armorican Arc, ruling out rota-
tional models assuming a different transport direction for
the Bodón and the Ponga units, because both units were
the same, breached later by the León Thrust.

Moreover, the explanation of the León Fault as a
breaching thrust clarifies the paleogeographic interpreta-
tion of the Cantabrian Zone. Some previous interpreta-

tions considered that fault as a primitive feature control-
ling Palaeozoic sedimentation and Variscan deformation.
Our new interpretation allows a palinspastic restoration
where the pre- and synorogenic basins can be consistently
reconstructed, such that the apparent paleogeographic
inversions found on the maps of the Cantabrian Zone can
be related to the duplication of the former tectonic units.

ACKNOWLEDGEMENTS 

We are indebted to Arlo Weil, Aviva Sussman and two
anonymous reviewers for accurate corrections and comments on
previous versions of this paper. We are also grateful to Josep
Poblet and Javier A. Pulgar for their comments. Ana Ojanguren
and Dan Tatham helped us with the English grammar of the
manuscript. This work was supported by Spanish CICYT
research project PB98-1545, and MICIN research projects
BTE2002-04316-C03-03, CGL2006-08822, CGL2006-12415-
C03-02, and the Consolider-Ingenio 2010 Programme, under
project CSD2006-0041, “Topo-Iberia”.

REFERENCES 

Aller, J., 1986. La estructura del sector meridional de las unidades
del Aramo y la Cuenca Carbonífera Central. Principado de
Asturias, Consejería de Industria y Comercio, 180 pp.

Aller, J., Brime, C., 1985. Deformación y metamorfismo en la
parte Sur de la Cuenca carbonífera Central (NO de España).
X Congrès International de Stratigraphie et de Géologie du
Carbonifère, Madrid, Servicio de Publicaciones del Instituto
Geológico y Minero de España, 3, 541-548.

Alonso, J.L., 1987. Sequences of thrusts and displacement trans-
fer in the superposed duplexes of the Esla Nappe Region
(Cantabrian Zone, NW Spain). Journal of Structural Geolo-
gy, 9, 969-983. 

Alonso, J.L. 1989. Fold reactivation involving angular uncon-
formable sequences: theoretical analysis and natural exam-
ples from the Cantabrian Zone (Northwest Spain). Tectono-
physics, 170, 57-77.

Alonso, J.L., Aller, J., Bastida, F., Marcos, A., Marquínez, J.,
Pérez Estaún, A., Pulgar, J.A., 1991. Mapa Geológico de
España. Scale 1:200.000, nº 2, Avilés. Madrid, Instituto Tec-
nológico Geominero de España, 103 pp, 1 map. 

Alonso, J.L., Álvarez Marrón, J., Pulgar, F.J., 1989. Síntesis car-
tográfica de la parte suroccidental de la Zona Cantábrica.
Universidad de Oviedo, Trabajos de Geología, 18, 145-153. 

Alonso, J.L., García-Alcalde, J., Aramburu, C., García-Ramos,
J.C., Suárez Rodríguez, A., Martínez Abad, I., 2008. Sobre
la presencia de la Formación Naranco (Devónico Medio) en
el Manto de Bodón: implicaciones paleogeográficas. Uni-
versidad de Oviedo, Trabajos de Geología, 28.

Alonso, J.L., Marcos, A., 1992. Nuevos datos sobre la estrati-
grafía y la estructura de la Sierra del Pedrosu (Zona Can-

The León out of sequence breaching thrust (NW Iberia)J.L. ALONSO et al.

470Geolog ica  Acta ,  7(4) ,  451-473 (2009)
DOI:  10.1344/105.000001449



tábrica, NW de España): Implicaciones tectónicas. Revista
de la Sociedad Geológica de España, 5(3-4), 81-88.

Alonso, J.L., Marcos, A., Suárez, A., 2006. Structure and orga-
nization of the Porma mélange: Progressive denudation of a
submarine nappe toe by gravitational collapse. American
Journal of Science, 306, 32-65.

Alonso, J.L., Martínez Abad, I., García-Ramos, J.C., 2007. Nota
sobre la presencia de una sucesión cretácica en el Macizo de
Las Ubiñas (Cordillera Cantábrica). Implicaciones tectóni-
cas y geomorfológicas. Geogaceta, 43, 47-50.

Alonso, J.L., Pulgar, F.J., García-Ramos, J.C., Barba, P., 1996.
Tertiary Basins and Alpine Tectonics in the Cantabrian
Mountains. In: Friend, P.F., Dabrio, C.J., (eds.). Tertiary
basins of Spain: The stratigraphic record of crustal kinemat-
ics. Cambridge, Cambridge University Press, 214-227. 

Alonso Herrero, E., 1981. Estudio geológico de la zona de
Riaño-Valdeburón (León, Noroeste de España). León, Tier-
ras de León, 43-44, 30 pp.

Álvarez Marrón, J., 1989. La estructura geológica de la Región
del Ponga (Zona Cantábrica, NW de España). Doctoral The-
sis. Oviedo (Spain), Universidad de Oviedo, 223 pp.

Álvarez Marrón, J., 1995. Three dimensional geometry and
interference of fault-bend folds: examples from the Ponga
Unit, Variscan Belt. Journal of Structural Geology, 17, 549-
560.

Ambrose, T., 1972. The stratigraphy and structure of the pre-
Carboniferous rocks Northwest of Cervera de Pisuerga.
Cantabrian mountains, Spain. Doctoral Thesis. Sheffield
(United Kingdom), University of Sheffield, 200 pp.

Arboleya, M.L., 1981. La estructura del Manto del Esla
(Cordillera Cantábrica, León). Boletín del Instituto Geológi-
co y Minero de España, XCII-I, 19-40. 

Barba, P., 1991. Estratigrafía y Sedimentología de la Sucesión
Westfaliense del Borde Sureste de la Cuenca Carbonífera Cen-
tral. Doctoral Thesis, Universidad de Oviedo, Oviedo, Spain. 

Barba, P., Heredia, N., Villa, E., 1991. Estratigrafía y edad del
Grupo Lena en el Sector de Lois-Ciguera (Cuenca Car-
bonífera Central, NO de España). Revista de la Sociedad
Geológica de España, 4, 61-77.

Bastida, F., Marcos, A., Pérez Estaún, A., Pulgar, J.A., 1984.
Geometría y evolución estructural del Manto de Somiedo
(Zona Cantábrica, NO de España). Boletín del Instituto
Geológico y Minero de España, XCV-VI, 517-539. 

Bonhommet, N., Cobbold, P.R., Perroud, H., Richardson, A.,
1981. Palaeomagnetism and cross-folding in a key area of
the Asturian arc (Spain). Journal of Geophysical Research,
86, 1873-1887.

Boyer, S.E., Elliot, D., 1982. Thrust Systems. Tulsa, American
Association of Petroleum Geologists Bulletin, 66, 1196-
1230.

Brouwer, A., 1964. Deux facies dans le Devonian des Mon-
tagnes Cantabriques meridionales. Breviora Geológica
Astúrica, VIII(1/4), 3-10.

Bulnes, M., Aller, J., 2002. Three-dimensional geometry of
large-scale fault-propagation folds in the Cantabrian Zone,

NW Iberian Peninsula. Journal of Structural Geology, 24,
827-846.

Bulnes, M., Marcos, A., 1994. Internal structure and kinematics
of Variscan thrust sheets in the valley of the Trubia River
(Cantabrian Zone, NW Spain): regional tectonic implica-
tions. International Journal of Earth Sciences, 90, 287-303.

Butler, R.W.H., 1987. Thrust sequences. Journal of Geological
Society of London, 144, 619-634.

Butler, R.W.H., Coward, M.P., 1984. Geological constraints,
structural evolution and deep geology of the Northwest
Scottish Caledonides. Tectonics, 3, 347-365.

Coward, M.P., 1980. The Caledonian thrust and shear zones of
NW Scotland. Journal of Structural Geology, 2, 11-17.

Crespo, J.L., Moro, M.C., Fadón, O., Cabrera, R., Fernández,
A., 2000. The Salamon gold deposit (León, Spain). Journal
of Geochemical Exploration, 71, 191-208.

Davis, D., Suppe, J., Dahlen, F.A., 1984. Mechanisms of fold-
and-thrust belts and accretionary wedges: Cohesive
Coulomb theory. Journal of Geophysical Research, 89,
10087-10101.

Escher, A., Masson, H., Steck, A., 1988. Coupes géologiques
des Alpes occidentales suisses. Mémoires de Géologie de
l’Université de Lausanne, 2, 5-11.

Espina, R.G., Alonso, J.L., Pulgar, J.A. 1996. Growth and prop-
agation of buckle folds determined from syntectonic sedi-
ments (the Ubierna fold Belt, Cantabrian Mountains, N
Spain). Journal of Structural Geology, 18, 431-441.

Evers, H.J., 1967. Geology of the Leonides between the Bernes-
ga and Porma rivers, Cantabrian Mountains, NW Spain. Lei-
dse Geologische Mededelingen, 41, 83-151.

Farias, P. 1982. La estructura del sector central de los Picos de
Europa. Universidad de Oviedo, Trabajos de Geología, 12,
63-72.

Fernández González, L.P., 1990. Estratigrafía, sedimentología y
paleogeografía de la región de Riosa, Quirós y Teverga-San
Emiliano. Doctoral Thesis. Universidad de Oviedo, Oviedo,
Spain, 322 pp.

Fernández González, L.P., 1993. La Formación San Emiliano
(Carbonífero de la Zona cantábrica, NO de España): estrati-
grafía y extensión lateral. Algunas implicaciones paleo-
geográficas. Universidad de Oviedo, Trabajos de Geología,
19, 97-122.

Frankenfeld, H., 1983. El manto de Montó-Arauz: inter-
pretación estructural de la Región del Pisuerga-Carrión
(Zona Cantábrica, NW de España). Universidad de Oviedo,
Trabajos de Geología, 13, 37-47.

Gallastegui, J., 2000. Estructura de la cordillera y margen conti-
nental cantábricos: perfiles ESCI-N. Universidad de Oviedo,
Oviedo, Trabajos de Geología, 22, 221 pp. 

Gallastegui, J., Pulgar, J.A., Alvarez Marrón, J., 1997. 2D seis-
mic modelling of the Variscan foreland thrust and fold belt
crust in NW Spain from ESCIN-1 deep seismic reflection
data. Tectonophysics, 269, 21-32.

García-López, S., Brime, C., Valín, M.L., Sanz-López, J., Basti-
da, F., Aller, J., Blanco-Ferrera, S., 2007. Tectonotermal

The León out of sequence breaching thrust (NW Iberia)J.L. ALONSO et al.

471Geolog ica  Acta ,  7(4) ,  451-473 (2009)
DOI:  10.1344/105.000001449



evolution of a foreland fold and thrust belt: the Cantabrian
Zone (Iberian Variscan belt, NW Spain). Terra Nova, 19,
469-475.

Gasparrini, M., Bechstädt, Th., Boni, M., 2006. Massive
hydrotermal dolomites in the southwestern Cantabrian Zone
(Spain) and their relation to the Late variscan evolution.
Marine and Petroleum Geology, 23, 543-568. 

Gutiérrez Alonso, G., Fernández Suárez, J., Weil, A.B., 2004.
Orocline triggered lithospheric delamination? In: Sussman,
A.J., Weil, A.B. (eds.). Paleomagnetic and Structural Analy-
sis of Orogenic Curvature. Special Paper of Geological
Society of America, 383, 121-131.

Heredia, N., 1991. Estructura Geológica de la Región del Mam-
podre y áreas adyacentes (Zona Cantábrica). Doctoral The-
sis. Oviedo (Spain), Universidad de Oviedo, 320pp.

Heward, A., Reading, A.G., 1980. Deposits associated with a
Hercynian continental strike-slip system, Cantabrian Moun-
tains, Northern Spain. Special Publications of International
Association of Sedimentologists, 4, 105-125.

Hirt, A.M., Lowrie, W., Julivert, M., Arboleya, M.L., 1992.
Paleomagnetic results in support of a model for the origin of
the Asturian arc. Tectonophysics, 213, 321-339.

Julivert, M., 1967. La ventana del Río Monasterio y la termi-
nación meridional del Manto del Ponga. Universidad de
Oviedo, Trabajos de Geología, 2, 59-76.

Julivert, M., 1971a. Décollement tectonics in the Hercynian
cordillera of NW Spain. American Journal of Science, 270,
1-29.

Julivert, M., 1971b. L’évolution structurale de l’arc asturien. In:
Histoire structurale du Golfe de Gascogne, Technip, París, 1,
1-28. 

Julivert, M., 1978. Hercynian orogeny and carboniferous paleo-
geography in NW Spain: a model of deformation-sedimen-
tation relationships. Zeitschrift der Deutschen Geologischen
Gesellschaft, 129, 565-592.

Julivert, M., Arboleya, M.L., 1984a. A geometrical and kinemat-
ical approach to the nappe structure in an arcuate fold belt:
the Cantabrian nappes (Hercynian Chain, NW Spain). Jour-
nal of Structural Geology, 6, 499-519.

Julivert, M., Arboleya, M.L., 1984b. Curvature increase and
structural evolution of the core (Cantabrian Zone) of the
Ibero-Armorican Arc. Bulletin Sciences Geologiques, 37, 5-
11.

Julivert, M., Marcos A., 1973. Superimposed folding under flex-
ural conditions in the Cantabrian Zone (Hercynian
Cordillera, northwestern Spain). American Journal of Sci-
ence, 273, 353-375.

Julivert, M., Marcos, A., Pérez Estaún, A., 1977. La estructure
de la chaîne hercynienne dans le secteur ibérique et l’arc
ibero-armoricain. In: La chaîne varisque d’Europe moyenne
et occidentale. Colloque International, Rennes, Centre
National de la Recherche Scientifique (CNRS), 243, 429-
440.

Keller, M., Bahlburg, H., Reuther, C.D., Weh, A. 2007. Flexural
to broken foreland basin evolution as a result of Variscan

collisional events in northwestern Spain. In: Hatcher, R.D.,
Carlson, M.P., McBride, J.H., Martínez Catalán, J.R., (eds.).
4-D Framework of Continental Crust. Geological Society of
America Memoir, 200, 22 pp. 

Kollmeier, J.M., Van der Pluijm, B.A, Van der Voo, R., 2000.
Analysis of Variscan dynamics; early bending of the
Cantabria-Asturian Arc, northern Spain. Earth and Planetary
Science Letters, 181, 203-216.

Koopmans, B.N., 1962. The sedimentary and structural history
of the Valsurbio Dome (Cantabrian Mountains, Spain). Lei-
dse Geologische Mededelingen, 26, 121-232.

Kullmann, J., Schönenberg, R., 1978. Facies differentiation
caused by wrench deformation along a deep-seated fault
system (León line, Cantabrian Mountains, North Spain),
Tectonophysics, 48, T15-T22.

Lefort, J.P., 1989. Basement Correlation across the North
Atlantic. Berlin, Springer-Verlag, 148 pp.

Lobato, L., 1975. La Falla de León y estructuras adyacentes
entre los ríos Porma y Cea (Cordillera Cantábrica). Tierras
de León, 20, 13-25.

Lotze, F., 1945. Zur Gliederung der Varisziden der Iberischen
Meseta. Geotektonische Forschungen, 6, 78-92.

Marcos, A., 1968a. La tectónica de la Unidad de La Sobia-
Bodón. Universidad de Oviedo, Trabajos de Geología, 2, 59-
87.

Marcos, A., 1968b. Nota sobre el significado de la “Leon Line”.
Breviora Geológica Astúrica, 12, 1-15. 

Marcos, A., 1979. Facies differentiation caused by wrench
deformation along a deep-seated fault system (León line,
Cantabrian Mountains, North Spain) - Discussion. Tectono-
physics, 60, 303-309.

Marcos, A., Pulgar, J.A., 1982. An approach to the tectonostrati-
graphic evolution of the Cantabrian foreland thrust and fold
belt, Hercynian Cordillera of NW Spain. Neues Jahrburg für
Geologie und Paläontologie Abhanndlungen, 163(2), 256-
260.

Marín, J.A., Pulgar, J.A., Alonso, J.L., 1995. La deformación
alpina en el Domo de Valsurbio (Zona Cantábrica, NO de
España). Revista de la Sociedad Geológica de España, 8(1-
2), 111-116.

Morley, C.K., 1988. Out-of-sequence thrusts. Tectonics, 7(3),
539-561.

Nieuwland, D.A., Leutscher, J.H., Gast, J., 2000. Wedge equi-
librium in fold-thrust belts: prediction of out-of sequence
thrusting based on sandbox experiments and natural exam-
ples. Geologie en Mijnbouw, 79(1), 81-91.

Nijman, W., Savage, J.F., 1989. Persistent basement wrenching
as controlling mechanism of Variscan thin-skinned thrusting
and sedimentation, Cantabrian Mountains, Spain. Tectono-
physics, 169, 281-302.

Pérez Estaún, A., Bastida, F., 1990. Cantabrian Zone: structure.
In: Dallmeyer, R.D., Martínez García, E. (eds.). Pre-Meso-
zoic Geology of Iberia. Berlin, Springer-Verlag, 55-69. 

Pérez-Estaún, A., Bastida, F., Alonso, J.L., Marquínez, J., Aller,
J., Alvarez-Marrón, J., Marcos, A., Pulgar, J.A., 1988. A

The León out of sequence breaching thrust (NW Iberia)J.L. ALONSO et al.

472Geolog ica  Acta ,  7(4) ,  451-473 (2009)
DOI:  10.1344/105.000001449



thin-skinned tectonic model for an arcuate fold and thrust
belt: Cantabrian zone. Tectonics, 7(3), 517-537.

Pérez-Estaún, A., Pulgar, J.A., Banda, E., Alvarez-Marrón, J.,
ESCIN Research Group, 1994. Crustal structure of the
external Variscides in northwest Spain from deep seismic
reflection profiling. Tectonophysics, 232, 91-118.

Perroud, H., 1986. Paleomagnetic evidence for tectonic rotations
in the Variscan belt. Tectonics, 5, 205-214.

Pini, G.A., 1999. Tectonosomes and olistostromes in the Argille
Scagliose of the Northern Apennines, Italy. Geological Soci-
ety of America, Special Paper, 335, 1-70. 

Pini, G.A., Lucente, C.C., Cowan, D.S., De Libero, C.M., Del-
lisanti, F., Landuzzi, A., Negri, A., Tateo, F., Del Castello, M.
Morrone, M., Cantelli, L., 2004. The role of olistostromes and
argille scagliose in the structural evolution of the Nothern
Apennines. In: Guerrieri, L., Rischia, I., Serva, L. (eds.). Field
Trip Guidebooks. 32nd International Geological Congress
(IGC), Florence, August 20-28, 2004, Memorie Descrittive
della Carta Geologica d’Italia, 63(1), B13, 1-40.

Pulgar, J.A., Alonso, J.L., Espina, R.G., Marín, J.A., 1999. La
deformación alpina en el basamento varisco de la Zona Can-
tábrica. Universidad de Oviedo, Trabajos de Geología, 21,
283-294.

Pulgar, J., Gallart, J., Fernández Viejo, G., Pérez Estaún, A.,
Alvarez Marrón, J., ESCIN group, 1996. Seismic image of
the Cantabrian Mountains in the western extensión of the
Pyrenees from integrated ESCIN reflection and refraction
data. Tectonophysics, 264, 1-19.

Raven, J.G.M., 1983. Conodont bioestratigraphy and deposi-
tional history of the middle Devonian to lower Carbonifer-
ous in the Cantabrian zone (Cantabrian mountains, Spain).
Leidse Geologische Mededelingen, 52(2), 265-339. 

Ries, A.C., Schackleton, R.M., 1976. Pattern of strain variation
in arcuate fold belts. Philosophical Transactions of the Roy-
al Society of London, 283, 281-288.

Rodríguez Fernández, L.R., 1991. Evolución tectonosedimenta-
ria del NO del Macizo Ibérico durante el Carbonífero.
Cuadernos do Laboratorio Xeolóxico de Laxe, 16, 37-52.

Rodríguez Fernàndez, L.R., 1994. La estratigrafía del Paleo-
zoico y estructura de la Región de Fuentes Carrionas y áreas
adyacentes (Cordillera Cantábrica, NO de España). Labora-
torio Xeolóxico de Laxe, Sada (A Coruña), Ediciós do Cas-
tro, Serie Terra Nova, 9, 240 pp.

Rodríguez Fernández, L.R., Heredia, N., 1987. La estratigrafía
del carbonífero y la estructura de la Unidad del Pisuerga-
Carrión. Cuadernos do Laboratorio Xeolóxico de Laxe, 12,
207-229.

Rodríguez Fernández, L.R., Heredia, N., 1988. Evolución
tectonosedimentaria de una cuenca de antepaís ligada a una
cadena arqueada: el ejemplo de la unidad del Pisuerga-Car-
rión (Zona Cantábrica, NO de España). In: III Congreso
Geológico de España. Granada, Instituto Geológico y
Minero de España, Simposio sobre cinturones orogénicos,
65-74. 

Rupke, J., 1965. The Esla Nappe, Cantabrian Mountains
(Spain). Leiden (The Netherlands), Leidse Geologische
Mededelingen, 32, 74 pp.

Savage, J.F., 1979. The Hercynian orogeny in the Cantabrian
Mountains. Kristalinikum, 14, 91-108.

De Sitter, L.U., 1962. The structure of the Southern slope of the
Cantabrian Mountains. Leidse Geologische Mededelingen,
26, 255-264.

Sjerp, N., 1967. The geology of the San Isidro-Porma area
(Cantabrian Mountains, Spain). Leidse Geologische Med-
edelingen, 39, 55-128.

Stewart, S.A., 1995. Paleomagnetic analysis of fold kinematics
and implications for geological models of the Cantabrian-
Asturian arc, north Spain. Journal of Geophysical Research,
100, 20079-20094.

Suárez, A., Alonso, J.L., Marcos, A., 1996. La colocación de los
klippes del área del Porma (Zona Cantábrica, NO de
España). Geogaceta, 20, 871-874.

Valverde-Vaquero, P., Cuesta, A., Gallastegui, G., Súarez, O.,
Corretgé, L.G., Dunning, G.R., 1999. U-Pb dating of late-
Variscan magmatism in the Cantabrian Zone (Northern
Spain). Terra Abstracts, 11, 101.

Van der Voo, R., Stamatakos, J.A., Parés, J.M., 1997. Kinemat-
ics constraints on thrust-belt curvature from sindeformation-
al magnetizations in the Lagos del Valle Syncline in the
Cantabrian Arc, Spain. Journal of Geophysical Research,
102, 10105-10119.

Wagner, R.H., Wrinkler Prins C.F., Reading, R.E., 1971. Lihos-
tratigraphic units of the lower part of the Carboniferous in
northern León, Spain. Universidad de Oviedo, Trabajos de
Geología, 4, 603-663.

Weil, A.B., 2006. Kinematics of orocline tightening in the core
of an arc: Paleomagnetic analysis of the Ponga Unit,
Cantabrian arc, northern Spain. Tectonics, 25, TC3012.
DOI: 10.1029/2005TC001861. 

Weil, A.B., Van der Voo, R., Van der Pluijm, B.A., Parés, J.M.,
2000. The formation of an orocline by múltiple deforma-
tions: a paleomagnetic investigation of the Cantabria-
Asturias Arc, (Cantabria Zone, northern Spain). Journal of
Structural Geology, 22, 735-756.

The León out of sequence breaching thrust (NW Iberia)J.L. ALONSO et al.

473Geolog ica  Acta ,  7(4) ,  451-473 (2009)
DOI:  10.1344/105.000001449

Manuscript received March 2009;
revision accepted May 2009;
published Online September 2009.


