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SUMMARY OF THE ITINERARY 

 

 

1st stop 

Montsec Thrust. Stratigraphic successions and geometric 

relationships of the Jurassic (prerift), Lower Cretaceous (synrift), 

Upper Cretaceous 1 (postrift) and Upper Cretaceous 2 (synorogenic). 

Terradets gorge.  

2nd stop 
Stratigraphy and structure of the eastern part of the Tremp Basin, 

Montsec Thrust. Santa Helena de Claret  

3rd stop Frontal structure of the Bóixols thrust sheet. Faidella pass. 

4rt stop Abella de la Conca Thrust. Abella de la Conca. 

5th stop 

Frontal structure of the Bóixols thrust sheet. The Sant Corneli 

anticlinal and the tectonic inversion of the Lower Cretaceous 

extensional basin. Salàs de Pallars. 

6th stop 
Hanging wall ramp of the Bóixols-Sant Corneli Thrust and the 

evolution of carbonate platforms in active margin. Aramunt Vell. 

7th stop 

Stratigraphy and structure of the Cretaceous units in the Bóixols 

thrust sheet. The paleorelief of the Paleogene conglomerates. 

Collegats gorge. 

8th stop 
Boundary between the basement-involved units of the Nogueres and 

the Bóixols thrust sheet, the Morreres backthrust. Collegats gorge. 
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OVERVIEW OF THE TECTONIC EVOLUTION  

OF THE PYRENEES 
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GEODYNAMIC SETTING 

The Iberian Peninsula has a number of Cretaceous extensional basins which 

development was controlled by the opening of the North Atlantic and the Bay of 

Biscay as well as by the evolution of the Ligurian Tethys. These basins are not only 

present along the margins of the Iberian Peninsula but also in its interior. All these 

Cretaceous basins have been weakly to strongly inverted during the Alpine 

contractional events along the major orogenic belts surrounding the Peninsula as 

well as along intraplate ranges and uplifted areas (Fig. 1). 

A first extension event in the Pyrenean domain occurred during the Upper 

Carboniferous-Triassic related to the post-Hercynian break-up of Pangea (Fig. 2). 

Most of these deposits are continental, including thick series of volcanics. The main 

rifting event started at Late Jurassic-Early Cretaceous times as a result of the 

opening of the North Atlantic related to the sea-floor-spreading system north of the 

Azores fracture zone (Fig. 2). As a consequence, the North Atlantic area became 

domed up by thermal uplift (Ziegler, 1988). Thermal uplift around the J/K boundary 

caused an important drop in relative sea level and deep truncation of Jurassic rocks, 

giving place to a regionally correlative unconformity (“late Kimmerian” in the North 

Sea literature). 

Early Cretaceous rifting lasted 45 Ma maximum in the northern basins of Iberia and 

Aquitaine and the postrift stage started around the Late Albian-Cenomanian 

boundary (Fig. 2). Extension continued after the formation of the first oceanic crust 

in the Bay of Biscay. As thermal subsidence progressed along the Upper 

Cenomanian-Turonian, the sea submerged the lowlands occupied by extensional 

basins (Fig. 1). Rapid overstepping of the basin margins, rapid decrease in clastic 

influx and high sea levels are the main signals accompanying the transgression.  

During the Senonian and Paleocene, northwest Europe was affected by intraplate 

compressional stresses that can be related to the Alpine collision of Africa and 

Europe (Ziegler, 1987). These stresses induced the inversion of Mesozoic basins in 

Central Europe (Fig. 1). One of the best places where the start of the collision has 

been studied and dated is the Southern Pyrenees. The Late Santonian-Maastrichtian 

compression is, however, of capital importance for the understanding of the 

inversion geometries because in this gap the basins underwent complete inversion.  
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Figure 1. - Evolution of the Iberian plate during the pre-rift, syn-rift, post-rift and 

collisional stages. From Salas et al., 2000 (IGCP-369 project). 
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Figure 2. - Chronostratigraphic diagram of the South-Central Pyrenees showing the 

main tectonic events, which affected the Mesozoic basins. 
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MAIN GEOLOGICAL FEATURES OF THE PYRENEES 

The Pyrenees is a doubly-verging collisional orogen, which resulted from the 

Mesozoic-Cenozoic interaction between the Afro-Iberian and European plates (Roest 

& Srivastava, 1991). It extends for some 1500 km from the eastern Alps, along the 

Mediterranean coast, to the Atlantic Ocean northwest of the Iberian Peninsula. Two 

main foreland basins flank the range: the Aquitaine basin on the north and the Ebro 

basin on the south (Fig. 3). 

The Pyrenees display different characteristics along strike. In the east, the Pyrenees 

were overprinted by the Neogene extensional features related with the opening of 

the Gulf of Lions and the drift of the Corso-Sardo block. The main part of the range 

between France and Spain corresponds with a continental collisional orogen. Here, 

the orogen developed over a previously thinned continental crust but without 

intervening oceanic crust between the two plates. Furthermore to the west, the 

oceanic crust of the Gulf of Biscay is involved in the Pyrenean orogen where the 

oceanic lithosphere was moderately subducted. 

The Pyrenees is a mountain range of tectonic inversion, which is superposed on 

Triassic-Cretaceous extensional to transtensional rift systems. These are associated 

with the fragmentation of southern Hercynian Europe and western Tethys as a 

result of the break-up of Pangea, as well as the opening of the Central Atlantic Ocean 

and the Bay of Biscay, and the resulting rotation of Iberia (Roest & Srivastava, 1991). 

Convergence occurred from Campanian to Middle Miocene time as the Afro-Iberian 

plates moved generally northward against Europe. As a result, the earlier 

extensional structures were inverted, and then incorporated into the thrust system. 

The Pyrenees is characterized by a thrust system that displays an asymmetric 

double upper crustal wedge. In the central and eastern Pyrenees the southern 

wedge consists of an imbricate stack involving cover rocks (South Pyrenean thrust 

system) and an antiformal stack of basement rocks (Axial Zone). Both are 

southward directed. The northern wedge is formed by a northward-directed 

imbricate stack (North-Pyrenean thrust system) involving basement and cover 

rocks (Fig. 4). The southern wedge is wider than the northern one. Correspondingly, 

displacement and cumulative shortening is also greater in the southern wedge. This 

asymmetry varies along strike, the greater being across the central Pyrenees. 
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In the southern Pyrenees the cover Upper Thrust Sheets (Muñoz et al., 1986) consist 

of Mesozoic and syntectonic Paleogene rocks which were initially detached from the 

basement over the Late Triassic evaporites. These thrust sheets were later on 

thrusted on top of autochthonous Paleogene rocks in continuation with the Ebro 

foreland basin (Fig. 4). They are the Central-South Pyrenean thrust sheets (Bóixols, 

Montsec and Sierras Marginales) in the central Pyrenees and the Pedraforca thrust 

sheets in the eastern Pyrenees (Figs. 3 and 4). Mesozoic series is only tens of meters 

thick in the southernmost units and progressively thickens northwards up to 7km. 

This sedimentary wedge is the result of the progressive southwards thinning and 

pinch out of the Cretaceous stratigraphic units coupled with the geometry imposed 

by Cretaceous (mainly Early Cretaceous) extensional faults. The Upper Thrust 

Sheets show numerous oblique and lateral structures, probably related to the 

original Mesozoic basin configuration and the distribution of the detachment salt 

horizons. From these structures an approximately N-S transport direction can be 

deduced. Location of thrusts is strongly controlled by previous extensional faults, 

mainly Lower Cretaceous in age. 

Below the Upper Thrust Sheets the lower south-Pyrenean thrust sheets are 

characterized by an incomplete and reduced Mesozoic series overlain by Paleogene 

foreland basin platform and turbiditic sequences deposited forwards of the 

previously emplaced Upper Thrust Sheets. These cover series unconformably 

overlie upper Palaeozoic basement rocks. Mesozoic series is absent in the lower 

thrust sheets of the eastern Pyrenees (Cadí thrust sheet) and only represented by 

Upper Cretaceous sequences in the central Pyrenees (Gavarnie thrust sheet). 

To the north and below the cover imbricate thrust sheets, basement rocks constitute 

an antiformal stack (Axial Zone). This antiformal stack only involves upper crustal 

rocks, its floor thrust being located at 15 km depth below the top of the basement. It 

is constituted by three main structural units: Nogueres, Orri and Rialp thrust sheets 

(Fig. 4, Muñoz, 1992). The Nogueres thrust sheet is the uppermost of the antiformal 

stack and its southern tip is the basement of the lower cover thrust sheets. In the 

central Pyrenees the contact between the cover Upper Thrust sheets and the 

basement antiformal stack corresponds to a passive-roof backthrust (Morreres 

backthrust). During the development and southwards displacement of the basement 

antiformal stack the cover units have been wedged northwards and up the top of the 

basement, similarly as described in other orogenic belts. 
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Deformation of the Pyrenean double-wedge migrated outwards in a piggy-back 

manner, although synchronous hindwards internal deformation has been also 

documented. The forward propagation of the deformation in the southern Pyrenees 

was modified, in the last stage of the evolution of the thrust-belt, by a break-back 

reactivation of the older thrusts and by the development of new, minor out-of 

sequence thrusts affecting syntectonic deposits (Martínez et al., 1988, Vergés and 

Muñoz, 1990). Thrust transport direction was constantly N-S to NNE-SSW through 

most of the tectonic evolution as deduced by the map pattern of the structures, 

kinematic criteria along thrust planes and the absence of significant rotation around 

a vertical axis along the analyzed cross-section (Dinares et al., 1992). This implies a 

near normal convergence through the main orogenic phase. 

 

FORELAND BASINS 

Since the initial stages of the Pyrenean collision at Late Santonian-Campanian times 

two foreland basins developed, one in each side of the double-wedge (Figs. 3 and 4). 

The northern foreland basin, the Aquitaine basin, consists of a thick (few km) 

succession of Upper Cretaceous turbidites overlain by an up to 4km thick Paleogene 

series. Most of the latter are represented by continental deposits as only marine 

platform sediments of Early Ypresian age are observed (Buis & Rey, 1975). The 

Aquitaine basin mainly developed in the footwall of the north-Pyrenean frontal 

thrust and was not greatly involved in the north-Pyrenean thrust system. 

The south-Pyrenean foreland basin is wider in planform and has a thicker 

composite succession than the Aquitaine basin. Its filling is characterized by an 

alternance of marine sediments (Late Cretaceous and Early-Middle Eocene) and 

continental deposits (Paleocene and Late Eocene-Miocene). The first synorogenic 

deposits consist of Upper Cretaceous turbidites and marls which grade upward into 

a Latest Cretaceous-Palaeocene shallow water and continental succession. The 

Eocene series above is characterized by thick, mainly marine sediments with strong 

lateral variations in facies and thickness as a result of basing partitioning and 

development of piggy-back basins (Tremp-Graus and Ager basins) during the 

southward displacement of the Upper Thrust Sheets (Puigdefrebregas et al., 1986, 

1992). The piggy-back basins contain lower Eocene platform and continental 
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terrigenous facies that grade in the footwall of the Upper Thrust Sheets into deeper 

marine turbidites and pro-delta marls (Mutti et al., 1988). These marine Eocene 

successions were incorporated into the south-Pyrenean thrust system and were 

overthrust on top of initially marginal facies, as a result new piggy-back basins 

developed below the previous ones (Jaca basin in the central Pyrenees and Ripoll 

basin in the eastern Pyrenees). The autochthonous part of the south-Pyrenean 

foreland basin, southward the south-Pyrenean frontal thrust, is known as Ebro 

basin. It is mainly filled by the last stage continental sediments of the foreland basin 

after the Early Priabonian evaporites. These evaporites represent the closing of the 

Ebro basin. Upper Eocene-Lower Miocene continental clastics filled the enclosed 

basin and progressively backfilled and buried the south-Pyrenean thrust system 

during its late stages of development (Coney, et al., 1996). 

 

THE BALANCED AND RESTORED ECORS CROSS-SECTIONS 

The crustal and lithospheric structure along the ECORS cross-section across the 

Central Pyrenees has been constrained by different geophysical techniques (deep 

reflection and refraction seismic profiles, gravity, magnetotellurics, magnetic 

anomalies, tomography, and heat flow. See Fig. 5 for a summary). The data that best 

constrain the Pyrenean crustal structure are from the deep seismic reflection 

profiles, mainly the ECORS-Pyrenees profile (Choukroune et el., 1989). This profile 

has been interpreted to show the subduction of the Iberian plate below the 

European one and has been the basis for the construction of crustal balanced cross-

sections (Roure et al., 1989, Muñoz, 1992).  

Balanced and restored cross-sections were constructed not only to integrate 

geophysical and geological data but also to estimate the amount of orogenic 

contraction (Figs. 5 and 6). A geometrical solution of a crustal cross-section of the 

central Pyrenees along the ECORS profile gave a total shortening of 147km (Muñoz, 

1992). However, this value increases up to 160km if the internal deformation of the 

crust below the sole thrust of the Pyrenean thrust system is restored (Beaumont et 

al., 2000, Muñoz, 2002). Other cross-section restorations of the central Pyrenees 

have estimated shortening values over 100 Km (Deramond et al., 1985; Roure et 

al.,1989). A shortening calculation for a crustal cross-section in the eastern Pyrenees 

yielded a shortening estimate of about 125km (Vergés et al., 1995).   
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Figure 5.- Geophysical data of the central Pyrenees along the ECORS transect.  

Reflection seismic time section of the ECORS profile (top). Interpreted crustal structure 

based on geophysical and geological data (centre); gravity constraints from Torné et al. 

(1989); high angle reflection and refraction data from Daigniéres et al., (1989); 
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geological data from Muñoz (1992). Main reflectors of the ECORS seismic profile have 

been depth converted, taking into account gravity and reflection data, and then 

incorporated into the crustal geological cross-section. Two dimensional electrical 

resistivity model from a magnetotelluric survey from Pous et al. (1995) located a few 

kilometers east of the ECORS profile (bottom). 

These shortening calculations are compatible with the estimated separation of the 

Iberian and European plates as deduced by reconstruction of the past motion of 

Iberia after paleomagnetic data (Roest & Srivastava, 1991, Olivet, 1996). These 

paleomagnetic data, as well as cross-sections west of the ECORS one, show that 

shortening decreases westwards. Shortening values of the order of 80km are 

reached to the west of the ECORS cross-section (Grandejan, 1992, Teixell, 1996, 

1998). 

The restored cross-section gives an estimate of the geometry of the crust before the 

Pyrenean collision (Fig. 6). The geometry of the inherited structures (Hercynian 

cleavage and thrusts, Late-Hercynian extensional faults and Early Cretaceous 

extensional system) displays listric geometry over the lower layered crust. Most of 

these structures dip to the north. This geometry has been observed in the 

undeformed part of the ECORS-Pyrenees profile, deduced after the restoration or by 

comparison with other areas. The restored crustal geometry is consistent with the 

areas in the vicinity of the Pyrenean domain that were affected by the Mesozoic 

extensional events but were not subsequently deformed by contractional structures, 

e.g. those areas located in the Aquitaine foreland (Le Pichon & Barbier, 1987, Pinet et 

al., 1987, Boillot & Malod, 1988, Marillier et al., 1988).  

 

GEODYNAMIC EVOLUTION 

In the Pyrenees the geometry of the thrust structures as well as their ages are 

constrained by the exceptionally well-preserved synorogenic strata. This allows us 

to estimate the variation of the crustal structure through time and to construct 

partially restored cross-sections between the restored cross-section before the 

collision and the present state (Fig. 6). Partial restored cross-sections have been 

made using an area mass balance and taken into account the shortening partitioning 

between the two sides of the orogenic double-wedge, the planform extent and depth 

of the foreland basins and paleotopography where preserved (Muñoz, 1992, Vergés 

et al., 1995). These partial restored cross-sections integrate the crustal structure 

deduced from geophysical data and summarize the available information on the 
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geodynamic evolution of the Pyrenees from geology. They are being the basis for 

comparison with numerical models with the idea to gain insight into the 

fundamental processes of orogenic growth and foreland basin development (Millán 

et al., 1995, Beaumont et al., 2000, Muñoz, 2002). 
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The restored ECORS cross-section shows an Early Cretaceous extensional system, 

which was inverted during the first stage of N-S convergence (Late Santonian- 

Maastrichtian) (Fig. 6). The geometry of this system as well as the location of the 

intracrustal weak detachment zones not only determined the structure at surface 

but also at a crustal scale. Inversion tectonic features are dominant in the northern 

Pyrenees and in the Upper thrust sheets of the southern Pyrenees. They are also 

spectacular in the westernmost Pyrenees where the reactivation of the Early 

Cretaceous extensional faults where coeval with diapiric flow of thick Triassic 

evaporites (Ferrer et al. 2008, Roca et al. 2011). Numerical geodynamical modelling 

corroborates the idea that the tectonic style of the Pyrenees and partitioning of the 

deformation between both sides of the orogenic double-wedge is strongly 

influentiated by the inversion of previous extensional features (Beaumont et al., 

2000). This conclusion can also be inferred from the structural pattern variations 

along the strike of the chain. Strongly subsiding troughs filled by turbidites 

developed in the footwall of the inverted faults. These deep marine foreland basins 

of the initial stages were superimposed on previous marine post rift basins 

developed during a thermal subsidence phase (Brunet, 1986). 

The Palaeocene was a time with relatively low plate convergence between Europe 

and Africa (Roest & Srivastava, 1991). In the eastern and central Pyrenees, the Lower 

Cretaceous extensional faults were completely inverted; thus the stretched upper 

crust recovered its initial pre-Cretaceous length, and probably the whole crustal also 

attained its pre-Cretaceous crustal thickness (Fig. 6). The eastern and central parts 

of the foreland basins changed from marine to continental as topography developed 

and the amount of eroded material was sufficient to fill the basins. 

During the Early-Middle Eocene thrusting rate increased. Both foreland basins 

experienced a deepening, which resulted into the widest extension of marine 

deposits in the Pyrenean foreland basins (Puigdefabregas et al., 1992, Burbank et al., 

1992a). The thrust front in the southern side of the central Pyrenees strongly 

advanced because deformation of the Mesozoic wedge on top of a weak detachment 

level (Triassic evaporites). Shallow marine deposits were deposited in the foreland 

as well as in the piggy-back basins, which demonstrate a subhorizontal mean 

topography over the southern frontal wedge. Strongly subsident troughs filled by 

turbiditic sequences were developed southward the uplifted basement in the 

footwall of the Upper thrust sheets. Some relief existed hindwards as evidenced by 

the N-S river systems supplying basement clastics and by the geometry and location 

of proximal alluvial fans. A maximum topography of 1-2 km has been calculated 
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based on paleotopographic reconstructions and flexural modelling (Vergés et al., 

1995, Millán et al., 1995). Flexure of the Iberian and European plates was produce by 

a combination of topographic loading and subduction loading (Millán et al., 1995, 

Beaumont et al., 2000). The northern frontal thrust was mainly pinned and no piggy 

back basins developed in the Aquitaine basin. 

The last stage (Late Eocene-Middle Miocene) of the Pyrenean orogenic growth is 

characterized by a change of deformational style (Fig. 6). Iberian upper crustal units 

were underthrusted below the previously southwards displaced basement and 

cover units. A basement antiformal stack developed in the middle of the chain 

synchronously with further southwards overthrusting of the southern lower cover 

thrust sheets on top of the foreland. The geometry of the emergent thrust front as 

well as the foreland structure of the southern Pyrenees were strongly controlled by 

evaporitc horizons deposited in the foreland basin succession (Vergés et al., 1992, 

Sans et al., 1996). In the northern Pyrenees frontal thrust migrated 6km into the 

foreland. At this time both foreland basins were filled by continental deposits. Relief 

and erosion rates increased. The Ebro basin became closed and separated from the 

Atlantic because the tectonic relief growth during the inversion of the Early 

Cretaceous basins in the western Pyrenees. Erosional debris of the Pyrenees and 

other surrounding chains of the Ebro basin (Iberian and Catalan Coastal Ranges) 

progressively filled the basin and then backfilled, to bury the flanking thrust belts on 

its margins (Coney et al., 1996). This progressive backfilling forced deformation to 

migrate hindwards and as a consequence reactivation of previously developed 

thrust structures and break-back thrust sequences occurred (Vergés & Muñoz, 1990, 

Burbank et al., 1992b, Muñoz et al., 1997, Fillon et al. 2013). The southern Pyrenees 

was almost completely buried by Early-Middle Miocene times. 

The abrupt and subsequent Miocene-Pliocene re-excavation of the southern 

Pyrenees and the Ebro basin to develop the present fluvial system was some 

combination of the Miocene rifting of the western Mediterranean and the Messinian 

desiccation crisis. River incision has also been favoured by the ongoing post-

orogenic isostatic rebound during the thermal re-equilibration of the lithospheric 

root and the subducted lower crust (Pous et al., 1995). 
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THE 3D GEOLOGICAL MODEL OF CATALUNYA 

 

INTRODUCTION 

The geological community in the last years has been engaged in developing new 

technologies and workflows for acquiring, processing, analysing and visualising 

geological and geophysical data. This is closely linked to advances occurred both in 

computers (both hardware and software) and the availability of digital data, which 

have opened a new era with increasing possibilities to work with huge amount of 

data and different formats. These advances allow us to integrate more hard data 

with geological knowledge or constraints derived from the analysis of raw data. To 

do that, a valid 3D approximation and workflow must be used to minimize errors 

and to obtain valid 3D geological models. 

Being aware of this, the Geomodels Research Institute and the Geological Institute  

of Catalonia (ICGC), worked to obtain (in 2013) a first version of the 3D geological 

model of Catalunya at 1:250.000 in order to take an important step in the geology 

disclosure as well as the type and quality of the geological product generated (Fig. 

7). 

METHODOLOGY FOR THE RECONSTRUCTION OF THE 3D 

GEOLOGICAL MODEL OF CATALUNYA 

The workflow developed and followed for the 3D reconstruction of the 3D 

geological model of Catalunya is based on the explicit reconstruction methodology 

that implies: establishing 3D geometric relationships between initial hard data by 

means of defining a 3D vector field from the structural analysis of data, thus with 

geological criteria (Langenberg et al., 1987, De Paor, 1988; Fernández, 2004, 

Groshong, 2006, Carrera et al., 2009, Mencos, 2011). This method is based on the basic 

concepts for geological cross-section construction but taking into account all the 

available data and their absolute position, avoiding unnecessary steps of section 

construction and preventing the introduction of additional errors during the interpolation 

between sections (Fernández et al. 2003, Carrera et al. 2009). 
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This method can deal with any sort of data such as horizons interpreted on 2D seismic 

lines, wells and associated data, geological map data and field observations (i.e. attitudes 

of planes and lines). 

Taking into account these 3D reconstruction assumptions, the methodology used to 

generate the 3D geological model of Catalonia honours all available data and 

incorporates geological constrains derived from structural analysis (cilindricity, dip 

domains, plunge lines, etc.) where data is absent or scarce. 

The hard data used to reconstruct this 3D geological model can be grouped into: 

Surface data: digital geological map of Catalunya at 1:250.000 and all the available 

digital geological maps (mainly at 1:50.000 and 1:25.000) and digital terrain model 

of 200 x 200 m and 30 x 30 m. 

Subsurface data: well data and seismic data (in SEG-Y; TIFF or JPG; and analogic 

format). 

Derived data: combination of surface and subsurface data to obtain new geological 

data like cross-sections or contour maps (isopachs or isobaths). 
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THE MAIN STRUCTURAL UNITS OF THE SOUTH 
CENTRAL PYRENEES  

Introduction  

The main structural units of the South Central Pyrenees have been represented in 

the 3D geological model of Catalunya. The geometry of the main thrusts bounding 

these structural units, as well as the surfaces representing the main 

tectonostratigraphic events have been constrained by surface and subsurface data 

(Fig. 7). The main structural units form three main imbricated thrust sheets, which 

from south to north are: Serres Marginals, Montsec and Bóixols (Figs. 4, 8, 9 and 10). 

These units presently lie on top of autochthonous Paleogene rocks of the Ebro 

foreland basin. To the north and below the cover imbricate thrust sheets, basement 

rocks constitute an antiformal stack (Fig. 9). The wider structural units are the once 

involving the most complete stratigraphic record are the Montsec and Bóixols thrust 

sheets and they will be the objective for this field trip (See Figs. 8, 9 and 10 for 

location of stops). 

Serres Marginals thrust sheets 

The Serres Marginals thrusts sheets are located between the frontal thrust to the 

south and the Montsec thrust to the north (Pocoví, 1978; Martínez Peña & Pocovi, 

1988).  They consist of several small imbricate units characterized by a reduced 

Mesozoic sequence, which becomes thicker and more complete to the north (Pocovi, 

1978), overlain by a Lower Eocene succession. The Upper Cretaceous carbonatic 

sequence is significantly thicker (1500 m) in the Montsec thrust sheet than in the 

northernmost outcrops of the Serres Marginals thrust sheets, below the Ager basin 

(Martínez Peña & Pocoví, 1988). 

Upper Eocene-Lower Oligocene conglomerates, sandstones and gypsums were 

sedimented synchronously with thrust development resulting into espectacular 

tectono-sedimentary relationships. For instance, a break-back thrust sequence is 

clearly demonstrated more to the east of the section in equivalent structural units 

(Oliana-Peramola area), where a break-back thrust system is superimposed on a 

previous piggy back imbricate fan (Vergés and Muñoz, 1990). 
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Montsec thrust sheet 

This thrust sheet includes a Mesozoic sequence of about 3000m thick, mainly of 

Upper Cretaceous limestones and a Cenozoic sequence represented by Paleocene 

and Lower and Middle Eocene clastic sediments (Tremp-Graus basin). lt shows a 

simple structure mainly consisting of a broad syncline, which supports the piggy 

back Tremp-Graus basin (Fig. 9). The Montsec thrust sheet is bounded to the south 

by the Montsec thrust, which displays cartographic arc geometry, much the same as 

the floor thrust of the Serres Marginals (Figs. 3 and 8). The age of the Montsec thrust 

is Ypresian as recorded by the syntectonic sediments at both sides of the thrust, 

especially to the south, in the Ager basin. A minimum displacement of about 10 km 

along the Montsec thrust is well constrained from the Comiols oil well data and from 

the cutoff points in its hangingwall and footwall (Fig. 9). 

Bóixols thrust sheet 

The Bóixols thrust sheet is located between the Tremp basin and the Nogueres 

Thrust sheet (Figs. 3, 8 and 9). This thrust sheet consists of a thick (over 5000 m) 

Mesozoic sequence, mainly Lower Cretaceous in age. The thickness of the Lower 

Cretaceous marls and limestones represents the main stratigraphic difference with 

respect to the Montsec thrust sheet. The southern boundary of the Bóixols thrust 

sheet corresponds along most of its cartographic expression to a non-exposed 

thrust, which is overlapped by the Maastrichtian Aren sandstone formation 

(Souquet, 1967; Garrido-Megías and Rios, 1972). The syntectonic character of the 

Aren sequence is clearly demonstrated by the fan attitude of the sandstone beds and 

by their onlap disposition over the southern limb of the Bóixols-Sant Corneli 

anticline (Puigdefábregas and Simó, 1986). The frontal part of the Bóixols thrust 

sheet presents a complicated structure as a result of the inversion of previous 

Lower Cretaceous extensional faults (Berastegui et al. 1990). The contact between 

the cover imbricated stack and the basement antiformal stack corresponds to a 

passive-roof backthrust (Morreres backthrust). During the development and 

southward displacement of the basement antiformal stack the cover units were 

wedged northwards and up over the basement. 
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Hercynian basement thrust sheets 

North of the cover Upper Thrust Sheets (South Pyrenean Central Unit), Alpine 

thrusting has involved the Hercynian basement rocks. Basement rocks constitute 

thrust sheets, which are piled on top of each other forming the Axial Zone antiformal 

stack (Figs. 4, 9 and 10). The uppermost of these thrust sheets is the Nogueres unit 

(Dalloni, 1910, 1930) where thrusts affect basement and Triassic cover rocks. In the 

Nogueres unit, thrusts are steepened, and as a result, the hangingwall anticlines 

display downward facing fold geometry. In the Nogueres thrust sheet two units can 

be differentiated: the Upper Nogueres units, where lower Triassic red beds 

unconformably overlie Devonian rocks and Lower Nogueres units where thick 

Stephano-Permian sequences occur between the Triassic and the Devonian rocks. 

The Upper Nogueres units are rooted in the northern flank of the Axial Zone 

antiformal stack and have been displaced to the south a minimum of 10-15km. The 

Lower Nogueres units are constituted by several small thrust sheets with a 

hectometric to kilometric displacement to the south. Below the Nogueres thrust 

sheet, Cambro-Ordovician and Devonian rocks constitute the lower outcropping 

thrust sheets of the Axial Zone antiformal stack (Orri and Rialp), the lowermost one 

outcropping in the Rialp tectonic window (Figs. 9). 
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PART B: 

ITINERARY 
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STOP 1: MONTSEC THRUST 
Terradets, intersection of the road to Ager 

Objectives: General view of the Montsec thrust sheet, its structure and 

stratigraphy. The Montsec thrust and its relationships with the Lower Eocene 

rocks in its footwall. 

The aim of this stop is to obtain a general view of the Montsec thrust sheet and its 

footwall, the Ager basin (Figs. 1.1 and 1.2). 

Looking northwards, the E-W elongated mountains, which correspond to the 

Montsec range, are made up of a Mesozoic succession, mainly of limestones (Figs. 9, 

1.3 and 1.4). The highest ridges are formed by Upper Cretaceous limestones, up to 

l500m thick. A Lower Cretaceous succession, only 200m thick, is pointed out by an 

alignment of cliffs over the dark-grey coloured Dogger dolomies, which are very 

characteristic in the landscape. The depressed area at the bottom of the Montsec 

range is formed by the Lower Jurassic marls and limestones. The whole Mesozoic 

succession dips regularly, about 30o to the north and constitutes the Montsec thrust 

sheet. The bottom of the valley, around the lake, as well as the road cuts, is made by 

the Lower Eocene clastic sediments of the Ager basin (Figs. 1.3 and 1.4). 

These Eocene rocks are located in the footwall of the Montsec thrust and display a 

kilometric-scale footwall syncline (Figs. 9 and 1.4). In the northern limb of this 

syncline progressive unconformities occur and close to the Montsec thrust, the 

lowermost part of the Eocene succession has been eroded below upper Lower 

Eocene sequences. The Montsec thrust is not a simple structure. Along the Pallaresa 

valley, small slices of Upper Cretaceous limestones and Lower Eocene sandstones 

outcrop in between the Montsec thrust sheet and the Eocene beds of the Ager basin 

(Fig. 1.3). Thrusts constitute a triangle zone in which the Montsec thrust (the 

northernmost one) has reactivated as an out-of-sequence thrust. The strong 

omission of stratigraphy by erosion (upper Lower Eocene sequences over lower 

Upper Cretaceous) in the slices of the triangle zone corroborates this hypothesis. 

The Comiols-1 well drilled the complete Montsec thrust sheet succession, the Serres 

Marginals unit in its footwall, and finally the autochthonous Eocene rocks on top of 
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the Paleozoic basement. It is interesting to emphasize the different thickness of the 

Lower Cretaceous rocks in these different structural units, being 450 m in the 

Montsec thrust sheet, and absent in the Serres Marginals and Autochthonous units 

(Fig. 1.5). The original Comiols-1 well described a thin Lower Cretaceous sandstone 

unit in the Serres Marginals (Fig. 1.5), which has been reinterpreted as Upper 

Santonian in age. 
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STOP 2: TREMP BASIN 

 

Santa Helena de Claret view point, chapel over Claret village 

Objectives: General view of the eastern Tremp basin and the identification of 

the main lithostratigraphic units 

From this view point there is an excellent overview of the eastern part of the 

Montsec thrust sheet. It shows a simple structure mainly consisting of a broad 

syncline which represents the hanging wall of the Montsec thrust on which the 

Tremp basin is located.  

Looking southwards, we observe the southern border of the Tremp basin formed by 

an E-W prominent range which corresponds to the northern flank of the Montsec 

thrust sheet. The top of the first ridges of the Montsec area are formed by Upper 

Cretaceous limestones, up to 1.500 m in thickness. The top of this bioclastic 

limestones succession is formed by a progressive unconformity of the Areny 

sandstone Formation (Mey et al., 1968; Nagtegaal, 1972). This unit, Campanian-

Maastrichtian in age, comprises a syntectonic overall coarsening sequence of 

calcarenites which marks a strong tectonic control of the Boixols thrust sheet. This 

strong influence developed slumps and olistholits in a gravity flow sedimentation 

run into a slope and basin plain environment. On top, this sediments prograded 

westwards along the basin within a progradation pattern from a stuarine to fluvio-

deltaic system. This unit appear in both flanks N, where the dam of Sant Antoni lake 

is located, and S of the Tremp basin with a clear opposite dip directions (Figure 2.1 

and 2.2). 

The top of the Areny sanstone Formation is an angular unconformity which marks 

an upward change into terrestrial Tremp Formation (Mey et al., 1968) also known 

as the Garumnian facies. These reddish facies stand out over landscape coinciding 

with the main arable area of the basin. This formation comprises a thick sequence, 

up to 400 m thick, of continental red beds composed by coastal-plain mudstones 

with intercalation of fluvial channels and lacustrine limestones. Within this unit is 
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the K/Pg boundary. These sediments are overlain by transgressive shallow-marine 

carbonates (Alveolina limestone), which marks the base of the Ilerdian, Lower 

Eocene in this basin (Luterbacher, 1992). These sediments, grey-blue in color, was 

chosen as a study model because of its rich and varied faunal content and record the 

time when the sea invaded the Tremp region from the west through the Cantabric 

and Jaca troughs.  

Looking northwards, the range at the back of the dam with an orane-red colouring, 

correspond to La Pobla de Segur conglomerates, Middle Eocene-Oligocene in age 

(Beamud et al., 2003; 2006) which unconformably overlies the Upper Cretaceous 

beds of the northern limb of the Sant Corneli anticline and also at eastern border of 

the basin in the Benavent-Comiols area. The stratigraphic thickness of these 

conglomerates is about 800m in that area (Robles, 1983) but, the complete 

sequence, reaches up to 2.600m, (Rosell and Riba, 1966) and these ones are 

interpreted as the result of alluvial fans progradation in relation to the steepened 

gradients which characterize the third stage in the development of the foreland 

basin.  
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STOP 3: BÓIXOLS ANTICLINE 
Faidella, viewpoint from the road to Bóixols village. 

Objectives: General view of the northern Tremp basin and the Bóixols anticline. 

From the road Isona to Coll de Nargó, near Faidella Pass, there are spectacular views 

of the Bóixols anticline (Figs 3.1 and 3.2). In the background, the cliffs (Serra de 

Carreu) correspond to the lower part of the Upper Cretaceous succession (upper 

Cenomanian to Coniacian limestones), which dip moderately to the north (Fig. 3.2). 

The same succession is involved in the forelimb of the Bóixols anticline where beds 

are close to vertical (Figs. 3.2). The anticline is cored by a thick succession of Lower 

Cretaceous carbonates, which were drilled by the Bóixols well (Figs. 3.2, 3.3, 3.4 and 

3.5). 

Maastrichtian sandstones of the Aren Group unconformably overlie the lower 

Santonian marls and limestones of the southern limb of the anticline. These 

sandstones are folded into a syncline south of the Bóixols anticline, the Faidella 

syncline (Figs. 3.4 and 3.5). This syncline is cored by the Garumnian (uppermost 

Cretaceous-Paleocene) red beds and located between the Bóixols anticline and the 

Isona anticline (Figs. 3.4 and 3.5). The latter belongs to the Montsec thrust sheet and 

was drilled by an exploratory well (Isona-1 well, figure 3.6). 

The stratigraphic differences between the Montsec and Bóixols thrust sheets are 

highlighted by the stratigraphic succession drilled by the Boixols-1 and the Isona-1 

wells. The first one drilled more than 2000 m of Lower Cretaceous rocks while the 

second one drilled less than 100 m of these rocks (Figs. 3.3 and 3.6). These 

significant differences resulted form the tectonic inversion of a previous Lower 

Cretaceous extensional basin (Fig. 3.5). 
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STOP 4: ABELLA DE LA CONCA THRUST 
Abella de la Conca village. 

Objectives: Thrust structures in the forelimb of the Bóixols anticline. Damage 

zone and mesostructures related with a thrust. 

In the Abella de la Conca village, the near vertical forelimb of the Bóixols anticline is 

formed by from north to south: Lower Cretaceous synrift sediments and 

Cenomanian, Turonian, Coniacian and Lower Santonian postrift rocks (Figs. 3.4, 3.5 

and 4.1). 

In this area, minor thrusts truncating the forelimb of the Bóixols anticline are nicely 

outcropping (Figs. 3.4 and 4.1). The most prominent one corresponds to the Abella 

de la Conca thrust, which slightly dips towards the north, present a metric-thick 

damage zone characterized by sheared marls with a S-C structure and about 100-

200m of displacement (Fig. 4.2). 

Sigmoidal attitude of the cleavage as well as extensional shears reveals that the 

main sense of displacement of the Abella de la Conca thrust is towards the south 

(Fig. 3.4 and 4.3). However, an opposite sense of movement (hangingwall down) is 

also revealed by mesostructures in the damage zone, demonstrating a younger 

reactivation of the thrust as a normal fault.  
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STOP 5: SANT CORNELI ANTICLINE 

Salas de Pallars village, viewpoint in the road between  

the main road and the village. 

Objectives: General view of the northern Tremp basin and the Sant Corneli 

anticline. Unconformity below the La Pobla de Segur conglomerates. 

Looking eastwards, the southern highest mountains correspond to the crestal area 

of the Sant Corneli anticline (Figs. 3.4 and 5.1). This anticline displays a high angle 

plunge as demonstrated by the disposition of the beds, which are Upper Cretaceous 

limestones and marls. The Sant Corneli anticline represents a hangingwall anticline 

of the Bóixols thrust sheet. Both structures, the Bóixols thrust and the Sant Corneli 

anticline, are unconformably overlapped by the Uppermost Cretaceous Aren 

sandstones of the northern part of the Tremp basin. This disposition can be 

observed in the landscape as the Aren sandstones are less affected by the Sant 

Corneli anticline. Moreover, each of the distinct Aren depositional sequences 

successively onlap the previously tilted ones on the southern limb of the anticline 

(Figs. 3.4). 

The Sant Corneli anticline and the area located north of it, correspond to the Bóixols 

thrust sheet (Fig. 9). Looking northwards, the Middle-Upper Eocene Collegats 

conglomerates, which unconformably overlie the Upper Cretaceous beds, can be 

observed at the Pessonada range (Fig. 5.1). 

The Sant Corneli-1 well, located in the northern limb of the Sant Corneli anticline, 

drilled about 1000 m of Lower Cretaceous rocks and an extensional fault (Figs. 5.2 

and 5.3).  

Stratigraphic and thickness variations between the two wells drilled in the Bóixols-

Sant Corneli anticline reveal the 3D geometry of the Lower Cretaceous rift margin. 

Thus, the differences between the Sant Corneli-1 and the Boixols-1 wells, in a 

direction subparallel to the main rift-bounding extensional fault, are the result of an 

oblique transfer zone between right-lateral en echelon extensional basins (the 

Organyà basin eastward and the Pont de Suert basin norhtwestward the Sant 
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Corneli anticline) (Figs. 3.3, 3.4, 5.2 and 5.4). The structure of this transfer zone 

consists of a breached relay ramp characterized by an intial eastward tilted panel 

connecting the footwall of the Pont de Suert extensional fault with the hangingwall 

of the Organyà fault and affected by NW-SE to NNW-SSE trending extensional faults. 

These faults have been interpreted at subsurface in seismic sections (Fig. 5.4) and 

correspond with the Montagut faults cropping out in the northern limb of the Sant 

Corneli anticline (Fig. 5.5). 

The plunge of the Sant Corneli anticline westward is related with the initial 

geometry of the relay ramp and its subsequent tectonic inversion and southward 

displacement in the hangingwall of the Bóixols thrust. 

The present along strike variations of the Sant Corneli anticline and the oblique 

faults at surface are inherited from a complex 3D geometry of the lower Cretaceous 

extensional basins. The understanding of this structure has been the result of a 3D 

reconstruction of the main stratigraphic and structural surfaces from 3D digital 

mapping, well data analysis and seismic interpretation and demonstrates the power 

of the application of 3D geological reconstruction methodologies (Figs. 5.5 and 5.6). 
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STOP 6: NORTHERN FLANK OF THE SANT CORNELI ANTICLINE 

Aramunt Vell village, overview of the Carreu gorge  

Objectives: The contact between the basement involved Nogueres thrust sheet 

and the Mesozoic succession of the Bóixols thrust sheet. Example of the 

evolution of the carbonate platforms in a active margin. 

 

We are located in Aramunt Vell a village now abandoned. Just looking southwards, 

we observe the highest mountains which correspond to the hinge area of the Sant 

Corneli anticline (see stop 5) that represents a hanging wall anticline of the Bóixols 

thrust. This thrust sheet consist of a thick (over 5.000 m) of Mesozoic sequence, 

mainly Lower Cretaceous in age. The thickness of the Lower Cretaceous marls and 

limestones represents the main stratigraphic difference respect to the Montsec 

thrust sheet located further to the South (see Comiols-1 well, figure 1.5 and Sant 

Corneli-1 well, figure 5.2). 

From a frontal view, we observe the Carreu Valley where there are an excellent 

exposures of Upper Cretaceous succession which are unconformably overlie by the 

Upper Eocene Collegats conglomerates, a prominent relief further to the northern 

view. 

On this northern flank of the Sant Corneli-Abella de la Conca anticlines were 

deposited carbonate platforms during relative tectonic quiescence period, from 

middle Cenomanian to middle-late Santonian times. In a front view, following the 

Carreu Valley we can observe an Upper Cretaceous (Santonian) carbonate platforms 

which are overlaying by the slope to basinal deposits of Herba-savina clays and 

marls indicating a deepening deposition. 

The formation of the Santonian carbonate platforms registred two main types of 

carbonate shelves (Pomar et al., 2004) both coral-rudist buildups and calcarenite 

wedges. Two platforms types entail alternation on bedding patterns, internal facies 

architecture and skeletal composition, marked by a strong tectonic control. A 
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syntectonic major extensional faults (Figure 6.2 and 5.5) represented changes in 

accommodation space and derived facies distribution.  

 

The Santonian carbonate platforms ended by rapid subsidence and the generation 

of a NW-SE confined turbidite trough, related to the first inversion structures of the 

Late Cretaceous (Figure 2).  
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STOP 7: COLLEGATS 

Collegats gorge, north of La Pobla de Segur. 

Objectives: Structure of the Bóixols thrust sheet. Lower Cretaceous synrift 

sediments of the Organyà basin and unconformity below the postrift sequence. 

Unconformity and paleorelief related with La Pobla de Segur Paleogene 

conglomerates. 

A cross-section along the Collegats gorge allows us to observe the structure of the 

northern Bóixols thrust sheet and two major unconformities: the end rifting 

unconformity and the unconformity at base of the Eocene-Oligocene La Pobla de 

Segur conglomerates (Figs. 7.1, 7.2 and 7.3). 

The relationships between the progressive backfilling of the south Pyrenean thrust 

sheets by the late syntectonic conglomerates, the thrust kinematics and the 

geomorphic features are prominent in this area (Fig. 7.1). La Pobla de Segur 

conglomerates (Rosell & Riba, 1969) or Collegats Formation (Mey et al., 1968) 

consists of an alluvial fan complex composing more than 20 interfingering alluvial 

fan lobes that prograded into floodbasin and shallow lacustrine environments 

(Mellere and Marzo, 1992). The total stratigraphic thickness is 3.500m, obtained by 

adding the thickness of each alluvial fan lobe, from the lowest in the La Pobla basin 

to the highest in the Senterada basin. 

Mammal fauna from lacustrine deposits located in the lower part of the section 

(Casanovas, 1975; Sudre et al., 1992) and recent magnetostratigraphic data (Beamud 

et al., 2003) indicate they are Late Lutetian to Middle Oligocene in age.  

To the north of the Upper Cenomanian limestones of the Santa Fe Formation and 

below the La Pobla de Segur conglomerates, a thick succession of lower Cretaceous 

sediments outcrops. They are folded and tilted to the south. 

The Collegats Conglomerates filled a pronounced paleorelief with source areas 

mostly localized on the Nogueres and Bóixols units. These deposits are organised 

into a series of stacked, wedge shaped bodies which form repeated coarsening and 
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thickening up sequences resulting from progradation of alluvial fans in relation to 

the steepened gradients which characterize the third stage in the development of 

the foreland basin (Fig. 7.1). 
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Stop 8: THE MORRERES BACKTHRUST AND THE NOGUERES ZONE 

Morreres, south of Gerri de la Sal 

Objectives: The contact between the basement involved Nogueres thrust sheet 

and the Mesozoic succession of the Bóixols thrust sheet. 

The northern boundary of the central south Pyrenean units corresponds to the 

Morreres backthrust. In the Pallaresa valley this backthrust is located in between 

the Mesozoic rocks of the Bóixols thrust sheed and the Triassic beds of the Les 

Nogueres thrust sheets (Figs. 9 and 8.1). Along the road cut, Triassic basaltic rocks 

(ofites) outcrop. To the south, marls, probably Triassic in age, can be observed and 

immediately more to the south, the first limestones and breccias are Lower 

Cretaceous in age. All the Jurassic succession, almost 1000 m thick, is omitted. This 

substractive contact is the result of the truncation of previously developed folds by 

the Morreres backthrust (Figs. 8.1 and 8.2). In detail, a conjugated set of shear zones 

deforming a layer parallel cleavage can be observed (Fig. 6). Cleavage development 

once the beds acquired a vertical dip (by folding) and the consecutive formation of 

the shear zones represent a recording of the progressive deformation of the Bóixols 

thrust sheet in front and over the Nogueres units, from the early folding stages to 

the final development of the passive roof Morreres backthrust during the Axial Zone 

antiformal stack development.  

The age of the Morreres backthrust is Early Oligocene as constrained by growth 

geometries of the syntectonic conglomerates in the Senterada basin (Beamud et al., 

2010, Fig. 8.2). Nevertheless, older movements cannot be ruled out.  

The frontal part of the Nogueres thrust sheet is characterized by steepened thrust 

structures to vertical or even overturned. As a result, hangingwall anticlines display 

a downward facing geometry, which puzzle Pyrenean geologists for decades 

(Dalloni, 1930; Mey, 1968; Seguret, 1972; Saura, 2004). 

Silurian, Devonian and Lower Carboniferous rocks involved in the Nogueres thrust 

sheets display an internal Hercynian structure characterized by thrusts and related 

folds. Post-Hercynian Permian and Triassic rocks unconformably overlie the 

Hercynian structures (Fig. 8.1). 
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