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Abstract: The ESCI-N1 normal incidence seismic reflection line (140 km long) shows much of the shallow structure of the fore-
land thrust and fold belt (Cantabrian Zone) of the European Variscan Belt in the Iberian Peninsula (NW Spain), as well as the deep
structure of the transition to the hinterland (Westastur-leonese Zone), and allows a direct comparison with surface geology. Reflec-
tions, on the eastern upper part of the line (Cantabrian Zone), correspond to Palaeozoic rocks mappable on surface. The Palaeozoic
sequence provided strongly reflecting and transparent zones. The general decollement surface beneath the thrust belt is visible as a
set of reflections dipping westward and placed between 4 and 6 s two-way travel time (TWTT), establishing the thin-skinned cha-
racter of the deformation. In the central part of the line, the reflectivity decreases in the upper crust, above the decollement, due
probably to the strong deformation of the area. The crust underneath the decollement shows, in the eastern part of the line, short,
subhorizontal and numerous reflections from 6 to 14 s. The thickening of the crust in this area is interpreted to be related to Alpine
reworking. On the western part of the line, at the transition between the Cantabrian and Westastur-leonese zones (the Narcea anti-
form, cored by Precambrian rocks), a set of strong reflections dipping west joint the decollement (at 6 s TWTT) with the lower
crustal levels (9 s). These reflections die out on the top of the lower crust (horizon of decoupling). The lower crust, in this region, is
characterised by a zone of high reflectivity situated between 9 and 12 s TWTT, that seems to occur only in the area with thick-skin-
ned tectonics, and with synmetamorphic deformation. The whole deep crustal structure of the transition zone may be interpreted as
an indentation of the foreland basement into the hinterland crust producing a duplication of the lower crust and a complex antiform
in the upper crust. The deeper structure of the Narcea antiform suggests that uplift of the Precambrian basement in this area was ac-
complished largely by thrusting rather than vertical doming
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Resumen: El perfil sismico de reflexién profunda ESCI-N1, de 140 km de longitud, muestra la estructura de la zona externa de la
Cordillera Varisca Europea (Zona Cantébrica) en la Peninsula Ibérica y su transicién a las zonas internas (Zona Asturoccidental-le-
onesa). Las reflexiones existentes en la parte superior y oriental de la linea (Zona Cantébrica), corresponden a las rocas paleozoi-
cas. El contraste litol6gico entre las diferentes formaciones de la secuencia paleozoica da Jugar a la existencia de bandas reflectivas
y trasparentes. La superficie de despegue de la Zona Cantébrica se evidencia por la existencia de reflexiones dispuestas en una es-
trecha banda inclinada hacia el oeste, situada entre los 4 s (tiempo doble) al este y los 6 s al oeste. Esta superficie pone de manifies-
to al cardcter de téctonica epitelial de la zona externa del orégeno. La corteza por debajo del despegue, entre los 6 y los 14 s de pro-
fundidad, presenta reflexiones subhorizontales, cortas y poco coherentes. La Moho puede situarse a 14 s en esta zona. Este fuerte
grosor cortical se debe a la deformacién alpina. En la parte oeste de la linea, en la transicién entre las zonas Céntabrica y Asturoc-
cidental-leonesa, existen varias bandas reflectivas, entre 5 y 10 s de profundidad, inclinadas al oeste. La més profunda une la super-
ficie de despegue de la Zona Cantébrica, con la corteza inferior. La deformacién varisca afecta a la totalidad de la corteza en este
sector. Una corteza inferior reflectiva estd presente en la parte occidental del perfil. La estructura profunda en la transicién a las zo-
nas internas del orégeno, parece mostrar una indentacién del basamento precdmbrico de la Zona Céntébrica en la corteza de las zo-
nas internas.

Palabras clave: Cordillera Varisca, estructura zonas externas de orégenos, sismica de reflexién profunda.
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The European Variscan Belt is relatively continuous
for almost 3000 km throughout western Europe. It is part
of a large Palaeozoic belt that was constructed as a result
of convergence and collision of two main continents,
Laurentia-Baltica and Gondwana, after the closure of se-

veral oceanic basins (Matte, 1991). In Europe, it is a bro-
ad sinuous belt, sometimes more than 800 km wide that
shows a prominent bend'in the West. This bend is known
as the Ibero-Armorican arc. Deep seismic reflection pro-
filing studies have been carried out in different areas of
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the northern branch of the Ibero-Armorican arc (BIRPS
& ECORS, 1986; Bois et al.,1986; Matte & Hirn, 1988;
DEKORP Research Group, 1985; Meissner & Wever,
1986; Franke et al., 1990). The most outstanding charac-
teristics of all these profiles include the existence of cur-
vilinear reflections at different levels of the crust inter-
preted as Variscan thrust faults. They also show a highly
reflective lower crust with a rather flat and sharp appea-
rance of the reflection Moho at a mean depth of 30 km
(Meissner et al., 1987). The narrow foreland areas ima-
ged in the northern part of the Variscides by ECORS and
DEKORP profiles show thin-skinned style of deforma-
tion (Meissner et al., 1981; Cazes et al.; 1985, Bois et
al., 1986; Raoult & Meilliez, 1986).

The northern branch of the Ibero-Armorican arc was
affected by late-Variscan disintegration (Ziegler, 1988),
involving wrenching and post-orogenic collapse. In addi-
tion, many of the Variscan areas investigated in those
previous deep seismic studies contain Mesozoic and Ter-
tiary basins that have undergone Alpine deformation.

The southern branch of the Ibero-Armorican arc is
made up of the Iberian portion of the Variscan belt. It
constitutes a 900 km wide, continuous cross-section
across two possible major sutures. The section of the Va-
riscan belt outcropping along the northwestern part of
Iberia, provides one of the best sections for the study of
Variscan tectonics because it is well exposed along ap-
proximately 300 km of coastline that runs perpendicular
(E-W) to the strike of the orogen (Pérez-Estadn et al.,
1991). The external areas of the belt underwent Alpine
tectonism, forming the Cantabrian Mountains that consti-
tute the western extension of the Pyrenees. The Palaeo-
zoic and Precambrian rocks cropping out in Asturias (N.
of Spain), where this seismic study was achieved, form
the core of a basement uplift formed during Tertiary ti-
mes (Alonso et al., 1995; Pulgar et al., 1996).
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Extensive geological mapping, detailed stratigraphic,
structural and petrologic studies have been carried out in
the northern part of the Variscides of Iberia over the past
two decades (synthesised in: Julivert et al., 1980; Julivert
in Comba, 1983; Dallmeyer & Martinez Garcia, 1990;
Parga Pondal, 1982; Pérez-Estatin et al., 1988). In addi-
tion, recent geophysical studies, refraction and reflection
profiling (Cérdoba et al., 1987, 1988; Pérez-Estaiin et
al., 1994; Pulgar et al., 1996; Alvarez Marrén et al., in
press) and palaeomagnetic data (Perroud, 1982; Hirt et
al., 1992; Parés et al., 1994), together with geochronolo-
gical studies (Van Calsteren, 1977; Kuijper, 1979; Peu-
cat et al., 1990; Dallmeyer et al., 1991) have aided gre-
atly to the understanding of this complexly deformed re-
gion.

This paper presents the results of a deep seismic re-
flection survey (ESCI-N) acquired in north Spain. ES-
CI-N programme is one of the ESCI projects, a Spanish
national programme to study the Iberian crust by deep
seismic probing (Estudio Sismico de la Corteza Ibéri-
ca). The survey was designed to provide a crustal cross-
section of the Variscan orogenic belt in NW Spain, as
well as the structure of the two continental margins to
the West and North, the Galician and Cantabrian plat-
forms respectively. The data presented here correspond
to the 140 km long ESCI-N1 on-land profile across the
external areas of the Variscan orogen (Fig. 1; Pérez-Es-
tatin et al., 1994). There is a detailed and complete co-
verage of surface geology in the area of the profile
(Marcos, 1968, 1973; Julivert et al., 1977, Marcos et
al., 1980a, 1980b; Parga Pondal, 1982; Aller, 1986;
Alvarez-Marrén et al., 1989; Bastida & Gutiérrez,
1989; Gutiérrez, 1992; Bulnes, 1994). A previous pu-
blication by Pérez-Estain ef al. (1994) presented a first
interpretation of the ESCI-N1 profile, in which the pre-
sent paper is based.
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Geology of the Variscides foreland thrust and fold belt

The portion of the Variscan belt that crops out in NW
Spain corresponds to one of the continental margins invol-
ved in the Variscan collision, the margin of Gondwana. A
geological zonation was established from the hinterland
areas in the West to the foreland in the East (Lotze, 1945;
Julivert et al., 1974, Farias et al., 1987). This zonation
was based on metamorphic, structural and palaecogeograp-
hic differences that reflect the varying deformation styles
in the footwall to the Variscan suture that is located to the
West. Palaeozoic and Upper Proterozoic rocks crop out
largely in this region with a main northwest-southeast
structural grain. Descriptions of the structure of this por-
tion of the Variscan belt can be found in Julivert et al.
(1980), Julivert (1987) and Pérez-Estatin et al. (1991).

The foreland thrust and fold belt of the Variscan oro-
gen, named Cantabrian Zone, contains several east-direc-
ted thrust units emplaced during Carboniferous times
that show a rather tight arcuate trend (Julivert, 1971; Ju-
livert & Marcos, 1973) (Fig. 2). Deformation took place
without metamorphism and penetrative cleavage is gene-
rally absent in the rocks. Balanced geological cross-sec-
tions provide a reasonable interpretation of the structure
down to a depth of 6-7 km (Pérez-Estatn et al., 1988;
Fig. 2). The tectonics are interpreted as thin-skinned,
with a main detachment located near the Precambrian-
Cambrian boundary. The Lower Cambrian calcareous
rocks constitute usually the base of most thrust units
pointing to a general decollement level at this stratigrap-
hic level. The accumulated displacement in this section
is some 150 km.

Lower Cambrian to Upper Devonian rocks of the
Cantabrian Zone are pre-tectonic and show shallow ma-
rine facies including alternating carbonate and clastic
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Figure 3.- Synthetic stratigraphic columns of the Cantabrian Zone and
the Westasturian-Leonese Zone at both sides of the Narcea antiform.
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rocks (Fig. 3). This sedimentary package has a wedge
shape, thinning towards the East. There is an unconfor-
mity at the Precambrian-Cambrian boundary. Precam-
brian rocks consist of metapelites and metapsammites
mainly with turbiditic facies; volcanoclastic rocks and
less frequently volcanic rocks are also present. The Car-
boniferous sequence constitutes the foreland basin infill
that can be up to 5.5 km thick and contains several syn-
tectonic sedimentary wedges related to the emplacement
of different thrust units (Marcos & Pulgar, 1982). These
syntectonic wedges thin towards the East and contain
mainly siliciclastic rocks (Fig. 3).

To the West, the Cantabrian Zone is separated from
the hinterland areas of the orogen by the Narcea antiform
(Figs. 1 and 2). The Narcea antiform is an antiformal
stack with Precambrian rocks exposed in its core. The
whole antiform has been thrust onto the Palaeozoic rocks
of the Cantabrian Zone (Julivert & Marcos, 1973; Pérez-
Estain & Bastida 1990; Gutiérrez, 1992). The front of
Variscan metamorphism and cleavage is located near the
hinge zone of this antiform. The Narcea antiform separa-
tes areas of marked palacogeographic differences in the
Lower Palaeozoic rocks (Fig. 2) representing the inver-
sion of a former extensional basin. The Cambro-Ordovi-
cian sequence contains 11 km of terrigenous sediments
in the western side, while only 3 km are recorded in the
eastern side (Marcos, 1973; Pérez-Estatin et al., 1990).

Seismic data acquisition and processing

The location of the ESCI-N1 seismic lines are shown
in Fig. 1. The steep topography between CDP points
2600 and 2700 resulted in an abrupt bend in the trace of
the line and therefore the profile was divided in two se-
parate seismic lines Part 1 and Part 2. Seismic lines cross
the most important thrust units of the Cantabrian Zone as

* perpendicular to the trend of the structures as possible,

taking into account the high topographic relief of the re-
gion. Elevation changes along the line are of the order of
1000 m and topographic changes across the geophone
arrays created significant static problems. Data acquisi-

- tion and a first processing was carried out by CGG

(Compagnie General Geophysique).

The energy source used for acquisition was dynami-
te, 20 kg at a depth of 24 m, being the shot point interval
of 240 m. The data were recorded using a 240-channel
SERCEL SN 348 telemetric system. The interval betwe-

_en traces was 60 m and the number of geophones per

group 18. Total spread length was 14.5 km. Record
length for the survey was 25 s and sample interval 4 ms.
The configuration was of symmetric split-spread along
most of the profile, although end-on spread geometry
was used at the western edge of Part 2, to allow a better
coverage. The coverage is around 30 fold along most of
the profile length. Lower coverage (15 to 20) occurred
between CDP’s 2000 and 2500 (Fig. 3) due to acquisi-
tion difficulties. The data presented here (Figs. 4 and 5)
were processed with a processing sample interval of 8
ms, following the sequence listed in Table I.
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Table I.- General processing sequenc.e of ESCI-N1 deep reflection
profile.

PRE-STACK SEQUENDE

Demultiplexing

Amplitude recovery

Dynamic trace equalisation

Bad trace edition

Slalomline CMP gather to 25 s, CMP interval 30 m
Anti-alias filter and resample to 8 ms
Elevation static correction (datum+1000 m asl)
Mute

NMO correction

Surfate consistent residual statics.

Stack

POST-STACK SEQUENCE

Bandpass filtering
F/X domain random noise attenuation
Dynamic trace equalisation
Static correction from FDP to survey datum
Time and depth migration

* Semblance coherency filtering

Description of the ESCI-N1 profile

The ESCI-N1 near-vertical seismic reflection profile
_ shows in its eastern part (from CDP 2900 eastwards) the
deep structure of the Cantabrian Zone, and in its western
part the structure of the Narcea antiform and the transi-
tion to the more internal parts of the Variscides. Stacked
and semblance coherency-filtered sections of Part 1 and
Part 2 ESCI-N1 lines are reproduced in figs 4,5,6 and 7.
The reflection pattern varies laterally and vertically
along the profile. A major lateral difference is observed
between the Cantabrian Zone and the Narcea antiform
parts of the profile.

In the eastern part of the profile (Cantabrian Zone),
the upper 5 s TWTT (reaching 6 s in the West) are cha-
racterised by strong, closely spaced, and discontinuous
reflections that are present mainly at the base of this pa-
nel (D in Fig. 7) and sometimes (specially from CDP’s 1
to 1300) crossing the panel entirely and reaching the sur-
face (stacked and migrated sections of Figs. 7 and 8).
The basal band of this reflections (D; about 1 s thick) is
gently-dipping towards the West (from 4 s on Part 1 to 6
s in Part 2) and sometimes shows an imbricate character.
This disposition and planar character is emphasised in
the migrated section (5 km/s) reproduced in Fig. 8. From
CDP’s 300 to 1300 (in Part 1), a set of strong events can
be followed from the basal zone of reflections, at 4 s, ri-
sing 2.7 s and displaying afterwards a subhorizontal dis-
position for more than 15 km (A in Figs. 7 and 8). Other
curved reflections are present above D reflection, rea-
ching the surface. Poorly defined reflections, dipping to-
wards the west are also present in the upper 4 s, from
CDP’s 1900 to 2500. Also worth to mention the set of
events, dipping to the west and reaching the surface in
the western part of Part 1 line (B in Figs. 7 and 8).

The crust underheath the 4-6 s zone of reflections, in
the eastern part of ESCI-N1, is less reflective and present
strong lateral variations. Sets of short, subhorizontal re-
flections, grouped in bands are present from 6 to 14 s
TWTT, in the easternmost part of .the profile, from
CDP’s 1 t0.1600 (M in Fig. 7). The lowermost band of
reflections (1.5 s thick) is more marked (O in Fig. 7).
The western deep part of the Cantabrian Zone area is al-
most transparent and only very small and discontinuous
events can be seen. The deepest part of the profile is
transparent.

The western part of ESCI-N1, beneath the Narcea an-
tiform outcrop, is characterised by the presence of nume-
rous reflections between 5 and 12 s TWTT (Figs. 4 and
6). The crust is poorly reflective above 5 s. Between 5
and 9 s TWTT, is where the reflections show larger co-
herency and amplitude. A set of reflection bands (three)
formed by strong and relatively long reflections (D, E
and F, in Fig. 6) dipping towards the West, describing a
fan-like structure opened to the West, is present between
CDP’s 2800 and 3700. This set of bands merge to the
east and joint the subhorizontal to west-dipping set of re-
flections described in the eastern part-of ESCI-N1 (labe-
lled D, in Figs. 6 and 8). The other two bands are less
significant (E and F in Fig. 6), fading out to the west.
From 9 to 12 s many short, curved, non-parallel reflec-
tions exist. Two bands, about 1.5 s thick, formed by the-
se reflections, with very similar character are outstanding
(G and H in Fig. 6), outline a synform between CDP’s
3000 and 3600. The upper-band, G, dips gently towards
the east from about 9 s, were it merges into the west-dip-
ping band D, down to 10 s where it merges into the lo-
west reflective layer (H). The lower band H is placed
between 10 s and 12 s. ‘

Interpretation

The regional geological knowledge enables to inter-
pret most of the reflection features of ESCI-N1. The high
degree of correlation between seismic reflectivity and
surface geology allows to identify some reflections of
the upper part of the Cantabrian Zone (the reflections
placed above band D) with lithological boundaries. The-
re are no wide ductile shear zones related to thrusting in
the Cantabrian Zone, neither penetrative fabrics develo-
ped during deformation, to permit a different interpreta-
tion. The existence of a multilayered Palacozoic sequen-
ce containing fine and medium grained siliciclastic rocks
and alternating calcareous beds provides good impedan-
ce contrasts that may be responsible for the high reflecti-
vity of the upper part of the profile. The pre-orogenic se-
quence, made up of thick shelf clastic and carbonate for-
mations provides stronger and more continuous reflec-
tions than the synorogenic sequence (see the Central Co-
al Basin Unit part of the profile, between CDP’s 900 and
1800 (Figs. 7 and 8), where Carboniferous rocks are
cropping on surface). The subhorizontal to gently dip-
ping 4-6 s reflective band, D, is interpreted as the Canta-
brian Zone detachment at the base of the Palaeozoic se-
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Figure 6.- Unmigrated, coherency filtered seismic data from ESCI-N1, Part-2.

quence (Julivert, 1971; Pérez-Estatin et al., 1988). The
crust beneath the detachment can be interpreted as for-
ming part of the Precambrian basement of the foreland
thrust and fold belt. The length of the detachment shown
in this profile is of 90 km. Assuming a constant velocity
of 5 km/s, the dip obtained for the detachment is close to
3° towards the West. The reflective pattern of the upper
part of the seismic profile could be correlated with the
geological cross-section shown in Fig. 2, although the
position of the detachment is deeper than estimated. The
disrupted pattern of reflections immediately above the
Cantabrian Zone detachment is interpreted as being cau-
sed by a set of blind thrusts and duplexes breaking th-
rough the lower Palaeozoic sequence. An interpretation
of the Cantabrian zone structure is proposed in Fig. 9.
The Aramo, Sobia and Somiedo thrusts are outlined
by disrupted shallow-angle west-dipping reflections
(Figs. 7, 8 and 9). The quality of the seismic data in this
part of the profile makes the interpretation of the structu-
re of this sector open to question. The thickness of the
sedimentary sequence in these nappes is of the order of
4000 m. Significant thickness of Carboniferous rocks of
the Central Coal Basin Unit may be buried underneath
those nappes in order to justify the position of the de-
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tachment in this area (6 s TWTT in depth). The interpre-
tation in Fig. 11 propose a duplication of the sedimentary
pile implying more displacement than was expected. The
complex cross-folding geometry of the synorogenic clas-
tic paralic Carboniferous sequence at the surface in the
Central Coal Basin (Julivert & Marcos, 1973; Aller,
1986) is underlain by blind thrusts and duplexes (Fig. 8).
A good example of thrust ramp-flat geometry can be se-
en in the eastern part of the section between CDP’s 300
and 1350 (Fig. 7, 8 and 9).

The Narcea antiform corresponds to a complex cul-
mination formed by a stack of thrust slices containing
Precambrian and Lower Palaeozoic rocks. A different re-
flective pattern along the upper part of the profile can be
recognised when crossing the Narcea antiform, in con-
trast with the Cantabrian Zone, although a clear boun-
dary with the Palaeozoic rocks of the Cantabrian Zone
cannot be traced precisely. We believe that the scattered,
diffuse, poor and relatively incoherent pattern of reflec-
tions seen above 5 s, in the Narcea antiform, is a mani-
festation of the heterogeneous distribution of deforma-
tion zones, steep dips of Variscan foliations, and interfe-
rence between Variscan and Precambrian structures pre-
sent in the Precambrian rocks of the Narcea antiform.



315

CRUSTAL STRUCTURE OF THE CANTABRIAN ZONE

TWTT s

*(00¥Z 01 0Z€ 5.4 ) T-47ed ‘INFIDSE WO B1Ep ONUSIaS pasal]yy AOuaIotod™pareiBiuuy) -+, 2xaSyy

S e~

o AR e S . . e
2 e R e A 3
AT “\\l\u:WWl,'\J;u = ~ B 2 - g

e S v 3 \.w\,ﬂ - -,
e AT, = o

=

4
— 81
o1
- v
- ¢l

~ Ol

SL1IML

I 1HVd ‘1-NIDS3

Rev. Soc. Geol. Espaiia, 8 (4), 1995



316 PEREZ-ESTAUN ET AL.

The interpreted Cantabrian Zone detachment, D, can
be followed beneath the Narcea antiform at about 6 s,
joining to the west a crustal-scale ramp (reflection D,
from 6 to 9 s). This ramp can be interpreted as a Varis-
can ductile shear zone deforming basement rocks related
with the formation of the Narcea antiformal culmination
(Narcea thrust, Figs. 6 and 9). The west-dipping reflec-
tions at this level (E and F of Figs. 6 and 9) represent
ramps, where thrusts of the foreland are rooted, cutting
down into the basement and deforming deep crustal le-
vels. These west dipping ramps transferred the displace-
ments from the hinterland areas of the orogen (Westastu-
rian-Leonese Zone) to the basal detachment of the Can-
tabrian Zone. The seismic images demonstrate that the
internal zone of the orogen has been subjected to a crus-
tal-scale style of deformation.

The lowermost reflective band, at the western part of
the line, H, can be interpreted as the layered lower crust.
The reflective Moho may be defined as the lower boun-
dary of this reflective domain. The reflective band placed
above it, G (Fig. 9), may be part of the same reflective
lower crust or a repetition by thrusting of band H. A de-
flection of the interpreted Moho is seen beneath the Nar-
cea antiform showing a small thickening of the crust in
relation with this structure.

The whole deep crustal structure of the Narcea area,
may be interpreted as an indentation of the foreland ba-
sement into the hinterland crust producing a duplication
of the lower crust and a complex antiform in the upper
crust. The deeper structure of the Narcea antiform sug-
gests that uplift of the basement in this area was accom-
plished largely by thrusting rather than vertical doming.
It represents the boundary between the thin-skinned and
the thick-skinned tectonics of the Variscan deformation.

The deep structure of ESCI-N1 between CDP’s 1600
and 2600, beneath the Cantabrian Zone detachment, is
less clearly defined. Most of the profile show very short
reflections with a scattered and diffuse pattern, and no
discrete reflective zone or marked reduction in reflecti-
vity corresponds to Moho in this part of the line. On the
contrary, the eastern and deep part of the profile (below
6 s) shows a well structured crust with several reflective
packages down to 14 s. The base of this reflective do-
main can be interpreted as the reflective Moho. Such a
thick crust may be the result of the Alpine deformation.
Seismic data acquired onshore, ESCI-N2 (Pulgar et al.,
1996), help to maintain this interpretation. The reflection
bands present between 6 and 14 s, in this zone, may also
be correlated with Alpine thrusts interpreted in ESCI-N2
profile (Pulgar et al., 1996).

The crustal structure imaged by ESCI-N1 profile
shows many characteristics in common with other crus-
tal sections of external areas of orogenic belts, such as
the Appalachians or the north european Variscides, with
the existence of a detachment beneath the foreland thrust
and fold belt and huge crustal ramps at the transition to
the hinterland areas (Cook et al., 1979; Ando et al.,
1984; Cazes et al., 1985; Bois et al., 1986; Allmendiger
et al., 1987; Matte & Hirn, 1988).
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Conclusions

The ESCI-N1 seismic profile confirms previous in-
terpretations, based on surface geology and section ba-
lancing, about the structure of the Cantabrian Zone (the
external part of the Variscan belt in NW Spain) and pro-
vides a detailed image of the present crustal configura-
tion of this geological zone. The seismic images de-
monstrate conclusively the thin-skinned tectonic style of
deformation in the Cantabrian Zone with a gently basal
west-dipping detachment located at 5-6 s TWTT.

The major thrusts in the Cantabrian Zone show an
Appalachian style geometry. The accumulated displace-
ment is larger than previously proposed and there seems
to be a large amount of Carboniferous rocks buried bene-
ath the western nappes. The existence of blind thrusts
and duplexes beneath folds of the Central Coal Basin th-
rust unit is confirmed.

The seismic fabric in the area of the foreland thrust
and fold belt strongly differs from that in the transition to
the hinterland areas. The foreland-hinterland transition
zone corresponds at depth with a crustal scale ramp that
joins the foreland thrust belt detachment with the deeper
structures at lower crustal levels in the hinterland. The
Narcea antiform sits on this crustal scale ramp. The dee-
per structure of the Narcea antiform suggests that uplift
of the basement in this area was accomplished largely by
thrusting rather than vertical doming. A highly reflective
lower crust is present in the transition to the hinterland
and a topography of the Moho producing thickening of
" the crust is recognised. The existence of a possible dupli-
cation of the lower crust is interpreted. A “crocodile” li-
ke structure is proposed for the foreland/hinterland tran-
sition (Meissner, 1989).

The crustal structure revealed by the profile presen-
ted here demonstrates that the internal zone of the Varis-
can orogen has been subjected to a crustal-scale or thick-
skinned style of deformation.

The crustal structure revealed by ESCI-N1 profile
shows many characteristics in common with other crus-
tal sections of external areas of orogenic belts, such as
the Appalachians or the northern european Variscides.

An Alpine reworking of the middle and lower crust
can be inferred in the eastern part of ESCI-N1, giving ri-
se to a crustal thickening (14 s TWTT).
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