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Thin skinned tectonics in the Ponga region (Cantabrian Zone, NW Spain) 
By JOAQUINA ALVAREZ-MARRON and ANDRES PEREZ-ESTAUN, Oviedo*) 

With 8 figures and 1 table 

Zusammenfassung 

Die Variszische Front und damit verbulldene Faltenstruk- 
turen des Pongagebietes (Kantabfische Zone, NW Spanien), 
werden mit Hilfe von ,,thin skinned tectonics( mit dominie- 
rendem ostwiirts gerichtetem Transport interpretiert. Eine 
2,5 km m~ichtige Folge pal~iozoischer Gesteine wurde dutch 
ostvergente Oberschiebung deformiert. Dabei wurde ein 
Schuppenf~icher und eine Duplexstruktur ausgebildet. 

Das Ausbeigen der Uberschiebungsbahn an der Oberfl~i- 
che ist duch die Existenz lollgitudinaler und transversaler 
Faltensysteme sehr unregelm~igig. Ein Profil sellkrecht zum 
Streichen verdeutlicht die Geometrie der Uberschiebungen 
und Faltensysteme. 

Die gesamte Transportweite betr~igt mindestells 62 km. 
In einem diagonalen Profil kann eine >,tear fault~ festge- 

stellt werden. 
Ein sp~iteres lDberschiebungssystem (z. B. PefiaTen Ober- 

schiebung), mit haupts~ichlich Sfidw~irts gerichtetem Trans- 
port hat das friihere Ostw~irts vergierende System fiber- 
pr~igt. Das jfingere [Iberschiebungssystem hat die ~ilteren 
Lateralstrukturen als Frontstrukturen reaktiviert. 

Abstract 

The Variscan thrust and associated fold structures of the 
Ponga Region (Cantabrian Zone, NW Spain) are inter- 
preted in terms of thin skinned tectonics, with a dominant 
eastward transport direction. 

A 2.5 km thick sequence of Paleozoic rocks was deformed 
by an east vergent thrust system that includes an imbricate 
fan and a duplex. The thrust surfaces have a very irregular 
map outcrop pattern due to the existence of a set of folds 
(longitudinal and transverse systems). A strike-normal ba- 
lanced section illustrates the geometry of the thrusts and 
their related folds. The minimum value of accumulate trans- 
port is about 62 km. A tear fault can be recognized in a trans- 
verse cross-section. 

A later out-of-sequence thrust system (e.g. Pefia Ten 
Thrust) with dominant southward direction is superim- 
posed upon the earlier eastward verging thrust system. 

*) Authors" address: J. ALVAREZ-]V[ARRON and A. PEmSZ- 
ESrAnN, Departamento de Geologfa, Universidad de 
Oviedo, 33005 Oviedo, Spain. 

These thrust reactivate the earlier lateral structures as fron- 
tal structures. 

Resumen 

La estructura de la Regi6n del Ponga (Zona Cant~ibrica, 
N O  de Espafia) es interpretada en el contexto de su situa- 
ci6n en la zona externa de una cordillera, y collsiste en un 
sistema de cabalgamientos que han sido emplazados pre- 
dominantemente hacia el Este con un coniunto de pliegues 
asociados. Las superficies de cabalgamlento muestran ull 
trazado cartogr~fico muy irregular debido a la existellcia de 
un conjunto de pliegues transversales a ellos. La Velltana 
Tect6nica del Rfo Monasterio representa una estructura la- 
teral de estos mantos. E1 desplazamiento m~nimo calculado 
en ulla seccidn a trav~s de la parte central de ta regidn es de 
62 Kin. 

Posteriormente, tielle lugar el emplazamiento hacia el Sur 
de un nuevo sistema de cabalgamientos que reactivan estruc- 
turas laterales del sistema previamente emplazado, pasando 
a constituir fistas las estructuras frontales de los nuevos 
cabalgamielltos. 

Estas estructuras fueron formadas durante la orog6nesis 
variscica y afectan a un conjunto de materiales Paleozoicos 
de 2.5 Kin, de espesor. 

K p a ~ o e  co~opxaaae 

(DpOFIT 8apHccKoro HaJIBHra 14 CB~t3asHble C HIIM CK~aJ~- 
qaTble cTpyKTypHble eJ~l;IHgll~bI B pernone IIoHra, Bona 
KaHTa6pm~, cesepo-3ana~i HcnannH, gnTepnpeTnpytoT, 
KaK TeKTOH-vlKy MaYIOMOIILHbIX IlO~rlOBepXHOCTHblX cTpyK- 
Typ C npocTnpanneM nepenoca Ha BOCTOK. CBHT~bI IIaJIeO- 
30~CKnX nopoa MOmaOCT~m B 2,5 KM oKa3aaHcs ~e~op- 
M~poBame~iMa CHCTeMOI~I Ha~BHrOB, 8epreHTHO~ Ha BO- 
CTOK. X'IpH 3TOM o6pa3oBaaHch 8eepoaogo6nLie aetuy~aa- 
Tble I4 ~yll~eKCHSle cTpyKTypHbIe e~rmnI~a. IIoBepXSOCTL 
na~B~Ira ~enpaBn~bHofi ~opMbI rI na gapTe OWI~eqa~OTC~ 
rrpo~oasab~e ~ nonepeyHb~e CllCWeMbI CKnaJIOK. Ilpo- 
qbmIb, llpoxoJ~rttlw6 BepWHKaabao K npOCTHpaH~lO, ~xoKa- 
3bIBaeT orrpejxe~eHny~ reoMeTptito ttaJIBI4FOB I~ CHCTeM 
CKJIaJ~OK. 

Hx o6~ee  r[epeMemerme cocwaBanew npaMepno 62 KM. 
FIpH ~l~larOHaJlbHOM IIpOdpH~Ie y~aeTcs yCTaHOB/elTI~ cJIe- 

3OSrljlm, ifi c6poc. Ilozj~r~eflmas CHCTeMa HaJ~B~roB -- 
Hanp. : I lena Ten, e narrpaB~iermbiM r:i. o6p. Ha Ior nepe~I- 
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BI, DKeHHeM -- npeo6pa3oBa;m iipe)KmOtO Beprnpy~omy~o 
ita BOCTOK ClICTeMy cTpyKTyptlbIX egnn~a. Ho3;~nefima~t 
CHCTeMa Ha~BnrOB peaKTHBnpoBaaa 6o~ee ~peBnne 6OKO- 
BbIe cTpyKTypl, I, npeBpaT~BmHecst B aO6OBLIe. 

Introduction 

The external zone of the Variscan orogenic belt in 
the N W  of the Iberian Peninsula, named the Canta- 
brian Zone (LoTz~, 1945), constitutes an arcuate fore- 
land thrust and fold belt (Asturian Arc) where the 
displacement directions of the thrusts converge to- 
wards its core. The structural features are caracteris- 
tically thin skinned (RoDGERS 1949, 1970), a feature 
which has been recognized by several authors (JuLI- 
WRT, 1971, MARCOS & PULGAR, 1982, BASTIDA et al., 
1984, amongst others). 

The Ponga region is located in the core region of 
the Cantabrian arc (Fig. 1). The area has been studied 
by several authors (JULIVERT, 1960, 1967a & 1967b, 
PELLO, 1967, MARCOS, 1967, MARTINEZ ALVAREZ, 
1962, 1966 and Sj~RI', 1966). This paper is based on 
the reinterpretation of the published maps of 

PARn D~Aq 

JULIVERT (1960a & b), SJERP (1967), HEREDIA et al. 
(in press) and new data obtained by the authors 
mainly from the southern part of the region. 

The structural interpretation of the Ponga region 
described in this paper is based mainly on a geomet- 
rical analysis using balanced cross sections 
(DAHLSTROM, 1979). This method has already been 
used by several authors in studies of other Cantabrian 
nappes (BASTIDA etal., 1984, HEREDIA, 1984, AL- 
VAR~Z MARROWY, 1985, ALONSO, 1985). The aim of 
this work is to present an interpretation of the thrust 
geometry of the Ponga region and to produce a ba- 
lanced cross-section and a preliminary kinematic in- 
terpretation. Two cross-sections, a longitudinal one 
and a transverse one, show the thrust geometry as 
well as the genetic relationships between folds and 
thrusts. 

Geological setting 

The thrust system in the Ponga region presents a 
very irregular map pattern (Fig. 3) because the thrusts 
have been affected by a later set of folds. The thrust 

~ UNCONFORMABLE ~ MESOZOIC-TERTIARY 
STEPHANIAN ROCKS COVER 

UNDIFERENTIATED PALEOZOIC ROCKS 
/ A ",, 

~ PRECAMBRIAN ROCKS PONGA [ ~ ] ~ I P I C O S  DE ~ PISUERGA- OTHER V----1 
NARCEA ANTIFORM le -e  el UNIT I I ' I ' II EUROPA UNIT I---'----I, CARRION UNIT I I  UNITS 

Fig. 1. Generalized geological and location map of the Cantabrian Zone. Studied area is outlined in the centre of the dia- 
gram. 
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system produced deformation in a sequence of Paleo- 
zoic rocks with a variable thickness where two main 
stratigraphic sequences can be broadly distinguished 
(Fig. 2). There are: 
1. A Pre-Carboniferous sequence ranging from 
Lower Cambrian to Lower Ordovician in age (JuLI- 
VERT, 1960, ZAMAI~RE~O & JULIVERT, 1967). Fig. 2 
shows the lithologies of this series. An important lat- 
eral thinning can be observed towards the east, from 
1.000 m. to 500 m. Only Cambrian rocks can be 
found in the most external part. There is a general 
level of decollement in this region located within the 
Lancara Fro. (Lower-Middle Cambrian) (Fig. 2). 
Older rocks do not outcrop in the Ponga area. 
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Fig. 2. Sirnplified stratigraphic section of the Espinaredo 
sheet. After TRUYOLS, 1923 and ZMVtARRE~O & JULIVERT, 
1967. 

2. A Carboniferous package, up to 4.000 m thick in 
some of the thrust sheets. This sequence is mainly 
siliciclastic in composition with important calcare- 
ous units (Fig. 2) (TRuYoLs, 1983). The youngest age 
found is Myatchcovian. A few metres of Upper De- 
vonian shales and siltstones (Upper Famenian, Sj~RI,, 
1967) are present at the base of the series. The thick- 
ness, sedimentary facies and age variations of this 
Carboniferous succession are of outstanding impor- 
tance (VILLA & HEREDIA, in press). Although these 
changes appear laterally within the same thrust sheet, 
those observed between different sheets are much 
more significant. The stratigraphic column of Fig. 2 
comes from the Espinaredo sheet (Fig. 4A) and is 
taken as a simplified lithological sequence charac- 
teristic of the Ponga region. 

Between these two series there is a stratigraphic 
gap that includes the middle and upper Ordovician, 
the whole of the Silurian period, and most of the 
Devonian (Fig. 2) and that becomes more and more 
important towards the East where even the Lower 
Ordovician is absent (Fig. 3). 

Structure 

The most outstanding feature of the Ponga region 
(Fig. 3) is the existence of a set of thrusts affected by 
transverse folds with variable geometries and distri- 
bution. Thus, in the external part of this region two 

oa large antiforms give rise to two tectonic windows: 
ua that of Rfo Color to the north and that of Rfo Monas- 
r 

z terio to the south (Fig. 3) (JuLIVERT, 1967a & b). Be- 
h t  

tween them, there is a broad flat bottom syncline 
"' (about 8 kin. wide) with a box-like geometry in its ex- r  

ternal part. 
The existence of the transverse folds allows 

analysis of the deep geometry of the thrust sheets and 
of the magnitude of the displacement, since a map 
view of the longitudinal section can be observed in 
the eroded cores of the antiforms. This feature makes 
of this region an exceptional area since it allows in- 
terpretations to be made of the geometry of deep 
structures when cross sections and restorations are 
carried out. 

Four major thrust sheets (Campo de Caso nappe, 
ua Espinaredo nappe, Sebarga nappe and Tarna-Sajambre 
t) 
z nappe), the Belefio imbricate fan system and the 
u J  

Beyos duplex form the thrust systeme of this region 
o 
,,, (Fig. 4A). Other important structures in the area are: 

1. Two sets of superposed folds (JuLIVERT, 1971, 
JULIVel~T e~ MARCOS, 1973) are present: one with axial 
traces parallel to the map outcrop of the thrusts sur- 
faces (longitudinal system), and another set with 
axial traces clearly transverse. 
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2. A set of generally steep reverse faults that postdate 
the emplacement of the earlier east verging thrust 
sheets (Fig. 4B). 
3. Ventaniella fault. This is a post Variscan, dextral 
strike slip fault that crosses the whole region in a 
NW-SE direction (JuLIWRT etal., 1971) cutting 
through all the other structures (Fig. 3). 

An structural sketch map showing the axial traces 
of the major folds and the main subsequent faults is 
presented in Fig. 4B. 

Section parallel to the transport direction 
of the nappes 

An approximately E-W cross-section through the 
Ponga region is shown in Fig. 5A. It has been con- 
structed perpendicular to the axial directions of the 
longitudinal folds and parallel to the transport direc- 
tion of the nappes (section location in Fig. 3). 

The structure of this section consists of a system 
of thrusts branching from a sole thrust located near 
the base of the Lfincara Formation (Lower-Middle 
Cambrian age). This sole thrust generally has a con- 
stant dip towards the west but in the external part of 
the thrust system the slope is more marked due 
mainly to the presence of a footwall ramp in the 
Pisuerga-Carri6n Unit (Fig. 5A). 

A prominent feature of this section is the gradual 
increase in the number of thrusts towards the exter- 
nal part of the system where a duplex is present (Tip- 
stick, strongly emergent thrust front, MORLEY, 1986). 
Three different types of thrusts can be distinguished, 
the first two with a dominant eastward transport di- 
rection and the third with a dominant southward 
transport direction. 
- T h e  first group includes thrust surfaces that 
branch from the sole thrust which is parallel to the 
bedding in the allochthon along most of its trajectow. 
Most of the thrusts in this section are of this type. 
Only in their frontal part do these thrusts cut up sec- 
tion into younger stratigraphic levels (Fig. 3). Fig. 6 
shows a map scheme corresponding to the Belefio im- 
bricate fan. Here, footwall and hangingwall ramps 
and flats can be observed as well as the folds related 
to the hangingwall ramps. In this figure it is also pos- 
sible to see a thrust that represents a decollement sur- 
face located at the base of the Carboniferous succes- 
sion which has no stratigraphical repetition. 
- The second group of thrusts are those that form 
the Beyos duplex. These also branch from the sole 
thrust, but converge upwards into a roof thrust that 
is the decollement of the Sebarga nappe (Fig. 5A). 
- The third type comprises a thrust that started from 
a floor fault and propagated upwards, cutting the 

base of previously emplaced thrust slices. Because of 
this, it has been interpreted as an out-of-sequence 
thrust, named Pefia Ten Thrust (Figs. 4A, 7 & 8). This 
fault reactivated the floor thrust of the Beyos Duplex 
and was responsible for the uplifting of the duplex. 
Related to its emplacement a large antiformal culmi- 
nation was formed and produced the back rotation of 
the thrusts located behind it (Belefio imbricate fan). 

Apart from the thrusts, this cross-section shows 
several folds of the longitudinal set that can be di- 
vided in two groups: 
a) Folds developed within the thrust sheets and that 
did not affect the thrust surfaces. These folds are re- 
lated to hangingwall frontal ramps (fault bend folds, 
SIZPPE, 1983, leading edge folds, Box~l~, 1986). They 
are often anticlines, although they may also include 
many minor folds, and are usually located at the fron- 
tal part of the sheets (Figs. 5A & 6). 
b) Folds that fold the thrust surfaces. These folds are 
usually monoclines that represent dorsal culmination 
walls (BI3TL~R, 1982) related to footwall frontal 
ramps (e.g. Campo de Caso nappe) (Fig. 5A). Besides 
this type of folds, there are also folds caused by the 
accomodation of the overlying thrust sheets to the 
roof topography of underlying imbricated units (e.g. 
flexures in the Sebarga Nappe due to the geometry of 
the Beyos duplex, Fig. 5A). This type of fold has been 
described by several authors in other orogenic belts 
(e.g. HARIS & MILICI, 1977, ELLIOT & JOHNSON, 
1980, BOYER & ELLIOT, 1982) and in the Cantabrian 
Zone they have been described by ALONSO (in press) 
as >>drape folds,,. 

The process of formation of the longitudinal folds 
can be interpreted to be directly caused by the thrust 
emplacement. 

In Fig. 5 B a complete restoration of part of section 
5A can be seen. In this section only the Campo de 
Caso nappe, Espinaredo nappe and imbricate fan of 
Belefio, have been restored, showing by means of a 
dashed line the position of the thrust surface. Some 
of these thrusts clearly have a staircase trajectories. 
The rest of the section has not been restored since the 
Pefia Ten thrust and some of the thrusts associated 
with it have a different transport direction. Thus, this 
part of the section (the frontal part) is not a plane- 
strain section. 

Rio Monasterio tectonic window. 
Transverse structures 

This structure was described for the first time by 
JULIWRT (1965). It is a large E-W striking antiform 
situated in the southern part of this region (Fig. 3). 
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Fig. 7 shows a sketch map of this structure. The 
horizontal displacement on the Ventaniella fault (a 
late dextral strike-slip fault, see Fig. 3) has been re- 
stored. Hence, the western part of the window (Rfo 
Monasterio area) can be matched with its eastern pro- 
longation (Pefia Ten area). 

In the core of this structure, below the Campo de 
Caso thrust sheet (I, Fig. 7) two thrust sheets outcrop 
in its western part (a & b, Fig. 7), whilst in its eastern 
part at least three more thrusts (c, d & e in Fig. 7) 
branch from the afore-mentioned thrust. Besides, 
there are fewer thrust sheets in the south than in the 
north of this tectonic window (Fig. 8). Taking into ac- 
count this change in the number of the thrust sheets, 
the existence of the Rfo Monasterio tear fault has 
been inferred. This fault would have acted as tear fault 
during the emplacement of thrust sheets structurally 
lower than the Campo de Caso nappe. Afterwards, 
this tear fault underwent a reactivation as a reverse 
fault with a listric geometry (Fig. 8). 

In this region it is common to find reverse faults 
parallel to transverse antiforms. The structural sketch 
map (Fig. 4B) shows the trace of these faults and also 
some normal faults with a similar E-W trend. The re- 
verse faults have two different types of map patterns, 
either rectilinear in the NE with a NW-SE strike (i.e. 
the Rio Color fault zone, figure4B), or slightly 
curved changing from an E-W direction in the inter- 
nal part to NE-SW in the external zone (e.g. the Pefia 
Ten Thrust, figure 7). The later are located in the cen- 
tral part of the region. This group includes the reverse 
faults of Fig. 8 and 5A that converge towards the sole 
thrust of the Beyos duplex. 

All these reverse faults that cut higher thrusts can 
be interpreted as a system of out-of-sequence thrusts 
whose movement direction was at high angle to that 
of the earlier east-verging thrusts. For that reason, 
some lateral structures related to earlier thrusts (e.g. 
the Rfo Monasterio tear fault), reactivated as frontal 
structures to the out-of-sequence thrusts causing the 
amplification of the pre-existing hangingwall anti- 
forms. During this process passive-back thrusts 
(BANKS & WAR~3IJRTON, 1986) were also generated 
(i.e. that in Fig. 8 which produced the Valdosfn- 
Zalambral klippe, situated to the south of this region, 
see Fig. 7). 

There are frequently normal faults in the limbs of 
~he important transverse folds. Those present in the 

�9 Fig. 4. A) Simplified map showing the distribution of the 

northern limb of the R;o Monasterio window are of 
outstanding importance (Figs. 4B, 7 and 8). Some of 
the normal faults could have been extensional faults 
produced on lateral ramps of the earlier east-verging 
thrust sheets (drop faults, BUTLER, I982). 

The kinematics of emplacement of 
the thrust sheets 

From the map and from the cross-section de- 
scribed in this paper, preliminary conclusions may be 
made on the kinematics of emplacement of the Ponga 
thrust sheets. 

Using tectonostratigraphic arguments MARCOS & 
PULOAR (1982) inferred a forward-stepping sequence 
for the major allochthonous units in the Cantabrian 
Zone. Similarly4 ALoNso (1985) adding kinematic 
and geometric relationships, postulated the same 
emplacement sequence for a thrust system which 
forms one of these major allochthonous units (Esla 
nappe). 

Such an emplacement sequence has been assumed 
for the construction of the restored section (Fig. 5B). 
That is to say rear-most (western) nappes formed be- 
fore the frontal (eastern) nappes. Geometrical argu- 
ments, such as the flexure of upper sheets caused by 
the later emplacement of lower ones, have been used 
for this analysis. It has been assumed that the 
emplacement occurred from west to east for the first 
thrust system (as it is illustrated by the frontal and 
lateral structures of the thrust sheets, in Fig. 5 A & 7). 

Comparing sections 5 A & 5 B the displacements of 
the different thrust sheets and thrust systems have 
been calculated (Table 1). The Beyos duplex, which 
does not appear in Fig. 5B, has been balanced sepa- 

Thrusts 8c Displace N Accumulated 
Thrust-Systems ment (kin) Displace- 

ment 

Campo de Caso Thrust 9,40 9,40 
Espinaredo Thrust 6, 80 t 6,20 
Belefio Imbricate System 10,80 27,00 
Beyos Duplex 31,40 58,40 
Pefia Ten Thrust 3,80 62,20 

Table 1. Displacement of the main thrusts and thrust 
systems of the Ponga Region. 

thrust sheets in the Ponga Unit. 1; Laviana Thrust-sheet. 
2; Rioseco Thrust nappe. 3; Campo de Caso Thrust-nappe. 4; Espinaredo Thrust-nappe. 5; Belefio Imbricate System. 
6; Sebarga Thrust-nappe. 7; The Beyos Duplex. 8; Tarna-Sajambre Unit. 9; Tornfn Unit. 10; Pisuerga-Carri6n Unit. 
11; Picos de Europa Unit. B) Tectonic sketch map of the major structures in the Ponga region. The dextrai strike slip fault 
of figure A has been restored. 1; Thrusts. 2; Later thrusts and reverse faults. 3; Normal faults. 4; Axial trace of major 
longitudinal folds. 5; Axial trace of the major transverse folds. 
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Fig. 6. Geological map of North Belefio area. See Belefio in figure 3 for location. 
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Fig. 7. Geological sketch of the Rfo Monasterio Tectonic Window. See figure 3 for location, The dextral strike slip fault 
(i.e. Ventaniella fault) has been restored. 1; Campo de Caso Thrust-nappe. 2; Espinaredo Thrust-nappe. 3; Belefio Imbri- 
cate System. 4; Sebarga Thrust-nappe. 5; The Beyos Duplex. 6; Tarna-Sajambre Unit. 7; Pisuerga-Carri6n Unit. 

rarely using area conservation (described by Hos -  
SACK, 1979). The total accumulated displacement for 
the section in Fig. 5, calculated without  the displace- 

ment on the Laviana and Rioseco thrusts, is of the 
order of 62 kin. The shortening undergone by the re- 
stored set (Fig. 5B) is about 49%. 
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Fig. 8. Cross-section of Rio Monasterio Tectonic Window. B-B' in figure 3.1; Cambro-Ordovician rocks. 2; Barcaliente 
Fro. 3; Belefio Fm. 4; Pisuerga-Carri6n Unit. 

The emplacement of the Beyos duplex caused the 
bending of the thrust sheets located above it, the cur- 
vature reflecting the topography of the duplex. The 
later Pefia Ten Fault caused the frontal part of the 
duplex to be uplifted and the back-rotation of the rear 
thrusts. 

After the emplacement of the earlier thrusts to- 
wards the east, movement on the Pefia Ten Thrust 
took place, as well as on related faults (e. g. Valdosfn- 
Zalambral passive-back thrust, figure7). The dis- 
placement direction of this thrust trends south to 
south-eastwards. This implies a shortening direction 
that would be subperpendicular to that of the earlier 
thrust system. The earlier lateral structures reacti- 
vated as frontal structures to the new thrust system. 
This different direction of shortening during the suc- 
cessive emplacement of each nappe in the Cantabrian 
Zone (Fig. 1) is a consequence of the formation of the 
Asturian Arc (PeREz-EsTAu~ et al., in press). In this 
way the previous nappes must be cut by oblique out- 
of-sequence structures or must be transported in a di- 
rection oblique to their original movement direction. 

Some major faults which were transverse to the 
east verging thrusts in the Ponga region were first lat- 
eral structures and then acted as reverse faults due to 
the southward emplacement direction (MARQ~mEZ 
1978; FAt~IAS, 1982) of Picos de Europa Unit (located 
in front of the Ponga region to the NE, see figure 1). 

Conclusions 

The Ponga region forms one of the most external 
thrust units in the arcuate foreland thrust and fold 
belt of the Variscan orogenic belt in the Iberian Penin- 
sula. The Ponga region is located in the core of the 
arc and its main structural feature is the presence of 

several thrusts branching from a sole thrust located 
in the L~incara Fro. (Lower-Middle Cambrian) and a 
cross-folding system. An Upper Westphalian age for 
the formation of these structures can be inferred 
from the olistostrome deposits related to the thrusts 
emplacement and from the palinspastic restoration of 
synorogenic sediments (PuLGAt~ & MARCOS, 1982). 

The first thrust system, with dominant eastward 
transport direction, presents four major thrust sheets 
as well as an imbricate fan system and a duplex. The 
minimum value of accumulated displacement is 
62 km. Folding within the sheets are related to frontal 
hangingwall ramps. The folds deforming the thrust 
surfaces are related to roof topography of underlying 
thrust systems. 

The tear fault of Rfo Monasterio acted as a lateral 
structure with a dominant E-W movement direction. 

Some of the folds with axial trace subperpendicu- 
lar to the thrusts traces can be interpreted as 
amplified lateral structures of the first thrust system. 
The Rfo Monasterio antiform is placed on a lateral 
structure with a dominant E-W direction. 

After the emplacement of the east verging thrust 
system, a system of later reverse faults were de- 
veloped. In this group, the Pefia Ten Thrust is an out- 
of-sequence thrust that reactivated the Rfo Monas- 
terio tear fault. This system of faults forms a second 
thrust system (including back thrusts) with a domin- 
ant southward movement direction, and reactivated 
the lateral structures of the earlier thrust system. 

The second thrust system and its associated folds 
(transverse folds) could be related to the emplace- 
ment of the Picos de Europa Unit. As such, the Pefia 
Ten Thrust would accomodate part of this move- 
ment, cutting upwards into the Ponga region and into 
the Rfo Monasterio antiformal core. 
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