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SUMMARY

Within the Cantabrian zone during the Devonian and Early Carboniferous three large palaeogeographical units were
of importance: the Asturian geanticline, the Palencian basin and the Asturo-Leonesian basin. These units have a
different history of sedimentation, particularly the Palencian basin. Further, in the Asturo-Leonesian basin there
were some important structural elements: the Intra-Asturo-Leonesian facies line, formed by an active, normal fault
parallel to the border of the basin, and two structural highs: the Pardomino high and the Somiedo high which
divided the basin into three pieces. The Asturo-Leonesian basin was a narrow, shallow continental shelf which in
the south and west passed into the deeper part which extended over the West Asturian-Leonese zone. With help of
biostratigraphic correlations of the Middle Devonian to Early Carboniferous deposits in the Cantabrian zone, based
on conodonts, an overview is given of the depositional history of the entire area.

Several times during the Givetian and Frasnian a biostromal platform developed in the Asturo-Leonesian basin
with small biohems of stromatoporoids and corals at the southern border along the facies line and in the east along
the Ledn line, with a lagoon behind. In the Palencian basin the sediment supply was always smaller. There, shales
and nodular limestones with pelagic faunas (Gustalapiedra Formation) were deposited. Carbonate sedimentation started
simultaneously with the formation of the first carbonate platform of the Portilla Formation in the Asturo-Leonesian
basin. Repeatedly the Asturian geanticline was uplifted leading to tilting of the Asturo-Leonesian basin and to
erosion of the uplifted parts. The siliciclastic erosion products were deposited in the subsided parts leading to
progradation of the coast with the formation of coastal barriers notably along the facies line. As soon as the supply
of siliciclastics decreased, a new carbonate platform could form. The last stromatoporoid-coral biostromes formed
such a platform at the end of the Frasnian in the Esla area (Crémenes Limestone in the Nocedo Formation), At the same
time, in the west of the Asturo-Leonesian basin fan-deltas formed along the facies line, with conglomerates which
originated from erosion at the geanticline, which then apparently extended to the facies line.

The Asturian geanticline had extended gradually during the Devonian and the differences between the basins had
increased. Uplift of the geanticline resulted in the emergence of the entire Asturo-Leonesian basin during the early
Famennian. Then, erosion products from the geanticline were also transported into the Palencian basin by turbidity
currents {(Murcia Formation) interrupting the sedimentation of nodular limestones which recovered later on (Vidrieros
Formation) . At the end of the Famennian, due to a transgression the sea spread rapidly over the truncated geanti-
cline. South of the Intra-Asturo-Leonesian facies line initially turbiditic storm deposits (Fueyo Formation) formed
while a thin layer of sands and crinoidal grainstones (Ermita Formation) was deposited on the geanticline and in the
major part of the Asturo-Leonesian basin. The entire Cantabrian zone may have been emergent during the early
Tournaisian and, together with deformations in the West Asturian-Leonese zone movements lead to an inversion of the
relief in the Cantabrian zone with the formation of a number of small basins in the platform. When, during the late
Tournaisian a transgression lead to the spread of cold, nutrient-rich water over the entire area, some of this water
stagnated in the basins sb that black shales, radiolarites and phosphatic nodules (Vegamidn Formation) could be
deposited at the same time as the carbonate sedimentation continued on other parts of the platform. The continuation
of the transgression lead to the formation of nodular limestones (Alba Formation), first only on the shallow plat-
forms but later also in the deeper parts because circulation in the basins improved.

The Variscan orogenesis lead to deformations of which some are discussed in this paper. Lithological data
indicate that the Esla nappe and the Valsurvio area were displaced towards the north and later the South Cantabrian
block was shifted about 15 to 20 km towards the east along the Sabero-Gorddn line.

The different formations and smaller lithological units are described and an informal subdivision of the
Portilla Formation is proposed. The conodont faunas which were found are described. A number of interesting or
problematic species is treated more extensively. The conodont biozonation is discussed. For the early Carboniferous
the regional zonation of Higgins (1974) is adapted: the Polygnathus fauna and Gnathodus pseudosemiglaber Zone are
introduced. Rather extensively the palaececology of the conodonts will be discussed.

*
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SUMARIO

Dentro de la zona Cantdbrica durante el Devénico y Alto Carbonifero tres grandes unidades paleogeogrdficas fueron
de importancia: el geoanticlinal Asturiano, la cuenca Palentina y la cuenca Astur-Leonesa. Dichas unidades tienen
una distinta historia de sedimentacién en particular la cuenca Palentina. Adem&s, dentro de la cuenca Astur-Leonesa
habia unas unidades estructurales importantes: le linea facial Intra-Astur-Leonesa, formada por una falla normal
activa paralela al borde de la cuenca, y dos elevaciones estructurales: el alto de Pardamino y el alto de Somiedo,
que dividieron la cuenca en tres partes. La cuenca Astur-Leonesa era la parte estrecha y poco profunda de una plata-
forma continental que en los bordes sur y oeste pasaba a una plataforma mds profunda (zona Asturoccidental-Leonesa).
Con la ayuda de correlaciones bioestratigrédficas de los depositos del Devénico Medio hasta el Carbonifero Inferior
en la zona Cantdbrica, basado en conodontos, se da un resumen de la historia de sedimentacién en todo el area.

Unas veces durante el Givetiense y Frasniense se desarrollaba una plataforma biostromal en la cuenca Astur-
Leonesa sobra la cual, en el borde meridional a lo largo de la linea facial y en el este sobre la linea de Ledn
habia biohermas pequefias de estromatoporoideos y corales con una lagoon detrds. En la cuenca Palentina en todo
momento el aporte de sedimentos era mids pequeho. Alli se depositaban arcillas y calizas nodulosas con faunas
pelagicas (Formacidn Gustalapiedra). La sedimentacién de carbonatos empezdé al mismo tiempo que la formacién de
la primera plataforma calcdrea de la Fomacidn Portilla en la cuenca Astur-Leonesa. De vez en cuando el geocanti-
clinal Asturiano fue levantado causando la volcacidn de la cuenca Astur-Leonesa y la erosién de las partes elevadas.
Los productos de erosién (siliciclasticos) se depositaban en las partes bajas, de modo que la costa se extendié
gradualmente con la formacidn de barras en particular a lo largo de la linea facial. Una vez disminuyS el aporte
de siliciclasticos, de nuevo podia formarse una plataforma calcdrea. La iltima biostrama de estrcmatoporoideos y
corales formd una plataforma a finales del Frasniense en el area del Esla (Caliza de Crémenes en la Formacidn Nocedo)
Al mismo tiempo en el oeste de la cuenca Astur-Leonesa a lo largo de la linea facial se formaban conos aluviales
con conglomerados provenientos de la erosidén en el geoanticlinal que entonces evidentemente se extendid hasta la
linea facial.

El geoanticlinal Asturiano se habia extendido gradualmente durante el Devénico y también la diferencia entre
las cuencas habia aumentado. Durante el bajo Fameniense el geoanticlinal atin se extendid tanto que la cuenca Astur-
Leonesa se emergié entera. Productos de erosién de la geoanticlinal entonces fueron introducidos también en la ’
cuenca Palentina por corrientes de turbiditas (Formacién Murcia) interrumpiendo la sedimentacién de calizas nodulosas
que después de restablecid (Formacidn Vidrieros). A finales del Fameniense, por una transgresién, el mar se extendid
rdpidamente sobre el geocanticlinal aplanado. Inicialmente al sur de la linea facial se depositaron turbiditas
causadas por tormentas (Formacién Fueyo) mientras que un estrato delgado de areniscas y calizas de crinoideos
(Formacién Ermita) se depositSd sobre el geoanticlinal y en la mayor parte de la cuenca Astur-Leonesa. Probablemente
toda la zona Cantdbrica se emergié durante poco tiempo en el alto Tournaisiense. A la vez se originaban deforma-
ciones en la zona Asturoccidental-Leonesa y movimientos que llevaban a una inversidn del relieve en la zona
Cantdbrica con la formacidn de unas cuencas poco profundas en la plataforma. Cuando, en el bajo Tournaisiense una
transgresidn llevaba a la extensidn del agua fria y rica en alimentos sobre todo el area, parte del agua se estan-
caba en las cuencas de modo que arcillas negras, radiolaritas y nodulas fosfédticas (Fomacidn Vegamidn) podian ser
depositadas a la vez que la deposicidn de calizas continué sobre otras partes de la plataforma. La continuacidn de
la transgresidén llevé a que empezaran a formarse calizas nodulosas (Formacidn Alba), inicialmente solo sobre las
plataformas poco profundas pero después también en las partes mds profundas por incremento de la circulacién en
las cuencas.

La orogenesis Varistica llevé a deformaciones de las cuales se discute unas en esta publicacién. Datos lito-
logicos indican que el manto del Esla y el area de Valsurvio fueron desplazados al norte y después el bloque
Cantabrico Meridional fue desplazado unos 15 o 20 km al este a lo largo de la linea de Sabero-Gordén.

Se describen las distintas formaciones y unidades litoldgicas mds pequefias y se propone una divisién informal
de la Formacién Portilla. Se describen las faunas de conodontos halladas. Mas extensamente se trata unas especies
interesantes o problematicas. Se discute la biozonacidn. Para el alto Carbonifero se adapta la zonacidn regional
de Higgins (1974): la fauna de Polygnathus y la Zona de Gnathodus pseudosemiglaber seran introducidas. Bastante
detallada también se trata la paleoecologia de los conodontos.

SAMENVATTING

Binnen de Cantabrische zone waren tijdens het Devoon en Vroeg-Karboon drie grote paleogeografische eenheden van
belang: de Asturische geanticlinaal, het Palentijnse bekken en het Asturo-Leonese bekken. Deze eenheden hebben een
verschillende sedimentatie-geschiedenis, vooral het Palentijnse bekken. Verder waren er binnen het Asturo-Leonese
bekken enkele belangrijke strukturele elementen: de Intra-Asturo-Leonese faciéslijn, gevormd door een aktieve nor-
male breuk parallel aan de rand van het bekken, en twee strukturele hogen: het Pardomino hoog en het Somiedo hoog,
die het bekken verdeelden iin drie delen. Het Asturo-Leonese bekken was het smalle, ondiepe deel van een continen-
taal plat dat aan de zuid- en westrand overging in de diepere shelf (Westasturisch-Leonese zone). Met behulp van
biostratigrafische correlaties van de middendevonische tot onderkarbonische afzettingen in de Cantabrische zone,
met behulp van conodonten, wordt een overzicht gegeven van de afzettingsgeschiedenis van het hele gebied.

Enkele keren tijdens het Givetien en Frasnien ontwikkelde zich een biostramaal kalkplatform in het Asturo-
Leonese bekken met aan de zuidelijke rand langs de Intra-Asturo-Leonese faciéslijn en in het oosten langs de
Lednlijn kleine biohermen van stromatoporen en koralen waarachter zich een lagune bevond. In het Palentijnse
bekken was de sedimenttoevoer steeds geringer. Daar werden schalies en knobbelkalken met pelagische fauna's afge-
zet (Gustalapiedra-Formatie). De kalksedimentatie begon tegelijk met de vorming van het eerste kalkplatform van
de Portilla-Formatie in het Asturo-Leonese bekken. Herhaalde malen werd de Asturische geanticline opgeheven waar-
door het Asturo-Leonese bekken kantelde en de hooggelegen delen werden geérodeerd. De siliciklastische erosiepro-
dukten werden afgezet in de gedaalde delen zodat de kust zich geleidelijk uitbouwde en strandwallen gevormd werden,
vooral langs de facié&slijn. Zodra de aanvoer van siliciklasten afnam kon zich opnieuw een kalkplatform vormen. Het
laatste stromatoporen-koralen biostrooam vormde een dergelijk platfomm aan het eind van het Frasnien in het Esla
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gebied (Crémeneskalk in de Nocedo-Formatie). Tegelijkertijd werden in het westen van het Asturo-Leonese bekken
langs de facié@slijn puinwaailers gevomnd met conglomeraten die afkomstig waren van erosie op de geanticlinaal die
toen blijkbaar tot aan de faciéslijn reikte.

De Asturische geanticlinaal had zich tijdens het Devoon geleidelijk uitgebreid en ook het verschil tussen de
bekkens was toegenamen. Opheffing van de geanticline tijdens het vroeg-Famennien leidde tot het droogvallen van het
gehele Asturo-Leonese bekken. Erosieprodukten van de geanticlinaal werden toen ook het Palentijnse bekken ingevoerd
door turbidietstramen (Murcia-Formatie); daardoor werd de knobbelkalksedimentatie onderbroken maar later herstelde
deze zich weer (Vidrieros-Formatie). Aan het eind van het Famennien breidde de zee zich door een transgressie snel
uit over de afgeplatte geanticlinaal. Ten zuiden van de faciéslijn werden aanvankelijk turbiditische stormafzet-
tingen (Fueyo-Formatie) gevormd terwijl een dunne laag zanden en crinoidenkalken (Ermita-Formatie) werd afgezet op
de geanticlinaal en in het grootste deel van het Asturo-Leonese bekken. De gehele Cantabrische zone viel misschien
korte tijd tijdens het vroeg-Tournaisien droog en tegelijk met deformaties in de West Asturisch-Leonese zone leid-
den bewegingen tot een omkering van het relief in de Cantabrische zone waarbij een aantal ondiepe bekkens in het
platform werden gevormd. Toen tijdens het laat-Tournaisien een transgressie leidde tot de uitbreiding van koud,
voedselrijk water over het gehele gebied stagneerde het water in die bekkens, en zwarte schalies, radiolarieten
en fosfaatknollen (Vegami&n-Formatie) werden afgezet terwijl op andere delen van het platform de kalksedimentatie
doorging. De voortgang van de transgressie leidde ertoe dat zich knobbelkalken (Alba-Formatie) begonnen te vormen,
eerst alleen op het ondiepe platform maar later ook in de diepere delen door de toename van de circulatie in de
bekkens.

De Varistische orogenese leidde tot deformaties waarvan er sommige in dit artikel worden besproken. Litholo-
gische gegevens geven aan dat het Esla dekblad en het Valsurviogebied naar het noorden werden verplaatst en dat
later het Zuidcantabrische blok langs de Sabero-Gordénlijn ongeveer 15 & 20 km naar het oosten werd geschoven.

De verschillende formaties en kleinere lithologische eenheden worden beschreven en een informele indeling van
de Portilla-Formatie wordt voorgesteld. De aangetroffen conodontfauna's worden beschreven. Een aantal interessante
of problematische soorten wordt uitgebreider behandeld. De biozonering wordt besproken. Voor het vroeg-Karboon
wordt de regionale zonering van Higgins (1974) aangepast: de Polygnathus-fauna en de Gnathodus pseudosemiglaber-
Zone worden ingevoerd. Vrij uitgebreid wordt ook de paleocecologie van de conodonten behandeld.
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1. INTRODUCTION

l1.1. INTRODUCTION

This thesis deals with the geological history of the Cantabrian Mountains from Middle Devonian
to Early Carboniferous time. Lithostratigraphical and biostratigraphical data (mainly from
conodonts) are given and form the fundament on which an interpretation is based.

The present study is part of the geological investigation of the Cantabrian Mountains
which has been carried out since 1950 by staff members and students of the University of
Leiden, based on the work of Comte (1959). First much emphasis was laid on geological mapping
of the area (see Savage & Boschma, 1980), later also detailed studies on individual formations
appeared (e.g. Reijers, 1972; de Coo, 1974). Relatively few biostratigraphical data were at
hand, the main study being that of conodonts by van Adrichem Boogaert (1967) which concentrated
on the Lower Carboniferous rocks and the Palencian basin.

In 1977 I started an investigation on the stratigraphy of the Upper Devonian rocks in the
Esla area as well as a study of Middle and Late Devonian conodonts (Raven, 1980 a, b). From
1980 to 1982 this study was extended to nearly all Middle Devonian to Lower Carboniferous rocks
in the Cantabrian Mountains. Numerous sections were measured, sampled or at least visited. This
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thesis is based on that research in the field combined with a study of the conodonts collected
by myself, by van Adrichem Boogaert (1967, in part), Maas (1974), van Tongeren (1975) and
students of the Department of Stratigraphy and Palaeontology. Ms. Jolanda Huisman and Mr. Peter
van der Ark studied conodonts of the Santa Lucia Formation and the base of the Alba Formation
respectively. Alsoc all the lithostratigraphical data available in the department were gathered.
All tnis information was used in the present study. Of course, I am responsible for the given
interpretations. Only where necessary I will discuss other opinions or errors.

In order to facilitate comparisons the terminology in this publication follows some stan-
dard classifications. The limestones were classified according to Dunham (1962) and Embry &
Klovan (1972), the sandstones according to Pettijohn (1957), the sedimentary structures accord-
ing to Reineck & Singh (1973), the grain size according to the Udden-Wentworth scale. The
sorting was estimated with the aid of the figures in Beard & Weyl (1973).

The numbers between brackets refer to the paragraphs in this paper. The cross—sections and
the sections in the southern part of the studied area are indicated in Encl. 1: Fig. 1.

1.2. ACKNOWLEDGEMENTS

This publication combines results of investigations by many persons. I am grateful to all the
students who wrote the reports which I used. I am even more grateful to those students who
collected samples in the field and put them at my disposal. Of them I mention Ton ten Have,
Franek Mrozek, Gerard van Loevezijn, Gerald van der Sluijs, Anthonie van der Marel, Joop Witte,
Lucie Wassink, Jaap-Jan Vermeulen, Frans Kunst and Niek Schelling. Samples were prepared at the
laboratory by Mrs. Liesbeth van der Poort-de Jong who indefatigably continued her careful work
during five years. Dr. M. van den Boogaard (Leiden) and Dr. P. Bultynck (Brussels) advised me
about the identification of the conodonts. Discussions with Dr. J.F. Savage (Utrecht), Dr. M.
van den Boogaard (Leiden), Dr. G. Klapper (Iowa), Dr. T.J.A. Reijers (Rijswijk), Mr. P. Seibert
(Tibingen) and others were very useful. I thank Prof.Dr. P. Carls (Brunswick) and Dr. G. Becker
(Frankfurt am Main) for their written communications.

At the Geological Institute much work was done by the technical staff. I mention Mr. C.J.
van Leeuwen who made the thin sections, Mr. J. Bult who drew the figures and Mr. J. Verhoeven
who made the photo prints. During the last year of preparation of the manuscript the Rijks-
museum van Geologie en Mineralogie (Leiden) provided technical assistance. It further helped
me by putting at my disposal the collections of van Adrichem Boogaert and others. Dr. W. de
Priester (Leiden) accompanied me in taking the photographs with the scanning electron micros-
cope at the ZoSlogisch Instituut (Leiden). Dr. J.F. Savage (Utrecht) critically read the
manuscript which thus improved considerably. Further Dr. M. van den Boogaard (Leiden) critic-
ally read Chapter 4 and Ms. Jane Tremaine (Leidschendam) corrected some errors in the English
text.

I express my sincere thanks to all of them, also to those not mentioned personally. Further
thanks are due to the family Gonzalez living near the Porma press {(Lebn, Spain) and to Mrss.
Manuela and Pilar Calleja in Pola de Gordén (Lebn) for their great hospitality. I also thank the
Ministerie van Onderwijs en Wetenschappen for the grant which permitted the preparation of this
thesis.

All the measured sections, a list of the conodont samples and their contents and the
samples are stored at the Rijksmuseum van Ceologie en Mineralogie (Leiden). A copy of the list,
as well as simplified sections, have been sent to Dr. P. Bultynck (Brussels), Dr. G. Klapper
(Iowa) and Dr. S. Garcia L6pez (Oviedo). The internal reports of the Department of Stratigraphy
and Palaeontology are now stored at the Rijksmuseum van Geologie en Mineralogie.

1.3. INTRODUCTION TO THE STRUCTURES

1.3.1. Structural zones

In analogy to Kossmat's subdivision of the Variscides of central Europe, Lotze (1945) divided
the Iberian Variscides into a number of structural zones. Later Julivert et al. (1974) pro-
posed a modified version. In this paper reference will be made to the three northern zones,
from southwest to northeast the Central-Iberian, the West Asturian-Leonese and the Cantabrian
zone. Many authors interprete the Cantabrian zone as miogeo(syn)cline and the West Asturian-
Leonese zone as eugeosyncline, e.g. Lotze (1945), Matte (1968), de Coo (1974) and Wagner &
Martinez Garcia (1974). Most data, however, favour the alternative model of Kullman & Schdnen-
berg (1975, 1982), Savage (1981) and Brouwer (1982) who interprete both zones as part of a
cratonic basin: there is no evidence of a nearby oceanic realm (Brouwer, 1982).

Already before the description of the zones it was recognized that the Variscides in north-
western Spain form part of a large curvature, the Asturian arc. Palaeomagnetic and structural
data are used as evidence for the gradual compression of the arc during the Variscan orogeny
but at least a part of the curvature may be a primary structure (Ries et al., 1980) as is
further indicated by the importance of décollement tectonics (Savage, 1979, 1981).

1.3.2. Palaeogeographical units

Brouwer (1962) distinguished two facies in the Cantabrian zone, the Asturo-Leonesian facies
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representing subtidal to tidal environments on a relatively stable shelf, characterized by an
abundant benthonic fauna, and the Palencian facies deposited in a slightly deeper basin which
during the greater part of its history was devoid of coarse detrital material and was charac-
terized by a fauna in which pelagic elements take a predominant position. Later the areas were

E Palencian basin
E Asturian geanticline
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Fig. 1. Map of the major palaeogeographical units which were of importance during the Devonian
and Early Carboniferous. Further the areas are indicated which are mentioned in the text.

considered as separate basins: the Asturo-Leonesian basin and the Palencian basin (Fig. 1; van
Adrichem Boogaert, 1967; Brouwer, 1968). The large area between these two basins was first
mentioned by Radig (1966) and later treated more extensively by van Adrichem Boogaert (1967)
who called it the Asturian geanticline (Fig. 1). The sediments which were deposited on the
geanticline belong to the Asturo-Leonesian facies. To the west and south the Asturo-Leonesian
basin is bordered by the Narcea anticlinorium which separates the Cantabrian zone from the West
Asturian-Leonese zone (Fig. 1).

1.3.3. Nappes

Nappe structures are very frequent in Cantabria. They were formed by d&collement at different
levels within the stratigraphic column but true metamorphic basement is not included in the
nappes. The displacement of the nappes was probably caused by gravity sliding and restricted
to several or several tens of kilometers (Savage, 1979; Heward & Reading, 1980). The nappes
were displaced in a centripetal pattern. Also the distinct structural provinces are bordered
by thrust planes and therefore the original distance between them has been much reduced (Juli-
vert, 1971; Heward & Reading, 1980). In this way some of the sudden facies changes along some
of the boundaries between these provinces may be explained.

As an example the structure of the Asturo-Leonesian basin (Fig. 1) is discussed in more
detail (based on Julivert, 1971). In the west and south the Narcea anticlinorium is thrust over
the basin, slightly reducing the width of the basin. The width of the basin is reduced much more
by folds, upthrusts and nappes within the basin: this reduction is estimated at about 50 % for
the Leonese part of the basin (Savage, 1979). The intensity of deformation increases from the
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northwest towards the southeast: in the northwest there are large open folds, more socuthward
two large units are recognized: the northern Sobia-Bod6én unit and the southern Somiedo-Corre-
cilla unit, each of them further subdivided by internal upthrusts (e.g. Evers, 1967), and a
nappe, the Somiedo nappe. East of the Porma fault some upthrusts are present in the northwest
but the most important structure is a single nappe, the Esla nappe (Rupke, 1965). This nappe
was originally situated south of the Sabero-Gorddnline (5.2.). Still farther east the struc-
tures become more complicated. In this paper generally no palinspastic reconstructions are made.
A reconstruction of the Asturo-Leonesian part of the shelf would show that originally it was
about 40 km broad and at least about 220 km long.

1.3.4. Fundamental lines

Several fundamental lines were discovered in the southern part of the Cantabrian zone, the Ledn
line (de Sitter, 1962), Sabero-Gordén line (Rupke, 1965), Cardafio line (van Veen, 1965) and
Pontdn line (Sjerp, 1967) (Fig. 1), which were considered to be fundamental features with a
deep-seated origin (e.g. Kullman & Schinenberg, 1978). Due to the fundamental lines, during the
Devonian and Carboniferous deep-seated faults separated blocks with a distinct history (Krans,
1982) and with different facies. Since the position of the faults shifted, actually not all of
them still form an active fault. Along the Ledn line and Sabero-GordSn line wrench faults de-
veloped during the Stephanian. Parallel to the fault along the Sabero-Gord6n line another fault
was present during Devonian and Carboniferous which divided the Asturo-Leonesian basin into a
shallow inner area and a slightly deeper outer area (compare van Loevezijn, 1983). Because this
facies line is recognized not only in the Bernesga and Esla areas where the Sabero-Gordén line
was defined (Fig. 1; 5.2) I propose a separate name for it: Intra-Asturo-Leonesian facies line.
In the west the Lebn line more or less separated the Bernesga and Esla areas in the Asturo-
Leonesian basin from the Asturian geanticline; in the east it separated the Asturo-Leonesian

and Palencian basins. The transitional area between the basins was during the Devonian a shallow
area as may be concluded from the rapid decrease in thickness and the increase of hiatuses within
the Devonian deposits in the Asturo-Leonesian basin towards this transitional area (compare Koop-
mans, 1962). Due to later deformations the width of this zone was greatly reduced and actually
the Asturo-Leonesian facies and Palencian facies are partly overlapping.

The Asturo-Leonesian basin is divided into two parts by the southwest-northeast running
Porma fault (Fig. 1; Rupke, 1965; Evers, 1967). Due to an early tilting of the eastern block
Cambrian deposits are exposed here, actually forming the most important outcrop of the Cambrian
in this basin. The area was already a topographical high during the Devonian (Pardomino high,
Rupke, 1965). Van Adrichem Boogaert (1967: fig. 58) used the name in another way; I will follow
Rupke's original definition. The distribution of facies and pattern of isopachs lead ten Have
(1979) to the assumption that another structural high was present in the western part of the
basin, the Somiedo high (Fig. 1). This high has the same orientation as the Pardomino high and
is bounded by the Lebn line: Savage (1979) assumes that the Lebn line merges into the Villablino
fault.

1.4. INTRODUCTION TO THE GEOLOGICAL HISTORY

A number of deep-seated faults originated during the Proterozoic, separating blocks with a
distinct history (Krans, 1982). Sedimentation had a maximum in the West Asturian-Leonese zone
where many km thick Lower Palaeozoic deposits were formed while the Cantabrian zone had more or
less a geanticlinal character resulting in thinner deposits with different facies and important
hiatuses. The central part of the Cantabrian zone maintained its geanticlinal character during
the Devonian, initially it was bordered by a shallow shelf with reefs but since in the course of
the Devonian the central area tended to emerge the importance of subtidal to intertidal silici-
clastics increased. However, another part of the Cantabrian zone (the Palencian basin) became a
starved basin with condensed sequences. The topography was reversed during the Early Carboniferous
and from then on the main sedimentation took place on the former geanticline while the West
Asturian-Leonese zone was uplifted. From Namurian to Stephanian the Variscan orogenesis took
place, thick sequences were deposited in rapidly changing basins. Several folding phases took
place, décollement nappes slid down centripetally and wrench-faults became active. Thick Stephan-
ian deposits were deposited in basins bordered by large faults, in the Cantabrian zone as well as
in the West Asturian-Leonese zone.

It is difficult to reconstruct the former extension of the Devonian and Carboniferous seas.
In general in the West Asturian-Leonese zone there is a hiatus between the Silurian and Stephan-
ian deposits and only very locally Lower Devonian deposits have been preserved in northwestern
Spain. It seems probable, however, that the Devonian and Carboniferous seas had a much greater
extension than is suggested by the actual distribution of their deposits. In the Celtiberic Chain,
in the easternward extension of the West Asturian-Leonese zone, the Devonian is more complete and
may give an impression which facies during the Devonian may have been present southwest of the
Cantabrian zone. In the Celtiberic Chain there are at least some hundreds of meters (close to
1,000 m?) of Givetian to lower Frasnian strata. Sandstones and shales predominate but thin lime-
stones occur. During the Frasnian the deposits became more and more distal turbiditic sandstones
together with dark shales without shelly benthos. The late Frasnian is represented by dark to
black shales with levels full of Styliolina and a few entomozoans. Shales were deposited during
the Famennian (P. Carls, Braunschweig, pers. comm.). A thick turbidite sequence with dark fissile
shales and greywackes was deposited during the early Carboniferous (Villena et al., 1981). These
data suggest a stronger subsidence during Devonian and early Carboniferous in the West Asturian-
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Leonese zone as compared with the Cantabrian zone, the sediments generally being siliciclastics
derived from the Central-Iberian zone while thick reefal limestones are lacking. In the north
the West Asturian-Leonese zone was bordered by the Cantabrian-Ebro massive, with reef limestones
along the margin of the Cantabrian part, behind which there was the deeper Pyrenean trough
(Carls, 1982). Thus, southward the Asturo~Leonesian inner shelf passed into the deeper shelf of
the West Asturian-Leonese zone, which received sediment both from northern and southern sources.

2. ASTURO-LEONESIAN BASIN AND ASTURIAN GEANTICLINE

2.1. INTRODUCTION

In the Asturo-Leonesian basin (Fig. 1) the Devonian is rather thick with a predominantly cal-
careous lower and middle part and a siliciclastic upper part. During the Devonian period several
large biostromal carbonate platforms formed (Santa Lucia Formation, Emsian and Eifelian;
Portilla Formation, Givetian and Frasnian) separated by the siliciclastic Huergas Formation
(Eifelian and Givetian). On the Asturian geanticline (Fig. 1) most of the Devonian is lacking
with only a thin Famennian (Ermita Formation). During Tournaisian and Vis&an times condensed
sequences were formed in both areas (Ermita, Vegami&n and Alba Formation). The principal
divisions of the Devonian and Lower Carboniferous in the Asturo-Leonesian basin were introduced
by Barrois (1882) for Asturias and by Comte (1959) for LeSn. Their classifications were modified
by later authors into formal formational names. New names were introduced for the sediments in
particular areas, however, now that these deposits have been studied in more detail, more pre-
cise correlations have made many names superfluous. The lithostratigraphic nomenclature will be
discussed in this chaptexr (Table 1).

2.2. PORTILLA AND CANDAS FORMATIONS (GIVETIAN AND FRASNIAN)
2.2.1. Introduction

Barrois (1882, pp. 481-482) gave a description of the section Per&n near Candis (Asturias; the
areas are indicated in Fig. 1) including the stratotype of his "Calcaire de Candds" (Table 1).

Asturo-Leonesian basin and Asturian geanticline
Palencian basin

Asturias Ledn
ALBA FORMATION ALBA FORMATION ALBA FORMATION
Genicera Formation Griotte A Goniatites crenistriata Villabellaco Formation

Griotte de Puente de Alba

Genicera Formation Sella Fo tion

[ Getino Formation

VEGAMIAN FORMATION VEGAMIAN FORMATION
Couches de Vegamidn
ERMITA FORMATION ERMITA FORMATION VIDRIEROS FORMATION
Candamo Formation Grés de l'Ermitage Mont&-Schichten
Caliza Blanca Baleas Formation CAMPORREDONDO FORMATION Verbios Formation
Baleas Formation Caliza de las Portillas b Aguasalio Formation

FUEYO FORMATION Piedrasecha Formation

Schistes de Fueyo

MURCIA FORMATION
Moradillo-Sandstein

NOCEDO FORMATION NOCEDO FORMATION
Grés de Cand&s Grés de Nocedo
Arenisca del Naranco Calcaires de Valdoré
Pifleres-Sandstein ’
CANDAS FORMATION PORTILLA FORMATION GUSTALAPIEDRA FORMATION
Calcaire de Candds Calcaire de la Portilla

Valcovero Formation

Table 1. The formations in the different areas (in capitals) and names which were used for the
whole or part of the formations and are not used in this paper.

Comte (1959) described the "Calcaire de Portilla™ with its stratotype on'the right bank of the
Arroyo de la Portilla, north of Matallana estacidn (Bernesga area; the sections in the southern
part of the studied area are indicated in Encl. 1l: Fig. 1). Reijers (1972) described the strato-
type and some reference sections. Although the Candis and Portilla are equivalents for which
one name would be sufficient, the names will be used for occurrences in the provinces of
Asturias and LebSn + Palencia respectively, because both names are widely accepted. In both
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stratotypes the middle siliciclastic member is lacking. When speaking in general terms I will
refer to both formations together as Portilla Formation. Also other names have been introduced
for the same deposits (Table 1) but these are not used in this paper.

Facies and correlations. - The limestones of the Portilla and the Cand&s are described in
detail in a number of published and unpublished reports (amongst other Reijers, 1972, 1973,
1974, 1980; Mohanti, 1972; van der Baan, 1970; ten Have, 1979; Sanchez de la Torre, 1977) and
therefore the sediments will not be described in detail here. Emphasis will be laid on bio-
stratigraphical and lithological correlations and facies maps because these may give more in-
sight in the history of sedimentation. The correlations were only possible after acceptance of
a standard division into facies, which was applied to all the sections. This division is based
on that of Reijers (1972) in whose paper each of the facies is described in detail. The standard
division comprises: a back-reef facies with pack-, wacke- and mudstones (Reijers' facies b); a
biostromal facies with pack- and grainstones (Reijers' facies ¢, partly); a biostromal facies
with boundstones (Reijers' facies ¢, partly); a biohermal facies of boundstones (Reijers' facies
d); a fore-reef facies with grain-, pack- and wackestones (Reijers' facies e and f) and a silici-
clastic facies (Reijers' facies g). A further help for the lithological correlations were the
biostratigraphical data obtained from conodonts.

Subdivision of the Portilla and the Candas Formation. - Several different local sub-
divisions have been proposed for both formations (Fig. 2) but it is preferable to use only one

ASTURIAS SOMIEDO BERNESGA BERNESGA, ESLA GENERAL
Bereskin, 1377 van don Bosch, 1963 ton Have, 1979 | Mohanti, 1972 | Reyors, 1972 | @ Have. 1979
Carranques C reef
D D D Cc
Cantera reef
reef
siliciclastic [siliciclastic(very thin siliciclastic
c C
(of B B

reef reef
B B
Peran B A2
reef A
ooooosn | looecace provrra T
fore reef fore reef
A Veneros
Castiello A A1

L‘..OO“ 10009000

Fig. 2. Comparison of the different subdivisions in members of the
Portilla and Cand&s. At the right side of the diagram the proposed
informal subdivision (not to scale; eooe = ocolite}.

set of subdivisions for the whole region. The subdivision proposed by Bereskin (which is treated
extensively in Sanchez de la Torre, 1977) was made for the Perlora syncline in Asturias but
meant to facilitate correlation with other sections in Asturias and Ledn. But the siliciclastic
interval in the middle of the formation, present in nearly all other sections, is not present in
that of Perlora. Further the contacts between the members are not defined, making a correlation
with other sections difficult or doubtful. Against the subdivision proposed by Reijers (1972)
there are other objections: due to his definitions of the members some of these interfinger,
resulting in the occurrence of more lobes of one member in a single section. There is a strong
opposition against such subdivisions (e.g. Wheeler & Mallory, 1953). Ten Have (1979) (Fig. 2)
subdivided the Portilla Formation into three informal members which can be recognized immediately
in the field: an upper and a lower biostromal limestone and a more siliciclastic middle member.
These members are closely comparable to Reijers' members (Fig. 2) but are differently defined
and therefore the objections against Reijers' subdivision do not exist for this subdivision. The
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same subdivision can also be used for the Candas Formation. This informal subdivision is accep-
ted and used herein. For the description of the members I will refer often to section III in
the Somiedo area (Encl. 1: Fig. 7).

2.2.2. Member A

The major boundary within the Portilla Formation is the lower surface of the first important
siliciclastic interval. The sediments below this surface belong to member A, the sediments
above it to members B and C but where oolitic grainstones are present immediately below the
siliciclastics these also are included in member B. The erosive base of member B is an almost
synchronous plane and therefore it was chosen as datum line in the correlations (Encl. 1:

Figs. 2-7). The lowermost part of the Portilla Formation (unit Al) consists of cross-bedded,
coarse-grained, detrital limestones (grainstones, packstones; section III on Encl. 1: Fig. 7).
Generally, the limestones contain hard ferruginous streaks which accentuate the sedimentary
structures. The limestone consists mainly of fragmented crinoids and bryozoans. Near the base
and the top of the unit an oolite is present. The lower boundary with the Huergas Formation is
not sharp: gradually more crinoid ossicles occur in the sands of the latter..Inthe entire basin
reefs developed on top of these c¢rinoidal and bryozoanlimestones which had stabilized the sub-
stratum. This upper part of member A (unit A2) consists of biostromal and locally biohermal
limestones: coarse to very coarse packstones, wackestones and locally boundstones. Occasionally
crinoidal and bryozoangrainstones and packstones or fine—-grained limestones (e.g. mudstones)
are present. The transition from unit Al into unit A2 may be gradual, the boundary is drawn at
the top of the upper oolite in unit Al or, where the oolite is not present, at the base of the
first coral-rich or stromatoporoid-rich layer.

From the correlations (Encl. 1: Figs. 2-7) it becomes apparent that generally two phases
of reef-building may be distinguished within unit A2, separated by fore-reef deposits. Only in
the back-reef area near the Pardomino high the situation is more complicated: there as many as
four phases are present, the middle two separated by an erosion surface (Encl. 1: Fig. 3)
(Reijers & ten Have, 1983). I suppose that the number of phases of reef development could have
been controlled by local epeirogenetic movements. After the interruption bioherms and biostromal
boundstones re-appeared at the same places as before, indicating that these places were particu-
larly favourable for reef-building organisms.

The limestone sedimentation generally began rather gradually: locally thin limestone layers
are present in the uppermost part of the Huergas Formation. In the shallowest, innermost areas
deposition of unit Al started at the end of the Lower varcus Subzone (4.3; at Coallajd, Asturias
and in the parautochthonous of Valdoré&, Esla area). Elsewhere in the basin this sedimentation
phase commenced at the beginning of the Middle varcus Subzone. The conodont samples prove that
reef-building occurred during arelative short interval of time (Middle varcus Subzone; Fig. 27).

Because reef building was restricted to a short interval of time the facies ratio map for
this member (Fig. 4) represents the facies distribution during the Middle varcus Subzone. For
each section the ratios between the carbonate facies were plotted in a 100-percent triangle
(Fig. 3; Krumbein & Sloss, 1963). From this plot it becomes apparent that most of the sections

reef (c.d) reef (c.d)
MEMBER A

MEMBER C

s section
o section with a bioherm

back-reef (b) 1 fore-reef (e.f) back-reef (b) 1 fore-reef (e.f}

Fig. 3. Facies ratio triangles for members A and C of the Portilla Formation.
The letters between brackets refer to the facies types distinguished by Reijers
(1972).

occur at the fore-reef side of the triangle. At 12 sections boundstone build-ups are present
which most probably are bioherms. Two palinspastical corrections were made for the facies ratio
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map: first the Esla nappe and the Valsurvio area were shifted southward to its original position
and secondly the area south of the Sabero-Gorddén line was shifted towards the west. Arguments
for these displacements are given in 5.2. No other corrections were introduced in order to avoid
a very uncertain basis map.

back-reef 1 fore-reef

ASTURIAN GEANTICLINE —

{ PALENCIAN BASIN

—_——
e ~
——

-~ ~
ASTURO-LEONESIAN BASIN

Fig. 4. Facies ratio map for member A of the Portilla Formation, based on the facies ratio
triangle in Fig. 3 which is reproduced in reduced size in this figure. Different signatures
indicate differences in facies ratio. Few palinspastic corrections were made (compare 5.3):
the Esla nappe was shifted back to the south and the area south of the Sabero-Gorddén line was
shifted to the west. The position of the Valsurvio area is uncertain (5.2).

The facies ratio map (Fig. 4) demonstrates the presence of a narrow reef belt, mainly along
the Intra-Asturo-Leonesian facies line. South of the reefs open marine fore-reef deposits are
dominant; north of the reefs the back-reef facies prevails. There are two bays with fore-reef
deposits: one in the Bernesga area, the other in the northern part of the Somiedo area. The bay
in the Somiedo area was bordered in the south by a northeast-southwest oriented ridge which was
surrounded by reefs (Encl. 1l: Fig. 7). Ten Have (1979) interpreted it as a submarine ridge which
he called the Somiedo high. Both in the extreme north of the Esla area and in the Ventanilla
area deposits prevail which were interpreted as fore-reef deposits by Reijers (1972) and Wassink
(1979) respectively (Encl. 1: Figs. 2 and 3). Fig. 4 demonstrates that in these areas along the
Lebn line boundstones occur, some of which may be interpreted as bioherms (A. Brouwer, Leiden,
pers. comm.). Most probably there was a connection with the Palencian basin (Brouwer, 1962)
where the shales of the Gustalapiedra Formation and nodular limestones of the Cardafio Member
were deposited at the same time (3.2; Fig. 27). The limestones of member A in the Ventanilla and
Valsurvio areas as well as in the north of the Esla area indeed contain much shale (Encl. 1:
Figs. 2-3).

The thickest deposits occur at the extreme west of the Alba syncline (96 m in section PSA
of Mohanti, 1972; compare Encl. 1: Fig. 6). Towards the southeast the thickness rapidly
diminishes and near Sagilera the limestone disappears completely. The southermost limestone de-
posits are deformed by southward slumping (Pl. 1: Fig. 1; Encl. 1: Fig. 6). The axes of the
slumps are parallel to the Intra-Asturo-~Leonesian facies line. Reijers (1973) described these
slumps but he failed to note that he studied only the plane parallel to the slump axes which
lead to a wrong interpretation of the direction of slumping. Towards the east only a minor de-
formation occurs. Most probably south of the facies line the depth increased rapidly. Back-reef
deposits occur only in few sections because most of these deposits in the inner zone of the
basin were removed by later erosion.

2.2.3. Member B

Member B consists of sandstones, shales, limestones rich in siliciclastics, and thin inter-
calated limestone beds (section III, Encl. 1l: Fig. 7 and Encl. 1: Fig. 3). The thickness of the
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member is highly variable, being thinnest in the Alba syncline and Asturias. In some sections
siliciclastic beds are present within members A and C. Generally these are thin, small lenticles.
Locally, however, such a bed may have a considerable thickness (e.g. at Luanco where thick sand-
stone beds occur within member C). In each section there is only one member B: the unit between
both major biostromes. The boundary between members A and B is drawn between the upper bio-
stromal layer and the lowermost siliciclastic layer or the thin oolithic grainstone at the base
of this siliciclastic layer (if present). This is a sharp and locally erosive contact. At
several localities the erosion cuts through compound corals (e.g. van der Baan, 1970; Mohanti,
1972) . Transported skeletons of reefal organisms occur in the base of member B. Generally there
are no indications for substantial erosion at the base of this member, but there are few excep-
tions, e.g. the Somiedo high (Encl. 1: Fig. 7).

Due to the difference in resistance to weathering, the middle member forms a depression
between two prominent limestones. Since the siliciclastics generally are poorly exposed, rather
few sedimentary structures were observed. In the Ventanilla and Valsurvio areas the member con-
sists of (silty) shales with limestone lenticles. In these areas the top of the member is always
eroded, being overlain by other formations (Encl. 1: Fig. 2; Wassink, 1979; Witte, 1980). In the
Esla area the sequences belonging to the outer facies area have well-sorted, very fine to fine-
grained quartz arenites which are parallel-laminated or bioturbated, containing horizontal and
vertical burrows. Further greenish shales occur, containing brachiopods, bryozoans and ostracods.
Unlike the sandstones these shales also occur to the north of the facies line (Encl. 1: Fig. 3;
van der Baan, 1970; Reijers, 1972). Member B is thinner there where bicherms were present in
member A. This indicates that these indeed rose above their environment.

— = major faults and facies lines

limit of the area where the Portilla formation is present
Lil| area where member B is removed by later erosion
.| area where member B is up tho 20m thick

area where member B not was deposited

— —
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Fig. 5. Schematic representation of isoliths in member B of the Portilla Formation {(compare
with Fig. 4).

Member B is absent in a large part of the Bernesga area, it is only found in the Pedroso
syncline and in the western extreme of the Alba syncline where there is a thin sandy inter-
calation between members A and C (Fig. 5; Encl. 1: Figs. 4-6). Where member B is absent it may
be impossible to distinguish between members A and C. In the Somiedo area the siliciclastic
deposits are much thicker (Fig. 5) except in a narrow northeast-soutwest oriented zone on the
Somiedo high (2.2.2) where member B is thin (Encl. 1l: Fig. 7). South of the facies line a
thickness of over 60 m may be reached, thus comprising more than half of the formation. There
the deposits consist almost exclusively of sandstones, quartz arenites as well as arkosic
arenites and greywackes. Sedimentary structures include low-angle large-scale cross—bedding,
shallow channels, parallel lamination and bioturbation (vertical burrows) (ten Have, 1979).

In Asturias the member may be present as a thin sandstone or a shale bed. The greatest thick-
ness is reached at Coallaji where 20 m of sandstone, limestone and shale are exposed. In all
these areas except Asturias, oolites occur within member B. Up to three levels may occur within
one section. Some of these limestone layers are preserved in a rather large area but most fre-
quently they form only small lenticles with sharp lower and upper boundaries.
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The sandy sediments of member B are interpreted as shallow-marine sands deposited mainly
in intertidal and supratidal environments, partly as bars and barriers. The shape of the litho-
somes and the sedimentary structures indicate that channels transported the sand from the source
area and that part of the sand was further distributed along the coast by longshore drift. The
thick deposits in the Somiedo area indicate that the major source of the sand was near that area.
As the sand can not have originated from within the area itself, the source must be sought to

the northeast or

southwest. Ten Have (1979) supposes that the sand originated from the Narcea

anticlinorium, but the facies of the calcareous intercalations in member B and the facies in
members A and C indicate that depth increased towards the southwest. The sandstones are thicker

in the southwest,

partly compensating the more rapid subsidence in that area, and the source was

somewhere on the Asturian geanticline. Another source was also at the geanticline but close to
the Pardomino high. The absence of sandstones from the Esla parautochthonous (where shales were

deposited, Encl.

1: Fig. 3) indicates that a channel discharged beyond this area. In the Bernesga

area member B is absent from the main part of the area south of the Intra-Asturo-Leonesian facies
line. Only at the eastern and western extremes a few m of crinoidal grainstones were deposited

in a fore-reef environment, contemporaneously with member B. These are included in member C. The
limestone lenticles and oolites within member B were deposited in areas where the supply of
siliciclastic sediments failed temporarily. Carbonate deposition was followed by erosion (partly)
removing these deposits. The repeated erosion explains the relatively limited thickness of member
B which represents an interval of time much longer than that during which member A was deposited:

the Upper varcus

2.2.4. Member C

Subzone and a large part of the hermanni-cristatus Zone (Fig. 27).

Member C consists mainly of (locally silicified) thick-bedded, biostromal and biohermal lime-
stones alternating with some crinoidal-bryozoan calcarenites, fine-grained pack-, wacke- and
mudstones and siliciclastic layers (section III, Encl. 1: Fig. 7). This member is rich in fossils,
especially thamnopores but also branching rugose corals, solitary corals and brachiopods. Locally
the boundary between members B and C is sharp and conformable but elsewhere it must be drawn
arbitrarily between the uppermost thick siliciclastic layer of the former and the lowermost thick
biostromal layer of the latter. The boundary with the overlying Nocedo Formation is discussed in

2.2.4 and 2.3.1.

It is more difficult to make a palaeogeographical reconstruction for this member than for

member A because:

(1) member C represents a longer interval of time during which more changes in

the facies distribution occurred. Member C was deposited from hermanni-cristatus Zone to Lower
asymmetricus Zone but where member B is lacking it includes also the Upper varcus Zone. Thus
member C is partly contemporaneous with member B but since only a few meters of grainstones were
deposited in that interval this does not have much influence on the map. (2) Member C comprises
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Fig. 6. Facies ratio map for member C of the Portilla Formation, based on the facies ratio

triangle in Fig.

3 which is reproduced in reduced size in this figure. Different signatures

indicate differences in facies ratio (compare Figs. 4 and 5).
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relatively more reef deposits which contain few conodonts and thus the age of the sediments is
not always precisely kown. In spite of these complications a facies ratio map has been drawn for
member C (Fig. 6). Fig. 3 illustrates that these ratios changed considerably: in member A most
sections were in the right-hand (fore-reef) half of the triangle with about as much reef as fore-
reef facies; in member C most sections are in the left-hand (back-reef) half of the triangle,
with more reef facies. This becomes even clearer when it is appreciated that from almost all the
sections in the back-reef half of the plot for member A, the sediments of member C were removed
by erosion or never deposited. Furthermore in contrast to the 12 sections which contain bio-
hermal deposits in member A, 20 sections contain such sediments in member C. This is largely

due to a further progradation of the reefs into the fore-reef environment which was evident from
the beginning and continued during the deposition of member C.

In the eastern part of the Asturo-Leonesian basin the erosion is most pronounced (Fig. 6):
both in the Ventanilla and Valsurvio areas member C is absent and in the Esla parautochthonous
only a thin remnant is preserved (Encl. 1: Figs. 2 and 3). In the Esla nappe, the Pedroso syn-
cline and the eastern part of the Alba syncline the unit is (partly) preserved, consisting mainly
of biostromal limestones (Encl. 1: Figs. 3=5). In relation to member A the reef prograded
slightly towards the south and the west (compare Figs. 4 and 6). Bioherms occurred more or less
at the same localities which probably were particularly suited for reef growth. The back-reef
facies now makes up an important part of many sections south of the facies line. This is in
accordance with the progradation of the reefs. Farther west there was still a bay with fore-
reef facies in the central part of the Bernesga area (Fig. 6). In this bay sedimentation was
very slow as is evidenced by the thin deposits (about 15 m, Encl. 1: Fig. 5) representing the
Upper varcus Subzone to Lowermost asymmetricus Zone (Garcia Alcalde et al., 1979). The reefs
probably built out into this area but this progradation was very slow. It is evidenced by the
"large-scale cross-bedding" described by Mohanti (1972) from the western extreme of the Alba
syncline (Pl. 1: Fig. 2). Between his sections PSJ and PSN there was a bioherm. The cross-
bedding is present within the biohermal deposits and can be traced well into the back-reef de-
posits southwest of it (Pl. 1: Fig. 3). This cross-bedding illustrates the progradation of the
reef towards the northeast into the embayment. The erosion surfaces with thin karst within the
back-reef area indicate the existence of a shallow ridge which emerged now and then (Mohanti,
1972). I do not agree with Reijers (1972) who interpretes the cross-bedding as formed by pro-
gradation of the reef towards the nortwest and Mohanti's back-reef facies as a fore-reef facies.
Although this would better fit in the palaeogeographical reconstruction the interpretation of
Mohanti is better in accordance with the sedimentary evidence. Later on silty grainstones were
deposited near Sagiiera and silty biostromal boundstones near Mirantes: probably the southern
part of the area had subsided.

The embayment which was present in the Somiedo area (member A) no longer existed when
member C was deposited (compare Figs. 4 and 6). This may be due to the sedimentation of thick
siliciclastic deposits in this area (Fig. 5). The reefs prograded towards the west. Besides
that bioherms occurred at all the localities where bioherms were present in member A, they
occurred also in the former embayment (the bioherms are only indicated where they are recognized
within sections, they may be present too in between these sections). Within the reef belt there
is a small area which alternately fell within the reef and the back-reef area. Farther north in
Asturias reef growth was important too (Fig. 6). At Luanco (Asturias) the lower part of member
C (212.5 to 427.5 m in the section measured by Garcia Lopez, 1976: Fig. 2) consists of an
alternation of shales and reef limestones. I recognized seven limestone beds which vary in
thickness between approximately 7 and 25 m. Generally the lower boundary of such a limestone
bed is sharp; at the base of these limestone beds there are framestones composed of thick
lamellar and spherical stromatoporoids. Among the stromatoporoids spherical and branching corals
(both tabulate and rugose) occur, accompanied by bryozoans, solitary rugose corals, brachiopods,
crinoids, etc. Towards the top of the limestone the diversity of the organisms decreases: first
the lamellar and the spherical reef builders disappear. The upper part of each sequence consists
mainly of branching corals. Gradually the amount of shale among these corals increases and via
wackestones the limestone passes into mudstones and shales without microfossils (Fig. 7). Such
a succession indicates a general increase in growth rate of the organisms and a decrease in
energy of the environment. The gradual change in the fauna indicates that submergence was
faster than the growth of the frame-builders. For such a situation Hoffmann & Narkiewicz (1977)
predicted a reverse of the normal developmental pattern of reefs. The normal sequence (Walker &
Alberstadt, 1975) is also the general sequence present in the Portilla (Reijers, 1980: Fig. 8),
the Candds and in the Crémenes Limestone (2.3.3). With the decreasing energy less clay was
winnowed away, the organisms could not keep pace with sedimentation and were suffocated in the
clay. Most probably this happened when the sea bottom was below wave-base. A new sequence could
start each time the supply of siliciclastics stopped. Maybe nearby faults acted as sediment
trap.

Locally the upper part of member C is not preserved, e.g. in the Somiedo area at the
Puerto del Somiedo (ten Have, 1979: sections XVI, VII; Encl. 1: Fig. 7), Lumajo and northwest
of Quejo (ten Have, 1979, sections II and V; Encl. 1: Fig. 5). This is confirmed by conodont
faunas present near the top of the Portilla. Just at the localities where the uppermost part
of member C contains older faunas, member C (and the entire formation) is thin. This is ex-
plained by slight uplift and erosion of the Somiedo high before (non-deposition) or after the
deposition of this part of member C (erosion). Also in other areas erosion of the Portilla
Formation was recognized although it is difficult to ascertain this in the field. At Coallajf
(Asturias) member C is eroded and limestones of the Ermita Formation were deposited on top of
it, Also in other sections in that area the Cand&s was eroded. In the Bernesga area, at Huergas
de Gordén, the youngest Portilla deposits are from the upper part of the hermanni-cristatus
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Zone (Garcia Alcalde et al., 1979) so
that there is a small hiatus between
Portilla and Nocedo. At Sagiiera the
uppermost part of the Portilla was de-
posited during the Lower asymmetricus
Zone (Becker et al., 1979) and from
there Buggisch et al. (1982) describe
deep karst fissures indicating an
interval of emergence.*) At Beberino
(Bernesga area; van Staalduinen, 1973:
fig. 8; Frankenfeld, 1981: fig. 28) and
northwest of Cistierna (Esla area) the
top of the Portilla is very irregular.
There, the top of the formation was
eroded by channels which were later

filled with silty limestones which
often were dolomitized afterwards (van
Staalduinen, 1973; Sleumer, 1969;
Frankenfeld, 1981). In the Esla parau-
tochthonous and in the Valsurvio and
Ventanilla areas the Portilla is affect-
ed much more by erosion which may reach

stromatoporoid-coral -
into members B or A (Encl. 1: Figs. 2

framestone and 3). In the northern part of the
Valsurvio area there is a section where
only 5 m of limestone are preserved
(Witte, 1980). In the Ventanilla area

mudstone locally karst fissures penetrate into

the Portilla, being filled with sand-
stones of the Ermita Formation (N.
Schelling, Leiden, pers. comm.). Thus
before the deposition of the Nocedo
Formation over a large area there was
Fig. 7. Blostrome in the Cand&s Formation near Luanco a regression. Erosion at some localities
(Asturias). The reefs developed when supply of sili- was accompanied by strong karst weather-
ciclastic sediments decreased and disappeared when ing but at other localities it left al-
depth and the deposition of clay increased. The most no trace.

shape of the stromatoporoids and corals indicates

an increase in velocity of growth (not to scale).

2.3. NOCEDO FORMATION (FRASNIAN)

2.3.1. Introduction to the Upper Devonian deposits (Table 1)

Comte (1959: pp. 190-193) introduced the "Grds de Nocedo" with a type section near the village
Nocedo in the Bernesga valley. The same section was described by Vilas Minondo (1971: pp. 138-
142). In the type section 400 m of mainly sandy sediments are present (Fig. 8). On this sequence
there are 100 m of shales, called "Schistes de Fueyo" (Comte, 1959: p. 193) (Fig. 8). Evers
(1967), van den Bosch (1969) and Van Loevezijn & Raven (1983) included the Fueyo shales in the
Nocedo Formation. Because of an important hiatus existing between Nocedo and Fueyo (2.4.4) here-
in, just as in Vilas Minondo (1971), the Nocedo and Fueyo are distinguished as separate forma-=
tions.

The lower boundary of the Nocedo Formation was based on the first occurrence of the brachio-
pod Apousiella bouchardi (Comte, 1959: p. 241). In the International Stratigraphic Guide (Hed-
berg, 1976) it is recommended to define boundaries between lithostratigraphical units on litho-
logical criteria. Therefore I propose to draw the boundary between Portilla and Nocedo above the
uppermost limestone bed with a thickness of at least 10 cm.

Comte (1959: pp. 193-195) further described the "Grés de 1l'Ermitage" with its type section
near the Ermita del Buen Suceso near Huergas de Gorddn in the Bernesga valley (Fig. 8). This
section lies south of the Intra-Asturo-Leonesian facies line. Sjerp (1967: p. 71) formally in-
troduced the name Ermita Formation and described some members for the Isidro-Porma area. Van
Adrichem Boogaert (1967: p. 159) proposed a new type section near Camplongo (also in the Bernesga
valley but north of the facies line), where the Ermita is very thin. It is preferable to maintain
the original type section because it is situated immediately overlying the type section of the
Nocedo and Fueyo and because the Ermita is much thicker and more complete there. Since the for-
mation has adistinctive development on either side of the facies line, the section near Camplongo
may be used as a reference section for the inner area. :

For the sections in which the boundary between Nocedo and Ermita can not be determined with
certainty Brouwer (1962, 1968) proposed the name Aguasalio Formation. I prefer to draw an arbi-
trary boundary where necessary. Only in the Valsurvio area it is impossible to distinguish a

*) East of Sagliera the entire Portilla Formation is lacking (Pl.1: Fig. 7).
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boundary in the thick, sandy Upper Devonian. For these deposits I use the name Camporredondo
Formation (Koopmans, 1962). In order to get a uniform subdivision in all areas, herein the upper-
most shales of the Valcovero Formation are included in the Camporredondo Formation.

Other names have also been used for the Upper Devonian deposits (Table 1) but none of these
are used herein. Some of the names are discussed below. In his description of the Per&n section
Barrois (1882: p. 482) mentions unit 19: a red sandstone, 25 m thick, without fossils, lying
regularly on the preceding limestones of the "Calcaire de Cand&s". He also correlates this unit
with the "Grés de Cué", which comprise the thick quartzites in the Sierra de Cué, southeast of
Llanes. Adaro & Junquera (1916) demonstrated that at least the major part of these deposits
belong to the Ordovician and proposed the name "Arenisca del Naranco" for the sandstone on top
of the Calcaire de Candds because, by error, they thought that this was the same sandstone as
that outcropping at Monte Naranco which is known to be Middle Devonian. Barrois (1882: p. 495)
used the name "Gré&s de Candds d Gosseletia" pre-empting the name proposed for the Upper Devonian
sandstones: "Grés de Cand&ds" (Comte, 1936) which should therefore not be used.

. . The "Pineres-Sandstein" with its stratotype near
Huergas de Gorddn Pico Aguasalio Pifieres (northwest of Candis) was introduced by Radig
L L] Timestonemember_ I [ 1 (1961: p. 264). A description of this section was

.<5 . given in Radig (1958) but has never been published.
t:: . The lower and upper limit of the stratotype are badly
EE exposed but from correlations with the sections at
“‘8- Perdn and Playa de Gargantera it becomes clear that
S these deposits were formed concurrently with the
Nocedo Formation. Therefore the name Nocedo Formation,
5 which has priority over the name introduced by Radig,
E is used for the late Frasnian siliciclastic deposits
= in Asturias.
S Wagner et al. (1971) discovered conodont faunas
e at Aviados, north of Pola de Gorddén and at Beberino,
9 belonging to the anchoralis-latus Zone (herein part
] of these are included in other zones, 4.3) in the
. uppermost part of the Ermita Formation. Because of

the supposed difference in age between the upper part
of the Ermita limestone in most areas (early Tour-
naisian) and in these three sections (supposed to be
early Visé&an) they introduced the Baleas Formation
with exactly the same facies as the underlying
Ermita. Therefore the Baleas can not be distinguished
from the Ermita on lithological criteria. Further
research (2.5.6 and 4.3) proved that the hiatus
between both limestones is less important than
supposed by Wagner et al. and maybe even absent.
Therefore there are no reasons to distinguish a
separate Baleas Formation.

Marquinez (1978) introduced the name "Caliza de
las Portillas" for the Famennian to lower Carboni-~-
ferous limestone and sandstone in the Picos de Europa.
—— The name Ermita Formation, however, has prioritvy and
- member A : is used herein. The "Caliza de Candamo" was de-

I fined in an unpublished thesisby Pello (1972) from a
= type section at San Romin de Candamo (north of Grado
in Asturias). Earlier it was named "Caliza Blanca"
(Pello, 1968). None of these names was introduced

NOCEDO FORMATION

50 formally and because both are equivalents of the
ll lr Ermita Formation I prefer to use that name.
L _1
T mp 25 Subdivision of the formations. - South of the
— Intra-Asturo-Leonesian facies line generally three
— 0 regressive sequences may be recognized (Fig. 8). Each

of the sequences begins with shales, passing into
sandstones and capped by a limestone.*) These three
sequences can be recognized in a large part of the
Asturo-Leonesian basin. The two lower sequences were
designated as informal units by van Loevezijn &

E : Raven (1983): units A and B respectively. These are
limestone herein indicated as members A and B. Van Loevezijn
(1983) proposed formal names for these units: Gordén
DRI sandstone Member for the lower unit and Millar Member for the
Seel upper unit. In the Esla area one more unit is dis-
silmone tinguished, a limestone in the top of member B. It
™ o was described by Westbroek (1964) as "Calcaire de
- - Crémenes", herein referred to as Crémenes Limestone,
- - shale with its type section at Pico Aguasalio, east of

Fig. 8. Subdivision in lithological units Crémenes (Fig. 13).

of the Upper Devonian in two sections in
the Asturo-Leonesian basin. *) Locally the upper part of these sequences is eroded.
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Sjerp (1967) distinguished two units in the Ermita Formation: the Valverde Ferruginous
Sandstone Member and the Mampodre Limestone and Shale Member. These names may be used in the
Isidro area. I prefer not to use the name Valverde Member outside this area because generally
the sandstone is much thicker and only locally in the Asturo-Leonesian basin it is ferruginous.
In this paper the names sandstone unit and limestone unit will be used informally.

2.3.2. Member A

2.3.2.1. Introduction. - This member is the part of the Nocedo Formation with the greatest
horizontal distribution. It is present in a great deal of the Asturo-Leonesian basin, particu-
larly the outer part, but is absent from the innermost part. The thickness of the member varies
from 0 to 306 m at Huergas de Gorddn: (Bernesga area: Fig. 9; van Loevezijn, 1982).

——

" maximal extension of member A
[T11: o.s0m

[II]III[I > 50-100m P thickness of member A

EE - 1o0m

Fig. 9. Thickness and distribution of member A of the Nocedo Formation. It is not known whether
deposits of this unit are present in the Coastal Ranges or not (2.5.2).

2.3.2.2. Sediment petrology. = Van Loevezijn & Raven (1983) distinguished five different facies
(a to e) in the Upper Devonian deposits in the province of Lefn. The same subdivision will be
applied to this unit throughout the entire Cantabrian region.

The lowermost part of the member generally consists of bioturbated shales or siltstones
(Fig. 10b). Facies e, which consists of alternating shales and sandstone beds, occurs only in
a small part of the Bernesga area. In these deposits goniatites, small bivalves (Buchiola) and
tentaculites occur. Facies d, which consists of completely bioturbated sandy shales and silt-
stones, occurs in almost all the sections, also in the Valsurvio and Ventanilla areas where the
shales are dark grey. In these deposits bryozoans, bivalves, solitary rugose corals and crinoids
are common.

Higher in the member the fine~grained sediments pass into mature quartz arenites, locally
quartzites (facies c, Fig. 10b). These quartz arenites consist of guartz grains and a low per-
centage of matrix or cement formed by clay minerals, haematite and carbonate. Feldspar and other
immature minerals are absent and heavy minerals occur only in extremely small quantities. The
grains are moderately well to well-sorted and are coarser higher in the sequence.In the sand-
stones physical sedimentary structures are abundant. Large-scale current ripples and bars are
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most common. Fossils are scarce, the most common being crinoid ossicles.

The sandstones of facies ¢ may alternate with or pass into cross-bedded crinoidal grain-

stones (facies b). The cross-bedding is formed by large-scale current ripples and small bars.
The grainstones largely consist of grey crinoid ossicles. Further numerous fossil fragments
occur which have a red colour due to haematite impregnation. The fragments were transported and
redeposited after impregnation, often in thin laminae accentuating the cross-bedded structures.
Besides crinoids also bryozoans and brachiopods are common. Locally other organisms such as
solitary and compound corals (Alveolites, Chaetetes), stromatoporoids and gastropods (Platy-
ceras) occur. Grey mudstones and wackestones may occur on, or alternating with, these grain-
stones. At Per&n and Playa de Carranqués the limestone consists of red, sandy, cross-bedded
crinoidal grainstones and a boundstone of branching rugose and tabulate corals. The uppermost
part of the limestone consists of mudstone with calcite and fluorite veins, capped with a thin,
red crinoidal grainstone. At Perdn above this limestone there is a fine-grained red sandstone
with fragments of Hexagonaria near the top. At other sections above the limestone locally an
alternation of shales, sandstones and limestones occurs (facies a, known only from Huergas de
Gorddn, Bernesga area) or a sandstone (facies c¢). This is the general sequence present. Of
course local variations occur, e.g. at Llombera and Matallana (Bernesga area) small limestone

S INTRA-ASTURG-LEONESIAN N
Argovejo FACIES LINE Verdiago Valdoré
Santa Olaja T

de la Varga
L

= e e A s e N
@ ESLA AREA Huergas de IG“don Vega de Gordén
- ‘N'\/VVVLI'\-/.V

E limestone
intertidal to subtidal

Sw sandstone
Piedrasecha . transition zone,
=2 shale and siltstone
) B iy e E holomarine shale
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Fig. 10. Palinspastically reconstructed cross-sections through member A of the Nocedo Formation:

(a) Esla area, (b) Bernesga area, (c¢) Asturias. The cross-sections are drawn at the same scale
but the vertical scale is exaggerated.
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lenticles are present in the lower part of this unit (Encl. 1: Fig. 8). The relative importance
of the different facies is variable too. In general the facies mentioned for the lower part of
the sequence (d and e) are the best developed in the outermost areas (in particular the Alba
syncline) and those of the upper part of the sequence (a and b) in the inner areas. Facies c¢
makes up the major part of this member.

Member A is thicker in the outer areas (Fig. 9). The cross-sections (Fig. 10) illustrate
the difference between the various parts of the basin. In the Bernesga area a regressive sequence
is developed, which is truncated in the north. The thickest deposits were formed just south of
the facies line (compare Figs. 9 and 10). In the northern area a carbonate platform was present.
In the Esla area the same relationship between the facies is present but there the influence of
the facies line was less. The carbonate platform extended farther south. In Asturias the
difference between the shallower platform with reef limestones and the thick barrier deposits

(shallow water) in the northwest indicates that also in this area there was an active facies line
and that the northwestern area was subsiding rapidly. Probably farther northwest the thickness of
the deposits decreased, just as in the other areas.

The transition from a shallow carbonate platform towards a deeper area southeast of it, near
Sagliera (Bernesga area) has been shown by van Loevezijn & Raven (1983: fig. 5). The difference in

depth was compensated by more rapid sedimentation in the deeper areas, partly by mass-flows and
limestone blocks originating from the carbonate platform of the Portilla Formation. The higher
parts of member A have the same facies and thickness in both areas, indicating that the differ-
ence in depth had disappeared.

Fig. 11. Current directions measured in large-scale current ripples in
member A of the Nocedo Formation: (a) Playa de Gargantera, (b) Sagiliera
de Coo (1970), (c) Portilla de Luna, van Loevezijn (1982), (d) Huergas
de Gordén, (e) Esla area, Raven (1980a).

Measurements in large-~scale current ripples in the Esla area generally indicate transport
towards directions between south and east (Fig. l1la). In the Bernesga area at Huergas de Gorddn
the vector mean of the current directions measured in a sandstone bed just above the main lime-
stone is towards N210°E (n=13; Pl. 2: Fig. 6). In the grainstones at Portilla de Luna van
Loevezijn (1982) found a mean of about N240CFE (n=11) and at Sagliera de Coo (1970) found a mean
of about N250°E (n=15). At Playa de Gargantera (Asturias) only few ripples were measured with
a mean of N285°E (n=3). At all these locations only few (generally smaller) ripples indicate
currents in the opposite direction. Everywhere the currents were more or less perpendicular to
the coast (Fig. 11b) indicating a dominant seaward current and sediment transport.

At many localities in the Asturian part of the Asturo-Leonesian basin member A consists of
dark red sandstone (e.g. Playa de Gargantera (Pl. 2: Fig. 1), Per&n, Playa de Carranqués,
Cigliedres, north of Pola de Somiedo). Such red beds occur also dispersed within the other
sections. These sands are well-sorted barrier deposits which owe their colour to a haematite
matrix or cement. The occurrence of red beds may be caused by affluxes of brackish or fresh
water (Franke & Paul, 1982).

2.3.2.3. Boundaries. - The lower boundary of the Nocedo Formation generally is sharp, especially
in the area north of the facies line, but at some locations the transition is more gradual. In
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that case the boundary is drawn above the uppermost limestone bed with a thickness of at least
10 cm. In the eastern part of the Asturo-Leonesian basin the Portilla is very incomplete and
there the erosion before deposition of the Nocedo was most pronounced (2.2.3). At Perén
(Asturias) the boundary between Candds and Nocedo is sharp. On dark grey marls with stromato-
poroids and corals in growth position lies a red sandstone. The boundary surface is full of
large burrows (3 to 6 cm broad and meters long) indicating an interval of non-deposition. In
the southeastern part of the Alba syncline the Nocedo rests upon the Santa Lucia Formation
(P1. 1: Fig. 7). Also the top of the member may be eroded. This is generally the case in the
area north of the facies line where there is a large hiatus between this unit and the overlying
Ermita Formation. South of the facies line there are generally no indications for erosion of
the top.

2.3.2.4. Fossils and the age of the member. — The most detailed information on the age of the
sediments was obtained from conodonts. A problem is that in most sections limestones occur only
in the upper part of the unit. These were generally formed during the Lower and Middle
asymmetricus Zone. The few samples with a different age are important for understanding the
sedimentation pattern. The youngest sediments of the Portilla Formation were formed during the
Lowermost or Lower asymmetricus Zone. The oldest sediments of the Nocedo are proved in sections
with a calcareous base, e.g. the Llombera section (Fig. 12) where sediments of the lowermost
part of the Lower asymmetricus Zone are preserved. At Olleros de Alba there is a large lime-
stone lenticle. The older deposits are covered by Stephanian rocks but the base of the lenticle
is at the boundary between the Lowermost and Lower asymmetricus Zone. At Matallana, however, the

section Liombera I_WWCL' base of member A is in the Middle asymme-

tricus Zone (Encl. 1: Fig. 8). Before that

moment the Pardomino high (including the
area near Aviados and Matallana) emerged.
Some of the sediments may have been de-
posited later than the Middle asymmetricus
Zone, but only at Huergas de Gordén the age
was proved (Upper asymmetricus Zone and
Ancyrognathus triangularis Zone, Garcia
Alcalde et al., 1979).

l(a)

2.3.2.5. Interpretation of the sediments.

- The absence of member A in the innermost
areas results from non-deposition (the
different lithosomes thin rapidly towards
the north) and erosion (Figs. 10a and b).
The high maturity of the sand is explained
by the character of the sediment source and
sorting by currents. The rapid decrease of
the thickness towards the Asturian geanti-
cline indicates that this area was subaeri-
ally exposed at that time. That was also the
case with the Pardomino high. Therefore it
is highly probable that the sands were pro-
vided by erosion of the mature sands of the
Huergas, the San Pedro and the Barrios
Formation. The longshore drift (see below)
sorted the grains qua size and composition,
building up sand bars of well-sorted quartz
arenites. The poorly sorted grainstones not
T only contain many light carbonate grains

' but also many well-rounded grains of heavy
minerals.

Van Loevezijn & Raven (1983) inter-
prete the facies as follows: facies e,
formed on the middle to outer shelf; facies
d, deposited in a low-energy environment be-
q low wave-base; facies c, deposited ina near-
—_Tr.- coastal environment above wave-base; facies

Anc. rotundiloba s.\.

P. dubius

P. decorosus

P. xylus xylus

Schm. hermanni
Anc. rotundiloba binodoss
P. webbi

/.
Upper asymmetricus Zone?
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Lower to Middle

lowermost part
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- enN b, deposited in a shoal environment in
IT. S E shallow water, and facies a, deposited in a
S S 33 protected lagoon. These facies occur in a
0. & RO e —]8ée regressive sequence due to progradation of
*1-3 specimens  w wackestone &8 the coast. In the facies maps made by van
©53-10 specimens g grainstone =l e Loevezijn & Raven (1983: fig. 6b) sands were
©>10-30 specimens £ iron = formed around the Pardomino high and along
~< large scale tabular crossbedding an load cast gg E the facies line with lagoonal deposits to
—<€ large scale herringbone crossbedding oy the north and open marine deposits to the
—~ large scale trough crossbedding <8 south.
_# small scale trough crossbedding Some of the sandy deposits of member A
Fig. 12. Section through member A of the Nocedo were deposited as bars and barriers, others
Formation at Llombera (Bernesga area). Litho- are dominated by ebb-oriented structures

logy after van Loevezijn (1982). with unimodal palaeocurrent patterns (Fig.
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11; Pl. 2: Fig. 6) representing subtidal channels and ebb-deltas. A strong longshore drift
prevented the formation of large deltas and the shifting subtidal channels eroded most of the
barriers. The palaeocurrent patterns indicate the existence of dominant longshore drift from
the east (Fig. 1l1). Only where both rate of subsidence and rate of sedimentation were high has
a major part of a barrier been preserved. An example is the thick section (250 m) at Playa de
Gargantera (Asturias) which was studied in detail by Sanchez de la Torre et al. (1976). Within
member A they recognized several minor sedimentary cycles representing bars which developed
(Pl. 2: Fig. 1), some of them emergent allowing the formation of dunes, some were eroded by
migrating subtidal channels.

Subsidence was stronger in the outer area beyond the facies line but only in the near-
coastal part compensated by increased sedimentation. Thus a mainly sandy wedge developed (Fig.
10) and farther offshore pelitic sediments form the major part of the sequence. The marked
difference in thickness between either side of the facies line indicates that the southern
area was a separate block which subsided more rapidly.

Where the supply of sand decreased, crinoidal bars or shoals formed on top of the barriers,
locally forming a carbonate platform. The limestone deposition started in the south, but with
decreasing supply of sand from the Pardomino high the platform gradually extended over the
entire eastern part of the Bernesga area and the Esla area (Encl. l: Fig. 8). Where stronger
subsidence prevailed lagoonal deposits might form behind the barriers (e.g. Huergas de Gordén).
Deposition of the sand continued in the Somiedo area and in Asturias. Eventually these sands,
most probably provided by longshore currents, spread over the carbonate platform.

2.3.3. Member B

2.3.3.1. Introduction. - Member B occurs in the area south of the Intra-Asturo-Leonesian facies
line in the province of Lebfn and is not known from the inner area. Although it is uncertain
whether the second sequence present at the Asturian coast was deposited synchronously with
member B, a description of these deposits is given in this paragraph.

2.3.3.2. Sediment petrology. — In the Esla area in member B there is a sequence of facies d to

a. The member is thin and locally absent due to erosion. In the eastern part of the area shales
B comprise a larger part of the section than in member A. A large part of the member is formed
by facies c with the same sedimentary structures as in member A (2.3.2.2). The upper part of

the sandstone may consist of dark red barrier sands with cross-bedded sets of up to a meter in
thickness. In the eastern part of the area this sandstone is overlain by the Crémenes Limestone
(Fig. 13). The lowermost part of this limestone consists of red crinoidal grainstones such, as
those present in member A of the Portilla Formation. Above these grainstones, however, with a
sharp boundary there are biostromal boundstones. The lower part of the boundstones is composed
of thin laminar stromatoporoids and corals in reddish marls or grainstones. At Robledo the coral
fauna is varied; towards the north less corals occur, representing less genera, mainly branching
rugose corals and few compound corals (Hexagonaria), together with
crinoids (including some very large specimens), brachiopods, bryo-

Z
zoans, etc. Upwards in the sequence the amount of matrix and the
variety in fossils decrease rapidly, leaving only stromatoporoids.
Upwards this boundstone passes into a thick-bedded wackestone with
crinoidal brachiopods, ostracods, bryozoans, corals, etc., capped with a
grainstone thin crinoidal grainstone. As in member A, on the limestone there
is a thin layer of cross-bedded sandstone with much haematite
(Raven, 1980a).
mudstone and As in the Esla area, in the Bernesga and Somiedo areas member
wackestone B contains much more fine-grained sediments than member A.
Generally facies e makes up half or more of the sequence, passing
via a thin layer of siltstones (facies d) upwards into sandstones
and conglomerates (facies c¢). These coarser deposits are present
~ in two fan-deltas, a large one near Barrios de Gordén (110 m thick
massive deposits) and a small one near Puente de las Palomas. The fans
stromatoporoid have asymmetrical shapes. In the proximal fan lenticular ortho-
boundstone conglomerate units occur between sandstones. These orthoconglo-
stromatoporoids merate units are graded (fining upward); cross-bedd%ng is not
== £ in matrix present; the pebbles occur in a sand matrix. The majority of the

pebbles are of vein quartz but pebbles of shale, sandstone and
quartzite also occur. The largest cobble (quartzite, diameter 20

7 cm) was found at Barrios de Gordén; further away from the source
crinoidal grain size and bed thickness decrease rapidly (van Loevezijn, 1982;
van Loevezijn & Raven, 1983).

At Playa de Gargantera (Asturias), with an erosive boundary
above member A there is a sequence of about 67 m of grey bio-
turbated siltstones with some intercalated sandstone beds. These
sandstone beds generally have a sharp lower boundary. Parallel
Fig. 13. Type-section of the jJamination and few small-scale ripples were observed. The rest of
Crémenes Limestone at Pico the sequence is capped by Cretaceous rocks. Sanchez de la Torre
Aguasalio (Esla area). The et al. (1976) observed slumps and flute marks. In their opinion
gcale bar indicates units of these deposits pass landward into sandstones and limestones.

m.

grainstone

4
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Because the sandstones of member A pass gradually into the limestones I include the limestones
in member A.

2.3.3.3. Boundaries. - Locally the lower boundary of member B is erosive (e.g. at Playa de
Gargantera) but in most of the sections member B lies conformably upon member A. In the Esla
area erosion occurred before deposition of the Fueyo Formation. This is evidenced by the marked
variation in thickness of member B which is absent from some sections, and by the Crémenes Lime-
stone near Robledo which appears in patches, interpreted as remnants of the eroded carbonate
platfoxm. The upper part of the section at Playa de Carranqués has suffered Mesozoic erosion.

2.3.3.4. Fossils and age of the member. = Only data on the age of the Cr&menes Limestone are
available. A more complete list of the fossils from that unit is given by Raven (1980a). Only
the most important data will be discussed. The corals and stromatoporoids indicate that the
limestone was deposited before the end of the Frasnian. The brachiopod fauna contains genera
indicating a Frasnian (Cupularostrum, "“Camarotoechia"), and a Famennian age (Ptychomaletoechia)
(Sartenaer, 1968). A revision of this group is badly needed. The occurrence of specimens of the
superfamily Atrypacea, however, clearly indicates the Frasnian: the Atrypacea became extinct at
the end of the Frasnian (McLaren, 1970). One sample from the middle of the limestone at Robledo
contained the tentaculite Homoctenus ultimus ultimus Zagora, 1964 (identified by J.P.S. Goeijen-
bier, Leiden) which is known from the Kellwasserkalk (boundary Palmatolepis gigas Zone and Pa.
triangularis Zone). Further it contained the ostracods Polyzygia neodevonica (Matern, 1929),
Jenningsina spec. indet. and Microcheilinella spec. indet. (identified by G. Becker, Frankfurt
am Main). P. neodevonica occurs from late Givetian to the Palmatolepis triangularis Zone
(Lethiers, 1974; Buggisch et al., 1978). The same sample contained conodonts: Icriodus cf.
symmetricus and Polygnathus xylus xylus which are not known from deposits younger than the
Frasnian. From other samples the conodont 1. aff. subterminis, Po. webbi, Belodella spec. and
Coelocerodontus spec. are known. Most of these species have a long vertical range but are not
known from deposits younger than the Frasnian. The tentaculite suggests that the limestone was
deposited near the gigas Zone-triangularis Zone transition.

2.3.3.5. Interpretation of the sediments. — The sediments in member B are more varied than those
in member A. In the Esla area sedimentation was as in member A but now the limestone near the

top of the member was formed by a biostrome. Since the Pardomino high only slightly emerged,
mainly shales were deposited, only just east of the high with sandstones. Initially in the
Bernesga and Somiedo areas similar deposits were formed but when the area north of the Intra-
Asturo-Leonesian facies line became emerged fan-deltas were formed. The sediments of these fans
were transported by mass-flows. Sediment with the same composition occurs in the Pliocene of the
Pomarao region in Portugal and 1is interpreted as a sheetflood deposit which formed on a peneplain
due to rare but heavy rains in an arid climate (van den Boogaard, 1967). The sediments may have
formed north of the Intra-Asturo-Leonesian facies line when this area was emerged, from whence
the sediment was transported towards the southern area where it formed the fan-deltas. The height
of the fan near Barrios de Gordén indicates that both areas were separated by a fault. The long-
shore drift was strong enough to disturb the symmetry of the fans (current from east to west)
but not to rework all the sediment for the formation of coastal barriers. In general member B has
more shales and less sandstones and limestones than member A, A facies map was made by van Loeve-
zijn & Raven (1983: fig. 6e).

2.4. FUEYO FORMATION (FAMENNIAN)

2.4.1. Introduction

For a general introduction to the lithological subdivision of the Upper Devonian the reader is
referred to 2.3.1. The Fueyo Formation is present only south of the Intra-Asturo-Leonesian facies
line (Fig. 14). In the Leonese part of the Asturo-Leonesian basin the formation is present every-
where but in the Asturian part of the basin the Upper Devonian is so badly exposed that there is
no certainty whether the Fueyo is present or not. The thickness (800 m) of the Upper Devonian
near Salas (Asturias) (Pello, 1972) indicates that there subsidence was very rapid and therefore
the Fueyo may be present. The thickness varies from 16 m at Pico Aguasalio (Esla area) to 325 m
at Piedrasecha (Bernesga area) (van Loevezijn, 1982). In the Valsurvio area the formation was

not recognized and the decreasing thickness from the Bernesga area to the Esla area (Encl. 1:
Fig. 9) indicates that it most probably pinched out here.

2.4.2. Sediment petrology

The Fueyo Formation is composed of shales, alternating with beds of well-sorted sheet siltstones
and very fine to medium grained sandstones. The beds are less than one cm to several tens of cm
thick. In the Esla area most of them are 5 to 30 cm thick, in the Bernesga area the thickness is
more variable. The lower boundaries of the beds are sharp. In the Bernesga area the beds are
graded (fining upwards) and the Bouma sequence {(units A, C, D and E) has been observed. In most
of the sand sheets the lower part is homogeneous and the upper part parallel-laminated. Load
casts, ball-and-pillow structures, slumps and sole markings occur frequently. Some horizontal
burrows of deposit-feeders are present in the upper part of the beds. At the type locality
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N C———- Ermita Formation (sandstone limestone)
b section — L o . 100-200m
®  exeptional thickness (in meters) Ermita F : 50-100m
D:[D] Fueyo Formation Ermita sandstone % Ermita Formation {sandstone limestone)
Ermita limestone 100-400m ) o <15m
(I Fueyo Formation Ermita sandstone fT—T] Ermita Formation (limestone only) < 10m
~ g Q.7

Ermita limestone >400m Ermita Formation (sandstone only) <20m

Dz‘ Vidrieros Formation

Fig. 14. Thickness and distribution of the upper Famennian deposits in the Cantabrian zone.

fossiliferous silt concretions occur within the shales. At Olleros de Alba numerous thin beds
of silty to sandy limestones and calcareous siltstones and sandstones are present in the upper
part of the formation, some of them deposited in channels. In the Esla area the formation is
thinner and there the coarser beds fine upwards and (especially the upper part of the beds) are
parallel-laminated. Usually the beds have a sharp lower surface which may be deformed by load
casts, and some of the beds have a bioturbated upper surface where they pass into shale. These
shales may be completely bioturbated. Upwards in the sequence the number of coarser grained
beds increases, as do grain size and thickness of the individual beds. In both areas individual
beds may be traced over tens of meters or more.

2.4.3. Boundaries

The lower boundary of the Fueyo Formation is sharp. It is drawn at the base of the shale. Al-
most everywhere it lies upon member B of the Nocedo Formation but locally in the Esla area
that unit is absent and the formation lies upon member A (San Adri&n and Cistierna). At
Robledo de la Guzpeha the Crémenes Limestone in the top of the Nocedo is preserved in patches
due to erosion before deposition of the Fueyo.

The upper boundary of the formation is chosen arbitrarily since upwards the grain size and
the thickness of the coarser grained beds increase gradually. The boundary is drawn at the base
of the first sandstone bed thicker than one meter, above which shales occur only sparsely. This
sandstone bed may show large-scale cross-bedding, common in the Ermita Formation. At Nocedo de
Bernesga the boundary between Fueyo and Ermita is a sharp surface which undulates due to load
casting of the overlying sands (Garcia Alcalde et al., 1979).

2.4.4. Fossils and age of the Formation

In the Bernesga area small bivalves and brachiopods are common. In nodules at the type locality
Comte (1959) found bivalves (Buchiola and others), brachiopods, gastropods, goniatites and plant
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remains., In some of the calcareous beds at Olleros de Alba conodonts and numerous ostracods
occur. From the Esla area only crinoid ossicles are known.

Since the underlying Cré&menes Limestone was deposited during the latest Frasnian, sedimen-
tation of the Fueyo may have started during the early Famennian or later. Upwards the Fueyo
passes into shallow water sandstones (Ermita Formation) which were deposited during the late
Famennian costatus Zone (Fig. 27). At Olleros de Alba the upper half of the Fueyo was deposited
during the latest Famennian: sample OLL1 taken 48 m below the top of the formation contains a
conodont fauna of the costatus Zone and most probably it belongs to the uppermost part of that
zone (M. van den Boogaard, Leiden, pers. comm.; Klapper & Ziegler, 1979; the sample contains
Pandorinellina plumulus). That sample also contains the conodont species Palmatolepis gracilis
which lived in rather deep water and is not known from the Ermita, thus confirming the greater
depth of deposition of the Fueyo in relation to the Ermita (Fig. 16). The uppermost limestone
layer in the Fueyo at Sorribos de Alba contains "Spathognathodus" bohlenanus which occurs from
the marginifera Zone to the costatus Zone. The only other data on the age of the Fueyo are those
of brachiopods and bivalves identified by Comte (1959), but these fossils need a revision.

2.4.5. Interpretationof the sediments

The fine-grained deposits of the Fueyo were deposited on the shelf, commencing in the deeper shelf
while succeeding levels were deposited in the transition zone. The coarse sediments were transported
by low-density turbidity currents as is proved by the sedimentary structures. Sheet-like lithosomes
with low-relief irregular undulations at their base and the dominance of parallel lamination (lower
flow regime) are characteristic for the deposits of the Fueyo thus matching some of the character-
istics of storm-induced turbidites which distinguish them from turbidites caused by a palaeo-

slope (Benton & Gray, 1981). On the other hand slumping indicates that at least some of the
turbidity currents may have been caused by a palaeoslope. These deposits interfinger with and

pass into the shallow-marine sandstones of the Ermita Formation due to progradation of the

coast. Fig. 15 gives a correlation. The thickest deposits occur in the southeast of the Alba
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Fig. 15. Correlation of Fueyo and Ermita in the Bernesga area (not palinspastically corrected
after data from van Loevezijn (1982) and myself.

syncline where mainly shales were deposited at the greatest water-depth (Encl. 1: Fig. 9).
Arguments for the greater depth are the type of sediment (greyish shales), the sedimentary
structures and the fossils (small bivalves as Buchiola and conodonts as Palmatolepis). Impor-
tant source areas were in the northeast and northwest, near the Pardomino and Somiedo highs
respectively.

In the Fueyo and Ermita a regressive sequence is observed (Fig. 15) which is closely
comparable to similar sequences in the Nocedo Formation, the main difference being the larger
horizontal distribution (compare Figs. 9 and 14). Therefore the Fueyo and Ermita are considered
to have been deposited to a large extent contemporaneously. Where the age of the Ermita is
known, no evidence of an age older than the costatus Zone has ever been found; therefore it is
improbable that the deposits south of the Intra-Asturo-Leonesian facies line, which were formed
after the same transgression, are much older. Indeed the sample from the Fueyo Formation in-
dicates that also this formation was deposited during the costatus Zone (2.4.4). This implies
that deposits representing almost the entire Famennian are lacking in the Asturo-Leonesian
basin.

2.5. ERMITA FORMATION (FAMENNIAN AND TOURNAISIAN)
2.5.1. Introduction

For an introduction to the lithological subdivision of the Upper Devonian the reader is re-
ferred to 2.3.1. In the southern and western parts of the Asturo-Leonesian basin the thickness
of the Ermita Formation may be a few hundred meters, but in the major part of the basin and on
the Asturian geanticline the Ermita is absent or thin (0-50 m; Fig. 14). The Ermita inter-
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fingers with the Fueyo Formation (2.4.5). Where the Ermita is thick, the major part of the for-
mation consists of sandstones and quartzites, often with a thin limestone in the upper part. Where
the Ermita is thin, a greater part of the entire formation consists of limestone. Where the
Ermita rests upon member A of the Nocedo Formation the boundary may be indeterminate, e.g. in
the Valsurvio area where the name Camporredondo Formation is used (2.3.1).

2.5.2. Sediment petrology

In the outer zone and the outer half of the inner zone of the Asturo-Leonesian basin the Ermita
generally is thick although it thins at the souternmost locations where the shales of the Fueyo
are very thick. The composition of the sediment in the lower part of the formation is very con-
stant except in the Bernesga area south of the Intra-Asturo-Leonesian facies line. It consists
of very fine to fine white sandstone, well to very well sorted. Little 'or no matrix occurs and
almost all the grains are quartz: heavy minerals are rare and not a single feldspar grain is
present. Often these quartz arenites have been cemented during diagenesis to form orthoquart-
zites. In this fine sandstone large-scale tabulate cross-bedding (current ripples) is the
commonest sedimentary structure, although large-scale trough-shaped cross-bedding, herring-
bone cross-bedding, parallel lamination, sand bars, bioturbation and wave ripples also occur.
There are occasional thin horizons with coarser grains, usually as layers of moderately to badly
sorted sandstone having grains up to granule size. Such layers occur in the basal part of broad
and shallow channels (up to ten meters broad and up to one or two meters deep) and are particu-
larly abundant in the upper part of the formation. Large-scale cross-lamination of megacurrent
ripples and low-angle cross-bedding are preserved in the channels. Parallel laminated or bio-
turbated thin lenses of shale occur.

South of the Intra-Asturo-Leonesian facies line in the Bernesga area the sandstones common-
ly contain considerable amounts of argillaceous material and have a grey colour. In these quartz
wackes sedimentary structures are less frequent than in the quartz arenites but large~scale and
small-scale tabular cross-bedding is common (current ripples) as well as large-scale trough-
shaped current ripples and horizontal and vertical burrows. Rare channels and slumps have been
recorded. In the higher part of the quartz wackes a layer with chamosite ooids may occur

deepest parts of the Cantabrian Zone
{Famennian-Tournaisian)

E Picos de Europa province
or Doliog { IE Ponga nappe province

Central coal basin

% Paimatolepis
' costatus Zone

A shallow water conodonts

Asturian
geanticline

Fig. 16. Occurrence of some conodont species which are indicative for water depth (Palmatolepis,
Scaliognathus and Doliognathus occur in deep water) and of soils in Upper Devonian deposits.
Further the subdivision of the Asturian geanticline into structural provinces, as proposed by
Julivert (1971) is given.
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(Huergas de Gordbén, Portilla de Luna, Sagiiera) (van Loevezijn, 1982).

The siliciclastics may pass upward into limestones (e.g. Fig.17). These are further de-
scribed below. Where limestones are lacking and locally below the limestone the upper tens of
centimeters of the sandstone are badly sorted, containing well-rounded quartz granules and
pebbles, and glauconite (the occurrence of the latter mineral was confirmed by P. Seibert,
Tiibingen, pers. comm.). I will refer to this mineral as glaucony (sensu Odin & Matter, 1981).

At Santa Olaja de la Varga (Esla area) it forms a greensand. West of the Intra-Asturo-Leonesian
facies line only the sandy part of the formation is present (Pello, 1968).

Where the Ermita is thick usually a large part of the sandstones are very fine to medium,
well-sorted sandstones with carbonate clasts and cement and with a dark colour caused by the
presence of haematite cement. These may show arhythmic alternation, the couplets being several
cm thick (e.g. Puerto de la Cubilla, Caldis area; Paramo, Asturias). The sand may show abundant
large-scale ripples. Where the formation is thin and near the erosive base poorly to very poorly
sorted microconglomerates may occur, rich in carbonate clasts and with grains of fine silt to
granule size, the granules consisting of quartz, quartzite or shale.fragments. These granules
were eroded from the formations on which the microconglomerate was deposited as is demonstrated
by the bimodal distribution of grain size and the resemblance of the pebbles with the eroded
underlying deposits. At Villanueva de la Tercia (Bernesga area) the limestone near the base of
the Ermita contains pebbles with a maximum diameter of 8 cm (van Tongeren, 1975).

In the inner zone there are several locations with brown or red beds in the Ermita e.g. at
La Cueta (Somiedo area) and San Emiliano (Caldas area) (Fig. 16) which van den Bosch (1969) and
van Loevezijn (1982) interpreted as soils. According to these authors the red colour of the
Ermita in the Caldas area is due to erosion and reworking of the soils. The soils consist of a
leached zone of loose sand, above which there
is a red bioturbated sandstone enriched in
haematite and limonite, capped with a red
shale layer. At San Emiliano eolian deposits
also occur (van Loevezijn, 1982).

In the Coastal Ranges (Fig. 1) the Upper
Devonian siliciclastic deposits lie upon sand-
stones and quartzites of the Ordovician Barrios
----- Formation. The thickness is variable, ranging
from a few centimeters to more than a hundred
meters (Onis, Segilienco) but is generally less
than 20 m. The rocks are largely sandstones with
microconglomerates or conglomerates developed
occasionally at the base. Fragments of plutonic
and volcanic rocks have been found in these
deposits which have been attributed to sources
known to occur in the Barrios Formation
(Thibieroz, 1978; Martinez Garcia, 198l1). The
exact age of the upper siliciclastics is not
known with certainty but most authors agree
from the sparse data available that they were
deposited during the Late Devonian. In the
whole Sierra Plana there is a layer of coal,
several cm thick, containing plant remains
with a diameter of 6 to 8 cm and more than a
meter long (Hern&ndez Sampelayo & Kindelan,
1950) . Nearby, north of Onis, there is a thick
quartzite below the Alba Formation and in a
gallery a 100 m below the Alba Formation a
with layers and late Devonian flora was found in the quartzite
nodules of black chert (Pello, 1972). According to Radig (1966) and

{?49 Martinez Garcia (1981) brachiopod faunas from
Santiuste and Segllencoindicate that the deposits
7 were formed during the Frasnian but little is
known about the brachiopods from the Upper
Devonian sandstones in the Cantabrian zone and
thus such conclusions remain uncertain. In this
dark-grey, badly sorted, area generally the Ermita limestone is not
coarse grauwacke present. Everywhere in the Cantabrian zone

v (except in the Palencian basin) there is a
hiatus, comprising at least a large part of the
Famennian but it may reach even into the Cam-
brian (Figs. 19, 27). This hiatus is largest on
the Asturian geanticline. There, above the
not exposed hiatus Ermita or younger deposits occur.

At the southern part of the geanticline the
few meters of Famennian deposits consist
mainly of limestone, locally with a thin

grey nodular limestone

VISEAN

yellow-grey dolomitized
nodular limestone

grey coarse

[ & | #] [ crinoidal grainstone

l ALBA
FORMATION

anchoralis-latus Zone
2

coarse crystalline
dolomite (replacement)

pseudosemiglaber Zone? ~

TOURNAISIAN

thin layers of badly sorted
sand and shale

grey crinoidal grainstone

ERMITA FORMATION
~ Cooperi-communis Zone
or younger

coarsely crystalline dolomite

FAMENNIAN ?

Fig. 17. Section through the Ermita Formation sandstone below it or intercalated in the
at Las Portillas (Picos de Europa). In reality limestone. The conodont faunas indicate depo-
this section is disturbed by numerous faults, sition in a very shallow environment (4.4). Thus

this is a reconstruction. the few meters of sandstone which are present
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in the Coastal Ranges (only thicker near Onis and Seglienco, Fig. 14), locally containing some
brachiopods or a thin coal layer, most probably were deposited in a still shallower environment.
In such an environment crinoids probably did not occur in amounts large enough to form a lime-
stone. I presume that these deposits are of late Famennian age, until good evidence shows that
a part of them is older.

The limestone of the Ermita Formation usually consists of grey, sandy, coarse bioclastic
grainstone with wavy bedding and locally with large-scale current ripples. Generally these
grainstones consist of brecciated crinoid ossicles, brachiopods, bryozoans and some solitary
corals and ostracods. Further iron-oxides (mainly haematite) occur, concentrated in thin irre-
gular laminae which accentuate the irregularity of the surface of the beds. Some of these levels
formed by diagenetic dissolution (stylolites), others by dissolution of the carbonate or non-
deposition at the sea bottom (submarine hardgrounds). Very thin layers may be slightly oolitic
(Sjerp, 1967: p. 72). Moreover less washed, finer grained packstones, wackestones and mudstones
occur. These may be rich in fossil remains: bryozoans, brachiopods, ostracods, crinoids, solitary
corals, goniatites, calcisphera, conodonts and fish remains. In the limestone some glaucony and
anorganic phosphate may occur. At two localities irregqgular chert nodules occur: at Las Portillas
(Picos de Europa area, Fig. 17; Pl. 2: Fig. 4) and northeast of Mirantes de Luna (Bernesga area,
Fig. 18). Usually the grainstones are present in the alternations of sandstone and limestone and
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Fig. 18. Section through the upper part of the Ermita Formation northeast of
Mirantes de Luna (Bernesga area); ¢ = cooperi-communis Zone, p = pseudosemi-
glaber Zone.

in the basal part of the limestone. The higher part may consist of each of the limestone types,
sometimes alternating. In a large part of Asturias only limestones occur (Fig. 14). There the
Ermita limestone lies on the Candis Formation. In the innermost zone of the Asturo-Leonesian
basin, where the Ermita lies on the siliciclastic Naranco Formation (= Huergas Formation) a
thin sandstone may be present near the base of the limestone. On the Asturian geanticline these
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limestones often are dolomitized. This was observed in the Ponga nappe province (Fig. 16, e.g.
La Una, Oseja de Sajambre, Polvoredo) and in the Picos. de Europa (Rosa de Lon, Las Portillas,
Fig. 17). .

2.5.3. Erosion at the base of the Ermita Formation

In the Cantabrian zone there is a hiatus below the Ermita, ranging from about 5 to 150 Ma (Fig.
19). In some sections the erosion is apparent from large-scale karst weathering (Caldas area)
but at most of the localities only minor irregularities mark the disconformity. South of the

[: no erosion

m] Frasnian

Middle Devonian
Silurian +Lower Devonian
Ordovician

E Cambrian

Fig. 19. Level to where the erosion during the Famennian reached.

Intra-Asturo-Leonesian facies line the underlying Fueyo passes gradually into the Ermita and the
boundary is arbitrary.

The largest hiatus occurs on the Asturian geanticline where the formation rests upon
Cambrian or Ordovician rocks (Fig. 19). In the Isidro and Picos de Europa areas the formation
lies upon the Cambrian L&ncara Formation (Sjerp, 1967; Martinez Garcia, 1981). Elsewhere on the
geanticline the Ermita rests upon the Barrios Formation; there the boundary is evident as a
sharp undulating erosive surface with depressions of several to tens of centimeters, filled with
cross—-bedded sands (Pl. 2: Fig. 2).

In the Asturo-Leonesian basin the hiatus is usually much smaller. In many sections only a
slightly undulating erosive surface marks the boundary. At San Martin de los Herreros (Venta-
nilla area, Fig. 20) carbonate pebbles from the underlying Portilla Férmation occur in the lower
part of the Ermita, the erosive surface cutting through coral colonies. Locally in the Venta-
nilla area the Ermita penetrates into the Portilla limestone via karst fissures (N. Schelling,
Leiden, pers. comm.). At Fuentes de Sancena (Bernesga area) (Frankenfeld, 1981: figs. 42, 43)
the Santa Lucla Formation is eroded: the karst surface undulates over several tens of centi-
meters forming broad depressions filled with quartzite of the Ermita. It is not clear where in
the sections at Vega de Gord6n and Beberino (Bernesga area) one has to draw the boundary between
Nocedo and Ermita but some data indicate that only the uppermost few meters belong to the Ermita
Formation. Near the base of this unit pebbles and cobbles of compound corals (Hexagonaria) occur.
These almost certainly come from the Nocedo or older Devonian deposits so that they were probably
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Fig. 20. Section through the Ermita Formation at tribution. From southwest to northeast the

San Martin de los Herreros (Ventanilla area). thickness decreases from 85 m near Villa-
vecino (Frankenfeld, 1981) to few meters near
Caldas de Luna. The basal sandstone is
succeeded by sandy crinoidal grainstones of the Ermita Formation and black shales of the Vega-
mi&n Formation, further levelling off the karstified area.

The irregular upper surface of the Santa Lucia Formation in the Caldas area is considered
to be caused mainly by karst weathering, in agreement with Smits (1965), van den Bosch (1969)
and van Staalduinen (1973). Arguments are: (1) the rapid decrease in thickness of the formation
towards the east showing erosion of the formation, (2) the irregqgularity of the holes and
fissures: broad and shallow depressions as well as deep irregular holes occurs next to each
other. These structures may be several meters deep but some fissures reach to the base of the
limestone,. 58 m below the top (at Caldas de Luna). Some of the karst cavities collapsed during
deposition of the Ermita Formation. Lithified blocks of sandstone and limestone slid into the
depressions forming breccias (van Loevezijn, 1982). Locally (Caldas de Luna) sand was deposited
so rapidly that cross-bedded sets were overfolded during sedimentation (van Loevezijn, 1982).
Not all the irregularities in the upper part of the Santa Lucia Formation can be explained by
karst weathering. Engeser et al. (1981) describe faults in the limestone with siliciclastic
sediments penetrating between the separate blocks from below and above (P. 2: Fig. 3). Gravi-
tation caused downsliding of the blocks .and folding of the thinner strata. The fold axes are
vergent towards the southwest.

It is important to know when the karst weathering and the faulting took place. Frankenfeld
(1981: p. 33) argues that the upper part of the Caldas Formation was deposited during the
Givetian and Frasnian because of the composition of the coral fauna. The thamnopores, which he
mentions as typical for the Portilla Formation, occur also in the Santa LuciIa Formation. De Coo
(1974) considers the Caldas and Santa Lucia as the same formation. Data on the age of the upper
part of the Santa Lucia from brachiopods, ostracods, conodonts and other fossil groups all indi-
cate that in the inner zone deposition of the Santa Lucia terminated during the Polygnathus
costatus patulus Zone (Couvenian 1 = late Emsian and early Eifelian) (Garcia Alcalde et al.,
1979; Michel, 1972; Huisman, 1981). Locally in the outer zone deposition may have terminated
slightly later: in the southern limb of the Alba syncline deposition continued during the
Polygnathus costatus costatus Zone (early Eifelian; Buggisch et al., 1982 and my own observa-
tions) but younger deposits are not known. The few condodont samples from the top of the
formation in the Caldas area confirm this: they contain, amongst others Icriodus corniger leptus
and I. corniger retrodepressus which are indicative for the patulus Zone (sections Puerto de la
Cubilla, Huisman, 1981; 1 km east of Puerto de la Cubilla, Buggisch et al., 1982). Frankenfeld
(1981) further supposes that the red ferruginous sandstones in the depressions in the Santa
Lucia Formation in the Fuentes de Sancena area were deposited during the Frasnian. The brachio-
pod faunas on which he based his conclusion, however, have not been exhaustively studied. At
Villanueva de la Tercia the crinoidal limestone below these ferruginous sandstones contains
conodonts from the late Famennian Bispathodus costatus Zone. Therefore I suppose that the sand-
stones were deposited during the late Famennian, but as in the Coastal Ranges (2.5.2) further
study of the macrofossils may modify this conclusion. Thus at some time during the interval
between early Eifelian and late Famennian karst weathering must have occurred. The tectonic
fissures were probably formed during the same interval but some data (Frankenfeld, 1981: p. 39)
indicate that the movements continued during deposition of the ferruginous sandstones, thus
during the late Famennian.

In Asturias the Ermita rests upon the Huergas, the Cand&s or the Nocedo Formation. Palin-
spastically reconstructed cross-sections (Evers, 1967: fig. 14) and maps of the level to which
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the erosion reached (Fig. 19) (Parga, 1969) demonstrate the angular unconformity below the
Ermita. The age of the underlying sediments increases from the Asturo-Leonesian basin towards
the Asturian geanticline. The absence of a basal conglomerate (locally a microconglomerate or
conglomerate lenses may be present) is generally used as an argument for peneplainisation of
the Asturian geanticline during the late Devonian (e.g. van Adrichem Boogaert, 1967).

2.5.4. Erosion within the Ermita Formation

In the sandstones as well as in the limestones of the Ermita Formation intraformational erosion
is a common phenomenon, generally due to small-scale, local events. These may have been shif-
ting channels and subaerial erosion. In the field it can be difficult to distinguish horizons
of non-deposition (hardgrounds) and erosion surfaces; therefore only some better studied
erosion surfaces are mentioned as examples.

At Nocedo de Bernesga (Bernesga area) the upper part of the formation consists of cross-
bedded calcareous sandstone deposited during late Famennian and early Tournaisian. The upper
part of the sandstone contains fragments of black shale from the Vegami&n Formation (compare
2.6.4 and Encl. 1: Fig. 11). This layer and the 50 cm of crinoidal grainstone above it contain
a varied conodont fauna of the pseudosemiglaber Zone.

There are also many erosive contacts between limestone and sandstone layers of the Ermita.
An example is the section at San Martin de los Herreros (Ventanilla area, Fig. 20) where the
uppermost erosive quartzite contains some pebbles of the underlying Ermita limestone.

2.5.5. Erosion of the top of the Ermita Formation

Usually the top of the formation is a sharp erosive surface upon which the Vegamifn or the Alba
Formation were deposited. In the southeast of the Alba syncline and in the northeast of the
Leonides the Vegamiin may show a basal glauconitic sandstone on top of an Ermita limestone, the
boundary surface with dissolution features (karst) penetrating several cm into the limestone
(at Vegami&n, Evers, 1967: fig. 18; at Caldas de Luna, Peha UbiRa, etc.). The Alba Formation
often starts with a grey or yellowish (locally nodular) fine-grained limestone or a red nodular
limestone. Although these limestones have sharp boundaries with the Ermita, in the field it may
be difficult to distinguish the formations: both may consist of yellowish grey limestone, and
sharp boundaries may occur within the Ermita. The nodular mudstones and wackestones immediately
below the red nodular limestone, containing a pelagic fauna, are considered as part of the Alba
Formation.

Moreover it is difficult to establish the boundary in the neighbourhood of Beberino
(Bernesga area). At Beberino itself the Ermita passes into the Alba via a number of hardgrounds
which are partly enriched in haematite. Between the grey crinoidal grainstones of the Ermita
and the red nodular limestones of the Alba reddish and greyish crinoidal wackestones occur
which I provisionally assign to the Ermita Formation. Watexr movements above the sediment sur-
face lead to breaking of the hardground and these fissures were filled by younger deposits
(Fig. 21b). At Pico Aguasalio (Esla area; Fig. 2la) there is a surface between Ermita and Alba
which was interpreted as a karst surface (van Adrichem Boogaert, 1967), a slump of unlithified
limestones (Frankenfeld, 1981: p. 58), and a hardground with fissures which originated by
water movements above the hardground (P. Seibert, Tilbingen, pers. comm.). The shape of the
fissures (Fig. 2la) favours the karst theory.

At most localities it is easy to distinguish the formations in the field, particularly
where the Vegamiin separates both formations or where fragments of the Ermita are present near
the base of the Alba as at San Romin de Candamo (Asturias) (Pello, 1972).

2.5.6. Fossils and age of the formation

Fossils are scarce in the sandstones: scattered crinoid ossicles are common but only locally a
thin layer occurs with many fossils (brachiopods, crinoids, bivalves, gastropods and bryozoans),
usually only as casts. The limestones contain a more varied fauna (2.5.2).

The conodonts from limestone and sandstone beds prove that the upper part of the formation
was deposited from the late Famennian costatus Zone onwards. Sediments of this zone are present
all over the Asturo-Leonesian basin and on part of the Asturian geanticline. The conodont
faunas contain many species but are rather constant in composition in the Asturo-Leonesian
basin and indicate deposition on the inner shelf, far from a sediment-supplying hinterland. If
the supposition that the underlying Fueyo was deposited during the costatus Zone (2.4.4) is
correct, the Ermita can not be older than that.

Within the basin and on the geanticline the Polygnathus fauna is also widespread. It is
supposed to have been deposited in very shallow water: usually it is present above sediments
deposited during the costatus Zone suggesting that part of these deposits may be younger. In a
few samples from the Ermita on the geanticline shallow water faunas occur which may be attri-
buted to the costatus Zone (4.3). Particularly a sample from Cain (Picos de Europa, collected
by M. Hern&n Goméz, Delft, sample HG42) contains a typical shallow-water fauna. This may indi-
cate that during the late Famennian the Picos de Europa area was very shallow.

Only at locations where the Vegami&n is lacking faunas of cooperi-communis Zone and
pseudosemiglaber Zone may occur, mainly in the area between the Intra-Asturo-Leonesian facies
line and the Lebn line. A fauna from the cooperi-communis Zone is present in the greensand
near the top of the Ermita at Santa Olaja de la Varga (Esla area). In the two sections where
the anchoralis-latus Zone is mentioned from the Ermita Formation (Higgins & Wagner-Gentis,
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Fig. 21. Contacts between the Ermita Formation and the Alba Formation. (a) At
Pico Aguasalio (Esla area) the Alba Formation appears to have been deposited over
a karst surface in the top of the Ermita Formation. (b) At Beberino (Bernesga
area) there is an interval of pink and grey crinoidal wackestones provisionally
attributed to the Ermita Formation. Several hardgrounds are present, the upper

one being the best developed (thick black lines indicate an iron (haematite) crust,
the stippled parts contain dispersed haematite). All the deposits contain conodont
faunas attributed to the pseudosemiglaber Zone, except the grey crinoidal grain-
stone of the Ermita Formation at Beberino which contains conodonts of the
Polygnathus fauna.

1982) it occurs in a red crinoidal wackestone intermediate between Ermita and Alba (2.5.5).
Only at Las Portillas and south of Cain (both Picos de Europa) a grey crinoidal grainstone of
the Ermita Formation is known to contain a fauna from the anchoralis-latus Zone (Figs. 17 and
20) . This grainstone occurs everywhere at the base of the lowermost nappe of the Picos de
Europa. It indicates that the Picos de Europa were the shallowest part of the Cantabrian zone,
although far from a sediment-supplying hinterland.

2.5.7. Interpretation of the sediments

The isopach maps (Fig. 14 and Encl. 1: Fig. 9) show that the Ermita Formation is the thickest
south and west of the Intra-Asturo-Leonesian facies line. Away from this line the thickness
decreases rapidly and is very small on the Asturian geanticline, on a large part of which (the
Central Coal basin, Fig. 16) the formation is not known with certainty.

I postulate that the quartz arenites south of the facies line were deposited in a shallow,
stable, high-energy environment. Channels shifted and constantly reworked the sediment re-
sulting in an excellent sorting of grain size and a homogeneous composition of a mature sand.
This was also favoured by the polycyclic nature of the sand originating from mature sandstones
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of older formations (Huergas, San Pedro and Barrios) exposed at topographical higher areas
such as the Asturian geanticline and the Pardomino high. In between the channels, shoals were
present where parallel-laminated sands and shales were deposited which were often bioturbated.
The guartz wackes have been deposited in a slightly deeper environment than the quartz
arenites and they pass laterally into the shales of the Fueyo Formation (2.4.5). The ratio and
isopach map of Fueyo and Ermita (Encl. 1: Fig. 9) indicates the presence of a depocenter in
the southwestern part of the Bernesga area and more stable areas to the east and west.

There was a remarkably large area in Asturias where only Ermita limestone occurs (Fig. 14).
The prevailing conditions may be compared with those at the narrow ridge in the Bernesga area
and with those in the Esla area north of the facies line, which during the late Tournaisian
were stable, rather shallow areas (2.6.5). The limestones {crinoidal grainstones) were de-
posited above wave-base. At several places in the other part of the inner zone soils were
present in the upper part of the Ermita sandstones suggesting intermittent conditions of
emergence.

The Ermita was deposited after a transgression (costatus Zone) over the largely pene-
plained inner zone of the Asturo-Leonesian basin and the Asturian geanticline. Erosion most
probably started on the geanticline during the early Devonian when the differentiation between
the Asturo-Leonesian and Palencian basins began, and reached its maximum during the Famennian.
Before the transgression began over limestones in the inner zone of the basin karst weathering
occured. It may be that after the transgression the Asturian geanticline was only partly
covered by a shallow sea. The depth of deposition in the outer zone of the Asturo-Leonesian
basin was slightly greater, up to about 20 to 50 m (see also 2.6.5).

After the late Famennian transgression the coast gradually prograded so that Ermita sand-
stone extended over the Fueyo shales in the Esla and Bernesga areas. The presence of shallow-
water faunas of the Polygnathus fauna above those of the costatus Zone indicate a shallowing
in the entire area (4.4). The ooids and soils in the upper part of the Ermita also indicate a
shallowing. Nowhere on the Asturian geanticline, nor in the basin early Tournaisian deposits
are known with certainty. During the Tournaisian karst weathering and erosion reduced the thick-
ness of the deposits. The karst penetrates only a few cm into the Ermita limestone, indicating
that the area never was much above sea level. Sedimentation of the Ermita was resumed, together
with that of the Vegamiin Formation, during the late Tournaisian cooperi-communis Zone and
locally continued into the anchoralis-latus Zone.

2.6. VEGAMIAN FORMATION (TOURNAISIAN)

2.6.1. Introduction

Comte (1959) introduced the name "Couches de Vegami&n" which he included in his "Griotte &
Goniatites crenistriata. Brouwer & van Ginkel (1964) introduced the Sella Formation including
both the "Couches de Vegami&n" and the "Griotte de Puente de Alba". Rdcz (1964) introduced the
Getino Formation for Vegami&n and part of the Alba. Van Ginkel (1965) considered the differ-
ences in lithology and fossil content important enough to distinguish the Vegami&n and Alba

as two formations. The stratotype for the Vegami&n was chosen 1 km southsouthwest of the
village Vegamidn (Bernesga area) where 15 m of black and green shales with phosphatic nodules
and chert are present (Comte, 1959). Evers (1967) foresaw the disappearance of the stratotype
because of the construction of the Embalse del Porma (reservoir) and designated a new strato-
type along the new main road near' the present Mirador de Vegamién.

The Vegami&n Formation is thin and has a rather constant lithology in the whole area where
it occurs: the eastern half of the Cantabrian zone. Contrasting with the uniformity of the
facies in such a large area 1s the patchy distribution of the formation. It occurs in the
southeastern part of the Alba syncline, locally in the northeastern part of the Bernesga area,
locally on the eastern part of the Asturian geanticline and in the Palencian basin. It is also
present in the northern and southern parts of the Esla area (Fig. 22). At the other localities
contemporaneously with the Vegami&n limestones of the Ermita were deposited (2.5.6).

2,6.2. Sediment petrology

Characteristic for the Vegamidn are black, laminated, cherty shales with frequent phosphate and
markasite (pyrite) nodules. The Vegamidn often has sharp lower and upper boundaries. Where the
formation lies upon karst weathered limestones the lowermost part of it consists of a thin
layer of dark grey or green sandstone with phosphate nodules and glaucony (sensu 0din & Matter,
1981), e.g. at Caldas de Luna. Where the formation lies upon siliciclastic sediments the lower-
most part of it consists of siltstones and shales, often with yellow or grey colours, e.g. at
Sorribos de Alba (Encl. 1: Fig. 10). The transitional layer is thicker near the Pardomino high
(Frankenfeld, 1981: fig. 77). After each erosional phase such a transitional layer was de-
posited. The transition into the overlying Alba Formation may be gradual (e.g. at Vegami&n,
Encl. 1: Fig. 12) or slightly erosive (e.g. in the southeastern part of the Alba syncline, Encl.
1: Fig. 10). The black shales pass into red nodular limestones of the Alba Formation via olive
green and red shales (Vegami&n, Tolibia de Abajo, Bernesga area; lLois, Isidro area) or via a
grey or yellow (nodular) limestone (Caldas de Luna, Caldas area). The phosphate nodules vary
from less than 5 mm up to nodules with a maximum diameter of about 5 cm. The larger the nodules,
the flatter they are. They are black but in thin section the colour is dark brown, being lighter
away from the nucleus. The nodules have almost always a concentric layering but a few nodules



296

show horizontal layering. They are composed of small dark brown pellets (faecal pellets?) of
very fine to fine sand size. Between the pellets there is white (phosphatic?) cement, and
radiolarians and small crystals of pyrite are numerous. Radiolarians also occur in the (phos-
phatic?) nucleus. In the Palencian basin the black shales are laminated, due to a difference

in silt content. These shales cleave into slices. In the other areas the black shales generally
are not laminated and have a blocky fracture.

In the southeast of the Alba syncline the formation occurs only south of a line from
Rabanal de Fenar to Sagiiera. The thickness varies from 0 m (Sagliera) to 5.2 m (Piedrasecha)
(Encl. 1: Fig. 10). Most remarkable is the occurrence of a glauconitic sandstone layer with
pebbles and sand grains of black shale, chert and phosphate (van Tongeren, 1975; Frankenfeld,
1981; van Loevezijn, 1982). The fragments of phosphate and some of the chert are rich in radio-
larians. This layer is present in all the sections except at Sorribos de Alba. Below this layer
the Vegamién consists of bright coloured (yellow and green) shales and sandstones which pass
upward into black cherty shales. The sand layer with pebbles represents an erosional phase which
removed the Vegami&n from the area north of a line from Sagliera to Rabanal. At Nocedo de
Bernesga the uppermost part of the sandstones of the Ermita Formation contains fragments of
black shale from the Vegami&n (2.5.4; Encl. 1: Fig. 11). This layer has exactly the same compo-
sition as the pebble layer within the Vegami&n. Above it there is half a meter of crinoidal
grainstones of the Ermita Formation. In the Pedroso syncline deposition of the limestone of the
Ermita was interrupted, leading to the formation of hardgrounds (Fig. 21b and Encl. 1l: Fig. 11).
In the southeastern part of the Alba syncline after the erosional phase bright-coloured shales,
black cherty shales and locally some limestone lenticles were deposited. Slight erosion occurred
before deposition of the Alba Formation.

In the northeast of the Bernesga area the Vegami&n is present in an area bordered by car-
bonate platforms and by the Asturian geanticline in the north (it is not known whether the
western part of the geanticline was emerged or not). Geological maps give a wrong impression
of the distribution of the formation in this area: van Staalduinen did not recognize the forma-
tion in the northern area, and Evers (1967) indicated the formation almost everywhere between
Ermita and Alba, whereas in fact the distribution of the formation is very patchy (Fig. 22). In
this area the sediments consist of cross-bedded, bright-coloured sands and shales, and (lamina-
ted) black cherty shales. The thickness of the deposits increases from a few tens of centimeters
in the west to 12 m in the stratotype. In the eastern sections some erosional surfaces are
present within the formation (Encl. 1: Fig. 12; Evers, 1967: fig. 19). In the Valdecastillo
section between the black shales there is a layer of white shale containing macrofossils. This
layer represents an interval of better circulation. Also in other sections such fossiliferous
layers occur (Tolibia de Abajo, Genicera).

The formation is further present on a part of the Asturian geanticline (the Ponga nappe
province, Fig. 18) and in the Palencian basin (Fig. 22). In these areas it consists of black
shales with chert, phosphate nodules and finely dispersed pyrite. On the Asturian geanticline
the thickness varies from 0 to a few meters, in the Palencian basin the formation is up to 50 m
thick (south of Pico Gildar, van Adrichem Boogaert, 1967: fig. 29). In the area of the geanti-
cline some erosional phases were recognized by Sjerp (1967) (see also Encl. 1: Fig. 12). In the
Palencian basin, however, deposition was largely uninterrupted. Only van Veen (1965: p. 63)
mentioned two lenses of quartzitic pebbles near Cardafioc de Arriba. Van Adrichem Boogaert (1967:
fig. 31) found slumped beds of guartzitic sandstone in the Gildar-Mont$ area.

In the souteastern part of the Bernesga area and in the southwest of the Esla area south
of the Intra-Asturo-Leonesian facies line reddish brown and yellowish brown radiolarian cherts
occur. In most of the sections (Llombera, Peredilla, San Adri&n, La Ercina, Cistierna) red
cherts are present above these brightly coloured cherts. No indications for the age are avail-
able but in the section at Matallana estacidn, on the reddish brown cherts there are red nodular
limestones of the Alba Formation, deposited during the anchoralis-latus Zone and early Visé&an
thus proving that the cherts were deposited during the Tournaisian (van Tongeren, 1975). Indeed,
near Cistierna (Esla area) these cherts and black shales with phosphate nodules occur next to
each other (J.F. Savage, Utrecht, pers. comm.). Because the cherts pass vertically into compar-
able Vis&an cherts of the Alba Formation they are considered as part of that formation.

2.6.3. Fossils and age of the formation

Macrofossils are rare in this formation, only a few sections containing such fossils are known:
inarticulate brachiopods, bivalves, trilobites, goniatites and fish remains (Gandl, 1973).
Further ostracods, conodonts and radiolarians are known from this formation. In a section near
Valdecastillo I found a layer of white shale with ostracods, articulate brachiopods and bi-
valves. The brightly coloured siltstones and sandstones are often intensely bioturbated. Pelagic
radiolarians with long spines are very common in the chert layers and the phosphate nodules, as
well as locally in the shale.

The conodonts from the basal part of the formation in the Asturo-Leonesian basin and on
the Asturian geanticline are all from the cooperi-communis Zone (4.3). In the Palencian basin
deposition of the formation presumably started at the same time. Also in that area there is a
hiatus below the Vegamién, and the youngest sediments of the Vidrieros were deposited during
the late Famennian-early Tournaisian (Protognathodus fauna and Polygnathus fauna) (4.3). At Pico
Mampodre (Isidro area) a fauna of the pseudosemiglaber Zone (4.3) is present within the Vega-
mi&n (sample SJ H6 of Sjerp, 1967). At Genicera (Bernesga area) Doliognathus latus and Pseudo-
polygnathus pinnatus occur in the black shales (collected by C.F. Winkler Prins, Leiden) proving
the deposition of these shales during the anchoralis-latus Zone (4.3). In some areas where the
Vegami&n is not present deposition of the Alba Formation started during the pseudosemiglaber
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Zone, elsewhere in the Cantabrian zone during the anchoralis-latus Zone. An exception is the
Palencian basin where the base of the Alba Formation was deposited during the late Viséan (van
Adrichem Boogaert, 1967). It is possible that in this basin the deposition of the Vegami&n con-
tinued during a part of the Viséan. At the base of the formation there is an unconformity in
the Barruelo area (Wagner & Wagner-Gentis, 1963) and at least locally in the Liébana area where
the Vidrieros and Vegami8n may be absent (Maas, 1974).

2.6.4. Erosional phases

Everywhere in the Cantabrian zone at the base of the Vegami&n there is an unconformity. Van
Adrichem Boogaert (1967: fig. 46) described a (disturbed) section near Cardano de Arriba in the
Palencian basin where he presumed that the Vidrieros passes gradually into the Vegami&n. Van
Veen (1965) and Lobato Astorga (1977: p. 47) studied the area in detail and concluded that there
is an erosive disconformity between the Vegami&n and the underlying formations. Erosion reached
locally into the Murcia Formation, the 33 m thick Vidrieros Formation having been completely re-
moved. A brecciated layer of nodular limestone is present in the base of the Vegamién at
Enterrias (Liébana area, Maas, 1974: p. 384). Everywhere in the Cantabrian zone the base of the
formation is a sharp, locally erosive, surface. In many sections where the Vegami&n lies upon
the limestone of the Ermita Formation subaerial dissolution (karst weathering) eroded part of
the limestone. The irregular surface undulates over several centimeters but the hiatus may
comprise most of the early Tournaisian. Generally glauconitic sands were deposited on this sur-
face, locally with phosphatic nodules, except in the Palencian basin. This layer was deposited
during the cooperi-communis Zone and may be present even where the Vegamifn is lacking as at
Santa Olaja de la Varga (Esla area) where a greensand was deposited during this zone. At many
locations coarse sands with some glaucony occur in the top of the Ermita Formation. At Valde-
castillo the Vegami&n lies upon the Barrios quartzites, locally with a thin (0 to 20 m) yellow-
ish sandstone of the Ermita in between. Below the Vegamifin there are narrow fissures which may
penetrate a meter into the underlying quartzites. The fissures are filled with manganese and
iron oxides. The lower surface of the Vegami&n is irregular because of the presence of de-
pressions in the boundary surface. Below the Vegamidn near Triollo (Cardafio area) comparable
iron-manganese deposits occur in the Vidrieros Formation (Vermeulen, 1982). Vermeulen mentions
slow sedimentation, or even slight erosion, an oxidizing environment and the absence of bio-
turbation as conditions for the formation of these deposits. Both the glaucony and the iron-
manganese indicate that there was an interval of extremely slow deposition during the early
Tournaisian.

The rate of deposition of the Vegamiln was very 1low. Although some sectidons in the Palen-
cian basin have up to 50 m of black shales (deposited during late Tournaisian and Viséan),
usually only a few meters of sediment are present. The thickness of the formation was reduced
by intraformational erosion and local erosion before deposition of the Alba. Encl. l: Fig. 10
demonstrates that the area of the southeastern Alba syncline was slightly deformed before
erosion took place. Because the formation is very thin, due to the deformation the influence
of erosion varies over short distances. In the Palencian basin the boundary between Vegami&n
and Alba is sharp. Van Adrichem Boogaert (1967: p. 163) supposes that there was a break in the
sedimentation: the lowermost part of the Alba in this area was deposited during the late
Visé&an and thus a hiatus may be present comprising part of the Viséan.

2.6.5. Interpretationof the sediments

The black shales of the Vegamiin were deposited slowly in an euxinic environment. The oxygen
deficiency is reflected in the black colour of the shales (sulphides) and resulted in a scar-
city of benthonic fauna together with large numbers of pelagic radiolarians. Black shales are
often associated with phosphatic nodules. Such phosphatic nodules are known from modern de-
posits at the upper continental slope and outer shelf near the coast of Peru-Chile and from a
small area north of Walvis Bay (Namibia) where the nodules occur at the inner shelf at a depth
of about 60 to 70 m and 16 to 19 km from the coast. In both areas the nodules occur only in
narrow zones bordering an euxinic area. In both areas coastal upwelling promotes a high phyto-
planctonic production (diatomaceous chert) and reduces to a minimum the inflow of siliciclas-
tics. During summer a thermocline is present preventing mixing of the water (Mrs. M. Brongersma-
Sanders, Leiden, pers. comm.). Black shales are supposed to be deposited below wave base in
quiet, poorly aerated water and occur frequently at or close to sequences deposited during
marine transgressions. Irregularities in the inundated surface or differential subsidence may
result in the existence of deeper parts within the flooded area. Water tends to stagnate in
these deeper parts so that black shales may be deposited (Hallam, 1981: pp. 95-101). The
shallower parts of the flooded area may reach into oxygenated water where deposition of lime-
stone (Ermita Formation) continues. If the sea level drops, erosion may occur and light-coloured
coarser sediments may be deposited. When it rises again the water gradually stagnates again and
deposition of black shales may be resumed. Thus the colours of the sediments reflect different
conditions within the basin itself. Wetzel (1982) mentions all these kinds of sediments from up-
welling regimes at the eastern margin of oceans. Thus I suppose that the Vegamiin was deposited
during a coastal upwelling interval after a transgression in the euxinic deeper parts of a car-
bonate platform and in euxinic parts of the deeper shelf which surrounded the platform. The
radiolarian bearing sediments and the composition of the conodont faunas found in the south-
east of the Alba syncline (Fig. 16) indicate that such a deeper sea was present in the West
Asturian-Leonese zone. Although coastal upwelling occurred this sea was not necessarily oceanic:
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Fig. 22. Palaeogeographical reconstruction: lower part of the pseudosemiglaber Zone (late
Tournaisian; for the legend see Fig. 23).

coastal upwelling occurs at the borders of the present oceans but the upwelled water may stream
far onto the continental interior as occurred during the Permian (Phospharia Formation, U.S.A.;
Hallam, 1981: p. 83) and Late Devonian (Ouachita basin, U.S.A.; Lowe, 1975).

Frankenfeld (1981) interpreted the upper part of the Ermita limestone and the pebble layer
in the Vegamidn Formation in the southeast of the Alba syncline as turbiditic deposits. The
characteristic sequences for turbidites have not been observed so that I do not concur with
this opinion. It does not seem possible that turbidites were deposited on topographical highs.

The deposits were formed in rather shallow water: although depths of at least 50 m are
given for the deposition of phosphates and glaucony (Hallam, 1981; Odin & Matter, 1981) the
maximum depth in the Asturo-~Leonesian basin and on the Asturian geanticline is estimated to
have been some tens of meters: the erosion surfaces indicate repeated subaerial exposure and
the Ermita grainstones (deposited at the same time, 2.5) formed above wave-base. The Palencian
basin, however, is supposed to have been slightly deeper: sedimentation was largely uninter-
rupted, and fauna, except pelagic radiolarians, is entirely lacking. I estimate the maximum
depth between 60 and 100 meters.

The facies maps (Figs. 22-24) constructed with the new data presented in this section and
the data from the conodonts, are completely different from those constructed by van Adrichem
Boogaert (1967: fig. 65) and Frankenfeld (1981: fig. 74) in that these authors indicate erosion
in large positive areas instead of the carbonate platforms. The Cantabrian zone (except the
Palencian basin) was still a shallow area surrounded by deeper seas but the formation of deeper
parts in which the Vegamifin was deposited indicates that an inversion of the relief started
during this age.
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Fig. 23. Palaeogeographical reconstruction: upper part of the pseudosemiglaber Zone (late
Tournaisian).

2.7. ALBA FORMATION (LOWER CARBONIFEROUS)

2.7.1. Introduction

Like the other formations discussed in this paper the Alba Formation has been renamed several
times (Table 1). I will refer to it with the most commonly used name Alba Formation. Atten-
tion will be paid only to the lowermost part of the formation which may give some more in-
formation on the conditions in the region and on the length of the interval of time during
which the Vegami&n was deposited. Some problems concerning the base of the formation have been
treated in 2.5.5.

Characteristic for the Alba Formation are red and grey nodular limestones but shales and
bedded chert occur frequently. Detailed descriptions are given by Wagner et al. (1971, with
references) .

2.7.2. Erosion at the base of the formation

The Alba Formation lies disconformably upon the older Ermita and Vegamifin (2.5.5 and 2.6.2).
At many localities the contact between Alba and underlying formations is erosive, e.g. at San
Rom&n de Candamo (Asturias) where pebbles of white limestone from the Ermita occur near the
base of the Alba (Pello, 1972). In the Liébana area erosion was stronger: locally the
Vidrieros and Vegamidn are absent, the Alba lying upon the Murcia Formation (Maas, 1974: p.
385). From the area east of Barruelo de Santullin (Palencia) there is even an angular uncon-
formity below the Alba: the Devonian below it was folded before deposition of the nodular lime-
stones (Wagner & Wagner-Gentis, 1963). In the southeast of the Alba syncline erosion occurred
before deposition of the Alba (Encl. 1: Fig. 10). On the platforms (Esla area, Asturias) the
transition from Ermita to Alba is generally sharp and red ncdular limestones were deposited
immediately afterwards. Only in areas close to the Vegami&n basins a thin grey wackestone was
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Fig. 24. Palaeogeographical reconstruction: lower part of the anchoralis-latus Zone (early
Visedn; for the legend see Fig. 23).

initially deposited (e.g. Felechosa, Isidro area; San Martin de los Herreros, Ventanilla area;
Santa Olaja de la Varga, Esla area; Aviados, Bernesga area; San Emiliano, Caldas area). In the
deeper parts the transition from Vegami&n black shales and chert to red nodular limestones is
more gradual: via green shales, red shales, red shales with limestone nodules, red cherts,
grey shales or grey wackestones.

2.7.3. Fossils and age of the lower part of the formation

Many different fossil groups are represented in the Alba Formation: benthonic as well as
pelagic life forms, the pelagic fauna being most abundant. Cephalopods, ostracods, crinoids,
echinoids, trilobites, brachiopods, bivalves, gastropods, bryozoans, foraminifera, solitary
corals, radiolarians, conodonts, sponges and fish have been found. In the basal part of the
formation the fossils may be partly dissolved by algae (van Tongeren, 1975) and bioturbation
is common in the red nodular limestones.

Locally deposition of the Alba started in the Tournaisian e.g. the red cherts between
Peredilla and Cistierna (2.6.2; Fig. 22). The oldest red nodular limestones are from the
pseudosemiglaber ZOne (late Tournaisian) and occur in the Esla area (Pico Aguasalio, Valdoré,
Santa Olaja de la Varga) and in Asturias (Loredo: del Rfio & Menéndez Alvarez, 1978; Perlora)
(Fig. 23). In the Bernesga area (Aviados, Beberino) and locally in Asturias (Entrago: Budinger
& Kullman, 1964; Pello, 1972) grey wackestones and mudstones were deposited (Fig. 23). During
the anchoralis-latus Zone deposition of red nodular limestone extended to the south of
Asturias (Entrago, Puerto de la Cubilla) and further to the Bernesga area south of the Intra-
Asturo-Leonesian facies line (Sagiiera, Portilla de Luna, Piedrasecha, Olleros de Alba, Alcedo,
Rabanal de Fenar) because the circulation in this area had improved (Fig. 24). At other locali
ties grey wackestones and mudstones were deposited: along the facies line in the Bernesga area
(Aviados, Nocedo de Bernesga), in the western part of the Leonides (Caldas de Luna), locally
in the northwest of the Leonides (Venta de Getino: Higgins & Wagner-Gentis, 1982), at San
Martin de los Herreros (Ventanilla area) and Riosol (Asturian geanticline) (van der Ark, 1982
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and other data). Elsewhere deposition of black shales continued (Fig. 23); only at Las Portillas
and south of Cain (both in the Picos de Europa) grey crinoidal grainstones continued to be de-
posited. In these areas deposition of the nodular limestones began later during the anchoralis-
latus Zone. In the Palencian basin deposition of this limestone began in the late Viséan
bilineatus Zone (van der Ark, 1982). The thicker sequence of Vegami&n in the Palencian basin
may be the result of prolonged deposition into Vis&an time but there is no real necessity or
proof of this.

2.7.4. Interpretation of the sediments

The origin of nodular limestone is still uncertain. It seems probable that nodular limestone
may originate in various ways under different conditions, Different and opposed theories have
been given by different authors, amongst others Griindel & R&sler (1963), Jenkyns (1974), Miiller
& Fabricius (1974) and Tucker (1974) but it is difficult to reconcile them. The limestones of
the Alba Formation generally show the same characteristics as those described in the publica-
tions mentioned above. The nodules are supposed to have formed either during sedimentation or
early diagenesis, at or near the sediment-water interface. Miller & Fabricius (1974) argue that
the greatest part of the carbonate precipitated directly from the seawater as Mg-calcite and
therefore special conditions are required: restricted circulation, high salinity and high
temperature combined with a slow rate of deposition (estimated a few mm/103yr, Jenkyns, 1974).
Deposition occurs in an oxygenated environment and part of the carbonate may be derived dia-
genetically from calcitic skeletons.

The present study may contribute to this problem since rather many data are available on
the constitution of the depositional environment and on the history of sedimentation. During
the late Tournaisian (pseudosemiglaber Zone) there was a carbonate platform in a part of the
Asturo-Leonesian basin. In deeper areas with stagnant water and in an oxygen-depleted area in
the southeast of the Alba syncline black shales were deposited (Vegami&n Formation, 2.6; Figs.
22 and 25a). Due to a change in water circulation the oxygenation in these areas gradually
ameliorated and other types of sediment were deposited. In the upper pseudosemiglaber Zone de-
position of red nodular limestones started on the platforms in the Esla area and in Asturias

&)

&) O o &) o

&) &) &) o o <) U o
" ) °, O . ” o
Sherpodine? s N 2z
N
y 4 = s
W v = —
&
s
= .
- crinoidal grainstones @ karst
£ red nodular limestones I oxygen- depleted water
© 14 grey and yellow wackestones, - upwelling cold water

grey, green and red shales

black shales

Fig. 25. Sketch of the relation between water-circulation and facies (not to scale; Tournaisian:
Ermita, Vegami&n and Alba Formation). (a) In the turbulent upper water layer between sealevel
and wave-base crinoidal grainstones were deposited. In the lower water layer, which tended to
stagnance, grey and yellow wackestones and grey, green and red shales were deposited. In the
lowermost, oxygen-depleted, part of that layer black shales dominated. Phosphatic nodules
formed at the border of the oxygen-depleted zone. Layers of radiolarian chert occurred in all
the facies formed below wave-base. (b) Due to the rising sealevel circulation improved and
sedimentation of red nodular limestones commenced extending over the other facies.
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while black shales continued to be deposited in the deeper parts and grey mudstones and wacke-
stones at their borders. At the same time red cherts were laid down along the southern slope of
the carbonate platform and crinoidal grainstones in a part of the Pedroso syncline and in the
Picos de Europa (Figs. 23 and 25b). Hence, Ermita, Vegami&n and Alba lithosomes were deposited
contemporaneously in different parts of the region. During the anchoralis-latus Zone circula-
tion seems to have been restored first in the southeast of the Alba syncline and later also in
the northeast of the Bernesga area and on the eastern Asturian geanticline: red (and grey)
nodular limestones were then deposited all over the Cantabrian zone except in the Palencian
basin (Fig. 24). Probably the thermocline (2.6.5) had disappeared and therefore circulation
improved. I suppose that the crinoidal grainstones were formed above wave-base and the nodular
limestones below it. The grey mudstones and wackestones with a predominant pelagic fauna
formed in poorly oxygenated water near the borders of the basins, and the red mudstones and
wackestones with abundant pelagic and benthonic faunas formed in well-oxygenated environments.*)
The clay particles dispersed in the seawater settled out of the water in the quieter water
below wave-base. The same clay formed the source of the black shales in anoxic environments.
The red nodular limestones formed on the platforms but also in the deeper parts where these
became better oxygenated. They never ‘formed in the Palencian basin where only grey nodular
limestones occur, indicating that that basin was still less oxygenated when deposition of
nodular limestone started in that area. With these data I estimate that the red nodular lime-
stones in Cantabria were deposited at depths between 10 and 50 m, 'in accordance with the
occurrence of algae near the base of the formation (van Tongeren, 1975) and with the estimated
depths of deposition of Ermita and Vegamiin. The grey nodular limestones were deposited at

the same depths and deeper. Probably red nodular limestones may also form in much deeper
environments where the oxygenation of the environment is -sufficient, but great depths of de-
position must be excluded for Cantabria. Thus it seems that these nodular limestones formed
below wave-base in areas with slow sedimentation. In well-oxygenated environments red lime-
stones formed and in less-oxygenated environments grey and yellow limestones.

During the Tournaisian and early Visé&an the Picos de Europa were the shallowest part of
the Cantabrian zone: there deposition of crinoidal grainstones continued even during part of
the anchoralis-latus Zone. Later during the Vis&an the Picos de Europa continued to be a very
shallow area (P. Seibert, Tiibingen, pers. comm.). The Ponga Nappe province was slightly deeper.
The main part of the Asturo-Leonesian basin was a shallow platform. The occurrence of
Scaliognathus anchoralis and Doliognathus latus in the southeast of the Alba syncline (Fig.
16; 4.4) indicates that this area was the deepest part of the Cantabrian zone with a good
water circulation.

3. PALENCIAN BASIN

3.1. INTRODUCTION

In the Palencian basin (Fig. 1) the Devonian and Lower Carboniferous are remarkably constant
throughout, and much less varied than in the Asturo-Leonesian basin. In the main, deposits
consist of shales and limestones. In this basin the Devonian is about 500 m thick (van Veen,
1965) against about 1200 m at Pico Aguasalio in the Esla area (Rupke, 1965). In contrast to
the varied fauna of benthonic organisms in the Asturo-Leonesian basin, the faunas of the
Palencian basin consist mainly of pelagic organisms and are poor in individuals of tentacu-
lites, conodonts and cephalopods (Brouwer, 1968; Kullmann, 1968). The most detailed descrip-
tion is given by van Veen (1965) who introduced the formation names. A description of the
Vegamidn and the Alba Formation is given in 2.6 and 2.7.

3.2. GUSTALAPIEDRA FORMATION AND CARDANO MEMBER

Van Veen (1965) introduced the Gustalapiedra Formation with its stratotype along the Arroyo
de Gustalapiedra, northwest of Cardaho de Arriba. The formation consists of shales and nodular
limestones. Van Veen (1965) also introduced the Cardafno Formation, a nodular limestone with
its stratotype north of Cardafio de Arriba. Ambrose (1972) writes that in the valley of the
Rio Carridn about 50 m of shales are present between the Cardafio and the Murcia Formation,
and because the nodular limestone grades laterally into shales he includes the Cardaho as
a member in the Gustalapiedra Formation. The shales between the Cardafio and the Murcia For-
mation may then be included in the Gustalapiedra Formation.

Conodonts from the Gustalapiedra Formation and the Cardaho Member were studied by
Budinger (in Budinger & Kullmann, 1965), van Adrichem Boogaert (1967), Mouravieff (in Lobato
Astorga, 1977) and myself. There are few data from the shaly part of the Gustalapiedra For-
mation below the Cardafio Member. Most samples are from the middle and upper part of these
shales and were deposited during the varcus Zone (van Adrichem Boogaert, 1967; Lobato
Astorga, 1977; see 4.3). A sample taken 10 m below the Cardaho (along the Rio Carrién, north-
east of Triollo) contained a conodont fauna of the middle Polygnathus costatus costatus Zone
(early Eifelian). From the Cardafio Member more samples were studied, many of them with faunas

*) Lime mud may be precipitated from seawater by bacteria (C. Monty, Lidge, pers. comm.).
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rich in species but others, especially from the lower and middle part, are barren. The samples
from the lower part belong to the varcus Zone except at Cardafo de Arriba where the oldest
fauna is from the hermanni-cristatus Zone (van Adrichem Boogaert, 1967; Lobato Astorga, 1977
and new data). Van Adrichem Boogaert's sample CU3, taken near the base of the Cardafio in the
Gildar-Mont6 area, belongs to the Middle varcus Subzone. The upper part of the member was de-
posited during the Upper gigas Zone but Lobato Astorga (1977: p. 33) mentions a sample taken

2 m below the top (in the stratotype) which contains a mixed fauna of conodonts from the Lower
and Upper Palmatolepis triangularis Zone and it is possible that also at other parts of the
basin the member contains an interval deposited after the gigas Zone. In the Arauz-Polentinos
area the upper part of the Cardafio was deposited during the varcus Zone (van Adrichem Boogaert,
1967, conodonts; Goeijenbier, 1981, tentaculites). There 50 m of shales were deposited during
the Frasnian. The great differences in age of the top of the Cardafio favour Ambrose's opinion
that the Cardafio at best can be included into the Gustalapiedra Formation (compare Fig. 27).
Then the total thickness of the formation is about 150 m in the section northwest of Cardaho
de Arriba.

3.3. MURCIA FORMATION

3.3.1. Introduction

The Murcia Formation was proposed by van Veen (1965), with a stratotype at the western side of
Pico Murcia, northwest of Cardano de Arriba. Ambrose (1972) considers this name as a junior
synonym of the Moradillo Sandstone introduced by Wagner (1955). Wagner & Wagner-Gentis (1963)
grain introduced the Moradillo Sandstone Formation but without giving
Iaouma” lithology lgnmj size l a good description. The proposed stratotype near Barruelo de
Santullan is badly exposed and Ambrose (1972) even suggested

sh using that of the Murcia Formation. Here I shall use the well
established name and the well described stratotype of the Murcia
Formation.

si-fs

3.3.2. Sediment petrology

sh
vi-fs In the stratotype near Pico Murcia and north of Cardaho de
g&a*ﬂh Arriba the shales in the upper part of the Gustalapiedra For-
mation grade into the sandstones of the Murcia Formation. These
are dark grey, well-sorted, fine to medium grained quartzitic
sandstones. Locally they are grey or brownish and often real
quartzites occur (van Veen, 1965; Ambrose, 1972). The average
thickness of the beds is 50 cm but individual beds may be from
one grain to two meters thick. Upwards these sandstones pass
into the nodular limestones of the Vidrieros Formation. In the
section near Cardafio de Arriba the lower part of the formation
is formed by an alternation of shales, siltstones and sandstones.
The upper part consists mainly of quartzitic sandstones and
quartzites. In the sandstone load casts, flute marks, small-
scale current ripples, parallel, wavey and convolute lamination
and grading occur. Grading occurs in two types: as a general
. decrease in grain size from base to top of the bed and by an
shisi increase of sorting, the very coarse sand and granule being re-
stricted to the lower part of some of the beds. In a detailed
section measured near Cardafio de Arriba (Fig. 26) Bouma inter-
vals were recognized. In the shales parallel lamination is the
— common structure. Van Veen (1965) mentions worm tracks and Kunst
: shissi) (1981) found vertical burrows (escape burrows?) in the upper
AL part of beds north of Santibafiez de Resoba. The formation is 60
A to 200 m thick (van Veen, 1965): 107 m in the stratotype at Pico
X Murcia (Frikken, 1978) and thicker in the east (van Veen, 1965).
MR In the southern part of the Cardafio area, along the Cardafio
A line (south of Cardafio and near Vidrieros) locally coarse sand~-
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In the Gildar-Montd area the lower part of the formation consists of very fine grained and
thin sandstone beds which have a constant thickness over a considerable area and are separated
by shales. Towards the middle part the grains become coarser (even up to quartz pebbles with a
diameter of 5cm), the beds are graded and shales are lacking. In the upper part the grain size
and the thickness of the beds diminish again (Frankenfeld, 1981). The formation is about 100 m
thick (van Adrichem Boogaert, 1967: fig. 24). .

In the Liébana area the formation consists of a light-coloured quartzite with sandstone
beds of 0.2 to 1 m thick, alternating with thin beds of fine black shales. Frequently the base
of the sandstone beds is loaded and also flute marks and groove marks occur (Maas, 1974: p.
384). The formation is 40 to 60 m thick (van Adrichem Boogaert, 1967: p. 162).

3.3.3. Age of the formation

Data from the adjacent formations suggest that deposition of the Murcia started after the Upper
gigas Zone and at least locally only after the Palmatolepis triangularis Zone (Fig. 27). The
oldest limestones of the overlying Vidrieros Formation are from the marginifera Zone. Thus the
Murcia Formation was deposited at least during the crepida Zone and the rhomboidea Zone (com-~
pare 4.3). Maas (1974: p. 384) suggests that in the Liébana area the Murcia and Vidrieros
interfinger with each other which would imply the continuation of the deposition of the Murcia
later during the Famennian but such an interfingering was not found in the other, better ex-
posed areas., :

3.3.4. Interpretation of the sediments

The data from the different areas indicate that the coarse sediments were deposited from high-
density turbidity currents. The detailed section (Fig. 26), measured in the predominantly
shaly lower part of the formation, shows some thin layers and laminae of the distal part of
small turbidites but generally these sandstones are thicker, up to tens of centimeters thick
beds, mainly of medium sand. The scarce data available suggest that there were two major
sources: one to the west of the Gildar-MontS area (where the coarsest sediments occur, the
grain size diminishing towards the east) and one to the southeast of the Cardafio area (grain
size and thickness of the lithosome.diminish towards the west and northwest and sedimentary
structures indicate transport in that direction). The formation is thin in the Liébana area
where Maas suggested interfingering with the Vidrieros. Therefore the siliciclastic material
appears to have been derived from the Asturian geanticline and from an area south of the
Cardafo line. Also during the Silurian and early Devonian siliciclastic sediments in the south-
east of the Palencian basin were derived from a land area south of the Cardafio line (Krans,
1982) . Krans mentions transport directions from between south and east, just as I found for
the Murcia.

3.4. VIDRIEROS FORMATION

Van Veen (1965) introduced the Vidrieros Formation with its stratotype near Pico Murcia. Kull-
mann (1960) had proposed the name "Mont6-Schichten®” for an equivalent sequence but the limits
were not clearly defined (Ambrose, 1972). Another early synonym is the Verbios Formation,
introduced by Wagner & Wagner-Gentis (1963). Ambrose prefers the name Vidrieros Formation
because of the inadequate exposure of the proposed stratotype of the Verbios. The Vidrieros
Formation consists of nodular limestones and shales (Pl. 2: Fig. 5). Conodont faunas older
than the marginifera Zone were not found. Only the sample Ca3 from east of Santibafiez de
Resoba may be slightly older: it contains a fauna from somewhere in the interval Upper crepida
to marginifera Zone. The youngest samples are found above the deposits of the costatus Zone
and contain the Protognathodus fauna and Polygnathus fauna (late Famennian-early Tournaisian;
4.3; Triollo, Santibafiez de Resoba).

3.5. FOSSILS

Faunas in the Palencian basin typically consist of small specimens (juvenile, dwarfed?) or
aberrant forms. In the Abadfa and Lebanza Formations a rich benthonic fauna is present but in
the younger formations only a few benthonic macrofossils occur from a limited number of
species.

The corals are represented by solitary rugose corals which lack dissepiments (Kullmann,
1968) as is characteristic for corals living in unfavourable environments. Many of the
specles are endemic for the Palencian basin. Kullmann (1968) concluded that the cephalopods
are only represented by few species which have a cosmopolitan distribution. The dacryoconarids
(tentaculites), which locally may compose up to 60 % of the limestones, remained extremely
small (J.P.S. Goeijenbier, Leiden, pers. comm.). The conodonts are well preserved as are the
numerous accessory elements. Although some samples contain a large number of specimens and
species compared to other condensed sequences, the faunas are on the whole relatively poor.
Many of the conodonts are small, which indicates that the Palencian pasin was generally a
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very quiet environment, rather unfavourable for the benthonic fauna and even for pelagic
animals. A comparison of the conodont faunas (4.4) indicates that the Palencian basin initi-
ally was a shallow area but from the hermanni-cristatus Zone onwards it deepened, becoming
deeper than the Asturo-Leonesian basin.

3.6. INTERPRETATION

The oldest sediments known from the Palencian basin are late Silurian. Then the Asturo-
Leonesian and Palencian basins were already differentiated (Ambrose, 1972; Krans, 1982). The
difference dncreased during the Devonian, together with the rising of the Asturian geanti-
cline and the zone along the Cardafio line in Palencia. The differences between the basins
gradually increased during the Devonian. Instead of the biostromal limestones and the sand-
stones of the Asturo-Leonesian basin, in the Palencian basin deposition consisted mainly of
nodular limestones and shales. The nodular limestones of the Abadia, the Cardanho, the Vidrieros
and the Alba Formation are very much alike, so much that they usually can be identified only
with help of a diagnostic fauna. There are only two aberrant types of sediment: the Murcia
sandstones and the Vegamidn black shales and cherts. The siliciclastics of the Murcia For-
mation were derived from shallower areas and transported towards the deeper parts of the basin
by turbidity currents. Unlike the sheet-like turbiditic storm deposits of the Fueyo Formation
in the Asturo-Leonesian basin, those of the Murcia most probably were deposited as turbidite
fans. These were not caused by changes within the basin itself: when the supply of sand ter-
minated limestones were deposited once more. This occurred also at other moments: the sedi-
mentation of nodular limestones (Polentinos Member) in the Abadia Formation was also inter-
rupted several times by turbidity currents: graded sand beds occur near the Abadia de Lebanza
(J.F. Savage, Utrecht, pers. comm.). Generally such coarser sediments did not reach the
Palencian basin while erosion at the Asturian geanticline is reflected in most of the De-
vonian in the Asturo-Leonesian basin. Maps showing the level of erosion below the upper
Famennian deposits (Fig. 19 and Parga, 1969: fig. 1) indicate most pronounced erosion on the
eastern part of the Asturian geanticline, thus suggesting a tilting of the central block to-
wards the Asturo-Leonesian basin and a steep slope towards the Palencian basin. Therefore most
of the erosion products were transported towards the Asturo-Leonesian basin. It was only during
the early Famennian, an episode of emergence of the Asturian geanticline and the Asturo-
Leonesian basin, that any clastic detritus reached the Palencian basin.

The conditions in the basin changed during the early Tournaisian as is well demonstrated
by a section at Santibafiez de Resoba (studied by C.F. Winkler Prins and M. van den Boogaard,
Leiden, pers. comm.). Above nodular limestones of the Vidrieros Formation which contain a fauna
of the costatus Zone with a constant composition there are a thin shale and a laminated lime-
stone with the Protognathodus fauna and Polygnathus fauna. Above these limestones there are
black shales of the Vegamidn which were deposited under anoxic conditions in stagnant water
(2.6.5). Unfortunately part of the sequence below the Vegami&n may have been removed by erosion
(2.6.4). Also below the Alba Formation there is a hiatus caused by erosion (2.7.2). The grey
colour of the limestones of the Alba Formation in this basin indicates that during the late
Viséan the circulation in the basin was not very good.

. The lithological and palaeontological data suggest that during the Devonian the Palencian
basin formed part of an outer shelf to continental slope.

4. CONODONT FAUNAS

4.1. INTRODUCTION

The limestones of the Portilla and the Nocedo were deposited in and near reef in which cono-
donts are scarce. After study of the samples taken by others and those taken by myself during
the first field summer I chose to sample what had become evident as most promising rocks: the
fore-reef facies (4.4) in a large number of sections. This contrasts the approach of Garcia
Lépez (1972, 1976) who sampled extensively a few sections. Sandstones were not sampled as it

is improbable that these contain many conodonts (4.4). As the rate of sedimentation during

late Famennian and early Carboniferous was low, more intensive sampling was required in this
interval, particularly in the upper part of the Ermita Formation. For practical reasons samples
were mainly taken from limestones. Generally samples of 2 to 3 kg were taken, some of these
were split into segments which were treated separately.

Samples were broken into small pieces and then dissolved in the laboratory by being kept
24 hours in diluted formic acid (10 %) followed by another 24 hours in fresh acid. The residue
was then sieved (meshes of 2.0 and 0.1 mm). The intermediate residue (0.1-2.0 mm) was dried,
after which the heavy fraction was separated off with the help of bromoform. Lastly the mag-
netic fraction was separated off with a magnetic separator. The conodonts were picked out
under a binocular microscope.

About 1200 samples were processed, a third of which contained no identifiable conodonts,
and only half the remainder yielded determinations suitable for zonal definition. Most species
were photographed during examination with an S.E.M. (gold coating). Photographs of the most
important species are reproduced at Plates 3-6. Only the problematic and interesting species
will be discussed hereafter (4.2). Further the biozonation (4.3) and palaeoecology (4.4) will
be discussed. A separate communication on the observations of the Colour Alteration Index
(C.A.I., Epstein et al., 1977) is in preparation.
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4.2. SYSTEMATICS

Bispathodus spinulicostatus (E.R. Branson, 1934)

ziegler (in: Ziegler, 1975) mentions B. spinulicostatus as a rare form from the late Famennian,
more commonly occurring during the early Tournaisian. Johnston & Higgins (1981) mention the
species from younger deposits: the late Tournaisian where it occurs with Ps. multistriatus. In
Cantabria it occurs from costatus Zone to the lower part of the anchoralis-latus Zone, being
most common in the pseudosemiglaber Zone (Fig. 28). Specimens such as the one figured by
Johnston & Higgins (1981, pl. 5: fig. 7) as B. spinulicostatus were identified as Ps. denti-
lineatus (= primus) by Rhodes et al. (1969, e.g. pl. 5: fig. 12). I consider such specimens
to be B. spinulicostatus. In B. spinulicostatus at the left side of the anterior part of the
platform the denticles are much weaker developed than in Ps. primus or even absent. It is not
known whether there is a hiatus in the sequences between the occurrences of B. spinulicostatus
in the costatus Zone and the cooperi-communis Zone in Cantabria. Johnston & Higgins (1981)
suggest that the younger form evolved during the early Tournaisian and probably is a homeo-
morph of B. spinulicostatus s.s. because they found the forms in two levels separated by a
long interval in which it was not present.

Clydagnathus gilwernensis Rhodes, Austin & Druce, 1969 (Pl. 6: Fig. 13)

This species was first recognized by M. van den Boogaard (Leiden, pers. comm.) in a sample
from the Ermita Formation in the Picos de Europa (sample HG42, coll. RGM 248954). Later on it
was also found in a sample from the Ermita at Valdoré (in van Adrichem Boogaert's sample
IIf166, coll. RGM 125143), from the Vidrieros Formation at Santibafiez de Resocba (Palencian
basin, M. van den Boogaard, pers. comm.) and in a sample from an olistostrome southwest. of
Fuente D& (Palencian basin, a mixed fauna, coll. RGM 248955). Sandberg & Ziegler (1979) argue
that this species evolved from Clyd. cavusformis Rhodes, Austin & Druce, 1969 during the Early
Carboniferous, probably within the sulcata Zone. In the section at Santibahez de Resoba, how-
ever, the species occurs in the vidrieros Formation below faunas from the costatus Zone (M.
van den Boogaard, pers. comm.). The sample from the Picos de Europa also proves that the
species existed already during the Devonian: there it occurs with Pelekysgnathus inclinatus
Thomas, 1949 which is known from velifer Zone through praesulcata Zone (Sandberg & Ziegler,
1979) thus being restricted to the Famennian (compare Figs. 27, 28).

Gnathodus pseudosemiglaber Thompson & Fellows, 1970 (Pl. 6: Figs. 2,4)

In the past the classification of the species belonging to this genus has been problematic but
since the appearance of a classification which is not based on one area (Lane et al., 1980)
good determinations are possible. Because the authors of older publications on the Cantabrian
Mountains used other criteria for the subdivision of the genus older identifications are often
in error. In consequence a species as G. pseudosemiglaber was identified by Higgins (1974; as
G. texanus pseudosemiglaber) as occurring in low numbers in the anchoralis-latus Zone
(anchoralis Zone) and younger zones while 6. semiglaber {Bischoff, 1957) and G. typicus Cooper,
1939 (identified as G. antetexanus Rexroad & Scott, 1964) were described as very common. G.
pseudosemiglaber, however, is a very common species in the Cantabrian Mountains making up the
majority of Gnathodus specimens.

The species occurs well before the anchoralis-latus Zone in faunas containing, amongst
others, Siphonodella species and other conodonts which are not known from the anchoralis-
latus Zone (Fig. 28). The abundance of the species and the occurrence in Cantabria well before
it is known in other areas may indicate that the species originated in Cantabria. In several
samples from the pseudosemiglaber Zone (4.3) and the base of the anchoralis-latus Zone speci=-
mens occur with a row of nodes at both sides of the posterior part of the carina thus sugges-
ting a close relation to G. cuneiformis Mehl & Thomas, 1947 (Pl. 6: Figs. 1, 3). Both lateral
rows of nodes of 6. cuneiformis get fused with the carina thus forming a thick carina and the
other nodes fuse into a parapet and a pseudoparapet (Pl. 6: Figs. 2,4). Lane et al. (1980)
place both species in different groups and suppose that G. pseudosemiglaber evolved from G.
semiglaber. The groups originated during the isosticha-Upper crenulata Zone in which there
still occurred forms intermediate between most species (Lane et al., 1980: fig. 1), also
G. pseudosemiglaber originated during that zone, therefore it is very difficult to ascertain
how the species evolved from one another.

Icriodus eslaensis van Adrichem Boogaert, 1967 (Pl. 4: Figs. 7, 9-13)

There is much confusion about the status of this taxon. Several authors consider the taxon
synonymous with 1. brevis Stauffer, 1940 (Klapper in: Ziegler, 1975) or I. obliquimarginatus
Bischoff & Ziegler, 1957 (Seddon, 1970). On the other hand Bultynck (1975) introduced a new
subspecies, later raised to species: I. latecarinatus (Brice et al., 1979; Bultynck &
Hollard, 1980). With Bultynck (1972, 1975) I believe that I. eslaensis is a taxon which can
be distinguished very well from I. obliquimarginatus while the relation with I. brevis re-
mains doubtful. The distinction between I. eslaensis and I. latecarinatus can not be easily
made in the samples from the Cantabrian Mountains since most of the samples are small, the
preservation of many conodonts is bad and the variation is large. I agree with Bultynck (1975)
that the samples from younger deposits (from higher in the Middle varcus Subzone into the
asymmetricus Zone) generally show a greater variation but I include all the specimens in

I. eslaensis s.l.
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Icriodus aff. subterminis Youngquist, 1947 (Pl. 4: Figs. 1-=5)

The axis is straight, platform margins are biconvex in juvenile specimens and subparallel in
adults (Pl. 4: Figs. 1-5). The median row consists of 5 to 6 discrete denticles which are
round in outline; only the anterior denticles are smaller and laterally compressed. The five
denticles of the lateral rows are round or elongate transversely. Because they may extend
beyond the platform the conodont may be rather broad. The denticles are alternate. The blade
consists of two or three plump denticles which may be partly fused. Posteriorward these
denticles increase in size but because the blade may be curved downward the denticles not
necessarily extend above those of the platform. Aborally the basal cavity may be moderately
to very broad, with a distinct spur. Phylogenetically late forms (gigas Zone) may have an
extremely large basal cavity. Remarks: this form closely resembles the conodonts referred

to as I. aff. subterminis in Orchard (1978), only the variation in the Cantabrian material is
greater. The taxon may be confused with I. symmetricus (Pl. 4: Figs. 8, 14-16). The latter
species has a more slender platform, a larger number of lateral teeth and a less broad basal
cavity without a spur.

Palmatolepis gracilis Branson & Mehl, 1934 (Pl. 4: Fig. 24)

This species occurs commonly in the Vidrieros Formation (Palencian basin) and few specimens
are known from the Fueyo Formation (sample OLL1, Olleros de Alba, coll. RGM). One specimen
(sample Ca6, south of Pico Murcia, Cardafio area; Pl. 4: Fig. 24) has an outer lobe with a
secondary carina as is typical for other species of this genus but not for Pa. gracilis. A
specimen illustrated by van den Boogaard & Schermerhorn (1975, pl. 4: fig. 1) shows the same
feature. It is considered to be an aberrant form.

Polygnathus communis Branson & Mehl, 1934 and P. purus Voges, 1959

As van Adrichem Boogaert (1967: p. 184) already has remarked, specimens of P. communis occur,
in which the characteristic excavation behind the basal cavity is absent. Van Adrichem Boogaert
indicated these specimens as P. cf. communis communis. Also Voges (1959: p. 290) found such
specimens. But most of the samples contain only specimens with the excavation. In specimens
lacking the excavation, particularly in juvenile specimens, it may be difficult to separate

P. communis from P. purus. In both species the platform has a crenulated surface (Pl. 5: Figs.
6-8) . There are specimens which form a series representing a gradual transition from P. purus
to P. communis carina. In the Cantabrian Mountains P. communis occurs in a large interval and
in large numbers. On the contrary P. communis carina occurs in few samples and in low numbers.
Also between these taxa there is a gradual transition. Only specimens with two clear riblets
at the anterior side of the platform are considered as P. communis carina (Pl. 5: Fig. 8).

Due to the long vertical range and the broad horizontal distribution of P. communis it is very
variable in shape and ornamentation. In this respect it is closely comparable with P. xylus.
Both species probably lived in the surface layer of the sea. There is only a short interval
around the Frasnian-Famennian boundary from which none of the species is mentioned. Both
species have a long lived form (P. communis communis and P. xylus xylus) and a short lived
form with serrated anterior platform edges (P. xylus ensensis and P. communis dentatus Druce,
1969) . P. communis probably took the niche of P. xylus when the latter had become extinct.

Polygnathus dubius Hinde, 1879 (Pl. 3: Fig. 9)

Due to the variability of P. dubius it may be difficult to distinguish it from P. decorosus
Stauffer, 1938, especially in the Cantabrian Mountains were both species may occur within a
single sample. Generally the free blade is broken, so that the platforms are comparable. The
platform of pP. dubius is broad, the outer platform wider and rounder than the inner platform.
The platform reaches its maximum width half-way or at the posterior half (Pl. 3: Fig. 9).

P. decorosus has a narrower, more symmetric platform which reaches its maximum width in the
anterior half of the platform (Pl. 3: Figs. 7-8). The basal pit in P. decorosus is at or near
the junction of platform and free blade but in P. dubius at about a quarter of the platform
length farther towards the posterior end.

According to Klapper & Johnson (1980) the vertical distribution of P. dubius would be
restricted to hermanni-cristatus Zone and Lowermost asymmetricus Zone. Klapper & Ziegler (1979)
indicate the occurrence of P. decorosus in Lower asymmetricus Zone to gigas Zone. In several
samples from the Cantabrian Mountains, however, both species occur together. The occurrence
of P. dubius with aA. gigas (amongst others in samples N43 and N46) proves that the species
occurs in the Middle asymmetricus Zone. This is in accordance with findings by Orchard (1976)
who mentions the species from the Lower asymmetricus Zone and Garcia Alcalde et al. (1979)
who mention the species with A. gigas.

Polygnathus inornatus E.R. Branson, 1934, P. spicatus E.R. Branson, 1934 and P. longiposticus
Branson & Mehl, 1934

The classification of these species is rather difficult. The specimens of which the margins
are upturned and the right margin is distinctly higher than the left one are considered as

P. inornatus (Pl. 5: Figs. 10, 12). The specimens without this characteristic may be divided
into two groups: one with a broad basal pit which is indistinctly outlined and enclosed in

a broad, flat area having a curved carina and blade, the geniculation points being opposite,
referred to as P. spicatus (Pl. 5: Fig. 11, only known from the Palencian basin) and the other
with a large basal cavity and generally a slightly curved carina with a higher denticle at the
posterior end, referred to as P. longiposticus.
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pPolygnathus linguiformis Hinde, 1879 (Pl. 3: Figs. 11-16)

This is a very common species in the Portilla Formation, particularly in the lower part (member
A). Almost all the specimens belong to the nominal subspecies (Pl1. 3: Figs. 11, 12, 16) but
some specimens from the Middle varcus Subzone are different. Most of the different specimens
are juveniles with a straight outer margin with six to eight distinct nodes which merge into
rather strong transverse ridges. Some of these juveniles have a high flange-like development
of the margin with very sharp saw-~tooth-like nodules. Adults of this form were not found and
the specimens are referred to as P. linguiformis forma A. Most of the juveniles have flatter
nodes and lack the high margin (Pl. 3: Fig. 14). They evolve into adults with low margins,
almost parallel to the carina which consists of five to ten distinct or coalesced nodes. At
the posterior side the outer margin is sharply curved inward. Adult specimens have a distinct
tongue with (in some specimens transversely compressed) nodes or (rarely) transverse ridges,
this tongue is curved steeply downward (Pl. 3: Fig. 15). These specimens are considered to be
P. linguiformis mucronatus Wittekindt, 1966.

Polygnathus cf. "P. norrisgi" Uyeno, 1967 (Pl. 5: Fig. 1)

A few specimens of this "species" were found in the Vidrieros Formation (e.g. sample Ca4 of
the marginifera Zone, Pl. 5: Fig. 1). Comparable conodonts are known from the Frasnian of
Canada, U.S.A. and Morocco (Klapper & Johnson, 1980) and the Famennian of Germany, Austria
and Australia (Druce, 1976). Although the structure of the ornamentation is conformable, the
shape of the platform and blade is very variable. This indicates that it is a pathological
differentiation as was already supposed by Miller (1969). This is very probable since a
comparable brush-like ornamentation occurs also in other genera (Miller, 1969; Druce, 1976;
M. van den Boogaard, Leiden, pers. comm.). Helms (1959, pl. 5: fig. 8) figures a specimen of
P, diversus Helms with such an aberrant ornamentation. The occurrence of such aberrant forms
appears to be restricted to certain intervals but in my opinion it is not a good choice to
base the division of the dengleri Zone on the first occurrence of this "species" (Klapper &
Johnaon, 1980).

Polygnathus xylus Stauffer, 1940 (Pl. 3: Figs. 5, 6)

This is one of the most common species in the Portilla and the Nocedo Formation. It has a
very long vertical range: from below the varcus Zone to the gigas Zone. This upper limit is
deduced from samples in the Crémenes Limestone (2.3.3.4) and is in accordance with the data
in Druce (1976, p. 204). Two subspecies are distinguished: P. xylus xylus and P. xylus ensensis
Ziegler, Klapper & Johnson, 1976.

P. xylus ensensis is a little variable form with serrations just posterior of the geni-
culation points. Only the phylogenetically late form occurs (varcus Zone), which, in accor-
dance with the description by Ziegler et al. (1976) has few serrations: one to three at the
inner side and none or one at the outer side of the platform (Pl. 3: Fig. 5).

The phylogenetically early specimens of the nominate subspecies (varcus Zone) show
little variation and are in accordance with the description in Klapper et al. (1970) (Pl. 3:
Fig. 6). The late specimens (asymmetricus Zone toO gigas Zone), however, show much more
variation. Juvenile specimens agree well with the early forms but the adult specimens may
have an irregqular platform: wider and rounder at the outer side and curved inward at the
anterior third of the platform. The lateral margins may have some nodes which may coalesce
into a nearly smooth ridge.

Polygnathus webbi Stauffer, 1938 (Pl. 4: Figs. 19-20)

This is the most common conodont in the faunas from the asymmetricus Zone and gigas Zone. It
shows a great variation, from a strongly ornamented platform with cross ridges or a strong
ridge on the lateral margins (Pl. 4: Fig. 20) to a nearly smooth platform (Pl. 4: Fig. 19).
Also the width of the platform is variable, but always the anterior platform margin is higher
on the right side than on the left. The adcarinal troughs are rather deep at the anterior and
shallow at the posterior part of the platform.

Polygnathus spec. A (Pl. 5: Fig. 2)

In the samples from the costatus Zone and the Polygnathus fauna in the Asturo-Leonesian basin
and the Asturian geanticline, conodonts occur which have a pseudokeel at the aboral side,

thus belonging to the group of P. symmetricus E.R. Branson, 1934, P. spicatus E.R. Branson,
1934 and p. mehli Thompson, 1967. It was not possible to attribute it to one of these species.
It differs from them in having geniculation points which are not opposite, the one at the
inner side of the platform declining steeply. The pseudockeel is broader than in P. spicatus.
At the anterior side the platform narrows. The maximum width of the platform is just behind
the middle. Towards the anterior side the platform narrows but the anterior ends are bent out-
wards. The platform margins are upturned, the outer one more than the inner one (Pl. 5: Fig.
2). The specimens resemble those figured as P. lacinatus Huddle, 1934 in Rhodes et al. (1969,
pl. 11: figs. 1-7, 11) which occur in much younger deposits (with P. bischoffi and Gnathodus) .
Herein I will refer to it as P. spec. A.

Polygnathus spec. (Pl. 3: Fig. 10)

One of the specimens of the genus Polygnathus has an outer lobe as most of the species of the
genus Palmatolepis (Pl. 3: Fig. 10). A central node, however, is not present. The shape of
the basal pit is characteristic for Polygnathus. The specimen has a great overall resemblance
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to P. xylus.

Pseudopolygnathus marginatus (Branson & Mehl, 1934)

This species occurs in small numbers in samples from the Ermita Formation. It may be dis-
tinguished from the other species of the genus by the triangular platform which is strongly
rounded at the anterior side but has a posterior side which is tapering and curved downwards.
At the anterior side there are two strong ribs, perpendicular to the carina. The rest of the
platform is covered by weaker ribs. At the posterior end of the carina there are some higher
denticles. The free blade has higher pointed denticles.

Pseudopolygnathus spec. A (Pl. 5: Figs. 2, 3)

This species has a slender, asymmetrical platform which is tapering at the posterior end. The
platform margins have a row of nodes, terminating well before the posterior end and at the
outer side extending farther towards the anterior end than at the inner side. The outer plat-
form margin is curved upwards. The carina is nearly straight. At the aboral side there is a
very large basal cavity which extends even beyond the platform margins. I found this species
in two samples of the Vidrieros Formation in the Palencian basin: sample Vil3 and Vil5, both
from the costatus Zone in the Liébana area. Van Adrichem Boogaert (1967, pl. 3: fig. 7) also
found this species in the Palencian basin and illustrated a juvenile specimen, identified as
Pseudopolygnathus fusiformis Branson & Mehl, 1934.

Siphonodella

Many of the specimens from the upper Tournaisian belonging to this genus are damaged so that
the anterior and posterior parts of the platform occur separately in the samples. That ob-
structs the identification of the specimens. Most specimens belong to S. obsoleta Hass, 1959
and S.isosticha (Cooper, 1939) or intermediate forms and few specimens belong to S. cooperi
Hass, 1959. Some of the specimens have an extremely long and narrow platform. The identifi-
cation of the specimens from the lower Tournaisian deposits is also difficult.

"sSpathognathodus" bohlenanus Helms, 1959 (Pl. 6: Fig. 7)

In the deposits of the costatus Zone from the Asturo-Leonesian basin and the Asturian geanti-
cline, conodonts which are in accordance with the specimens illustrated as Spathognathodus
bohlenanus in Ziegler (1962) are rather common. These occur also, in low numbers, in the
Palencian basin. These conodonts differ from the original description in having higher denti-
cles at the posterior side of the element. Sandberg & Ziegler (1979) mention "Sp." bohlenanus
only from deposits older than the costatus Zone. In a specimen from the Vidrieros Formation
the denticles, particularly at the posterior part of the unit, bend towards the posterior end.
Furthermore the denticles are not separated but touch each other (Pl. 6: Fig. 7). This speci-
men has a laterally curved platform, turned inwards more sharply in its posterior third. It
is referred to as "sp." spec. A aff. bohlenanus.

4.3. CONODONT BIOZONATION

The interval discussed in this paper 1s divided into conodont zones which may be used all
over the world. Not all the zones were recognized because siliciclastic sedimentation was
important in Cantabria, and in these sediments conodont faunas are scarce (4.4). Therefore
the interval between gigas Zone and costatus Zone is not recognized in the Asturo-Leonesian
basin, and the interval between Ps. triangularis Zone and marginifera Zone is not recognized
in the Palencian basin. In addition the common development of rapidly deposited reef lime-
stones as well as the intervention of hiatuses within the sequence restricts the evidence of
the conodont zoning (Fig. 27). Although conodont faunas may provide information for detailed
correlations, the smallest units are subzones which lasted about 0.5 to 1 Ma (*). The
variations in age, for example in the boundary planes between members, often could not be
proved because the differences in age are too small for the solving capacity of conodont bio-
zones. For the Tournaisian deposits a regional zonation is used. In this section I will dis-
cuss the conodont zones which were recognized in Cantabria. Fig. 27 gives a correlation of
the deposits, based on conodonts.

The varcus Zone was subdivided by Ziegler et al. (1976). In the Asturo-Leonesian basin
the varcus Zone comprises the upper part of the Huergas Formation and the lower part of the
Portilla Formation. The Lower varcus Subzone is recognized by the joined occurrence of
Eognathodus bipennatus and Polygnathus timorensis or P. varcus. Only the upper part of the
subzone is present locally in the basal deposits of the Portilla: at Coallaji (Asturias) and
in the parautochthonous of the Esla area. In section 24 (Reijers, 1972) north of Cistierna
(Esla area) Eo. bipennatus occurs with P. linguiformis mucronatus which is indicative for the
lowermost part of the Middle varcus Subzone. The Middle varcus Subzone is recognized by the
occurrence of P. ansatus, P. linguiformis mucronatus Or P. linguiformis subsp. A with
Icriodus obliquimarginatus, P. pseudofoliatus or P. xylus ensensis. The subzone is present
in the rest of the deposits of member A of the Portilla Formation. Generally the subzone
will be easily recognized in the basal part of the .unit and with more difficulties in the
upper part of the unit since the reef deposits present in that part of the unit contain

(*) = (the Late Devonian probably lasted 10-15 Ma and is divided into 30 subdivisions; Ziegler, 1978)
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Fig. 27. Biostratigraphic correlation chart for Middle Devonian to Lower Carboniferous deposits in the
Cantabrian Mountains. The vertical scale of the three lower zones is exaggerated.
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impoverished faunas. The Upper varcus Subzone may be recognized by the occurrence of I.
symmetricus or P. latifossatus With P. varcus or Latericriodus latericrescens. Generally it

is not possible to recognize this zone with certainty since siliciclastic deposition was pre-
dominant during this subzone, containing faunas with few species, mainly L. 1. lateriscrescens.
That subspecies lived longer and was more common in the U.S.A. than in Germany (Ziegler et al.,
1976) thus indicating an intermediary position for Spain. In the Palencian basin the varcus
Zone was demonstrated already by van Adrichem Boogaert (1967). It was recognized in the middle
and upper part of the Gustalapiedra Formation below the base of the Cardaho and in the lower
part of the Cardaho Member. Van Adrichem Boogaert's sample CU3 from his section CU I (Gildar-
MontS area) contains amongst other P. linguiformis mucronatus and P. xylus ensensis and thus

is attributed to the Middle varcus Subzone.

The hermanni-cristatus Zone is subdivided into two subzones (Ziegler, 1966, 1971). Since
most of the species which characterize this zone are rare or absent from the Asturo-lLeonesian
basin it was probably not always recognized where it is truly present. The zone is most easily
recognized by the joint occurrence of P. linguiformis and P. dubius. P. dubius was only
recently mentioned from locations in Europe (Becker et al., 1979; Garcia Alcalde et al., 1979;
Morzadec & Weyant, 1982), yet in the Asturo-Leonesian basin it is a common species. In a few
sections the zone is represented in slowly deposited fore-reef sediments, e.g. at Huergas de
Gorddén (Bernesga area); there faunas may be present containing more of the species which
prefer deeper water (such as schmidtognathids). The upper part of member B and a large part
of member C of the Portilla Formation were deposited during this zone. In the Palencian basin
the zone is represented in few samples from the lower part of the Cardaho Member.

The asymmetricus Zone is subdivided into four parts (Ziegler, 1971). It is not possible
to recognize the Lowermost asymmetricus 2Zone with certainty but the samples containg P. webbi
without any Ancyrodella rotundiloba may belong to this zone. In many of such samples P. de-
corosus is a common species which perhaps existed even before the Lower asymmetricus Zone.
Some of the deposits of member C of the Portilla Formation and of member A of the Nocedo
Formation may have formed during this subzone. The Lower and Middle asymmetricus Zone generally
could not be distinguished separately: only in samples where Anc. rotundiloba occurs with anc.
gigas Or Anc. lobata could the Middle asymmetricus Zone be separated. I have recognized the
Upper asymmetricus Zone in none of my samples but Garcia Alcalde et al. (1979) mention this
subzone from Huergas de Gorddn. They also mention the Ancyrognathus triangularis Zone from the
same locality. The asymmetricus 2Zone and triangularis Zone were recognized in deposits be-
longing to member A of the Nocedo Formation.

The gigas Zone has not been recognized with certainty but the conodonts and other fossils
indicate that the Crémenes Limestone of the Nocedo Formation was deposited during this zone
(2.3.3.4).

In the Palencian basin the asymmetricus Zone to Palmatolepis triangularis Zone are re-
presented within the sediments of the Cardafio Member. The presence of deposits formed during
the latter zone is concluded from information in Lobato Astorga (1977) who mentions a sample
containing a fauna with Anc. curvata, Pa. gigas, Pa. minuta and Pa. delicatula, amongst
others.

The oldest fauna from the Vidrieros Formation may be the one found E of Santibahez de
Resoba (Cardafio area, sample Ca3): besidesS Icriodus it contains Palmatolepis glabra pectinata
which is known from Upper crepida Zone through Upper marginifera Zone (Ziegler, 1977).

Conodont zones of late Famennian and Tournaisian

Many different subdivisions have been made for this interval: of the late Famennian by Ziegler
(1962) and of the Tournaisian by Bischoff (1957), Voges (1959) and Meischner (1970) but re-
cently the subdivision of the Tournaisian was replaced by one proposed by Sandberg et al.
(1978) and Lane et al. (1980), based on the genera Siphonodella and Gnathodus, which is
followed here. By the means quoted above it is possible to make a very fine subdivision of
the total elapsed time, however due to limitations of the sequences and faunas such a de-
tailed subdivision is not possible in Cantabria. Palmatolepis (important for the Famennian
deposits) occurs nearly only in the Palencian basin, Siphonodella is rather rare and most
specimens are broken, many faunas contain only species with a very long range and many small
hiatuses interrupt the condensed sequences of this time. Higgins (1974) and Higgins & Wagner-
Gentis (1982) proposed a subdivision into costatus Zone, Protognathodus fauna, Siphonodella
cooperi~Polygnathus communis Zone and anchoralis Zone. The revision of the genus Gnathodus
(Lane et al., 1980) induces a change in this division. I will propose an adapted division,
based on samples from the Asturo-Leonesian basin and the Asturian geanticline (Figs. 28 and
29).

costatus Zone: The lower boundary of the costatus Zone (Ziegler, 1962) is defined with the

first occurrence of Bispathodus costatus. This Zone is easily recoanized in the whole Canta-
brian zone because the species after which it was named is very common. Species which do not
occur above this zone are among others "Spathognathodus" bohlenanus, "Sp." inornatus, "sp."

strigosus, Bispathodus ultimus, Bi. ziegleri and Polygnathus delicatulus.

Polygnathus fauna: Above the costatus Zone generally there 1s an interval with faunas very
poor in species, only the long ranging Polygnathus communis, P. inornatus and species of
Pseudopolygnathus and Bispathodus being numerous. Samples with this fauna are not very use-
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{Protognathodus kockeli)

{Pr. meischneri)
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Si. cooperi

Si. obsoleta
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Polygnathus purus
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Gnathodus cuneiformis

G. delicatus

G. semigleber
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G. punctatus
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Pseudopolygnathus marginatus
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Fig.

28,
deposits of the Asturo~-Leonesian basin and the Asturian geanticline.

Vertical distribution of conodont species in the upper Famennian to lower Viséan

Between brackets the

species which I did not find during the present investigation but which are mentioned in
literature.
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Fig. 29. Local conodont zonation proposed for the Canta- are known from Santiago de las
brian Mountains (modified after Higgins, 1971) compared Villas, Olleros de Alba (Higgins
with the standard zones proposed in Sandberg et al. (1978) & Wagner-Gentis, 1982), Triollo
and Lane et al. (1980). (van Adrichem Boogaert, 1967)
and Santibafiez de Resoba (M. van
den Boogaard, Leiden, pers. comm.).
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Above this interval there are faunas rich in species, containing many species of Gnathodus. In
the samples from the Ermita, the Vegamidn and the lower part of the Alba Formation three diffe-
rent associations of conodonts may occur. The oldest association contains a fauna still domi-
nated by P. communis and P. inornatus but accompanied by some species of Gnathodus and Sipho-
nodella. The middle association is dominated by a large number of different Gnathodus species
and further contains a large variety of Polygnathus, Siphonodella, Pseudopolygnathus and
Bispathodus. The youngest association contains few species of Gnathodus but is dominated by

Gn. pseudosemiglaber accompanied among others by Doliognathus latus and Scaliognathus
anchoralis.

cooperi-communis Zone: The older association belongs to the Siphonodella cooperi-Polygnathus
communis Zone of Higgins (1974). It is dominated by Polygnathus communis and P. inornatus

but characterized by few specimens of Gnathodus delicatus, Gn. cuneiformis, Gn. typicus, Si.
obsoleta and Si. cooperi. The name of the zone proposed by Higgins is unfortunate as si.
cooperi is a very rare species and P. communis is very common in all the faunas of Famennian
and Tournaisian in the Cantabrian Mountains. However, I consider the number of samples attri-
buted with certainty to this zone too low to justify the introduction of a new name. The upper
boundary is redefined herein at the first occurrence of 6n. pseudosemiglaber. Many of the
samples which Higgins placed in this zone most probably belong to the pseudosemiglaber Zone:
many specimens of Gnathodus identified by Higgins as semiglaber, cuneiformis and texanus
according to the description in Lane et al. (1980) belong to Gn. pseudosemiglaber. This is
the case with Higgins, 1962, pl. 3: fig. 30; 1971, pl. 5: fig. 12 and Higgins & Wagner-Gentis,
1982, pl. 34: figs. 4, 6 and 14. There is also a difference of opinion as to the identifica-
tion of other Gnathodus species. Therefore the samples with such doubtful identifications have
not been used for construction of the facies maps. The cooperi-communis Zone occurs in the
Ermita Formation at Pereda (Asturias) (Pello, 1972), Villafeliz and Pefla Ubifia (Caldas area)
(Frankenfeld, 1981), Aviados, Pola de Gorddn (?) (Higgins, 1971) and Cabornera (Bernesga

area) and Aguasalio and Santa Olaja de la Varga (Esla area). Further it is known from the
Vegamidn Formation at Santiago de las Villas (Bernesga area) (Higgins & Wagner-Gentis, 1982),
Caldas de Luna and Puerto de la Cubilla (Caldas area) (Frankenfeld, 1981), Mampodre (Isidro
area) (van Adrichem Boogaert, 1967) and Covadonga (Coastal Ranges) (Frankenfeld, 1981). Some
of the samples attributed to this zone may in fact be impoverished faunas of the pseudosemi-
glaber Zone,

pseudosemiglaber Zone: The middle association contains Gn. pseudosemiglaber which is mentioned
only from the upper anchoralis-latus Zone and younger faunas (Lane et al., 1980). The asso-
ciation in which it occurs, however, is clearly older as is demonstrated by the occurrence of
Siphonodella, Ps. marginatus, Ps. primus and P. purus, among others, while species like
Doliognathus latus and Scaliognathus anchoralis are lacking. Intermediate forms between Gn.
cuneliformis and Gn. pseudosemiglaber are known only from this association which may indicate
that the species 6n. pseudosemiglaber evolved within the Cantabrian area. In younger zones

it is extremely common, dominating many of the faunas. This middle association is considered
as intermediate between the cooperi-communis Zone and the anchoralis-latus Zone. A new local
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zone is proposed: the Gnathodus pseudosemiglaber Zone. The lower boundary is the first
occurrence of Gn. pseudosemiglaber, the upper boundary the first occurrence of Sc. anchoralis
or po. latus. The zone is characterized by rich and varied faunas dominated by various species
of the genus Gnathodus and containing species of Polygnathus, Siphonodella, Pseudopolygnathus
and Bispathodus. Restricted to this zone are Ps. marginatus, Siphonodella isosticha and Siph.
spec. A van Adrichem Boogaert, 1967. The zone is known from the Ermita Formation at Loredo
(del Rio & Menéndez Alvarez, 1978) and Entrago (Asturias), Geras, Mirantes de Luna and Nocedo
de Bernesga (Bernesga area), Remolina, Aguasalio, Robledo (Esla area) and Las Portillas
(Picos de Europa). It is also known from the Vegamiin Formation at Puerto de la Cubilla
(Caldas area) and Mampodre (Isidro area) and the lower part of the Alba Formation at Entrago
(Budinger & Kullmann, 1964; Pello, 1972), Loredo (del Rio & Menéndez Alvarez, 1978) and
Perlora (Asturias), Aviados (Bernesga area) and Aguasalio, Valdoré and Santa Olaja de la
Varga (Esla area).

anchoralis-latus Zone: I follow Lane et al. (1980) in replacing the anchoralis Zone by the
anchoralis-latus Zone. It is known from the lower part of the Alba Formation in the Asturo-
Leonesian basin and on the Asturian geanticline and also from the Vegamidn Formation at
Genicera (Bernesga area) and from the Ermita Formation at Las Portillas and south of Cain
(both Picos de Europa). With help of Ps. pinnatus and Pi.bischoffi the zone may be subdivided
into a lower part with abundant Ps. pinnatus, a middle part with both species and an upper
part with P. bischoffi (van der Ark, 1982).

It is always possible that smaller or larger hiatuses may be present between the parts of
sections assigned to different zones. In several sections sedimentation seems to have con-
tinued uninterrupted during late Famennian and Tournaisian, whereas in others discontinuities
are apparent within the Ermita and the Vegamidn or at the base of the Vegamidn and the Alba
Formation (e.g. Encl. 1l: Fig. 1l1).

4.4. CONODONT PALAEOECOLOGY

During the last decade conodont specialists have become increasingly aware of the influence
of the environment on the occurrence of conodont species (e.g. Barnes, 1976). Although the
scarce knowledge on the mode of living of the conodont animal hampers the drawing of con-
clusions, some major trends are generally recognized and the preference of genera and species
for certain environments has gradually become better known. Probably the discovery of the
conodont animal (Briggs et al., 1983) will stimulate further ecological studies. In this
section I shall combine data from the literature with data from the present study in order

to detect major changes in the environments and for a comparison of the Asturo-Leonesian and
Palencian basins.

The samples from the Santa LuclIa Formation in the Asturo-Leonesian basin (Huisman, 1981)
and of the Abadia Formation in the Palencian basin are dominated by Icriodus and simple cones
(Belodella, Coelocerodontus and Acodus s.l.), indicating deposition in very shallow water. In
both the Asturo-Leonesian and the Palencian basin comparable shallow water faunas, dominated
by Icriodus and Polygnathus, are present in the deposits formed during the varcus Zone. A
statistical test (Raven, 1980b) applied to the conodont samples from the Portilla Formation
in the Somiedo area (varcus Zone to Lower asymmetricus Zone) demonstrated the unequal distri-
bution of the conodonts over the different facies (Fig. 30). The largest number of concdonts
occurs in the fore-reef environment. In contrast simple cones (Belodella, Coelocerodontus)
occur mainly in the reef environment and relatively few in the fore-reef and back-reef facies
(Fig. 30). Latericriodus and Polygnathus species with a broad platform (here Latericriodus
latericrescens and Polygnathus linguiformis) are almost completely restricted to the fore-
reef environment with a preference for the agitated environment in which crinoidal grain-
stones were deposited. Icriodus and Polygnathus species with a narrow platform (the varcus
group sensu Klapper et al., 1970) occur in small numbers in the back-reef and reef environ-
ments and show a preference for the fore-reef packstones. This type of information may be
used for the comparison of environments deposited during a certain conodont zone. One must
be very careful, however, in applying this information to the comparison of environments of
different ages because the relative abundance of the conodont genera depends not only on the
environment but may also be influenced by the extinction of species.

Within each of the four described units of the Portilla. Formation (2.2) Icriodus makes
up about 50 % of the conodonts whereas the relative abundance of the other conodonts is
rather variable. Polygnathus specimens with a broad platform are extremely scarce in members
B and C since P. linguiformis was already nearly extinct and P. webbi evolved later. Polygnathus
species with a narrow platform become more abundant in the upper part of the formation,
mainly due to the newly evolved species P. dubius and P. decososus. Latericriodus latericrescens
is abundant in member B but not present in member C because in Cantabria the genus became ex-
tinct in the varcus Zone.
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Fig. 30. Relative histograms for the different conodont taxa with relation to the distin-
guished facies (Portilla Formation, Somiedo area; b =back-reef facies, c/d = reef facies,
e = fore-reef grainstones, f = fore-reef packstones and wackestones; based on 57 conodont-
bearing samples with 536 platform elements; after Raven, 1980b).

Conodonts are most abundant in the lower part of member A (unit Al) with a mean of 17 P-
elements per sample (average weight 2-3 kg) (Table 2). They are much scarcer in unit A2 and in
member C, with a mean of 2 to 5 P-elements per sample (Table 2). In member B the occurrence
of siliciclastics may have had a negative influence on the occurrence of conodonts. In unit A2
and in member C ¢onodonts are scarce despite the fact that the greater part of the samples were
taken from fore-reef deposits. Probably the presence of coral-stromatoporoid reefs also in-
fluenced the distribution of conodonts close to the reefs outside the reef belt proper.

During the hermanni-cristatus Zone faunas poor in species developed in the siliciclastic
and reef areas of the Asturo-Leonesian basin while in the Palencian basin many more species

Portilla Nocedo

unit Al unit A2 member B member C |member A |member B

n % n 3 n % n % n % n 2
Polygnathus (broad platform) 313 (17.5 | 61 | 18.2 1| 2.0 15| 2.8 546
Polygnathus (narrow platform) |395|22.0 | 75 |20.1 | 13| 25.5 |196 | 36.8 62.5 | 4560.0
Latgrzcrtodus 75 4.2 24 6.4 12 | 23.5 - - - - - -
Ieriodus 951 | 53.0 | 187 50.1 19 | 37.2 | 267 | 50.2 226 | 25.9 28| 37.3
simple cones 76 4.2 19 5.1 6| 11.8 50 9.3 1 0.1 2 2.6
Eognathodus 11} 0.1 - - - - - - - - - -
Ancyrodelia - - - - - - 1| 0.2 ] 9% | 11.0 - -
others - - - - - - 2 0.4 4| 0.5 - -
total 1793 [101.0 | 269 99.9 51 |100.0 [S32 { 99.7 |873 [100.0 75 | 99.9
number of samples 108 76 24 124 60 17
number of conodonts per sample 16.6 4.9 2.1 4.3 14.6 4.4
'conodont pearls’ 577 269 - 551 - -
number of taxa (minimum) 18 16 8 17 17 6

Table 2. Comparison between the faunas from the members of the Portilla Formation
and the Nocedo Formation; n = number of platform elements % = percentage of the
fauna for each genus.



316

occurred, among which Polygnathus species with a broad platform such as cristatus, ordinatus,
pennatus and limitaris (van Adrichem Boogaert, 1967) which are not known from the Asturo-
Leonesian basin. These conodonts indicate that the Palencian basin was slightly deeper than
the Asturo-Leonesian basin while being separated in some way from that basin.

Polygnathus and Icriodus were the main faunal components in the Asturo-Leonesian basin
during the asymmetricus Zone, with a small proportion of ancyrodella (Table 2). Most samples
were taken from the carbonate platform and lagoon deposits (facies a and b in van Loevezijn
& Raven, 1983; 2.3.2.1). The differences in depth and turbulence between these environments
were so small that more or less the same conodont faunas could develop, only the preservation
differs: large and transported conodonts are found in the crinoidal shoal deposits and smaller,
better preserved conodonts in the lagoonal deposits. The abundance of the conodonts (with a
mean of 15 P-elements per samples) is comparable to that of the fore-reef deposits of unit Al
from the Portilla Formation.

The faunas from the gigas 2one, Asturo-Leonesian basin, contain small numbers of species
and individuals as is typical for the reef deposits from which the samples were taken (a mean
of 4 P-elements per sample, Table 2).

In the Palencian basin the faunas became more abundant in numbers and species and even
new genera such as Palmatolepis and Mesotaxis occur, indicating a greater depth of deposition
(Mouravieff & Bouckaert, 1973) than in the Asturo-Leonesian basin. Due to the emergence of the
Asturo-Leonesian basin during the main part of the Famennian, conodont faunas are available
only from the uppermost Famennian deposits. In the Palencian basin sedimentation continued,
the faunas from that basin contain many Polygnathus and Palmatolepis species and low numbers
of Icriodus and "Spathognathodus", thus indicating deposition on the outer shelf to conti-
nental slope (compare Table 3).

A number of models of biofacies for the late Devonian have been proposed: one for the
styriacus Zone in the U.S.A. (Sandberg, 1976; Sandberg & Ziegler, 1979) and another one for
the Belgian Famennian (Dreesen & Thorez, 1980). The faunas from the costatus Zone in the
Asturo-Leonesian basin consist mainly of Polygnathus and Bispathodus. Such faunas do not
occur in the model of Sandberg but the composition of the fauna is close to those regarded
as typical for the continental shelf to continental rise and slope. In Dreesen & Thorez's
model, however, the comparable fauna is regarded as typical for a shallow subtidal environment
(between mean low water level and the wave-base). Sandberg developed his model on an area
where the facies zones and thus the ecological zones are broad while Dreesen & Thorez's model
is based on an area with a high siliciclastic influx and with very narrow facies and ecolo-
gical zones. In deposits from a shallow subtidal crinoidal shoal such as those in the Ermita
Formation, Dreesen & Thorez predict a polygnathid-icriodid fauna whereas the deposits of the
Ermita contain a polygnathid-bispathodid fauna. This may be explained by the relatively flat
sea-bottom in Cantabria during the late Famennian, on which the crinoidal shoals were de-
veloped, forming a shallow environment but far from a sediment-supplying hinterland. It can
be taken to indicate that the composition of conodont faunas depends not only on depth but
also on the distance from the coast and the supply of siliciclastics.

P. basin |A-L. basin

n 3 n %
Palmatolepis 75 | 18.2 - -
Bispathodus stabilis 68 {15.1] 36 | 3.9
Bispathodus (other species) 162 |39.4 | 216 |23.6
Pseudopo lygnathus i6 | 3.9} 62 | 6.8
Polygnathus communis 47 {11.4 ] 182 |19.9
Polygnathus (other species) 9] 2.2 335 [36.6
Ieriodus 1§ 0.2 - -
Pandorinellina - - 5| 0.5
Protognathodus 2| 0.5 - -
'Spathognathodus ' 31| 7.5} 77| 8.4
total 411 [ 98.4 {913 |99.7
number of samples 10 35
number of conodonts per sample] 41.1 26.1
number of taxa (minimum) 21 22

Table 3. Comparison between the faunas from the
costatus Zone in the Palencian basin and the
Asturo-Leonesian basin; n =number of platform
elements, % = percentage of the fauna. Ten
samples from the Vidrieros Formation (Palencian
basin) were counted (Ca6, vi2, vi4, vilo, vii3,
vil5, wvi17, vil8, vi2l1 and vi22) and 35
samples from the Ermita Formation (Asturo-Leo-
nesian basin) (E5, E8, El11, E13, El14, E19, E20,
E22, E25, E26, E30, E32, E33, E38, E39, E40,
N52, N58, N69, N79, OS1, 0s2, UuO, Ula, RIS,
RI10, PEla, PE1lb, PE2, SAL1, IIf221 and AG4).
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In the late Famennian (costatus Zone) deposits of both basins, "Spathognathodus" is common
and not indicative for a particular environment (Table 3). Polygnathus occurs in much higher
numbers in the Asturo-Leonesian basin and on the Asturian geanticline. Polygnathus communis
communis occurs in all the environments but is more numerous in the shallower parts, and
P. communis carina does not occur at all in the Palencian basin. Bispathodus is common in
all the areas but much more numerous in the Palencian basin. Palmatolepis occurs only in
the Palencian basin and in one sample from the southern extreme of the Asturo-Leonesian basin:
in the Alba syncline beyond the carbonate platform. Low numbers of Pandorinellina, Clyda-
gnathus, Pelekysgnathus and Icriodus occur in some samples. Generally these genera occur in
shalloOw water. Few specimens Or these genera occur also in samples with Palmatolepis, thus in-
dicating that there the species lived in the surface layer of the water (photic zone) with
Palmatolepis deeper below. It is also possible that some of these conodonts were transported
into deeper water than that in which they lived. On the Asturian geanticline the faunas con-
sist mainly of Polygnathus communis (about 50 %) and other polygnathids (30 %). In some of
these faunas (from La Uha, Cain) Pelekysgnathus, Clydagnathus, Pandorinellina cf. insita,
Pand. plumulus and Bispathodus aculeatus anteposicornis occur which are unique to this area
and a few sampled localities in the innermost zone of the Asturo-Leonesian basin (Villanueva
de la Tercia, Rodillazo, Valdoré) and the border of the Palencian basin (Fig. 16). These and
lithological data indicate that after the late Famennian transgression the Asturian geanti-
cline was still the shallowest area within the Cantabrian zone.

Faunas which may represent deepter-water conditions are known only from Santiago de las
Villas, Olleros de Alba (both southeastern part of the Alba syncline) (Higgins & Wagner-
Gentis, 1982), Triollo and Santibafiez de Resoba (both Cardafo area, Palencian basin) (van
Adrichem Boogaert, 1967; M. van den Boogaard, Leiden, pers. comm.). These have been described
by Higgins & Wagner-Gentis (1982) as Protognathodus fauna and are characterized by the
occurrence of Protognathodus species with Polygnathus, Bispathodus and Pseudopolygnathus.

It may be present in the uppermost part of the Vidrieros Formation or the Ermita Formation.

Many samples contain few species, comprising Polygnathus with a few Pseudopolygnathus
and Bispathodus, the conodonts showing signs of transport. All the species preserved in
this Polygnathus fauna (4.3) have a long vertical range. I suppose that it lived in very
shallow water, during the late Famennian and the Tournaisian.

In the cooperi-communis Zone the
variety of species increases with

co-co. Zo.|pseud. 2o. Gnathodus and Siphonodella species
o Y Py y occurring in the faunas (Table 4). There

genera lived in rather deep water, indi-
Siphonodella 4| 2.7 80 | 5.7 cating an increase in depth in the
Gnathodus 16 [11.0 | 615 | 43.9 Asturo-Leonesian basin and on the eastern
Bispathodus 14 | 9.6 47 | 3.3 side of the Asturian geanticline, where
Pseudopolygnathus 10 | 6.8 68 | 4.8 these faunas have been found.
Polygnathus communis and purus | 76 |52.0 | 424 | 30.3 The slightly younger pseudosemi-
Polygnathus 24 | 16.4 166 | 11.8 glaber Zone is represented by varied
Protognathodus 2| 1.4 1| 0.1 faunas containing not only many species

but also large numbers of individuals of
total 146 |98.9 1401 |99.9 each speciesgand large conodonts too
number of samples 4 9 (Table 4). Many of these conodonts are
number of conodonts per sample 36.5 155.7 species with broad platforms. The genus
number of taxa (minumum) 16 23 Gnathodus 1in particular is very abundant

but Polygnathus, Pseudopolygnathus,

Siphonodella and Bispathodus are also
Table 4. Comparison between the faunas from the important parts of the fauna. This fauna
cooperi-communis Zone and the pseudosemiglaber lived in deeper water than those from
Zone; n =number of platform elements, % =per- the previous zones, presumably below
centage of the fauna. Four samples from Ermita wave-base. It is found in the Ermita,
and Vegamidn were counted for the left-hand the Vegami&n and the Alba Formation.
column (AGS, SOo, I11£f223 and 64MA3), 9 samples The anchoralis-latus Zone is re-
from Ermita and Vegamidn were counted for the presented by equally abundant faunas
right-hand column (AG2, LPA4a, MIR6, NOCl, NO-C, containing Gnathodus, Pseudopolygnathus,
PCl, REM2, V9, SJ/H6) . Polygnathus, Bispathodus, Scaliognathus,

Doliognathus and others. All these faunas

are considered to have lived in rather
deep water, at least below wave-base. Scaliognathus and Doliognathus are regarded to have
lived farther seaward than Gnathodus and Pseudopolygnathus but their occurrence also extended
landward onto the carbonate platform (Lane et al., 1980). Only in the southernmost part of
the Asturo-Leonesian basin do these genera make up a distinct part of the fauna (Fig. 18),
thus indicating that there the greatest depth was reached of the further very shallow
Cantabrian zone.

Adaptive radiation occurred within certain genera during the late Famennian (costatus
Zone; in the genus Bispathodus) and the late Tournaisian to early Visé&an (cooperi-communis
Zone tO anchoralis-latus Zone: in the genera Gnathodus, Doliognathus, Scaliognathus), not
only in Cantabria but on a global scale. These intervals coincide with the major trans-
gressions in Cantabria, which were probably caused by eustatic sea level rises. Flhraeus
(1976) concluded that adaptive radiation of conodontophorids occurred during the increase
of shelf areas (transgressions) but the sequences in the area studied by me are too in-
complete to draw definite conclusions.
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Since conodonts have a high specific gravity (apatite: S.G. 3.1 - 3.2) they behave as heavy
minerals during transportation. In addition their various shapes may lead to hydrodynamic
sorting. The thicker and larger elements tend to withstand transportation and often are con-
centrated in lag deposits. The thinner and smaller blades and bars are transported more easi-
ly and may get lost by breaking. Therefore in high-energy shallow-water environments such as
the Asturo-Leonesian basin usually the thick and large elements prevail while the thinner
and smaller elements form a minority although there are more of the latter in conodont appa-
ratuses. In a low-energy environment such as the Palencian basin both types of elements are
found together, both being rather well preserved.

Heavy minerals are very scarce in the well-sorted sands of the Nocedo Formation and con-
sequently it is unlikely that many conodonts occur in these sands. In some of the limestones
heavy minerals are abundant and then it is often found that conodonts also occur in large
guantities, for example near the top of the Ermita Formation. One would expect that in such
a case many of the conodonts would be reworked but although the conodonts may have been trans-
ported generally there are no indications that vertical mixing occurred. However, in the
abundant faunas from the pseudosemiglaber Zone we find species whose known vertical ranges
do not overlap. The composition of the faunas from the pseudosemiglaber Zone is very constant
in the entire Asturo-Leonesian basin and on the geanticline so that it seems most probable
that these species lived together. Hence the vertical distribution of several species, which
has admittedly been poorly defined up to now, must be extended (Fig. 28). This conclusion is
further supported by the occurrence of some of the species even in the faunas from the
anchoralis-latus Zone. A factor of uncertainty in these samples is caused by the nature of
the rocks: the deposits of the pseudosemiglaber Zone and anchoralis-latus Zone form con-
densed sequences so that in samples taken at the boundary of the zones faunas may be mixed
but such samples are very rare.

In many conodont samples from limestones of the Portilla and the Nocedo small apatite
spheres (with a mean diameter of about 0.3 mm) occur. Such spheres have been attributed to
several groups of organisms; Leuteritz et al. (1972), however, regard them as inorganic preci-
pitates. Glenister et al. (1976) consider them to be conodont pearls. The spheres are not known
from conodont samples of the Santa Lucfa Formation, the Fueyo, Ermita, Vegamidn, Alba or any
of the deposits in the Palencian basin. Thus the spheres appear to be restricted to certain
shallow water environments. In molluscs pearls form when mantle epithelium comes into the
connective tissue of the mantle, which may be caused by alien particles such as sand grains
or by parasites. The first is more probable to occur in shallow, turbulent water. In the
Portilla Formation the spheres occur in all the units except member B (Table 2), indicating
that prevailing siliciclastic sedimentation does not favour the formation of the spheres. In
members A and C the spheres are common in the back-reef (b) and reef (c), as well as in the
fore-reef facies (e/f). Only in the biohermal deposits (facies d) the spheres occur less
frequently, as do conodonts, probably because both were winnowed from the boundstones. The
spheres occur in grainstones, wackestones and boundstones but most frequently in packstones.
The number of spheres per sample is very variable: in most of the samples only few spheres
occur (0 to 10) but in some the spheres are very abundant (50 to 350). In the samples with
the largest numbers of spheres, conodonts often are scarce or absent. This may be due to
mechanical sorting or may indicate that the spheres were not formed by the conodont animal.
The colour of the spheres is variable: even within one sample, milk white, pale yellow, light
brown, dark brown and reddish spheres may occur although the conodonts in the sample have
only one colour. In some samples the spheres are so translucent that the nucleus is visible
from the outside. It is formed by silt-size sediment particles which occur also separately
in the heavy fraction of the dissolved limestone samples.

5. SYNTHESIS

5.1. THE CAUSE OF THE CYCLICITY IN THE DEVONIAN DEPOSITS OF THE ASTURO-LEONESIAN BASIN

From the description of the Devonian deposits it is apparent that large sedimentary cycles
are present in the Devonian of the Asturo-Leonesian basin. Such cycles were recorded from
the Santa Lucla Formation, the Portilla Formation (Reijers, 1980) and the Nocedo Formation
(Raven, 1980a; van Loevezijn & Raven, 1983). Reijers (1980) has recognized a regressive
sequence followed by a transgressive sequence in both the Santa Lucfa and the Portilla For-
mations. Because my correlations based on biostratigraphical data differ essentially from
those accepted by Reijers the vertical sequences have had to be re-interpreted. Within the
Portilla and the Nocedo the major cycles of sedimentation are made up of regressive se-
quences of shale, sandstone and limestone which formed due to progradation of the coast.
Comparable sequences are present in the older Santa Lucia Formation. Each cycle has its own
characteristics and within each cycle lateral variations occur. Nevertheless they are all
of more or less the same magnitude, comprising three to four conodont subzones (Fig. 27).
This indicates that the alternation of biostromal limestones and siliciclastics was a pro-
cess which occurred repeatedly. Frankenfeld (1981), however, explains the disappearance of
the Portilla reefs with unique circumstances: the reefs disappeared due to an extension of
the "Asturisches Sandfeld” and could not re-appear due to increased water depth. This in-
creased water depth would be due to a major Frasnian transgression. Evidence for the major
Frasnian transgression was obtained from erroneous correlations (Frankenfeld, 1981, corre-
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lates amongst others the Crémenes Limestone with the Portilla Formation). Further, although
a depth of many tens of meters would be required to obstruct coral growth there are no indi-
cations for depths of more than a few tens of meters at most. Moreover, the re-appearance of
biostromal limestones in members A and B of the Nocedo Formation (Frasnian) proves that the
environment had not changed as much as Frankenfeld supposed. The reefs of the upper part of
the Portilla Formation disappeared due to the supply of siliciclastics, just as had happened
with the reefs in member A of the Portilla. It is important to know what caused the cycli-
city.

In case of continuous uplifting of the Asturian geanticline a eustatic sea-level rise
would result in a reduction of the source area, erosion would decrease and limestone depo-
sition would prevail. After termination of the sea-level rise gradually more of the source
area would emerge, erosion would increase again and lead to renewed siliciclastic supply
and progradation of the coast. In such eustatically controlled cycles the limestone would be
formed after a transgression and thus the major boundary between the cycles would be that
between the sandstone and the limestone. In the Portilla and the Nocedo, however, this boun-
dary never is a break in the sedimentation: the boundary is between the limestone and the
shale.

Intermittent uplifting of the Asturian geanticline, however, may explain the origin of
the cycles. After each major uplift shales were deposited in the subsided marginal areas,
sands in the intermediate zones while erosion would prevail in the uplifted central area
(Fig. 31). When erosion decreased a carbonate platform could form on the shallow sandy shelf.

ASTURO-LEONESIAN BASIN ASTURIAN GEANTICLINE -

INTRA-ASTURO-LEONESIAN LEON LINE

FACIES LINE == ﬁ

uplift and erosion

/ subsidence and
sedimentation

J

Fig. 31. Epeirogenetic movements caused the cyclicity in the Portilla and the Nocedo: up-
lifting of the Asturian geanticline resulted in erosion and the deposition of a coarsening
upward sequence in the Asturo-Leonesian basin.

A new uplift would start a new cycle. Since the Asturo-Leonesian basin was a narrow inner
shelf bordering the Asturian geanticline these cycles formed simultaneously in the entire
basin. Local structures such as the Intra-Asturo-Leonesian facies line, the Pardomino high
and others only slightly affected the cycles. Slight epeirogenetic movements could have
brought about local repetitions within the sequences, e.g. member A of the Portilla Forma-
tion in the parautochthonous of Valdoré (Esla area; Encl. 1l: Fig. 3). The result of this
process is deep erosion on the geanticline and rather complete sequences in the marginal
seas.

Although sea-level changes did not determine the cyclicity itself, the height of the
sea level controlled sedimentation: during a high sea-level stand a larger part of the
Asturian geanticline would be flooded so that erosion would be weaker and carbonates would
be deposited, while a low sea level would lead to deposition of predominant siliciclastics.
Such changes may explain the predominant carbonate deposition during the late Givetian and
early Frasnian (Portilla Formation) and the prevailing siliciclastics in the Frasnian
(Nocedo Formation). This is evidenced by the well-dated base of the Portilla Formation: in
the Middle varcus Subzone, when sea level was at a high stand, reef growth occurred in
shallow, tropical seas all over the world (Klapper & Johnson, 1980).

5.2, SOME IMPLICATIONS FOR THE STRUCTURAL GEOLOGY

5.2.1. The influence of faults on sedimentation

In the Bernesga area the Sabero-Gorddn line actually coincides with the Intra-Asturo-Leo-
nesian facies line but farther west they deviate from each other. Near Aviados the facies
line and the Sabero-GordSn line pass through the narrow anticline north of the Alba syncline,
just as elsewhere in the Bernesga area. East of the Bernesga area the facies line separates
the Esla nappe from the parautochthonous of Valdoré& and the Valsurvio area from the Ven-
tanilla area (Fig. 1). Towards the west the Sabero-Gorddn line appears to merge into the
Villablino fault which may be traced far into the West Asturian-Leonese zone (Julivert, 1981:
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fig. 2) as does the Ledn line (Savage, 1979). The facies line, however, follows the Asturian
arc. From the Abelgas syncline (van den Bosch, 1969) onwards it may be traced through the
middle of the Palomas syncline (Somiedo area), passing west of the Saliencia syncline,
through the middle of the Villazbn syncline towards the northeast where it is cut by the
Cardano line. In the Cand&s area the facies line passes through the syncline in between of
Luanco and Pifieres, herein called Luanco syncline (Fig. 1). Thus in the west the facies line
passes through synclines but where it coincides with the Sabero-Gordén line it passes through
a narrow anticline. The course of the line was deduced from differences in thickness and
facies of the Devonian deposits on each side of it. Particularly for the siliciclastic Upper
Devonian there is a substantial difference in thickness: e.g. in the Villazdn syncline the
thickness is 800 m at Salas in the western limb (Pello, 1972) and only.250 m at Cornellana
in the eastern limb (Pello, 1968); in the Luanco syncline member A of the Nocedo Formation
measures 242 m at the northwestern limb at Luanco and only 76 m in the southeastern limb at
Pineres (Radig, 1961). Large differences in thickness occur also in the Candds Formation,
e.g. west of the facies line 665 m thick at Luanco (Garcia L&pez, 1976) and east of it less
than 300 m. Julivert et al. (1973) mention 500-600 m thick deposits of shales and limestones
with a scarce fauna in the extreme west and 200 m thick reefal limestones in the east of the
area southwest of Avilé&s (compare P1l. 1: Fig. 6 with Pl. 1: Figs. 1-4 and Pl. 2: Fig. 7).

The Intra-Asturo-Leonesian facies line already influenced the deposition of the late
Silurian-early Devonian San Pedro Formation (Krans, 1982) and maintained its influence
during Devonian and Carboniferous: e.g. during the Namurian a carbonate platform was present
north of the line and south of it entomozoan shales were deposited in a deeper water envi-
ronment (Heward & Reading, 1980). Also during the Devonian the facies line separated the
inner area from the outer area forming a step in the shelf along which reefs were present
when carbonate deposition prevailed (e.g. Portilla Formation, 2.2, Reijers, 1980) and coastal
barriers when siliciclastic deposition was superior (e.g. San Pedro Formation, Krans, 1982;
Nocedo Formation, 2.3; van Loevezijn & Raven, 1983: fig. 6). The combination of a high rate
of subsidence and rapid sedimentation in the outer area resulted in the formation of clastic
wedges just south of the facies line. These might be shallow-water siliciclastics as in
member A of the Nocedo Formation at Luanco and Huergas de Gordén (2.3.2, Fig. 10) or finer
grained deeper water siliciclastics as in the Fueyo Formation in the Bernesga area (2.4.2,
Fig. 15). North of the facies line thinner deposits were formed in shallower environments,
e.g. lagoonal deposits in member A of the Nocedo Formation (van Loevezijn & Raven, 1983: fig.
6b) . The differences in thickness may be very large, also in sections which were very close.
Only an active normal fault separating the two blocks may explain all these features, just
as Krans (1982) described for the late Silurian and early Devonian and as Rupke (1965) and
Al-Mehaidi (1972) described for the late Devonian in the Esla area. Subsidence and uplifting
might vary along the fault as is demonstrated by the presence of fan-deltas with conglo-
merates along the fault escarpment in the Bernesga area while reefs were present in the Esla
area (late Frasnian, member B of the Nocedo Formation; van Loevezijn & Raven, 1983: fig. 6e).
If the facies line was formed by a normal fault the actual curvation of the facies line in
Asturias must be of secondary origin. Indeed Ries et al. (1980) found palaeomagnetic evidence
that a substantial part of the curvation of the Asturian arc is of secondary origin and ori-
ginated by folding during the Late Carboniferous.

Sedimentation during Devonian and Carboniferous was also influenced by other faults.
Particularly the distribution of Tournaisian deposits (Figs. 22-24) indicates that faults
separated the Bernesga area from the Esla and Somiedo areas and subdivided the Bernesga area
in a northern and a southern block. In the southern block the thickness of the Tournaisian
increases rapidly away from the fault. In the northern block thick deposits of a deeper
facies are present in the northeast, thin deposits of a shallow facies in the south, and
deposits are lacking in the southwestern part of the block, thus indicating a tilting of
the block towards the northeast (Figs. 22-24).

Parallel to the east-west striking part of the Intra-Asturo-Leonesian facies line
wrench faulting occurred during the Stephanian. A sinistral displacement along the Sabero-
Gorddén line was proposed by Al-Mehaidi (1972) and Bastida et al. (1976). The latter authors
estimated the displacement at 15 to 20 km. Also along the Ledn line a wrench fault developed.
Probably these features are all due to the same fundamental structure in the basement.

5.2.2. The Esla nappe and the horizontal displacement along the Sabero-Gordon line

The Esla nappe was first recognized by de Sitter (1959) and later studied in more detail by
Rupke (1965), Bastida et al. (1976), Raven (1980a) and Arboleya (1981). These authors agree
that the Esla nappe was originally south of the Sabero-Gorddn line and later shifted towards
the NNE. This is confirmed by a comparison of the Upper Devonian in the Esla and Bernesga
areas. In the Bernesga area the maximal subsidence was reached in the area south of the
facies line which was parallel to but south of the Sabero-Gordén line (see above and 1.4).
Isopachs and isogrades of sand-shale ratio run approximately parallel to the facies line.
Towards the north the strata become thinner or disappear, partly due to stronger erosion
during the late Devonian. North of the facies line the Ermita Formation is 5 to 20 m thick
and south of it at least some tens of meters. Member B of the Nocedo Formation and the Fueyo
Formation do not occur north of the facies line. Although the sediment supply from the
Pardomino high slightly altered the pattern of isopachs and isogrades I imagine that the
same configuration as sketched above for the area west of the Porma fault was present in



321

the Esla area too. That would imply that the facies line, and thus also the Esla nappe, were
originally south of the Sabero-Gordén line. Since the facies line was formed by an active
fault (see above) it is most probable that in the Esla area the line was at more or less the
same distance from the Sabero-Gorddn line as in the Bernesga area.

When the different units of the nappe (Aguasalio syncline, Felechas syncline and Pefia
Corada unit) are shifted towards the south the relative position of these units still is not
in accordance with the various facies in each of the units. In particular the isopach map for
member A of the Nocedo Formation (Fig. 9) indicates that additional palinspastic correction
is necessary. Bastida et al. (1976) offered an acceptable solution: that, after the north-
ward overthrusting displacement of the Esla nappe, a horizontal displacement along the Sabero-
Gorddn line shifted the Pefla Corada unit towards the east. They gave some arguments based on the
continuity of geological structures and estimated the displacement at 15 to 20 km. In this
reconstruction the Esla nappe is a broad (about 40 km) nappe with the Pefla Corada unit in
the west and the Aguasalio syncline in the east. The eastern part of it was displaced over
minimally 14 km (Arboleya, 1981) but for the western part (which actually is still south of
the Sabero-Gorddn line) the displacement may have been less. All the lithological data are
in accordance with such a reconstruction. When the Peha Corada unit was displaced towards
the east, of course also the other parts of the South Cantabrian block (Krans, 1982), the
Alba syncline and the southern limb of the Abelgas syncline, must have been displaced. Thus,
in a palinspastic reconstruction the southern limb of the Abelgas syncline is very close to
the Somiedo area (Figs. 4-6) which would explain the great similarity between the sections
of the Portilla Formation in both areas (Encl. 1: Fig. 5).

5.2.3. The valsurvio and Ventanilla areas

The Valsurvio dome and the San MartiIn thrust sheet (Ventanilla area) are situated east of the
Esla nappe (Fig. 1) which raises the gquestion whether these areas are in autochthonous or
allochthonous position. The deposits are not very different from those in the Esla area but
folding lead to the dome-shape of the Valsurvio area and metamorphism has given the sediments
a different appearance. For the palinspastic reconstruction the facies distribution in several
formations may be an important argument. In the Valsurvio area the Upper Devonian deposits
are very thick. Koopmans (1962) estimated the thickness at about 400 m. Witte (1980) measured
a section of 1010 m thick but that extraordinary thickness must be due to faults. It is not
possible to give a more precise estimate of the thickness because the sequence is disturbed
by faults and because it was not possible to distinguish the lithological units of the Upper
Devonian which were recognized in other areas. But certainly the thickness of these deposits
is considerable which may be taken to indicate that they were deposited south of the Intra-
Asturo-Leonesian facies line and thus probably south of the Sabero-Gordén line. In an ex-
posure of the Camporredondo Formation farther east (southeast of Ventanilla) the thickness
was estimated at 150 m (N. Schelling, Leiden, pers. comm.) and therefore also this locality
is supposed to have been situated south of the facies line. In the San Martin thrust sheet
between Ventanilla dn Rebanal de las Llantas erosion occurred before deposition of the Ermita
Formation, through which only locally a thin shale of the Nocedo Formation was preserved. Thus
the Ventanilla area closely resembles the parautochthonous of Valdoré (Esla area; 2.2.2). The
stratigraphical data indicate that the Ventanilla area (the San Martin thrust sheet) is in a
parautochthonous position and the Valsurvio area (the Valsurvio dome) in an allochthonous
position. Since arguments against or in favour of this theory may be obtained from the struc-
tures, detailed structural research is recommended.

5.3. GEOLOGICAL HISTORY

In the south and west the Asturo-Leonesian inner shelf was bounded by the Intra-Asturo-
Lecnesian facies line and passed into the deeper shelf of the West Asturian-Leonese zone.
At the other side the Asturo-Leonesian shelf generally passed into the Asturian geanticline.
The easternmost part of the shelf, however, passed into the outer shelf (and continental
slope?) of the Palencian basin which may have been connected to the Pyrenean trough (1.4).

In the Asturo-Leonesian basin during early Givetian time siliciclastic sedimentation
was predominant. Later during the Givetian and Frasnian, carbonate platforms occasionally
developed on the shallow inner shelf. The carbonate deposition was repeatedly interrupted
by phases of siliciclastic sedimentation when the Asturian geanticline emerged and was being
eroded. Longshore drift towards the west generally distributed the sand all along the facies
line, resulting in the formation of coastal barriers with protected lagoons north of it. Due
to the continued uplift during the late Frasnian the Asturian geanticline extended so far
that the inner zone of the Asturo-Leonesian basin was uplifted and peneplained; locally
along the facies line fan-deltas developed. Elsewhere on the shelf deposition was predomi-
nantly of clay. In the Palencian basin sediment supply was much lower: during the early
Givetian clay deposition prevailed but when carbonate deposition started in the Asturo-
Leonesian basin, in the Palencian basin limestones were deposited. During the early Famennian
the Asturian geanticline extended so far that the entire Asturo-Leonesian basin was emergent:
there nothing was laid down until the late Famennian. At the other hand, in the Palencian
basin the eroded siliciclastics were transported by turbidity currents and deposited, thus
interrupting the sedimentation of nodular limestones. There are no indications for a change
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of depth in that basin. Gradually the erosion on the geanticline and in the Asturo-Leonesian
basin decreased and again nodular limestones were deposited in the Palencian basin.

Due to an important transgression during the late Famennian once again the sea spread
over the peneplained areas of Asturo-Leonesian basin and Asturian geanticline. In the major
part of the’ area a thin deposit of sandstone and limestone was formed; in the deeper, more
rapidly subsiding area of the outer area of the Asturo-Leonesian basin thicker sandstones
and shales with storm beds were deposited. The coast prograded gradually and during the
early Tournaisian large areas probably emerged once again. Epeirogenetic movements created
a new relief with a low on the eastern side of the Asturian geanticline and in the northeast
of the Bernesga area and with stable higher areas: the Esla and Asturian platforms and a
narrow strip along the facies line in the Bernesga area. Thus the reversal of topography
started, which is a general characteristic for the Lower Carboniferous in the Variscides
(Brouwer, 1978). In the West Asturian-Leonese zone there was a first phase of deformation
during the same interval (Dvofak et al., 1977).

After a new transgression during the late Tournaisian coastal upwelling of cold
nutrient-rich water south of the Cantabrian zone caused a thermocline to be established, so
that water stagnated in the southeast of the Alba syncline as well as in the deeper parts of
the platform and the Palencian basin. In these basins black shales with phosphate nodules
and radiolarian cherts were deposited. There were probably many small isolated basins judg-
ing from the discontinuous nature of the outcrop of the Vegamidn and Ermita but exact de-
tails of their geometry and constitution can not be established. Due to epeirogenetic move-
ments deposition was interrupted repeatedly by erosion. Since the Asturo-Leonesian basin and
the Asturian geanticline still formed a shallow area surrounded by deeper seas, condensed
sequences were deposited. With the gradual rise of sea level most of the area came below
wave-base so that nodular limestones were deposited in the shallower, well-oxygenated areas.
Gradually circulation increased and one by one also in the deeper areas deposition of nodular
limestones commenced.

Sedimentation in the Cantabrian zone was greatly influenced by epeirogenetic movements
and synsedimentary faults. The Intra-Asturo-Leonesian facies line was formed by a synsedi-
mentary normal fault which during the Devonian and Carboniferous lead to differences in
thickness and facies between the areas at both sides of it but differences also occurred
laterally along the facies line. The Pardomino high with the Porma fault and the Somiedo
high with the Le&n line marked the boundaries between the three parts of the inner shelf of
which the Bernesga block was the most mobile part.

The nature of the sediments appear to have been profoundly influenced by the nature of
the circulation of the sea water along a coast as well as the depths of water maintained
during sedimentation. In the Asturo-Leonesian basin there was an important change from the
Givetian and Frasnian coral-stromatoporoid reefs, generally occurring at the eastern side
of continents (Schuhmacher, 1976), to upwelling of cold water during the Early Carboniferous,
generally occurring at the western side of continents (Schuhmacher, 1976), with an interme-
diate phase of emergence. The upwelling started during the Tournaisian, maybe after a first
phase of deformation in the West-Asturian-Leonese zoneand the beginning of the reversal of
topography. This may indicate that the start of the upwelling was related to these events
which may have been caused by tectonic plate interactions. The order in which the circulation
improved in the Vegami&n basins and the initial occurrence of black shales on the shallowest
part of the shelf in front of the carbonate platform (southeastern part of the Alba syncline)
indicate that the cold water entered the area via the West Asturian-Leonese zone,
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