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Abstract 

Permo-Carboniferous rocks are located in the lower thrust sheets of the Alpine antiformal stack in the Central 
Pyrenees. In order to study the geometry, distribution of facies, thickness and dynamics of Permo-Carboniferous 
basins, a detailed knowledge of Alpine tectonics is required, which has not always been taken into account by 
previous authors. This paper follows a different approach to the study of these basins. The Alpine structural units 
bounding the Permo-Carboniferous series of the eastern part of the Erill Castell-Estac basin have been mapped in 
detail, as a first step in this palinspastic restoration. This procedure has allowed: I) to define some Alpine thrusts 
as inverted Permo-Carboniferous normal faults, 2) to constrain the age of several Permo-Carboniferous faults, 
3) to differentiate the area studied as a volcano-tectonic depression, independent of the western part of the Erill 
Castell-Estac basin, and 4) to establish the paleogeographic position of the Permo-Carboniferous series and the 
minimum dimensions for the part of the basin studied. 

Introduction 

After the Variscan orogeny, Carboniferous and Permi­
an continental sediments were deposited in the South­
ern Pyrenees. These sediments unconformably overlie 
previously deformed Variscan basement, and in tum 
are unconformably overlain by Lower Triassic. Occur­
rences of Permo-Carboniferous rocks are not continu­
ous throughout the Pyrenees, as in some places Triassic 
beds rest directly on Variscan basement. The entire pre­
Eocene series was deformed during the Alpine oroge­
ny, and thus became incorporated in the Alpine struc­
tural units (Figures 1, 2). 

One of the main features of the Permo­
Carboniferous series in the Southern Pyrenees is the 
interlayering of thick volcanic beds with non-volcanic 
sediments. The volcanic rocks are of calc-alkaline oro­
genic type, predominantly rhyolitic and rhyodacitic 
pyroclastics. In the Southern Pyrenees, the volcanic 
activity was essentially continuous from the time of 
deposition of the Middle Stephanian (Upper Carbonif-

erous) to the onset of Late Permian sedimentation, a 
duration of about 18 Ma (Martf 1986). Despite the con­
siderable time period involved, no significant changes 
in the chemistry or facies of the Permo-Carboniferous 
volcanism have been observed (Martf 1986; Gilbert 
1989). 

Pyrenean Permo-Carboniferous rocks were first 
studied from a petrological and stratigraphic viewpoint 
by Dutch geologists (Mey et al. 1968; Nagtegaal 1969; 
Hartevelt 1970). Later studies focused on sedimen­
tology and volcanology (Gisbert 1981, 1983; Bixel 
& Lucas 1983; Speksnijder 1985; Martf 1986; Martf 
& Mitjavila 1988; Gilbert & Rogers 1989; Besly & 
Collinson 1991 ). Detailed sedimentary and volcanic 
facies analysis of Permo-Carboniferous rocks allowed 
Martf (1986, 1991) to group these rocks of the Central 
and Eastern Pyrenees into four separate basins. From 
west to east these are: the Erill Castell-Estac, Cadf, 
Castellar de n'Hug and Campelles basins (see Martf 
1991 for locations). The main features of these basins 
include the presence of calc-alkaline volcanism related 
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Figure I . Structural sketch map of the Pyrenees, showing locations 
of Figures 2 and 3. The Lower Thrust Sheets are those involving 
Variscan basement, whereas the Upper Thrust Sheets only involve 
the Mesozoic and Tertiary cover, but no basement at all (Munoz 
1992). AZ= Axial Zone. 

to the late stages of the Variscan orogeny, the pres­
ence of N-S-trending faults of Fermo-Carboniferous 
age, and the narrow E-W-elongated arrangement of 
the Fermo-Carboniferous outcrops in plan view (Fig­
ure 3). Following Soula et al. (1979), most authors 
have suggested a strike-slip control on the Permo­
Carboniferous basin formation. 

None of the previous studies took into account the 
effects of Alpine deformation, in particular the effects 
of the Alpine thrusting, on the structural units in which 
Fermo-Carboniferous rocks occur today. This point is 
not relevant when stratigraphic sections are correlated 
within a structural unit, but is important when they are 
correlated between different units. Furthermore, it is 
difficult to establish the original basin dimensions if the 
direction and dimensions of younger thrust movements 
are not considered. 

The aim of this contribution is to reconstruct the 
original dimensions and the facies distribution of one 
of the Fermo-Carboniferous basins and to describe 
the significance of Fermo-Carboniferous N-S-trending 
faults. To meet this objective we have studied the east­
ern part of the Erill Castell-Es tac basin, which contains 
a well-exposed and complete volcanic sequence (Fig­
ure 3). As the rocks are deformed by a series of Alpine 
thrusts, a detailed knowledge of the Alpine structures 
becomes essential. Detailed mapping together with 
the construction of a series of balanced and restored 
geological cross-sections has allowed us to remove 
the effects of Alpine deformation, to establish the 

paleogeographic position of the Fermo-Carboniferous 
series, to recognize E-W and N-S-trending Permo­
Carboniferous normal faults (subsequently reactivated 
during Alpine deformation) and, finally, to determine 
the original dimensions of the basin. 

Permo-Carboniferous stratigraphy of the 
Southern Pyrenees 

The stratigraphy of the Fermo-Carboniferous in the 
Southern Pyrenees has been established in detail by 
Gisbert (1981, 1983). Integrating lithological, sedi­
mentological and structural data, this author divides the 
Fermo-Carboniferous sequence into four units (Figure 
4): 

1 The Grey Unit, Middle Stephanian (Broutin & Gis­
bert 1985), which mainly comprises dacitic to rhy­
olitic pyroclastic deposits, andesitic lavas and, less 
commonly, rhyolitic lavas. Polygenetic sedimenta­
ry breccias and conglomerates are located near the 
base of this unit. They are known as the Aguir6 
Formation (Nagtegaal 1969). The thickness of the 
Grey Unit ranges between 60 and 1000 m. 

2 The Transition Unit, Upper Stephanian-Lower 
Permian (Alvarez-Ramis 1985), overlies the Grey 
Unit, locally with a low-angle unconformity (Gis­
bert 1981, 1983; Besly & Collinson 1991), and 
consists of rhyodacitic ignimbrites and dacitic 
lavas, detrital deposits, coal beds and rare lacus­
trine limestone. The thickness of the Transition 
Unit varies from 80 m in the Erill Castell- Estac 
basin to 400 m in the Campelles basin, 100 km to 
the east, where it consists mainly of coals. 

3 The Lower Red Unit, Lower Permian, rests con­
formably on the Transition Unit (Broutin & Gis­
bert 1985), and is mainly represented by fluvial 
deposits, but also contains massive rhyolitic lava 
flows and pyroclastic deposits. Its thickness ranges 
from 70 min the Erill Castell-Estac basin to 300 m 
in the Castellar de n 'Hug basin, 75 km to the east. 

4 The Upper Red Unit, Upper Permian, overlies the 
Lower Red Unit with an angular unconformity and 
is entirely represented by fluvial deposits that are 
rich in volcanic fragments. The unit is absent in the 
Erill Castell-Estac basin and reaches a maximum 
thickness of 200 m in the Cadf basin, 50 km to the 
east. 

The Bunter Sandstone Unit (Lower Triassic) uncon­
formably overlies the Fermo-Carboniferous and is 
composed entirely of fluvial sediments. The uncon-
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Figure 2. Cross-section through the Pyrenean orogenic belt, after 
Mufioz (1992). 

formity surface is widely exposed and implies a hiatus 
of37 Ma, where the Lower Triassic rests on the Lower 
Red Unit, and of 55 Ma, where the Lower Triassic rests 
directly on Variscan basement (Figure 4). 

Permo-Carboniferous stratigraphy of the eastern 
part of the Erill Castell-Estac basin 

The Grey Unit is the most widespread Permo­
Carboniferous unit throughout the eastern part of the 
Erill Castell- Estac basin (Figure 5), where it is com­
posed of a 50-m-thick sedimentary succession and 
overlying volcanic rocks. The sedimentary succession 
is known as the Aguir6 Formation (Nagtegaal 1969), 
and is characterized by breccias and conglomerates 
which are interlayered with sandstones in the mid­
dle and upper parts of the succession. The pebbles 
are derived from Devonian limestones and Ordovi­
cian slates. The conglomerate beds commonly display 
scoured bases and imbricated pebbles, and have been 
interpreted as braided river deposits (Nagtegaal 1969). 
Volcanic rocks overlie the Aguir6 Formation, but may 
also rest directly upon the Variscan basement. The 
thickness of the volcanic deposits is quite variable: 
e.g. about 1000 m to the east, and from 60 to 200 m to 
the west of the Estac village. Despite the variations in 
thickness, the volcanic facies of this package is quite 
similar to that in other parts of the eastern part of the 
Erill Castell-Estac basin. A detailed stratigraphic and 
facies analysis of the Estac volcanic succession, which 
is the most complete and best exposed in this basin, 
was presented by Martf (1986, 1991 ). In this succes­
sion the Grey Unit can be more than 1000 m thick, 
and is mainly composed of pyroclastic rocks (Figure 
6). More than 15 ignimbrite units, interbedded with 
pyroclastic surge and fine ash-fall deposits as well as 
coal beds, can be distinguished. 

The volcanic succession of the Grey Unit near Es tac 
begins at its base with a thick unit of rhyolitic breccias 
which represent proximal deposits probably associat­
ed with dome explosions (Martf 1986). Above the rhy­
olitic breccias there are base surge deposits interbedded 
with ignimbrite units, and with coal beds representing 
brief non-eruptive periods. In these periods, shallow 
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Figure 3. Geological map of the area between the Noguera Pallaresa and Noguera Ribagorzana rivers in the Southern Pyrenees, showing the location of the studied zone (Figure 5). Vari scan 
basement, Perino-Carboniferous and Mesozoic were involved in Alpine deformation. Triassic includes: Lower Triassic sandstones, Middle Triassic limestones, and Upper Triassic evaporites 
that acted as an upper detachment level during Alpine deformation. Oligocene conglomerates are mainly post-orogenic. 
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Figure 4. Ages of Penno-Carboniferous units in the Southern Pyre­
nees based on the Upper Carboniferous time scale of Hess & Lippolt 
( l 986). The ages for the units are based on paleontological data from 
different authors (see text for references; drawing is not to scale). 

lacustrine environments were established. The greater 
part of the Es tac volcanics consist of a thick succession 
(> 1000 m) of ignimbrites and some horizons of pyro­
clastic surge and ash-fall deposits. The latter are always 
located on top of ignimbrite units and are interpreted 
as ash-cloud deposits accompanying pyroclastic flows 
(Martf 1986). No Plinian fallout deposits have been 
observed. 

The Es tac ignimbrite units have a rhyolitic to dacitic 
composition and are usually very thick (10 to 60 m). 
There is a notable absence of interbedded pumice 
fall deposits. The abundant rhyolite clasts in the ign­
imbrites suggest that eruptions formed domes or lava 
flows during the early volcanic episodes that preceded 
the pyroclastic flow eruptions. The presence of rhy­
olitic breccias at the base of the pyroclastic sequence 
is consistent with this interpretation. 
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In summary, the main characteristics of the pyro­
clastic sequence of Estac are as follows: 1) The 
sequence is several hundred metres thick, and no sig­
nificant erosion surfaces separate the volcanic deposits. 
This suggests that rapid subsidence and active vol­
canism precluded significant sedimentation and ero­
sion, especially for the middle and upper part of 
the sequence. 2) The lithological and sedimentolog­
ical characteristics of the ignimbrites suggest that the 
ignimbrite-forming eruptions were not of Plinian type. 
A mechanism that involved large-scale continuous col­
lapse of eruption columns may have produced many 
of these ignimbrites. 3) Sequences of similar charac­
teristics have been described in recent volcanic areas 
associated with caldera-forming eruptions (Self 1983; 
Self et al. 1986). The eruptive mechanisms deduced to 
explain the origin of the Estac pyroclastics agree with 
a caldera-like mechanism. Hence these pyroclastics 
would represent intra-caldera facies. The characteris­
tics exhibited by the Estac volcanics are similar to those 
of Grey Unit volcanics in other Permo-Carboniferous 
basins in the Southern Pyrenees (Martf 1991 ). 

The Transition Unit is only exposed in the southeast 
of the studied area (Figure 5), where it directly overlies 
the Variscan basement and where it is overlain by Low­
er Triassic. The Transition Unit here is characterized 
by an 80-m-thick, upwards fining and thinning suc­
cession composed at its base of sandstone beds which 
have slightly scoured bases and which are interbedded 
with mudstones. Green and black mudstones with thin 
coal horizons appear in the middle section of the suc­
cession, and black limestones interbedded with shales 
near its top. Some thin lenses of volcanic ash can also 
be recognized. Sandstones of the unit's lower section 
display low-angle cross stratification and are interpret­
ed as fluvial, whereas the rest of the unit is interpreted 
as lacustrine. 

Lower Red Unit exposures are restricted to the east 
of the studied area. They are located southeast of Estac, 
overlying Grey Unit volcanics and overlain by Low­
er Triassic (Figure 5). The Lower Red Unit consists 
of a 70-m-thick red succession of conglomerate beds 
which have scoured bases and which are interlayered 
with sandstones and siltstones. The pebbles of the 
conglomerates are derived mostly from the Variscan 
basement, but also from volcanic rocks. Burrowing 
and iron reduction spots occur commonly in the sand­
stone and siltstone beds. Detailed stratigraphic and 
sedimentological analyses of this unit were present­
ed by Nagtegaal (1969) for the western part of the 
Erill Castell- Es tac basin, and by Gisbert ( 1981 , 1983) 
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Figure 5. Geological map of the area between the Noguera Pallaresa and Flamisell rivers, including the eastern part of the Erill Castell- Es tac 
Permo-Carboniferous basin, and showing locations of cross-sections in Figures 7 and 8, upon which palinspastic reconstruction is based, of 
stratigraphic column of Figure 6, and of longitudinal section IV-IV' of Figure 8. 

and Speksnijder (1985) for the Cadf basin. All authors 
agree with the interpretation of the unit as alluvial fan 
sediments deposited in an arid climate. 

Structural framework 

As the Permo-Carboniferous rocks of the Pyrenees 
have been involved in Alpine deformation, a detailed 
knowledge of Alpine tectonics is required to recon­
struct their original paleogeographic position. 

The Pyrenees is an Alpine fold and thrust belt, 
trending WNW-ESE, that involves Variscan rocks 
of Cambrian to Early Carboniferous age, which are 
unconformably overlain by Late Carboniferous to 

Oligocene sediments (Figures 1, 2). The Pyrenean 
orogenic belt may be briefly described as: an imbri­
cate thrust system that dips south in the north (the 
North Pyrenean Unit), an antiformal stack in the cen­
tral part (the Axial Zone Antiformal Stack), and an 
imbricate thrust system dipping north in the south (the 
South Pyrenean Unit) (Munoz 1992; Figures 1, 2). 
The Permo-Carboniferous is exposed only in the lower 
thrust sheets of the Axial Zone Antiformal Stack and 
has a narrow WNW-ESE shape in plan view, following 
the strike of the Alpine structural units (Figure 3). 

Sheets forming the leading edge of the Axial Zone 
Antiformal Stack are known as the Nogueres Zone 
(Dalloni 1910). Nogueres thrust sheets were steep­
ened, and even overturned, due to subsequent piggy-
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Figure 6. Simplified stratigraphic section of the Grey Unit (Marti 
1991) east of the village of Es tac. Horizontal lines within ignimbrites 
indicate different pyroclastic flows of the same eruptive process. 

back emplacement of the lower thrust sheets (Munoz 
1992; Figures 2, 5, 7). In the studied area, the Alpine 
thrust sheets are composed of Variscan basement and 
of Permo-Carboniferous and Triassic rocks. 

The lowest thrust of the Axial Zone Antiformal 
Stack cropping out in the studied area is called the Rialp 
thrust (Figure 5). It is gently domed (Figures 7, 8) and 
its hanging-wall is formed by Variscan basement and 
Permo-Carboniferous and Triassic rocks. The Permo­
Carboniferous is incomplete. The Lower Red Unit lies 
unconformably on the Grey Unit, which in tum uncon­
formably overlies the Variscan basement (Figures 5, 
7). Triassic beds rest, again unconformably, on the 
Lower Red Unit. There are no Transition Unit rocks 

49 

in the hanging-wall of the Rialp thrust. Erosion has 
allowed footwall exposure of the Rialp thrust as a tec­
tonic window (Figures 5, 8). The footwall stratigraphy 
is restricted to Variscan basement and Triassic rocks, 
Permo-Carboniferous rocks being absent. The Lower 
Triassic unconformity is intersected in the hanging­
wall of the Rialp thrust east of Estac, in the Pallaresa 
valley, forming the hanging-wall cutoff line (Figure 
5), whereas the same unconformity is intersected in 
the footwall of the Rialp thrust north of Sort, outside 
the area mapped in Figure 5, forming the footwall cut­
off line. Hence, displacement on the Rialp thrust is at 
least 4 km towards the SSW (Poblet 1991). 

The Erta thrust unit is located on top of the Rialp 
thrust unit. The Erta thrust plane dips 50° to the south 
near the leading branch line with the Rialp thrust (Fig­
ure 7). The Erta thrust unit involves, in its hanging­
wall, Variscan basement, Grey Unit volcanics, Lower 
Red Unit sediments, and Triassic rocks. There are no 
Permo-Carboniferous beds in the footwall, so Triassic 
beds lie directly on the Variscan basement. The Erta 
thrust trends approximately WNW- ESE, and depar­
tures from this mean direction are due to lateral ramps, 
for example: 

a East of the village of Estac, where the Erta thrust 
trend changes from its mean direction towards 
NNW- SSE and the thrust cuts down into the foot­
wall stratigraphic section (Figures 5, 8). The Estac 
volcanics of the Grey Unit in Figure 6 are located 
east of this lateral ramp, and the Lower Red Unit 
overlying the Grey Unit thickens eastwards (Figure 
5). 

b West of the Flamisell river, where the Erta thrust 
trend turns NNW-SSE and the thrust cuts down 
through the hanging-wall stratigraphic section 
(Figure 5). The Permo-Carboniferous succession 
of the western part of the Erill Castell- Estac basin 
is located west of this lateral ramp. The Lower 
Red Unit thickens westwards (Figures 5, 8). For 
the Rialp thrust, estimations of minimum displace­
ment on the Erta thrust are possible because the 
same cutoff line (i.e. the frontal Lower Triassic 
cutoff line) crops out both in the hanging-wall and 
the footwall. Displacement on the Erta thrust is 
always to the SSW and decreases gradually west­
wards. In the vicinity of Estac it is about 2 km, 
whereas near the Noguera Ribagorzana river it has 
decreased to 500 m (Poblet 1991). 

Stacked over the Erta thrust there are a variable number 
of minor thrust sheets with a duplex geometry (Figure 
5). Thrusts bounding these sheets branch each other 
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position prior to Alpine thrusting (Figure 9). 

or branch to the Rialp thrust or Erta thrust (Figure 7). 
Some of these thrust sheets involve Grey Unit vol­
canic rocks. Displacements of these sheets have been 
estimated as mentioned above and range from 100 to 
400 m to the SSW. 

The roof thrust on top of this duplex is the Nogueres 
thrust. It dips steeply southwards and is even over­
turned near its leading branch line with the Rialp thrust 
(section 1-1', Figure 7), or other minor thrusts (section 
III-III'). The Nogueres thrust dip decreases towards 
the trailing branch line. The hanging-wall stratigraphy 
of this thrust is composed of Variscan basement, the 
Transition Unit and Triassic rocks. These hanging-wall 
beds have undergone a rotation of 180° in the direction 
of transport. As a result, they are completely over­
turned. Displacement of this thrust is about 11 km to 
the SSW (Munoz 1992). The Nogueres thrust, in turn, 
constitutes the floor thrust of a duplex with a foreland­
dipping or overturned antiformal geometry (sections 
1-1', 11-11', Figure 7). 

Thrust propagation in the Nogueres Zone was in 
piggy-back mode. As a consequence, the upper, south­
ernmost sheets were steepened and overturned during 
emplacement of the lower, northernmost sheets. The 
regional thrust transport direction in the Nogueres Zone 
was obtained from the study of the orientation of fold 
axes and frontal cutoff lines with respect to the thrust­
plane orientation. The Nogueres Zone thrust sheets 
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Figure 5 for location. The part of the section above the topographic surface has been projected from the cross-sections in Figure 7 and from the 
map in Figure 5. Thrust emplacement is towards the reader. 

have been displaced towards the SSW over a distance 
of 7 km (Munoz 1992). 

During the stacking of the Nogueres Zone, addi­
tional structures were generated. Firstly, north­
directed, steeply southward-dipping backthrusts (sec­
tions II-II', III-III', Figure 7). Secondly, south-directed 
gently northward-dipping thrusts (sections 1-1', III­
III'). The strong dip of the backthrusts suggests that 
they were steepened during emplacement of the low­
er Nogueres Zone sheets. Thus their propagation took 
place prior to the eventual structuration of the Nogueres 
Zone. 

Mapping of the Estac volcanics revealed the occur­
rence of Carboniferous to Permian near-vertical faults 
that are unconformably covered by the Lower Red 
Unit or the Triassic. These faults separate blocks 
with major differences in the thickness of the Permo­
Carboniferous (Figures 5, 8). The faults strike between 
NNW- SSE and NNE- SSW. The strike displacements 
in plan view rarely exceed 200 m. Some of these faults 
have been reactivated during the Alpine orogeny as 
reverse or normal faults. An example is the N-S fault 
located east of the village of Estac. Its hanging wall 

(east block) is made up of 1000 m of volcanic and sed­
imentary rocks of the Grey Unit, whereas its footwall 
(west block) contains only 200 m of volcanic Grey Unit 
rocks (Figure 8). This difference in thickness, together 
with the interpretation of the Estac volcanics as intra­
caldera deposits (see above), allows us to consider this 
fault as one of the caldera walls. Movement on the 
fault in Permo-Carboniferous times was synchronous 
with the deposition of the Grey Unit volcanics. Later 
on normal faulting took place during the Alpine oroge­
ny. Hence this fault cuts the Triassic unconformity and 
folds an earlier Alpine thrust (Figure 8). 

Reconstruction of the eastern part of the Erill 
Castell-Estac basin 

Palinspastic reconstruction for the eastern part of the 
Erill Castell-Estac basin was undertaken using three 
balanced and restored geological cross-sections (Fig­
ure 7, 9). 

In Figure 10, all Permo-Carboniferous exposures 
of this eastern part have been palinspastically restored. 
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Figure 9. Restored geological cross-sections corresponding to the balanced dip cross-sections of Figure 7. 
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Figure I 0. Reconstruction of the facies, thickness and geometry of the eastern part of the Erill Castell-Es tac basin. Restored cross-sections 
(Figure 9) upon which reconstruction is based are also shown. The horizontal map surface corresponds to the Lower Triassic unconformity 
surface. Lower and Middle Triassic rocks are shown in the upper left of the diagram. 

Alpine structural units involving Permo-Carboniferous 
rocks that are not cut by any of the sections of Fig­
ures 7 and 9 have been restored taking into account 
information from stratigraphic sections of the Permo­
Carboniferous, and from detailed mapping of the 
area. Consequently, a facies distribution together 
with the original pre-Triassic .ittitude of the Permo­
Carboniferous structures was obtained (Figure 10). 

In the balanced sections, thrusts and Triassic and 
Perm_o-Carboniferous beds were drawn considering the 
structural data and the types of sedimentary or volcanic 
facies. The sections have been constructed using a min­
imum displacement hypothesis: displacements may be 
more than those shown in the cross-sections, but not 
less. Hence the N-S dimensions obtained for this part 
of the basin may be larger than those shown in Figure 
10, but not smaller. Tentatively, 14 km in the E- W 
direction, and 11 km in the N-S direction are proposed 
as the minimum dimensions of the basin. 

Restoration of cross-sections was possible since: a) 
the thrusting sequence and thrust transport directions 

are known, and the vector of regional thrust trans­
port is in the plane of the section, b) no loss-of-volume 
processes have been observed in the field, and c) plane­
strain may be assumed. Two key horizons were used 
in the restoration, a Middle Triassic limestone (brick 
pattern in Figures 7-9) and the Triassic unconformity. 
Alpine deformation along strike is negligible as defor­
mation occurred normal to strike, so the longitudinal 
cross-section (Figure 8) has not been restored. Gently 
northward-dipping thrusts were first restored, followed 
by steeply southward-dipping backthrusts, and finally 
southward-dipping or overturned main thrusts. In the 
final restored cross-sections only the traces of the main 
thrusts are shown. The unconformity at the base of the 
Triassic has been chosen as horizontal datum. 

The northernmost present-day exposures of Permo­
Carboniferous rocks correspond to the southernmost 
occurrences in Figure 9, as is indicated by the results 
of the restoring of the geological cross-sections. This is 
an important feature to keep in mind in a proper recon­
struction of the facies distribution. Once the sections 
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are restored, the Permo-Carboniferous beds are seen to 
form wedges that thicken to the south. 

As previously stated, the Rialp thrust is the low­
est outcropping thrust in this area and no Permo­
Carboniferous rocks are present in its footwall. These 
observations allow us to interpret this thrust as aPermo­
Carboniferous normal fault, which was reactivated by 
Alpine deformation. In a similar way, some of the E­
W faults represented in Figure 10 are interpreted as 
originally normal faults, either totally or partially reac­
tivated by Alpine deformation. The N-S faults also 
appear as normal faults, but, due to their original ori­
entation and the orientation of the Alpine structures, 
they were not widely reactivated during the Alpine 
orogeny and, hence, controlled the thrust geometry, 
giving rise to lateral ramps. For example, deviations of 
the Erta thrust plane from its mean strike direction are 
interpreted to have been controlled by N-S-trending 
Permo-Carboniferous faults. 

The palinspastic reconstruction in Figure 10 sug­
gests the occurrence of fault blocks that produced an 
irregular topography (cf. Gisbert 1983; Speksnijder 
1985). As an example, a major elevated zone separates 
the western and eastern parts of the Erill Castell-Estac 
basin. East of this zone, the Grey Unit and the Lower 
Red Unit thicken eastwards. West of the zone, both 
units thicken westwards. 

The breccias and conglomerates at the base of the 
Grey Unit are interpreted as basin margin deposits 
(Martf 1991). In the southeastern part of the studied 
area, volcanic rocks reach their maximum thickness 
of about 1000 m. Moreover, proximal facies such as 
rhyolitic breccias, ignimbrites, and lavas predominate 
in this part, whereas thin sequences of distal volcanic 
rocks, 40-m-thick cinerites, are located in the west 
(Figure 10). Thus, the Permo-Carboniferous volcanic 
vents were probably located in the south, near Estac. 

Discussion 

The reconstruction of the Permo-Carboniferous basin, 
based upon detailed mapping and cross-section restora­
tion, leads to the following observations: 

1 The studied area was initially considered as part 
of a larger basin, named Erill Castell-Estac basin 
(Martf 1986, 1991). However, the facies and thick­
ness distribution of the Grey Unit volcanics indi­
cate that the eastern part of this basin behaved as 
a volcano-tectonic depression independent of the 
western part of the same basin. Moreover, several 

caldera-like episodes that took place through vol­
canic vents located in this eastern part produced 
intracaldera materials that never crop out beyond 
this area. 

2 N-S and E-W-trending Permo-Carboniferous nor­
mal faults occur. Their age, however, is not well 
constrained. Facies analysis of the Estac volcanics 
has allowed to relate some of these N-S faults 
to caldera-forming collapse events, that produced 
Middle Stephanian intracaldera deposits. At· least 
one N-S-trending fault is unconformably overlain 
by the Lower Red Unit, so it is pre-Early Permi­
an (Figure 10). Other N-S faults may be synchro­
nous with the deposition of the Middle Stephanian­
Early Permian series in the studied area, but they 
might also postdate this series and be Late Permi­
an faults, developed prior to the deposition of the 
Lower Triassic. The significant erosion that took 
place between the end of the Vari scan orogeny and 
the onset of the Lower Triassic sedimentation pre­
cludes their age to be better constrained. 

Conclusions 

The approach followed in this study has allowed us: 
1) to constrain the minimum basin dimensions for 
the studied part of the Erill Castell-Estac basin, 2) 
to establish the paleogeographic position of Permo­
Carboniferous rocks, 3) to differentiate the eastern part 
of the basin as a volcano-tectonic depression inde­
pendent of the western part, 4) to recognize E-W 
and N-S-trending Permo-Carboniferous normal faults, 
some of them not described before, and 5) to gain 
insight into the probable age of N-S-trending Permo­
Carboniferous faults. 

Finally, we believe that the type of study reported 
here permits a complete view of the evolution of the 
Permo-Carboniferous series and could be extended to 
other basins, in order to achieve a regional overview of 
Permo-Carboniferous basins throughout the Pyrenees. 
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