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ABSTRACT

Ribeiro, A., Kullberg, M.C., Kullberg, J.C., Manuppella, G. and Phipps, S., 1990. A review of Alpine tectonics in Portugal:
Foreland detachment in basement and cover rocks. In: G. Boillot and J.M. Fontboté (Editors), Alpine Evolution of Iberia
and its Continental Margins. Tectonophysics, 184: 357-366.

The Alpine foreland in Portugal was deformed by compressional tectonism during the Miocene. In the NNE-SSW
oriented Lusitanian Basin, most folds and thrusts in the Meso-Cenozoic cover are oriented ENE-WSW, parallel to the Alpine
front in the Betic Cordillera, and verge towards the north-northwest and south-southeast. The thrusts are connected by lateral
ramps: most of these are oriented NNE-SSW to N-S and show sinistral movement, and some are transpressional. The lateral
ramps result from reactivation of older extensional faults related to crustal thinning of the continental margin. In the E-W
oriented Algarve Basin a simpler basin inversion occurred, with older FE-W normal faults reactivated as essentially pure
thrusts. In both basins Alpine structures formed above décollements in the Hettangian evaporite—clastic complex. Variscan
basement was also deformed by ENE-WSW reverse faults during Miocene time. The similarity in orientation and style of the
basement structures to those in the cover suggests that they also occurred by detachment, but their larger scale indicates that
the detachment is deep and involves much of the crust. Thus, we interpret the Central Cordillera, in which basement rocks are
thrust over Miocene sediments on both sides, as a “pop-up” of crustal scale, elevated above downward-flattening faults that
dip towards each other and merge into a single deep detachment. Alpine structures in the Iberian foreland are therefore
similar in structural style to those of the Appalachian and Laramide forelands of North America and the Alpine foreland of
northwest Europe.

Introduction will then speculate on the larger scale structure
and on the Alpine geodynamics of the region.

In this paper we will briefly summarize our In the interior of the Iberian block (Hisperic

present knowledge of the Alpine structural geol-
ogy of western Iberia, with the emphasis on
Portugal. We will review our own recent work
onshore, describing selected structures and our
interpretation of each, but can here refer only in
passing to offshore work that has been carried out
by many authors (for reviews of various aspects,
see Baldy et al., 1975, 1976; Boillot et al., 1979,
1987; Mougenot, 1983, 1989; Sibuet, 1987). We
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massif), Alpine structures result mainly from re-
activation of Variscan and late Variscan structures
(Ribeiro et al,, 1979) (Fig. 1). Along the continen-
tal margins of the block, however, the Variscan
structures had been modified by Mesozoic exten-
sion related to the opening of the Atlantic and
Tethys oceans. Near the continental margin, it was
these new structures that were subsequently re-
activated by the Alpine collision. We must there-
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Fig. 1. Map of structures active in Portugal during the Alpine collision. [ = Strike-slip faults; 2 = thrust faults; 3 = probable thrust

faults; 4 = Caldas da Rainha salt diapir; 5 = Faro; 6= Lisbon; 7 = Oporto; 8 = location of Fig. 2; 9 = location of schematic cross

section in Fig. 4. A4 = Arrabida chain; S = Sintra; Si= Sines; M = Monchique; LSF = Lousi-Seia fault; LTFZ = Low Tagus fault

zone;, MF = Messejana fault; MS = Montejunto structure; PF = Ponsul fault; SBVT = Serra de Boa-Viagem thrust; SPNF=
Setabal—Pinhal Novo fault; SSIiMF = Sintra—Sines—Monchique fault; VF = Vilariga fault.
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fore refer briefly to the extensional structures be-
fore discussing the Alpine inversion that they con-
trol.

The opening of the Atlantic

From Permian to Cretaceous time, the opening
of the Atlantic and Tethys oceans formed passive
margins in western and southern Iberia (the Lusi-
tanian and Algarve—Guadalquivir basins respec-
tively). The onshore evolution of these margins is
well known from the geological record (Ribeiro, et
al., 1979; Wilson, 1975, 1979, 1986; Wilson et al.,
in press), and the deep structure of the Lusitanian
Basin has been studied by seismic methods (Victor
et al., 1980; Wilson et al,, in press), the latter have
also been used extensively offshore (Mougenot,
1989).

Subsidence along the Lusitanian and Algarve
margins was controlled by typical extensional
tectonics. In the Algarve, the Mesozoic section
thickens radically southward across flexures that
trend subparallel to the coastline (Ribeiro et al.,
1984; Manuppella, 1987a, b, 1988; Manuppella et
al., 1988). These flexures probably overlie base-
ment normal faults. Sedimentary facies (e.g. the
abundance of conglomerates) and thickness
changes suggest that these were synsedimentary
growth structures (Manuppella, 1987b). The Lusi-
tanian Basin contains normal faults oriented be-
tween N-S and NNE-SSW, some of them listric,
indicating nearly E~-W extension; thickness varia-
tions and local debris-flow deposits likewise sug-
gest that these were synsedimentary structures
(Crispim and Ribeiro, 1986; Guéry et al., 1986;
Wilson, 1986; Montenat et al., 1988).

In Cretaceous time, the Bay of Biscay opened
as a sphenochasm as a consequence of triple-junc-
tion evolution, inducing sinistral rotation of Iberia
(e.g. Carey, 1955; van der Voo, 1969; Dewey et al.,
1973). Subvolcanic alkaline ring complexes (Sintra,
Sines, Monchique) were emplaced at that time.
Rift migration may have changed the stress field
and deeply fractured the previously thinned con-
tinental margins; the fractures may control the
location of the alkaline complexes (Ribeiro et al.,
1985; Kullberg, 1985).

359

Fig. 2. Structures active in the Miocene in the Arrabida—-Sintra
region (modified from Ribeiro and Ramalho, 1986). L =
Lisbon; S = Setlbal; SD = Sesimbra salt diapir; SMD = Sintra
magmatic diapir; CA = Cortegaga anticline (north of Maria
Dias region); FA=Formosinho anticline (Arrabida chain);
SLA=-Sdo Luis anticline; LTFZ =Low Tagus fault zone;
PGMDOT = Praia Grande-Maria Dias-Olelas thrust; PF=
Palmela fault; TGF = Tagus Gargalo fault; SPNF = Setibal-
Pinhal Novo fault; SSiMF = Sintra-Sines—Monchique fault.
oy = Maximum compressive stress direction during the
Miocene. C-D = Location of schematic cross section in Fig. 3.

The Sintra intrusion produced a dome in the
overlying sedimentary rocks that is strongly elon-
gated E-W and is cut by a N-verging thrust
(Kullberg, 1984, 1986). This thrust was reactivated
and lengthened during Alpine compression, for-
ming the Praia Grande - Maria Dias - Olelas
thrust (Fig. 2). The Sintra dome may be asymmet-
ric because the diapir was sheared and rotated
during its emplacement along a deep strike-slip
zone.

During the Cretaceous, some late Variscan
faults in the interior of Iberia (striking NNE-SSW
and NE-SW) were probably reactivated with
sinistral strike-slip motion (Ribeiro et al., 1979).
In onshore western Iberia, Late Cretaceous—
Paleogene convergence between Iberia and Furasia
is only expressed by sedimentation in foreland
basins such as the Douro Basin (Carvalho et al.,
1985).
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Alpine collision: geometry of structures in the cover

The west Iberian margin and the Algarve Basin
lie in the foreland of the Betic Cordillera, the
Iberian segment of the Alpine chain, but are far
(approximately 400 and 200 km respectively) from
the northwestern margin of the thrust belt. Never-
theless, the Alpine orogeny produced structures in
these distant foreland regions. Oligocene conver
gence between Eurasia and Africa was oriented
NNE-SSW; secondary extension within the Eura-
sian plate produced a system of grabens oriented
in that direction (Tapponnier, 1977). The Low
Tagus Basin (Fig. 1) belongs to this system and is
bounded to the northwest by the Low Tagus fault
and to the southeast by the Messejana fault
(Carvalho et al., 1985), which offsets the Moho
(Hirn et al., 1983).

During Miocene time, the convergence between
Eurasia and Africa rotated to a NNW-SSE direc-
tion (Tapponnier, 1977). Basin inversion was
marked by basement thrusting in the Central
Cordillera (Cabral, 1983; Dias and Cabral, 1988).
In the Lusitanian and Algarve basins, the Meso-
Cenozoic cover was deformed in a thin-skinned
style with décollement in the Hettangian evaporites
(e.g. Manuppella, 1987d; see also fig. 10 of Wilson
et al., in press).

Algarve Basin

In the Algarve Basin, a complex of faults was
active. Faults striking NE-SW and NW-SE acted
as left- and right-lateral shears respectively. E—
W-striking faults—many corresponding to Meso-
zoic rift-stage normal faults and flexures — acted
primarily as N-verging reverse faults and over-
thrusts (Manuppella, 1987b, d). These are associ-
ated with anticlines with structural relief as large
as 1 km (Manuppella, 1987a, b, ¢, d). Faults and
folds are detached in the Hettangian evaporites;
diapiric structures, which began to ascend during
Mesozoic extension, were accentuated during the
Alpine deformation (Ribeiro et al., 1984; Manup-
pella, 1987a, b, ¢, d). Along the western Algarve
coast, in extreme southwestern Portugal, the strike
of these structures bends to follow the coastline,
becoming almost NE-SW near Lagos and Sagres
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(Oliveira, 1984). On the northern edge of the Al-
garve Basin, the contact of the Mesozoic rift se-
quence with the underlying Paleozoic “basement”
—which here consists of weakly metamorphosed
Carboniferous turbidites—is repeated along faults
that parallel regional strike (Oliveira, 1984); this
relationship suggests that Alpine-age thrusts in-
volve the Paleozoic in this area. The geometry of
all these structures suggests that, in the Algarve,
the Alpine compression was subparallel to the
previous N-S extension, and simple basin inver-
sion occurred.

Lusitanian Basin

The structures in the Lusitanian Basin along
the west Iberian margin are more complex than
those in the Algarve Basin. The complexity owes
in part to a geometrically more complicated inter-
action between the Alpine stress field and pre-ex-
isting fractures, and in part to the interplay of
halokinesis and orogenesis as the structures were
formed.

Among the more important structures are the
thrust complexes of Sintra and Arrabida, the
Montejunto fold /fault complex, and the Serra de
Boa - Viagem thrust. The Sintra and Arrabida
structures are described in the following sections.
The Montejunto structure is a faulted anticline
with an overall NE-SW trend, but is bent sharply
in the middle, where the structural trend is almost
E-W (Zbyszewski et al., 1965, 1966). To the north
of this bend, the west limb of the fold is gentle,
whereas the east limb is steep and is cut by a
thrust that carries the Mesozoic out over the Ter-
tiary. To the south of the bend, the east limb dips
moderately while the west limb is steep. Here,
overthrusting occurs in both directions, but that to
the west appears to be dominant. At the bend, the
highest part of the anticline is thrust both to the
north and to the south; we interpret this structure
as a “pop-up” structure within the Mesozoic sedi-
mentary rocks. While salt tectonics may have con-
tributed to the formation of the Montejunto struc-
ture (Wilson, 1986; Wilson et a., in press), abun-
dant outcrop-scale folds and thrust and reverse
faults present strong evidence for shortening, both
with respect to bedding and the present horizon-
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tal. We suggest that the Montejunto structure was
probably formed mostly by compressional and /or
transpressional deformation. The Serra de Boa —
Viagem thrust system in the Lusitanian basin 150
km north of Lisbon (Fig. 1) (Manuppella et al.,
1976; Rocha et al., 1981) consists of an arcuate
fault network with the frontal, E-W-striking thrust
probably representing a larger proportion of dip-
slip (shortening) in the total fault movement, while
the more N-S-striking faults on the flanks of the
arc appear to have a larger component of strike-
slip.

Along the west Iberian margin, the Alpine com-
pression appears to have been at a lower angle to
the mean orientation of the rift faults, which were
oriented NNE-SSW; this obliquity is probably
responsible for the complex structures. Older faults
that were nearly perpendicular to the compression
deflected the bedding-plane thrusts upwards, for-
ming ramps with associated folds. The rift
boundary faults and subsidiary intrarift faults that
were subparallel to them were oblique to the maxi-
mum compressional stress, and apparently be-
haved as lateral ramps and transfer zones for the
Alpine thrusts (Ribeiro, 1988; Ribeiro et al.,
1988a). Examples include the NNE-SSW to NE-
SW boundary faults of the Montejunto structure.

Sintra

In the Sintra region, major thrust systems and
short-wavelength folds trend between E-W and
WSW--ENE (Kullberg, 1985). These structures are
clearly N-verging; folds are asymmetric and their
axial planes are commonly cut by faults that carry
their normal limbs out over their steep limbs,
partially obscuring the latter. The structures affect
the Mesozoic sequence, the basaltic flows of the
latest Cretaceous to Paleocene Lisbon Volcanic
Complex, Paleogene continental conglomerates,
and some early Miocene deposits. NE-SW-strik-
ing sinistral strike-slip faults, which were formed
during the emplacement of the Sintra Eruptive
Complex, were locally reactivated during the Al-
pine compression. These faults acted as lateral
ramps for the Alpine thrust systems and delimit
internally deformed but semi-independent blocks
(e.g. the Cortegaca anticline and the Maria Dias

361

region) (Kullberg, 1984, 1986; Reis, 1987). The
Alpine compression also formed “pincée” struc-
tures over some early extensional structures that
has formed simultaneously with the extrusion of
the Lisbon Volcanic Complex (Kullberg et al.,
1985). The orientation of structures in the Sintra
region suggests that the maximum compression
during the Miocene was oriented approximately
NNW-SSE.

Arrabida

The most elegant example of thin-skinned Al-
pine tectonics in west Iberia occurs in the Arrabida
chain, south of Lisbon (Ribeiro and Ramalho,
1986). The Arrabida thrust belt trends ENE-
WSW, parallel to the Betic Cordillera and extends
for about 30 km. At the eastern end of the thrust
belt, near Setubal, seismic data shows that dis-
placement on the Arrabida structures is trans-
ferred northward about 12 km to the vicinity of
Pinhal Novo, from which the structures continue
to the northeast. To the west, the Arrabida struc-
tures continue offshore on the continental plat-
form for at least 5 km (Boillot et al., 1978).

The Arrabida chain is dominated by thrusts
striking ENE-WSW and associated anticlines: the
structures are S-verging (Ribeiro and Ramalho,
1986). Oblique ramps oriented N-S show sinistral
strike-slip and E-vergin reverse movement. These
ramps reactivate normal faults related to the rift-
ing of the Lusitanian Basin, as shown in the
pre-Late Jurassic core of the S3o Luis anticline.
The Arrabida thrust system probably terminates
offshore to the west against a right-lateral transfer
zone (tear fault) conjugate to the left-lateral
Setibal-Pinhal Novo fault (Boillot et al.,, 1978)
(Fig. 2). Both transfer zones occur above the main
boundary faults of the Lusitanian Basin. The
geometry of the N-verging Serra de Boa — Viagem
thrust system in the Lusitanian Basin (Fig. 1) may
be similar.

Two anomalous structures do not fit the gen-
eral pattern of the Arrabida thrust system. The
Palmela fault slice exhibits younger-on-older fault
relationships, with a section removed along the
fault, and contains a basal breccia, suggesting that
the slice formed as Miocene cover rocks slid from
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Fig. 3. Deep structure of Arrdbida-Sintra region during Alpine compression (modified from Ribeiro and Ramalho, 1986); for
location see Fig. 2. MC = Meso-Cenozoic; Pz = Paleozoic; PC = Precambrian.

the crest of the rising S3o Luis anticline (Fig. 2)
(Ribeiro and Ramalho, 1986). The second anoma-
lous structure, the Sesimbra diapir (Fig. 2), is
cored by the Hettangian evaporite-redbed com-
plex, and may have been formed during the Late
Cretaceous along the dextral strike-slip fault con-
necting the Sintra, Sines and Monchique igneous
complexes. The rocks presently exposed at the
surface at Sesimbra were transported to the
south-southeast during the main Alpine thrusting.

Thrusting in the Arrabida belt can be dated
precisely. In the southern anticlines (e.g. For-
mosinho), the Langhian is unconformable on the
Burdigalian, and the thrusts were reactivated after
deposition of the Tortonian (Ribeiro and Ramalho,
1986). In the northern antichines (e.g. Sdo Luis),
sedimentation was continuous from the Burdiga-
lian to the Tortonian (Ribeiro and Ramalho, 1986),
but the Pliocene unconformably overlies the folded
and thrusted Miocene sequence. The deformation
is thus Miocene in age, but there are indications
that it consisted of several pulses. The S-verging
deformation migrated from south to north—an
example of backward progradation or an “over-
step sequence”.

In the Sintra—Arrabida region, erosion between
the tectonic pulses apparently influenced the
structural style. In the southeastern Arrabida
chain, Mesozoic rocks in the short limb of the
S-verging anticline associated with the For-
mosinho thrust were deeply eroded before the
Langhian was deposited. The evaporite complex
was exposed at the surface, and may have lubri-
cated the thrust plane and permitted larger dis-

placement to the south along a fault of low dip. In
the Sintra region to the northwest, the thrust sys-
tem is steeper and shows less displacement (Fig.
3).

Alpine collision: geometry of structures in the
basement

The deep Precambrian basement is itself in-
volved in Alpine structures in west Iberia. Late
Variscan basement-cutting strike-slip faults strik-
ing between ENE-WSW and NE-SW were re-
activated as reverse faults and both NW- and
SE-verging thrusts. The geometry of lateral ramps
and duplexes shows the direction of transport of
the basement rocks onto the Miocene cover. The
largest structure thus formed was the Central
Cordillera (Fig. 4), which was thrust over Miocene
sediments both to the northwest and to the south-
east (Cabral, 1983; Dias and Cabral, 1988;
Madeira et al., 1988). The basement faults bound-
ing the uplifted block of the Central Cordillera dip
as gently as 30° at the surface (Cabral, 1983). We
believe that the SE-verging, NW-dipping Ponsul
fault, which bounds the Central Cordillera on its
southeast em side, flattens at depth and converges
with the NW-verging, SE-dipping Seia-Lousa
fault, which bounds the Cordillera to the north-
west (Fig. 4). We thus interpret this structure as a
basement pop-up which is analogous to the central
part of the Montejunto structure in the Lusitanian
Basin but which involves basement rocks rather
than the sedimentary cover. Some more northerly
(NNE-SSW) striking late Variscan faults (e.g.
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Fig. 4. Alpine reactivation of the Iberian Variscan basement: décollement along the Moho and pop-up structure in the Central
Cordillera induced by Betic compression (modified from Ribeiro, 1988). For location, see inset of Fig. 1.

Vilarica) were also reactivated during Alpine de-
formation, principally as sinistral strike-slip faults,
but with variable vertical displacements (Cabral,
1989).

As described previously, in the northern Al-
garve low-grade Carboniferous metaclastic rocks
are involved in Alpine thrusts and associated folds
in a style quite similar to that developed in the
overlying Meso-Cenozoic sediments to which they
constitute “basement”.

Alpine collision: kinematic interpretation of multi-
ple décollement horizons in cover and basement

Seismic data on the deep structure of Iberia are
scarce, and deep boreholes are simply non-ex-
istent. In this situation we can only speculate on
the kinematics of the foreland deformation in-
duced by the Alpine collision. This speculation
focuses on two questions: (1) Is there a hierarchy
of thin-skinned structures developed in the Meso-
Cenozoic cover, suggesting décollement at multi-
ple levels in the stratigraphy? (2) Do differences in
the style of basement-involved Alpine structures
suggest by analogy that there are multiple detach-
ments at still deeper levels, within the crust and
mantle?

The kinematics of the Alpine deformation in
the Arrabida chain and the Sintra region should
be understood in the context of the tectonics of
the Portuguese Estremadura, the main part of the
Lusitanian Basin north of Lisbon. Here, gentle
folds with low amplitudes and large wavelengths
(> 10 km) or areas of subhorizontal dip are domi-
nant, and high-amplitude, short-wavelength folds

such as those in Arrabida occur only locally. East
of the SetGbal-Pinhal Novo-Low Tagus transfer
zone, the rocks of the Meso-Cenozoic cover are
subhorizontal.

Preliminary balanced cross sections show that
in the Lusitanian Basin the low-amplitude folds
can be explained by a 10 +2 km deep décolle-
ment. We suggest that this décollement corre-
sponds to a major crustal heterogeneity, possibly
the contact between low-grade metamorphosed
Paleozoic rocks and the underlying Precambrian
basement of the South Portuguese Zone (Ribeiro
et al., 1988b).

The much shorter wavelength folds in the
Arrabida imply a much shallower décollement at a
depth of about 4 km. We speculate that the S-
verging Arrabida thrust system flattens downward
to the north into the Hettangian evaporite com-
plex, then drops to the Paleozoic—Precambrian
contact, perhaps along the Tagus Gargalo fault
(Figs. 2 and 3). A N-verging thrust rises from the
same (Paleozoic—Precambrian) décollement and
reaches the surface to the north-northwest of
Sintra, approximately along the Praia Grande-
Maria Dias—Olelas line (Figs. 2 and 3). This thrust
also affects the Miocene (Kullberg, 1986). The
S-verging thrusts of Arrabida and the N-verging
thrusts of Sintra define a pop-up structure involv-
ing the low-grade Variscan “basement” and the
overlying Mesozoic—Cenozoic sedimentary rocks,
which are delaminated from the underlying, high-
grade Precambrian basement (Figs. 2 and 3).

Precambrian basement is also involved in Al-
pine structures in Portugal, most spectacularly in
the Central Cordillera. We believe that the dis-
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placement on the NW-dipping Ponsul fault, which
bounds this basement uplift on its southeast em
side, “switches back” and joins that on the NW-
verging Seia-Lousd fault: the combined displace-
ment must then root at depth somewhere to the
south. We suggest that displacement is channeled
north along a deep basement detachment from the
Betic Cordillera to the upper crustal structures in
Sintra, Arrabida and Estremadura, as well as in
the Central Cordillera (Fig. 4).

The structure of the Central Cordillera pop-up
in the basement rocks (the Central Cordillera
proper) differs from its structure in the Meso-
Cenozoic cover of the Lusitanian Basin to the
southwest (Fig. 1). In the basement structure,
strike-slip faults oblique to the trend of the pop-up
are not significantly deflected where they cross it.
In the cover, however, the dextral strike-slip fault
connecting the Sintra-Sines—Monchique ring
complexes changes mean direction from N20W
south of the Arrabida thrust system to N45W
north of it, as the fault passes northward into the
Lusitanian Basin (Fig. 1). The shortening per-
pendicular to this fault is much larger across its
northern, more westerly striking segment. This
suggests that the Alpine structures were produced
by a maximum compressive stress oriented more
nearly N—S than NNW-SSE. The bend in this
fault may have been original, or may represent a
shear response of the Lusitanian Basin to the
Alpine deformation.

Alpine shortening was generally greater in the
Lusitanian Basin than in the areas to the north-
west or southeast, probably because its crust was
more thinned by Mesozoic rifting. The main
boundary faults acted as lateral ramps for the
thrust systems inside the basin; e.g., at the ends of
the Arrabida and Serra da Boa-Viagem thrust
systems, which developed preferentially inside the
Lusitanian Basin.

Conclusions

During the Alpine deformation, represented in
Iberia by the Betic Cordillera, large-amplitude,
large-displacement, map-scale folds and faults
were formed hundreds of kilometers into the oro-
genic foreland of Portugal. These structures affect
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both sedimentary and basement rocks. Thin-
skinned structures, in which the Mesozoic cover is
typically detached from the underlying Hercynian
basement along a Hettangian redbed-evaporite
complex, are prominent in the Algarve and in the
Lusitanian Basin, especially in the Arrabida thrust
belt. These structures consist of imbricate thrusts
and associated asymmetrical folds, probably rep-
resenting fault-bend and fault-propagation folds,
and pop-up structures such as that of Montejunto.
Movement of the Hettangian evaporites has exten-
sively modified and locally disrupted these struc-
tures.

Thick-skinned (basement-involving) structures
occur in the Algarve, but are most spectacular in
the interior of Portugal, especially in the Central
Cordillera. We interpret the uplifted block of the
Central Cordillera as a basement pop-up elevated
above thrusts that converge in the lower crust.

We suggest that the western Iberian crust was
delaminated along the Moho from the Betic
Cordillera at least to the Central Cordillera and
the Lusitanian Basin (Ribeiro, 1988) in a manner
similar to that suggested by Bally (1984) for north-
west Europe. The north-northwestern flank of the
Central Cordillera is thrust to the north along a
crustal scale ramp rising from the deep detach-
ment; a conjugate crustal backthrust carries the
south-southeastern flank of the Central Cordillera
to the south. Thus, the Central Cordillera is a
basement pop-up separating the northern and
southern Iberian Meseta. The thrust along the
Paleozoic-Precambrian contact that gives rise to
the structures in Arrabida and Sintra is probably a
splay from the Moho-level detachment, and the
pop-up structures formed above it replicated at a
smaller scale those of the. deep detachment and
the Central Cordillera.

These structures are similar to some of those
formed in the Alpine foreland of northwest Europe
(Bally, 1984; Ziegler, 1987), and to those in the
interior of North America in the forelands of the
Alleghenian and Laramide thrust belts (Phipps,
1983, 1987). In these structures, basement and
cover pop-ups and thin-skinned imbricate struc-
tures were also formed when old rifts in the con-
tinental interiors were reactivated during colli-
sional orogeny at the continental margins.
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