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Structural mapping in the Aviados, Llomberas and Geras areas (Le6n, NW Spain) is now
possible with more accuracy because of a better understanding of the lithostratigraphy of
the area. It reveals a complicated pattern of thrusting and folding, associated with the
main stress during the tectogenetic phase of the Cantabrian Mountains. This structural
evidence and additional sedimentological evidence allows a hypothesis suggesting late
Hercynian strike-slip movement along the Sabero-Gordén Fault Zone associated with
local collapse of structures.

El conocimiento actual de la litostratigrafia del area de Aviados, Llomberas y Geras
(Le6n, NW de Espafia) permite realizar una cartografia mas precisa de dicha area. Esta
cartografia pone de manifiesto la existencia de un modelo complicado de cabalgamientos y
pliegues, asociados con el esfuerzo principal producido durante la génesis de la Cordillera
Cantabrica. A partir de esta evidencia estructural, asi como de los datos sedimentolégicos
adicionales, se sugiere una hipétesis segin la cual, durante los dltimos estadios de la
deformacién hercinica, tendria lugar movimientos de desgarre a lo largo de la falla
Sabero-Gordén asociados con colapsos locales de estructuras.
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INTRODUCTION

The southern Cantabrian Mountains (province
Ledén, NW Spain) has been subject of several
structural studies resulting in a series of detailed
geological maps (Rupke 1965; Evers 1967, Fig.
1.; v. Staalduinen 1973, Figs. 2, 3).

Following structural mapping regional strati-
graphic and sedimentologic studies were under-
taken. Late Devonian - Early Carboniferous
strata were studied by Adrichem Boogaert
(1967), Frankefeld (1981) and Raven (1983). Rei-
jers (1972) and Mohanti (1973) studied the Give-
tian - Frasnian Portilla Formation; de Coo
(1974) and Méndez-Bedia (1976) the Emsian -
Couvinian Sta. Lucia Formation. A considera-
ble effort has been (and is still being) put on
unravelling stratigraphic and sedimentologic re-
lations in Carboniferous strata. From these stu-
dies it is increasingly clearer that sediment dis-
tribution is controlled by a number of funda-
mental lines. According to Heward and Reading

(1980) these lines are associated with a late
Hercynian (Stephanian) continental strike-slip
system on the southern margin of the Biscay-
North Pyrenean fault. The question, whether
these lines already controlled sediment distribu-
tion and facies during the Devonian has been a
matter of some arguments (Marcos 1968; Juli-
vert 1971; Wagner & Martinez-Garcia 1974) but
recently published evidence (Kullmann & Scho-
nenberg 1978; Savage 1978; Reijers 1980,
1984; Krans 1982; Raven 1983) makes it in-
creasingly more likely. The nature of the acti-
vity both during the Devonian and the Carboni-
ferous is in a number of cases, still a matter of
conjecture. It is likely that block movement and
epeirogenetic movements were dominant during
the Devonian, whereas strike-slip movements
were dominant during the Stephanian. Such
strike-slip movements could have interfered
with the expected normal sedimentary facies
trends in Devonian sediments. The tracing of
such trends and reporting of structural complex
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Fig. 1.-Simplified geological map of the Aviados-Bofar area (Ledn, NW Spain) according to Evers (1967).

field relations in a few areas, are the main to-
pics in the present paper.

REGIONAL STRUCTURES

The fundamental E-W directed Sabero-Gor-
dén fault zone is one of the mapped features on
which interest focused the last few years. Bas-
tida, Marcos, Arboleya and Méndez-Bedia
(1976) suggested for the Esla area a left-lateral
movement of approximately 20 km along this
zone. Previous workers considered this fault
zone to be an expression of a normal basement
fault which was several times reactivated.

For the Esla area a timing of strike-slip mo-
vement with respect to the emplacement of the
Esla nappe is suggested by Reijers, van der
Baan and van der Sluys (1984). This is based
on an analysis of the structures in the Pefiola
area NW of La Ercina, Leén (Reijers 1984),
facies gradients in the Portilla Formation (Rei-
jers and ten Have 1983) and established chro-
nostratigraphic markers in the Portilla Forma-
tion that link the various sub-areas within the
Esla area (Reijers er alt. 1984). These data
collectively support sinistral wrench movement
along the Sabero-Gordon fault zone within the
Esla area, but such movements have not yet
been demonstrated along this fault zone further
to the west. Palaeogeographic reconstructions
assuming such movements (Raven 1983) thus

have to be regarded as somewhat premature. In
the summer of 1983 and 1984 the author studied
a number of key exposures in the Curuefio-To-
rio-Bernesga area. Along the Sabero-Gordén
fault zone activity is detectable in the areas near
Aviados (Fig. 1), Llomberas (Fig. 2) and Feli-
ciano (Fig. 3).

L.ocAL STUCTURES
Aviados area (Figs. 1, 4)

In the structurally complex area west of
Aviados and near Campohermoso middle De-
vonian to Lower Carboniferous strata are out-
cropping. The Tertiary mountain boundary fault
separates the area to the south from Upper Cre-
taceous and Tertiary strata. To the north Step-
hanian deposits overly unconformably older Pa-
lacozoic sediments.

Evers (1967, p. 127; see Fig. 4) remarked that
detailed mapping in this area... «revealed at
least two more or less continuous E-W trending
faults. The sharply folded Sta. Lucia Formation
in the Pena area clearly shows the broken assy-
metrical folds. The less competent La Vid and
Huergas Formations apparently acted as local
detachment planes, because the upthrusts bring
the Sta. Lucia and Portilla limestone in fault
contact with younger beds...» To this description
the present author adds the following: The
outcrop of the Portilla Formation N of Cam-
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Fig. 2.-Simplified geological map of the Pola de Gordon-Matallana area (LL.eon, NW Spain) according to Staalduinen (1973).
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Fig. 3.-Simplified geological map of the Mirantes-Huergas area (Leén, NW Spain) according to Staalduinen (1973).

pohermoso is complete but part of the lower
Portilla is repeated. Drag-related folds on the
Northern block (the foot wall) strike 85/55 with
axial plunges around 65° N. This suggests a si-
nistral oblique-slip component to the thrust.
The fault is further marked by intensive dolomi-
tisation.

Fig. 4 shows differences in the mapping of the
Aviados area, now detectable due to a better
understanding of the facies of the Portilla For-
mation (Reijers 1972). Evers (1967, p. 96) re-
marked: ...«SW of Aviados a conspicuously

thick section (of Portilla limestones) is measu-
red of 170 m. This is primarily due to a greater
supply of debris and sand but undetected strike
faults might also occur...».

The cross-sections (Fig. 4) show two main
thrusts and a number of subsidiary faults sepa-
rate a few blocks together constituting an anti-
clinal structure. To the N this anticlinal struc-
ture continues into a syncline which is either
disconformably covered by Stephanian sedi-
ments, or it forms part of the intramontane ba-
sin in which Stephanian sediments accumulate.
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Fig. 4.-Detail map of the Aviados area as mapped by Evers (A), and modified by Reyers (B). Two field-sketches are presented,
depicting N-S cross sections respectively west and east of Aviados (C and D).

Llombera area (Figs. 2, 5, 6) and an anticline (S) in the Portilla Formation. In
the cores of these structures the Nocedo and

The structure S of Llombera (Fig. 5 A), on the Huergas Formations crop out.
the N-flank of the Alba syncline, has been map- The cross section A-A’ (Fig. 5 C) and the
ped by Staalduinen (1973) as a tight syncline (N) field photograph (Fig. 6) show these features
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Fig. 5~A. Geological map of the Llombera area according to Staalduinen (1973).

B. Update of same by Reyers.
C. Cross section after photograph (see Fig. 6).
D. Cross section after field sketch.
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Fig. 6.~Photograph taken in easterly direction over structure at Llomberas. Photostation is due S of Llomberas (see Fig. 5 B).

but they also demonstrate a complex system of
smaller and bigger (folded) thrusts and normal
faults, while the Portilla Formation is not enti-
rely complete in either of the structures. Cross
section B-B’ shows the southerly anticline ove-
rriding the northerly syncline; a feature not
shown on Staalduinen’s map.

Feliciano area, south of Geras (Fig. 3).

Due south of Geras the Pedroso and Alba
synclines are separated by a complexly faulted
zone. The most persistent fault in an E-W direc-
tion continues south of Mirantes before it dis-
appears below the artificial lake of the river
Luna. It then continues N of Mallo. Near the
Feliciano mountain three splays of this fault
have been mapped, along which van Staaldui-
nen indicates repetitions of the Sta. Lucia li-
mestone and the Huergas shales. The nature of
the fault is thrusting to the north. A number of
anticlinals and synclinals further characterise
this fault zone. North of the Feliciano another
E-W striking thrust occurs. Collectively this
area is referred to as the Sabero-Gordén fault

zone and in cross-section (Fig. 7) the overall
configuration appears to be a broken and thrus-
ted anticlinorium.

SEDIMENTOLOGICAL DATA

The sedimentology, in particular the facies
distribution of a number of Devonian forma-
tions in the discussed area, is well studied (see
above). These studies allowed definition of a
number of problems for which in the past not
always a fully satisfactory explanation could be
given. Examples are the following:

There exists a distinct difference between fa-
cies of the Portilla Formation in the Pedroso
and the Alba synclines (Fig. 3; see also Reijers
1972, pp. 203, 209; Raven 1983). These diffe-
rences have been linked to synsedimentary ac-
tivity of the Sabero-Gordén Fault Zone which
separates the areas, but no explanation of the
precise nature of the activity has been offered.
Additional field data, collected in 1983 and in
1984, support the facies difference already ob-
served. The section of the Portilla at Beberino
contains in its lower unit (+ 20 m from the
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base) a two-metre thick interval of oolith which
was not earlier recognised. This makes this sec-
tion (and the whole outcrop N of the Beberino
fault) different from those in the N-flank of the
Pedroso syncline. This outcrop differs also in its
reefoid aspect (biostromes at the base of the
section at Vega de Gordon and bioherms (ac-
centuated by erosion) at the top at Beberino)
and in its rapid facies changes (base Beberino
section is calcarenitic as is the top of the Vega
de Gordén section).

The small, isolated unit of Upper Devonian
which is present NE of La Pola de Gordén and
S of the Beberino fault offers also surprising
elements. It consists of 40 m of calcarenitic
carbonates (alternating encrinitic grainstones
and packstones intercalating with argillaceous
intervals) which start with 5 m of a yellow-
brownish cross-bedded and channelled oolith
not unlike the oolith present at Valdoré (Reijers
and ten Have 1983). The lower Portilla (Vene-
ros Member and member B; Reijers 1972) is
followed by a 12 m thick poorly exposed silici-

clastic unit (member C) and 20 m of member D
which is biostromal with Thamnopora sp., Al-
veolites sp. and Coenites sp. followed by an
encrinitic packstone to grainstone. This section
shows a remarkable similarity to those in the
N-flank of the Pedroso-syncline and it is also
very similar to the carbonate lenticles at Miran-
tes (Reijers 1972; Raven 1983) south of which
(and not N, as indicated on van Staalduinen’s
map) a fault is present which belongs to the
Sabero-Gordén fault zone.

Thus it appears that the Pedroso syncline as
far as facies in the Portilla are concerned, is
remarkably uniform. It is also markedly diffe-
rent from the Alba syncline, from which it is
separated by the Sabero-Gordén fault zone, and
from the Beberino-Vega de Gordén outcrop,
from which it is separated by the Beberino fault
(Reijers 1972, 1973). In the Alba syncline area
the Portilla facies are reefoid (NW of Los Ba-’
rrios de Luna). In a southerly direction a fore
reef slope is present (slumping near Sagiiera).
Near Huergas de Gordén the facies is also dis-
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tinctly fore-reef like which is also the case, al-
beit to a less degree, near Matallana. More to-
wards Aviados the Portilla is increasingly more
present in a grainstone/packstone facies whe-
reas the biostromal/biohermal aspect diminish-
es. This aspect appears to link with the overall
facies characteristics of the Portilla in the Pe-
droso-syncline.

Differences in facies in the Portilla between
the areas S of the Sabero-Gordoén fault zone
(reefoid to fore-reef facies), between the Sabe-
ro-Gordén fault zone and the Beberino fault
(calcarenitic) and N of the Beberino fault (bio-
stromal, biohermal, rapidly changing in facies
into calcarenites), are rather similarly also pre-
sent in the Sta. Lucia Formation (Reijers 1980,
Fig. 7). In facies the aspect of the Sta. Lucia
Formation S of Geras (N of the Beberino fault)
is very similar to that in the Portilla in Vega de
Gordon, and the section S of Pola de Gordén (in
the Alba syncline) is predominantly a calcare-
nite (grainstone-packstone).

DISCUSSION AND A NEW HYPOTHESIS

The observed irregular patch-quilt-like distri-
bution of facies in the Portilla Formation
throughout the area discussed, is difficult to
interpret. The picture that emerges from other
areas where the Portilla has been studied (Rei-
jers 1972, 1973, 1974; Reijers and ten Have
1983; Raven 1983) is that a carbonate regime
established at the end of the Givetian, which is
represented by a calcarenitic unit in which
ooids occur. Along an active basement fault
biostromes established, which form a reef-track
accentuating the transition of the carbonate
shelf to the carbonate slope. In places this tran-
sition is accentuated by calcarenitic banks rat-
her than by biostromes. Tidal currents gave rise
to tidal delta complexes (Reijers and ten Have
1983). Towards the open marine side of this
protecting barrier increasingly deeper facies are
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present, whereas to the North a lagoon exists in
which patch reefs occur.

The data discussed above suggest the pre-
sence of a reef track crossing the Alba syncline
and essentially just S of the Sabero Gordén
fault zone, whereas further to the S deeper fa-
cies prevailed. This is in line with the expected
model. However, the facies in the Portilla in the
Pedroso syncline are of an unexpected nature.
The calcarenites could have formed bars that
could have taken over the protecting function of
the reefs if they did not occur in close juxtaposi-
tion with such reefs. A striking example is the
calcarenitic section at Mirantes, only = | km N
of a massive reef.

Another strange coincidence is the calcareni-
tic occurrence of the section NE of La Pola de
Gordon, only 500 m to the south of reefs occur-
ring in the Beberino-Vega de Gordén outcrop.
Obviously a further explanation is required.

The described structures E and W of Avia-
dos, S of Llomberas and in the vicinity of the
Feliciano Mountain (Fig. 7) demonstrate the
presence of a zone of folded thrustplanes just N
of the continuous outcrop of the Portilla be-
tween the nose of the Alba syncline and Aviados
(Figs. 1-3). Such a zone N of the Pefia Corada
unit in the Esla area (see also Reijers 1984) is
the site of a considerable amount of sinistral
strike slip movement (Reijers er alt. 1984). It
appears that this zone from Aviados via Llom-
beras to Feliciano is the westward continuation
of the most important branch of the fundamen-
tal Sabero-Gordén fault.

The Beberino fault, separating rather diffe-
rent facies zones in the Portilla and along which
evidence of dextral strike-slip is present (see
below) is another fundamental fault. Thus the
areas in which the various facies have been
recognised are separated from each other by
fundamental faults. Close inspection of the
maps by van Staalduinen (1973) and Evers

v

Fig. 8.-Reconstruction of geological events in area between nose of the Alba syncline (W) and the Esla area (E).

A. Present day distribution of structural elements in studied area. This reflects the situation following the Stephanian
strike-slip movements along the Sabero-Gordén fault zone, and the Beberino fault.

B. Prior to dextral wrench faulting along the Sabero-Gordén zone, a number of structural elements, discussed in the text
(A-A’, B-B’), were much closer to each other. The parting of the «Pedroso syncline-block» and the «Pefia Corada
unit-block» is partially responsible for the Matallana basin.

C. Palacogeography pre wrench faulting. Note the natural lateral continuing of the reef track developed in the upper

Portilla.

D. Palacogeography pre wrench faulting. Note the shifting of the biostromes and bioherms, together forming a reef track
away from the zone with predominant calcarenitic bars towards a more shelf interior position (building in).



TRABAJOS DE GEOLOGIA 15 (1985)

Evidence for strike-slip movement

185

O GERAS

O GERAS

BE BE'?/NO

LTI

CALCARENITE

: : ‘ N

» o 0 "'ln. ~

N \_/ [

LLOMBERAS - IlIllllII"“"'I ) '

S o) €
MATALLANALNO

“ CORADA UNIT

—~

D BLOCKS THAT MOVED WITH
(GRAINSTONE , PACKSTONE ) RESPECT TO EACH OTHER (Fig.A,B)

%% EROSION , OUE TO

UPPER DEVONIAN UPLIFT (Fig.C)

BIOSTROMAL, BIOHERMAL
REEF TRACK

BACK REEF

—

BUILD-IN MECHANISM



186 T.J. A. Reijers

(1967) show a number of unexplained features

along these faults.

Along the Beberino fault:

— The mapping of the Sta. Lucia Formation N
of the Pedroso syncline suggests the possibi-
lity of dextral strike-slip of approximately 2
km.

— The Portilla Formation in the syncline NE of
La Pola de Gordén (point A’, Fig. 8 A), could
have a dextral offset of approximately 3 km
with respect to the southflank of the tight
syncline south of the village Santa Lucia
(point, A, Fig. 8 A).

Along the Sabero Gordon fault:

— From mapping it appears possible to continue
the E-W striking anticlines in the Sta. Lucia -
La Vid Formations at Los Barrios de Gordén
(point B, Fig. 8 A), into the overthrusted anti-
clinal structure at Ilomberas (point B’, Fig.
8 A).

— The complexly broken anticlinal structure S
of the Feliciano mountain, south of the Sa-
bero Gorddn fault zone (Fig. 7), could have its
pre-movement equivalent N of the Sabero-
Gordén fault zone in the anticlinorium which
continues E-W from the villages Mirantes to
Mallo.

~ The complexly folded Sta. Lucia N of the
road between Huergas de Gord6n and Llom-
bera, N of the Sabero-Gordén fault zone,
could have its pre-movement equivalent S of
the Sabero-Gordén fault zone in the Aviados
area.

Total sinistral movement along the Sabero-
Gordon fault zone could thus be in the order of
10 km, and with the 2-3 km dextral offset along
the Beberino fault, the nett offset between cer-
tain areas N of the Beberino fault and S of the
Sabero-Gordoén fault could be 7-8 km.

The picture arrived at above is only a preli-
minary one. A substantial amount of detailed
structural field work is now required, to work
out the details. A new phase of structural map-
ping is thus indicated. However, if the picture
arrived at is correct in outline, then an explana-
tion can be given for the ostensibly patch-quilt-
like facies distribution of the Devonian Portilla
Formation. The area appears to be broken up in
individual fault-bounded blocks along which
strike-slip movements of variable magnitude
took place during the late Hercynian phase of
compression. Based on the admittedly limited
areal facies control and the reconstructed na-
ture and magnitude of movement along these
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faults, the depositional situation can be approxi-
mately reconstructed (Fig. 8 C, D). During the
late Hercynian compressional phase sinistral
movement of approximately 10 km along the
Sabero Gordén fault and dextral movement of
approximately 3 km along the Beberino fault
took place which resulted in a relative westward
movement of the «Pedroso-syncline» block with
respect to the «Alba-syncline» block. It could
be speculated that the «tearing apart» of the
Pedroso syncline block from the Alba-syncline
block at least partly gave rise to the formation
of the Matallana Stephanian basin.

Like in the Pefia Corada unit in the Esla area
(Reijers et alt. 1984) the question here also
arises about which block moved absolutely with
respect to the other block. To resolve this ques-
tion a decidedly stable point of reference is
needed and it appears that such a point is non-
existent in the area under discussion.

The author feels, however, guided by discus-
sed information on facies trends in the Portilla
and Sta. Lucia Formations, that the mosaic of
structurally defined blocks has much more mo-
ved mutually by strike-slip movement, than was
the case in the Esla area. Thus individual mo-
vement distances were much less in absolute
terms than in the Esla area. On the present data
there is no reason to assume a 20 km westward
autochthonous position of the Alba unit with
respect to the more northerly units; a maximum
of 7-8 km is considered the most likely. Like in
the Esla area (Reijers 1984) it is thought that
the structural history can be summarised as fol-
lows.

SUMMARY

During the tectogenetic period of the Canta-
brian Mountains a main compressional phase
produced a nappe in the Esla area and a series
of folded thrustfaults in the area west of the
Pardomino high. Based on patch-quilt-like fa-
cies distribution in Devonian formations, and on
local structural features wrench faulting is pos-
tulated to have taken place after this phase and
Stephanian sediments were deposited in the
Matallana basin which was perhaps partly crea-
ted by the strike-slip movements. Folding of the
thrusts (see e.g. Fig. 7) has been observed at
several places along the southern boundary of
this basin. It suggests syn-Stephanian move-
ments, perhaps mainly asscciated with the
southernmost branch of the Sabero-Gordén
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fault zone and with the Beberino fault. Strike-
slip movement further to the N in the Matallana
basin (along the Beberino fault, but perhaps
also along other faults), created relief which
was subject to active erosion. Stephanian allu-
vial fan and slope apron debris are the result
(Heward & Reading 1980). This stands in con-
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trast to collapse that occurred along the south
rim of the Matallana basin, triggered by ongoing
movements along the Sabero-Gordén fault zone
during deposition of paralic material of Stepha-
nian age. Consequently thrusted and refolded
Devonian is locally present in disconformable
contact with Stephanian sediments.

REFERENCES

Adrichem Boogaert, H. A. van (1967).—Devonian and Lower
Carboniferous conodonts of the Cantabrian Mountains and
their stratigraphic application. Leidse Geol. Meded., 39,
140-189.

Bastida, F., Marcos, A., Arboleya, M. L. y Méndez-Bedia, I.
(1976).—La Unidad de Pena Corada y su relacidon con el
manto del Esla (Zona Cantabrica, NW de Espana). Brev.
Geol. Astur., 4, 49-55.

Coo, J. C. M. de (1974).-Lithostratigraphy of the Devonian
Santa Lucia Limestones in Ledn, Spain. Leiden University
Thesis, 1-87.

Evers, H. J. (1967).—Geology of the Leonides between the
Bernesga and Porma rivers, Cantabrian Mountains, NW
Spain. Leidse Geol. Meded., 41, 83-151.

Frankenfeld, H. (1981).—Krustenbewegungen und Faziesent-
wicklung im Kkantabrischen Gebirge (Nordspanien) vom
Ende der Devonriffe (Givet/Frasne) bis zum Tournai.
Clausthaler Geol. Abh., 39, 1-91.

Heward, A. P. y Reading, H. G. (1980).—Deposits associated
with a Hercynian to late Hercynian Continental strike-slip
system, Cantabrian Mountains, Northern Spain. Spec.
Publ, Int. Ass. Sediment., 4, 105-125.

Julivert, M. (1971).—L évolution structurale de 1’arc asturien.
In Histoire Structurale du Golfe de Gascogne, 1, Publ. Inst.
Fr. Pétr., Ed. Technip., 1.2-1/1.2-28.

Krans, T. F. (1982).—Block-Movements and sedimentation in
the Upper Silurian and Lower Devonian of the Cantabrian
Mountains (NW Spain). 7n Kullmann, J., Schénberg, R. y
Wiedmann, J. (eds.). Subsidenz-Entwiecklung im Kanta-
brischen Variszikum und an passiven Kontinentalrindern
der Kreide. Teil 1. Variszikum. Neues J. Geol. Pal., 163-
172.

Kullmann, J. y Schénenberg, R. (1978).—Facies differentiation
caused by wrench deformation along a deep-seated fault
system (Ledn-line, Cantabrian Mountains, North Spain).
Tectonophysics, 48, 15-22.

Marcos, A. (1968).—Nota sobre el significado de la «Leon-
line». Brev. Geol. Astur., 7, 1-5.

Méndez-Bedia, 1. (1976).—Biofacies y litofacies de la Forma-

cién Moniello-Santa Lucia (Devénico de la Cordillera Can-
tabrica, NW de Espaiia). Trabajos de Geologia, Univ. de
Oviedo, 9, 1-93.

Mohanti, M. (1973).-The Portilla Formation (Middle Devo-
nian) of the Alba syncline, Cantabrian Mountains, prov.
Leén, Northwestern Spain: Carbonate facies and rhyncho-
nellid palacontology. Leidse Geol. Meded., 48, 135-205.

Raven, J. G. M. (1983).~Conodont biostratigraphy and depo-
sitional history of the Middle Devonian to Lower Carboni-
ferous in the Cantabrian Zone (Cantabrian Mountains,
Spain). Leidse Geol. Meded., 52, 265-339.

Reijers, T. J. A. (1972).~Facies and diagenesis of the Devo-
nian Portilla Limestone Formation between the river Esla
and the Embalse de la Luna, Cantabrian Mountains, Spain.
Leidse Geol. Meded., 47, 165-249.

—— (1980).~Sedimentary mechanisms in Spanish Devonian
Carbonates. Geol. Mijnbouw, 59, 87-96.

—— (1984).-The Peiiola structure in the Pefia Corada unit,
Cantabrian Mountains, Spain. Bol. Geol. Min. Espaiia, 95
(3), 214-224.

—— y Have, A. H. M. ten (1983).—Ooid Zonation as indica-
tion for environmental conditions in a Givetian-Frasnian
carbonate shelf-slope transition. /n Peryt, T. (ed). Coated
Grains, Springer-Verlag, 197-207.

——, Baan, D. van der y Sluys, G. van der (1984).~The Esla
nappe and its implications for the palaeogeography of the
Givetian-Frasnian Portilla Limestone Formation in the
Cantabrian Mountains (NW Spain). Bol. Geol. Min. Es-
pada, 95 (3), 203-213.

Rupke, J. (1965).-The Esla Nappe, Cantabrian Mountains
(Spain). Leidse Geol. Meded., 32, 1-74.

Savage, J. F. (1879).-The Hercynian orogeny in the Canta-
brian Mountains, N. Spain. Krystalinikum, 14, 91-108.

Staalduinen, C. J. van (1973).—Geology of the area between
the Luna and Torio rivers, southern Cantabrian Mountains,
NW Spain. Leidse Geol. Meded., 49, 167-205.

Wagner, R. H. y Martinez-Garcia, E. (1974).-The relation-
ship between geosynclinal folding phases and foreland mo-
vements in North-West Spain. Stud. Geol., 7, 131-158.






	15_página_177.pdf
	15_página_178.pdf
	15_página_179.pdf
	15_página_180.pdf
	15_página_181.pdf
	15_página_182.pdf
	15_página_183.pdf
	15_página_184.pdf
	15_página_185.pdf
	15_página_186.pdf
	15_página_187.pdf
	15_página_188.pdf

