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INTRODUCTION

From a geologic point of view, the Iberian Chain (Figs. 
1; 2) includes all the contractional structures generated 
during the inversion of the Iberian Mesozoic basins. These 
structures developed within the Iberian Plate during the 
Cenozoic, resulting from the convergence of the Eurasian 
and African plates, which also generated the Pyrenean-
Cantabrian Chain and the Betic-Balearic Chain at the North 
and South borders of the Iberian Plate. The Iberian Chain is 

surrounded by the Ebro, Duero and Tajo Cenozoic basins 
to the North, North-West and West, the Ebro and Duero 
basins separating it from the Pyrenean-Cantabrian Chain 
and being their common foreland basins (Hahne, 1930a, b; 
Brinkmann, 1960; Álvaro et al., 1979; Guimerà, 1983, 1984, 
2004; Guimerà and Álvaro, 1990; Álvaro, 1995; Salas et al., 
2001; Guimerà et al., 2004; De Vicente et al., 2009).

Along the Iberian Mediterranean coast, NE-SW 
coastal rifts (Fig. 2), related to the opening of the western 
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The Iberian Chain is a complex intraplate fold-and-thrust belt resulting from the convergence between the 
Eurasian, Iberian and African plates during the late Eocene to the Miocene. The main trend of its contractional 
structures is NW-SE, but E-W, NE-SW and N-S-trending structures are also present. The boundaries of 
the chain with its surrounding foreland basins are always thrusts. The North-Iberian Thrust separates the 
chain from the Ebro Basin to the North, while the Serranía de Cuenca Thrust makes the SE boundary of 
the chain, separating it from the Tajo Basin and La Mancha foreland areas. Between these thrusts, the 
contractional structure is basement-involved, while South of the Serranía de Cuenca Thrust only Mesozoic 
and Cenozoic rocks are involved in the thrust-system, detached in the evaporitic Triassic materials. Two 
parts can be differentiated considering the major structure of the chain. The western and central areas hold 
two major anticlinoriums separated by the Almazán Synclinorium. East of the Teruel Depression, E-W-
striking N-verging thrusts in the North, and NW-SE-striking S-verging thrusts in the center and South are 
the dominant structures.
The crust thickened during the Cenozoic contraction generating a mean crustal thickening of about 5km. The 
horizontal shortening obtained from cross-sections is 32km, and from a density-gravity section of 57.5km. 
These two values may be considered end values.
The relief of the Iberian Chain has a strong areal coincidence with the contractional structures and the 
thickened crust, indicating that they are genetically related. 
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Mediterranean, overprinted the Iberian Chain during the 
late Oligocene and the Neogene (Fontboté, 1954a, b; 
Julivert et al., 1974; Fontboté et al., 1989, 1990; Roca 
and Guimerà, 1992). Hence the contractional structures 
may continue offshore, as do the Mesozoic Iberian basins 
(Columbrets Basin; Roca, 1996).

The Iberian Chain has a length of 400km along a 
NW-SE direction (between the Duero Basin and the 
Mediterranean) and its width is between 125km and 
280km in a NE-SW direction (between the Tajo and 
Ebro basins). It is a fold-and-thrust belt whose structures 
are mostly NW-SE-oriented, although structures having 
mainly E-W and NE-SW and N-S orientations (Guimerà 
and Álvaro, 1990), are also present. Many of these trends 
are inherited from the Mesozoic rifting events or even the 
Variscan orogeny (Arche and López-Gómez, 1996; Salas 
et al., 2001; De Vicente et al., 2009) (Figs. 2; 3). The 
present relief of the Iberian Chain was generated during 
the Cenozoic, essentially as product of the contractional 
structures development.

The aim of this paper is to present a synthesis of the 
major contractional structure of the Iberian Chain, paying 
special attention to the geometry of the major-scale thrust 
system and the generated crustal thickening and relief.

MESOZOIC EVOLUTION

The Paleozoic and Mesozoic geological history of the 
present-day Iberian Chain generated rock successions and 
structures which strongly influenced the development of the 
Cenozoic fold-and-thrust belt. By the end of the Paleozoic, 
the Variscan orogeny resulted from the convergence and 
finally the collision of Laurussia and Gondwanaland, 

resulting in the formation of Pangea at the end of 
Carboniferous times. The generated orogen was strongly 
eroded during its development and subsequent early 
Permian times leading to the formation of the so-called 
Variscan basement (e.g. Matte, 2001). This basement crops 
out in extensive areas of the western Iberian Peninsula and 
is also beneath the whole Iberian Chain and the surrounding 
Cenozoic basins (Ábalos et al., 2002). Here, it is mostly 
formed by Paleozoic rocks contractively deformed by 
faults and folds at different scales which experienced a 
metamorphism of low degree.

Since the late Permian, and during the whole Mesozoic 
and the early Paleogene, the evolution of the present-day 
Iberian Chain area was governed by the spread of the Tethys 
Ocean –located to the E and SE– and by the opening and 
northward propagation of the southern part of the North 
Atlantic Ocean since the Late Jurassic (e.g. Salas et al., 
2001). An extensional context was dominant during this 
period, the sedimentary basins being bounded by extensional 
faults and related deformations. As a result, thousands of 
meters (2000 to 7000m) of rocks were deposited, mainly 
of continental or shallow marine origin (limestone, shale, 
sandstone, conglomerate, gypsum and salt).

During the late Permian and the earliest Triassic, the 
conglomerates, sandstones and shales with the Buntsandstein 
facies were sedimented in basins bounded by high-angle 
extensional faults, mostly trending NW-SE but also NE-
SW extensional faults (Arche and López-Gómez, 1996). A 
relatively uniform cover of constant thickness sedimented 
during the Middle Triassic-Middle Jurassic, which included 
salt layers in the Triassic Middle Muschelkalk and Keuper 
facies (future décollements). The Late Jurassic and the Early 
Cretaceous rocks were sedimented in basins bounded by 
listric extensional faults mostly striking E-W -but associated 
with NW-SE faults- (Cameros and Maestrat basins) (Guiraud 
and Séguret, 1985; Salas and Casas, 1993; Guimerà et al., 
1995; Salas et al., 2001) (Fig. 3A).

During the Early and Middle Jurassic and the Late 
Cretaceous the rifting activity was low and thermal 
subsidence was dominant (Salas and Casas, 1993). By the 
end of the Cretaceous, palustrine sediments with marine 
incursions were deposited (Canérot, 1974; Gautier, 1980; 
Canérot et al., 1982) showing they were near sea-level, 200 
to 300m above the present one. Because of this evolution, 
the thickness and the lithological features of the Iberian 
Chain Mesozoic rocks strongly vary within it.

CENOZOIC CONTRACTION

The onset of contraction in the Iberian Chain was by 
the late Eocene (Díaz Molina and López Martínez, 1979; 
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FIGURE 1. Major geological units of the Iberian Peninsula. Location of 
the study area (Fig. 2) is shown.
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González, 1989; González and Guimerà, 1993), while 
it ended during the early Miocene in the eastern part of 
the chain and during the late Miocene in its western part 
(González, 1989; Muñoz and Casas-Sainz, 1997). The 
resulted crustal thickening led to positive relief that was 
partially eroded, generating detrital deposits that where 
deposited in Cenozoic basins surrounding the chain. 
These deposits were also involved in the contractional 
deformation.

Influence of Mesozoic structures on the Cenozoic 
contractional deformation

The orientation and size of the Cenozoic contractional 
structures were strongly controlled by the inherited 
Mesozoic extensional structure as well as, in the areas 
where the Triassic acts as a décollement, by the variations 

in the Mesozoic succession thickness. Moreover, they 
were influenced by the older Variscan structures which 
determined several features of the Mesozoic deformation.

Examples of the influence of Mesozoic structures onto 
the Cenozoic deformation are:

i) The inversion and internal deformation of the NW-
SE Buntsandstein grabens which generated the folds and 
thrusts in the central Iberian Chain (Aragonese, Castilian 
and Valencian branches) (Guimerà et al., 1995; Arche and 
López-Gómez, 1996).

ii) The inversion of the E-W and NW-SE extensional 
faults bounding the Late Jurassic to Early Cretaceous 
Cameros and Maestrat basins which formed the thrust-
belts or individual major thrusts that limit nowadays these 
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FIGURE 2. Simplified geological map of the Iberian Chain and surrounding Cenozoic basins showing the major tectonic structures and the geological 
units mentioned in the paper. Contour lines of the carbonatic Upper Cretaceous top (Duero and Almazán), the Cenozoic base (Ebro) and of the 
base of the Upper Albian Utrillas Formation (Tajo) are shown in the syn-orogenic basins. Contour lines of the Ebro, Duero and Tajo basins are from 
Instituto Teconológico Geominero de España (1990). Contour lines of the Almazán Basin are from Casas-Sainz et al. (2000). Location of geological 
cross-sections (A to E) of Figure 3 and the UTM coordinates in km (30T, ED50) are also shown.
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basins (Casas-Sainz, 1993; Guimerà et al., 1995, 2004; 
Nebot and Guimerà, 2016a, b).

Considering the vertical variations in the pre-
Cenozoic stratigraphic succession, three major lithological 
units having a different mechanical behavior can be 
distinguished. The lower, rigid, made up by the Variscan 
basement and the Lower Triassic (Buntsandstein facies and 
part or the complete sequence of Muschelkalk carbonates). 
The intermediate unit behaves as a major décollement that 
decoupled the contractional deformation, being integrated 
by the weak lutites and evaporites of the Middle Muschelkalk 
and Keuper facies, with the carbonatic Upper Muschekalk 
in between. The evaporitic Middle Muschelkalk unit exists 
only in the eastern part of the chain (Catalan Coastal Chain 
and central and eastern Ebro Basin, Maestrat Basin and 
northern Valencian Branch). Consequently, in the central 
and western areas, the whole Muschelkalk form a single 
carbonate level, and there is only a major décollement 
located in the Keuper lutites and evaporites which allowed 
the detachment of the overlying sedimentary sequence 
(upper unit). This one is integrated by the siliciclastic 
and carbonate rocks of the Jurassic-Cretaceous, and syn-
orogenic Cenozoic involved in the contractional structures. 
These three levels had a strong influence onto the geometry 
and tectonic style of the Cenozoic contractional structures, 

especially the tectonically incompetent intermediate level. 
As a result, thrust-systems having the sole thrust in the 
intermediate level developed in the upper one.

Major structure of the Iberian Chain

The major part of the Iberian Chain is thick-skinned, 
as it involves together the Variscan basement and the 
Mesozoic and Cenozoic cover. Only the more external 
parts are thin-skinned and the Meso-Cenozoic cover alone, 
detached from the basement along the Triassic evaporitic 
levels, is involved in the deformation (Figs. 3; 4).

Most contractional structures in the Iberian Chain strike 
NW-SE. On a map, two parts can be differentiated in the 
Iberian Chain (Fig. 2). The major structure of the western 
and central areas displays two major anticlinoriums 
separated by the Almazán Synclinorium. The northern 
anticlinorium, which contains the Cameros Unit and 
the Aragonese Branch, disappear to the SE, while the 
southern one contains the Castilian Branch. The Almazán 
Synclinorium spreads from the Almazán Basin to the NW, 
to the Teruel Depression in the SE, where it vanishes by a 
periclinal end. These major structures are not found East 
of the Teruel Depression. In this area, the E-W-striking 
Linking Zone –between the Iberian Chain and the Catalan 
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Coastal Chain, resulting from the inversion of the Lower 
Cretaceous Maestrat Basin (Salas et al., 2001; Nebot and 
Guimerà, 2016b)– cut the Aragonese Branch structures. 
South of the Linking Zone, the contractional structures of 
the Maestrat Unit and the Valencian Branch are NW-SE-
trending.

The boundaries of the Iberian Chain and its surrounding 
foreland basins are always thrusts, although post-tectonic 
rocks cover these thrusts in some areas. The North-Iberian 
Thrust (also known as Cameros Thrust), separates the 
Iberian Chain from the Ebro Basin. It involves the Variscan 
basement and reaches a horizontal displacement of about 
25km and a vertical throw of 4km in the frontal part of 
the Cameros Unit, where its displacement is maximum 
and is related to the inversion of the Upper Jurassic-Lower 
Cretaceous Cameros Basin (Guimerà and Álvaro, 1990; 
Casas-Sainz, 1993; Guimerà et al., 1995; Omodeo Salè 
et al., 2014). Its displacement decreases to the SE along 
the northeastern boundary of the Aragonese branch and 

disappear east of Puig Moreno, as can be deduced from 
the contour lines of the base of the Cenozoic in the Ebro 
Basin (Fig. 2). To the West, the North-Iberian Thrust is 
covered by post-tectonic late Neogene rocks, although its 
continuation can be deduced from the contour lines of the 
base of the Cenozoic, separating the eastern deformed area 
from the slightly E-dipping rocks in the whole Duero Basin 
(Fig. 2).

The Serranía de Cuenca Thrust forms the SE boundary 
of the basement involved structures in the Iberian Chain 
(Figs. 2; 3C, D). In the NW it links to the NE-SW thrust 
bounding the Sistema Central, and to the SE it extends to 
the Mediterranean coast, displaying an arcuate shape in 
its central part. In the footwall of the Serrania de Cuenca 
Thrust, along the central and southeastern parts of the 
chain, the Mesozoic and Paleogene cover appears deformed 
by a system of SW- to W-directed thrusts detached in the 
Triassic Keuper evaporitic facies, containing small piggy-
back basins in their hanging-walls. From them, the most 
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notable is the N-S-trending Sierra de Altomira Thrust, 
which constitutes the frontal structure of the Iberian Chain 
in its central areas, and transported westwards the piggy-
back Loranca Basin (Muñoz Martín and de Vicente, 1998; 
Valcárcel Rodríguez, 2015) (Figs. 2; 3).The displacement 
of the Serranía de Cuenca Thrust varies laterally, as can 
be deduced after the shortening which generates in its 
frontal area plus the structures located in its footwall. In 
section B of Figure 3 it is estimated in 13.5km (6km in 
the outcropping area of the thrust plus 7.5km around the 
Sierra de Altomira Thrust plus the Loranca Basin internal 
deformation, Muñoz Martín and de Vicente, 1998). To the 
North this displacement decreases (Muñoz Martín and de 
Vicente, 1998; Valcárcel Rodríguez, 2015) and in section 
C (Fig.3) it is estimated to be at least 4km. To the SE, a few 
thrusts detached at the Keuper facies can be found to the 
south of the Serranía de Cuenca Thrust.

The Almazán Synclinorium separates the NE and SW 
anticlinoriums of the Aragonese and Castilian branches 
(Figs. 2; 3D). It spreads from the large syncline-shaped 
Cenozoic Almazán Basin up to the Teruel Depression where 
its SE periclinal end is found. It is cored by Paleogene and 
Upper Cretaceous rocks. Figure 3D illustrates as the latter 
were formed by the displacement of the Iberian Thrust 
sheets over the North Iberian and the Serranía de Cuenca 
thrusts. The Almazán Synclinorium appears as a non-
uplifted area between the Aragonese and Castilian branches, 
as the base of the Cenozoic (top of the pre-orogenic rocks) 
is in a similar depth in the Almazán Basin and in the Tajo 
and Ebro foreland basins (Fig. 3D). The Almazán Basin is 
so a piggy-back basin within the Iberian Chain, as stated by 
Guimerà et al. (1995) and Casas-Sainz et al. (2000).

The Iberian Chain is narrowest across the Cameros 
Unit, coinciding with a major displacement of the North-
Iberian Thrust. As this displacement decreases to the SE, 
the chain widens, while its internal deformation increases.

The thickness of the crust involved by the thrust system of 
the Iberian Chain is controversial. Some authors assume that 
only the upper crust is involved in this thrust system, as was 
first proposed by Banks and Warburton (1991) and later on 
by Guimerà and Álvaro (1990), Guimerà et al. (1995, 2004), 
Salas et al. (2001). Others authors include all the crust in 
the thrust system (Salas and Casas, 1993; Anadón and Roca, 
1996; Casas-Sainz et al., 2000). In the Linking Zone (Fig. 
2), for the Calders Monocline (Fig. 3B) being generated, 
Nebot and Guimerà (2016b) proposed the existence of a 
basement thrust with a low-angle ramp of about 9ºS, that 
reaches a depth of 7.5km below sea level. In the Cameros 
Unit, the North-Iberian Thrust geometry is well constrained 
by seismic data (Guimerà and Álvaro, 1990; Casas-Sainz, 
1993; Guimerà et al., 1995). It shows a dip of about 18º to 
the South and ramp geometry in the hanging-wall. Moreover, 

the kilometric size of the anticlines with Variscan basement 
in the cores of the Aragonese, Castilian and Valencian 
branches needs a mid-crustal detachment. This mid-crustal 
detachment is supported by the magnetotelluric data (Seillé 
et al., 2015) that shows the presence of conductive bodies at 
the depth prolongation of the main outcroping thrusts that 
disapear at a depth of 8–10km.

The regional shortening direction in the Iberian Chain is 
about NNE-SSW (Guimerà and Álvaro, 1990; Casas-Sainz and 
Simón-Gómez, 1992; Guimerà, 1994; Guimerà et al., 1995; 
Nebot and Guimerà, 2016b), parallel to the transport direction 
of the North-Iberian Thrust and the Linking Zone Thrust belt. 
This direction is perpendicular to the main orientation of the 
Pyrenees and parallel to the Cenozoic convergence between 
Iberia and Eurasia (Roest and Srivastava, 1991; Mouthereau 
et al., 2014). WNW-ESE-striking thrusts North and South of 
the Cameros Unit and those of the Linking Zone are dominant 
dip-slip thrusts, while some NW-SE thrusts experienced a 
right-lateral component, as the Daroca thrust, South of the 
Calatayud Basin (Guimerà, 1984; Colomer and Santanach, 
1988), or some faults in the north-western part of the Castilian 
Branch (Rodríguez Pascua, 1993).

Crustal thickening

The gravity anomalies beneath the Iberian Chain indicate 
that the crust is thickened. The Bouguer anomaly maps (Salas 
and Casas, 1993; Mezcua and Benarroch, 1996; Guimerà et 
al., 2016) display negative values for the gravity anomalies 
in all the chain, reaching a minimum of -110MGal in the 
Castilian Branch, West of Teruel. Moho depth maps based 
on topography and Bouguer anomalies were elaborated by 
Rivero et al. (2008) and Guimerà et al. (2016) applying a 
15km moving average search to entail crustal significance, and 
crust-mantle density contrast of 300 to 500kg·m-3. According 
to these models, a minimum Moho depth of -32 to -36km was 
calculated beneath the Iberian Chain and a maximum Moho 
depth ranging from -37 to -44km for the central part of the 
chain (Fig. 4A, B). Close to the Mediterranean coast the Moho 
depth shows a coastal parallel gradual but rapid shallowing to 
the East, which is not related to the contractional history of 
the chain, but to the younger thinning processes linked to the 
opening of the western Mediterranean (Roca and Guimerà, 
1992; Rivero et al., 2008).

Using the Bouguer anomaly, Salas and Casas (1993) 
and Guimerà et al. (2016) performed crustal density-gravity 
sections obtaining a maximum Moho depth of -43 and 
-40km, respectively, at the previously mentioned Bouguer 
minimum. In these sections, the Moho depth decreases 
towards the Ebro and Tajo basins, reaching values of -33 
and -35km, respectively. The Moho depth calculated in 
the model by Guimerà et al. (2016) varies between -33km 
beneath the Ebro Basin to -40km at the center of the Iberian 
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Chain (Fig. 5C). These values are intermediate between 
these of the Topographic Moho (Fig. 5A), and the ones 
obtained in the Gravimetric Moho (Fig. 5B). Nevertheless, 
only a major Moho low was computed in the gravity model.

Considering, as stated previously, that the uppermost 
Cretaceous rocks where just above sea-level (about 200m 
above the present one) when they were sedimented, while 
now there are above 1000m in most of the Iberian Chain, 
and locally above 1500m, the crustal thickening had to 
be generated during the Cenozoic contraction. The mean 
topography of the Iberian Chain along the section of the 
gravity model has been computed (Fig. 3 in Guimerà et al., 
2016) applying a 15km moving average search to entail 
crustal significance. After this calculation, most of the 
Iberian Chain mean topography is above 1000m, reaching 
a maximum of 1500m, while the average Moho depth is 
about -36km (Fig. 6A). A maximum crustal thickness of 
about 41km and mean crustal thickness of about 37km 
were then obtained.

It must be taken into account the km-thick Mesozoic 
succession found in the Iberian Chain, especially in the 
Late Jurassic-Early Cretaceous basins. Previously to 
the contractional deformation, the crust (including the 
Mesozoic) had to be thinner than that in the undeformed 
Ebro and La Mancha area. Moreover, in the adjoining Late 
Jurassic-Early Cretaceous Columbrets basin –locally about 
10km thick– (Fig. 1), which was only slightly deformed 
during the Cenozoic, the crust is currently only 12–20km-
thick and the extension is mostly concentrated in the 
middle and lower crust (Roca, 1996; Etheve et al., 2018).

Considering this, a local airy isostatic calculation was 
performed to estimate the crustal thickness beneath the 
Iberian Chain at the end of the Mesozoic (Fig. 6B). This 
was done by comparing the present crustal depth beneath 
La Mancha area, and its topographic elevation, with the 
one within the Iberian Basin at the end of the Cretaceous, 
which was about sea-level at the time, that is, about 200m 
above the present one. The density values of Figure 5C 
were used for this calculation. A crustal thickness of 
30.3km was obtained for the Iberian Basin at the end of 
the Cretaceous and a mean crustal thickness of 32.3km for 
the whole thinned area (Fig. 6B). Comparing the maximum 
and mean crustal thicknesses before and after the Cenozoic 
contraction, a maximum crustal thickening of about 9km 
and a mean crustal thickening of about 5km were obtained.

Amount of horizontal shortening

The horizontal shortening of the Iberian Chain was 
estimated after cross-sections made from field data (Fig. 
3), and after a surface balance of the density-gravity model 
of Figure 5C (Fig. 6A, B).

Across the Aragonese and Castilian branches transect 
(Fig. 3D) the horizontal shortening is estimated in 32.5km 
(16.6km after the internal deformation of the Aragonese 

North Iberian
Thrust

Almazán
Syncline

Serranía de Cuenca
Thrust

A
A

39

39

36

36

42
42

39

33

33

42

42
39 36

44

G
ra

vi
ty

 (m
G

al
)

-100

-50
Measured Calculated

Density (kg m-3)

D
ep

th
 (k

m
)

40

20

0

200 400100 300 (km)

Mantle

Mesozoic
Cenozoic

Mid. Crust

(2650)

(3300)

(2830)

Up. Crust (2800)

(2450)Cenozoic (2450)

A

B

C

SW NE

Low Crust(2950)

Daroca

València

Cuenca

Teruel

Zaragoza

Burgos

Daroca

València

Cuenca

Teruel

Zaragoza

Burgos

36

37

34

31

31

33

34
32

34

33

33

35

35

3534 35
36

36

37

FIGURE 5. Crustal structure of the Iberian chain. A) Airy Moho depth 
map (in km, contour interval is 0.5km) obtained from the topography 
and B) Moho depth map (in km, contour interval is 1km) derived 
from the Bouguer anomaly map. UTM coordinates (30T, ED50) and 
the major thrusts are shown. Both maps are modified after Guimerà 
et al. (2016). C) Two-dimensional density model across the Iberian 
Chain, modified after Guimerà et al. (2016). For location see A and B.



J .  G u i m e r à

G e o l o g i c a  A c t a ,  1 6 ( 4 ) ,  4 2 7 - 4 3 8  ( 2 0 1 8 )
D O I :  1 0 . 1 3 4 4 / G e o l o g i c a A c t a 2 0 1 8 . 1 6 . 4 . 6

Structure of the Iberian Chain: A synthesis

434

Branch, plus 10km of North Iberian Thrust displacement, 
Guimerà et al., 2004, plus 6km across the Castilian 
Branch). A transect across the central part of the chain 
can be obtained by combining sections A and B (Fig. 3), 
which gives a horizontal shortening of 31.5km (20km in 
section B across the Castilian Branch, the Loranca Basin 
and the Altomira Thrust, and 11.5km after section B). 
The shortening values along the two transects analyzed 
are similar, and may be considered a minimum value, as 
the sections were drawn conservatively and no structures 
smaller than a hectometric scale were taken into account.

The density-gravity section presented by Guimerà 
et al. (2016) was used to elaborate a surface balance as 
an approximation to the horizontal shortening across the 
Iberian Chain (Fig. 6). As discussed previously, the upper 
crust appears as more thickened beneath the Iberian Chain 
than the middle and low crust. Beneath the Ebro and Tajo 
basins it was assumed no tectonic crustal thickening. 
Making a balance of areas, 57.5km of horizontal shortening 
is obtained for the whole crust. The middle and lower crust 
recover an almost constant thickness, as it experienced 
a Mesozoic thinning bigger than that of the upper crust, 
while the latter appears as more thickened beneath the 
Iberian Chain. These two values (32 and 57.5km) may be 
taken as end values for the Cenozoic horizontal shortening 
in the Iberian Chain.

Relief of the Iberian Chain

A good match is obtained when comparing the 
major geological structure of the Iberian Chain with its 
topography, pointing to this relief as a consequence of the 
Cenozoic contraction. More than half the surface of the 
Iberian Chain is above 1000m, while several areas having 
a surface higher than several hundreds of kilometers are 
above 1500m. Locally, the relief exceeds 2000m (Fig. 4). 
The main arguments for the Cenozoic origin of the relief 
are:

i) By the end of the Late Cretaceous, before the 
Cenozoic contraction, all the area previously covered 
by marine sediments became continental palustrine with 
sporadic marine intercalations (Canérot, 1974; Gautier, 
1980; Canérot et al., 1982). This indicates that, at that time, 
the Iberian Chain domain was about at the sea-level which 
was 200 to 300m above the present one.

ii) In the North and central parts of the chain, the 
areas with higher relief are coincident with the two big 
anticlinoriums previously described. These anticlinoriums 
are clearly depicted by the Upper Cretaceous rocks, which 
being the younger rocks before the Cenozoic contraction, 
are good markers of the overall deformation. The Upper 
Cretaceous rocks are found progressively at higher 
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elevations through the inner parts of the chain, being over 
1800m at the core of the Castilian Branch and West and 
South of Teruel (Figs. 3; 4).

The erosion of the contractive Iberian Chain building is 
generally low. This can be deduced after the conservation of 
Upper Cretaceous rocks in wide areas of the Iberian Chain, 
especially in the more elevated of the Castilian Branch 
and the Maestrat Unit. Mesozoic rocks are preserved in 
most of the chain, even in the more elevated areas above 
1500m. Variscan Basement outcrops are found at the core of 
kilometric-scale anticlines, indicating that they resulted from 
the erosion of local structures, of dimensions small than the 
big anticlinoriums (Fig. 4). Two areas have experienced a 
bigger erosion: the Cameros Unit and its adjacent Aragonese 
Branch, which constitute the northern big anticlinorium 
(Fig. 4). The erosion of these areas was synchronous to 
the Cenozoic contraction, as can be deduced after the syn-
orogenic lower Miocene rocks of the Calatayud Basin which 
are involved by basement thrusts (Julivert, 1954; Colomer 
and Santanach, 1988). The erosion of the Cameros Unit and 
the Aragonese Branch resulted from their uplift because of 
the northeast-directed displacement of the hanging-wall of 
the North-Iberian Thrust over a foot-wall ramp of this fault 
(Guimerà et al., 1995; Casas-Sainz et al., 2000; Guimerà et 
al., 2004) (Figs. 2; 3D, E; 4).

Coevally to the contractional deformation, planation 
surfaces developed over the Iberian Chain (Solé Sabarís, 
1978; Guimerà and González, 1998; Casas-Sainz and 
Cortés Gracia, 2002; Casas-Sainz and de Vicente, 2009) 
that were overlain by alluvial sediments at the external 
parts of the chain, ranging in age from Lower Miocene 
in the East (González, 1989) to Upper Miocene in the 
northwest (Muñoz and Casas-Sainz, 1997). These deposits 
belong to the younger deposits of the foreland basins 
which at that time were endorheic and so sedimented with 
a rising base-level, which also helped to reduce the erosion 
of the chain. The capture of these foreland basins to the 
Atlantic or the Mediterranean by the end of the Miocene 
(Riba et al., 1983; Serrat, 1992) started the fluvial downcut 
and erosion of the foreland basins and the Iberian Chain. 
This downcut is more intense in the northern side of the 
chain where the Ebro Basin has been strongly eroded. 
Nevertheless, this downcutting has not yet affected the 
whole Iberian Chain, and wide areas, especially the more 
elevated ones, still preserve the late Miocene smooth relief 
(Guimerà and González, 1998, Guimerà et al., 2010).

CONCLUSIONS

The Iberian Chain is a complex intraplate fold-and-
thrust belt generated during the late Eocene to Miocene, 
resulting from the convergence between the Eurasian, 

Iberian and African plates. The main trend of its Cenozoic 
contractional structures is NW-SE, but E-W-, NE-SW- and 
N-S-trending structures are also present, as many of those 
structures are inherited or influenced by the Mesozoic 
extensional structures or the Variscan ones.

The boundaries of the chain with its surrounding 
foreland basins are always thrusts. The North-Iberian 
Thrust separates the chain from the Ebro Basin to the 
North, while the Serranía de Cuenca Thrust makes the SE 
boundary of the chain, separating it from the Tajo Basin 
and La Mancha foreland area. The area between these 
main thrusts is basement involved. West and South of the 
Serranía de Cuenca Thrust, the contractional Iberian Chain 
building is only made up by Mesozoic and Cenozoic rocks 
detached in the evaporitic Upper Triassic Keuper facies.

Considering the major structure of the chain, two parts 
can be differentiated. The western and central areas have 
two major anticlinoriums (the northern one containing the 
Cameros Unit and the Aragonese Branch, and the southern 
one constituted by the Castilian Branch) separated by the 
Almazán Synclinorium, while these three units are not 
present West of the Teruel Depression. This eastern area 
includes the E-W-striking N-verging Linking Zone in the 
North, and NW-SE-striking S-verging thrusts in the South.

A mean and a maximum crustal thickening of about 
5km and 9km, respectively, resulted from the Cenozoic 
contraction. As the middle and lower crust is likely to have 
been more thinned during the Mesozoic, the upper crust 
appears as more thickened than the middle and lower crust, 
which recovered an almost constant thickness.

The horizontal shortening obtained from the cross-
sections is 32km, and from the density-gravity section 
of 57.5km for the upper crust. These two values may be 
considered the two end values.

The relief of the Iberian Chain has a strong areal 
coincidence with the contractional structures and the 
thickened crust. Hence, they are genetically related, and 
are a consequence of the Cenozoic contraction. Moreover, 
planation surfaces developed onto the orogenic building 
coeval to the contractional structures activity, overlain 
by the alluvial systems directed to the endorheic foreland 
basins. Eventually, by the end of the Miocene these basins 
were captured, and they and the Iberian Chain started the 
present period of erosion. 
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