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Introduction

The aim of this excursion is to show the
Devonian and Carboniferous reefal develop-
ment in the Cantabrian Mountains. For this
purpose, several selected localities, mostly in
recfal facies, will be visited.
In spite of the abundance of coral and
stromatoporoid faunas in the Devonian of the
Cantabrian Zone, these faunas have been stu-
died in detail only recently.
The oldest publications about Devonian
corals and stromatoporoids in the Cantabrian
Mountains (VERNEUIL & ARCHIAC, 1845:
PrADO & VERNEUIL, 1850:; PrADO, 1855;
GRrosch, 1912a; ALMELA & REVILLA, 1850)
include no descriptions or figurations. The
first papers containing some descriptions of
the taxa were written by MALLADA, 1875;
Barrols, 1882 and BARGATZKY, 1883.
Since the second half of the XX Century
a great number of papers, including some
descriptions and figures of the taxa, has been
published. Among others, ALTEVOGT, 1963,
1965, 1967; KULLMANN, 1965, 1967, 1968,
1975; SLEUMER, 1969; OEKENTORP, 1975;
Soto, 1977, 1978, 1982b, 1983; BIRENHEIDE
& Soto, 1977, 1981, 1992; MENDEZ-BEDIA,
1984; FERNANDEZ-MARTINEZ, 1994. Most of
these works deal with rugose corals and in a
lesser number with tabulate corals and stro-
matoporoids. Currently, a work team on
Devonian reefal organisms (E. Ferndndez-
Martinez; 1. Méndez-Bedia and F. Soto) is
carrying out a detailed and continuous study
of these fossils.

From a sedimentological point of view,
the Devonian formations showing an impor-
tant reefal development have been studied by

several authors (MouaNTI, 1972; REIERS,
1972, 1984, 1985; Coo. 1974; MENDEZ-BE-
DIA. 1976; FrRY & BERESKIN, 1977; REUERS et
al., 1984; FRANKENFELD, 1981; RAVEN, 1983;
among others). Presently research on forma-
tion, composition and evolution of cantabrian
devonian reefs is being carried out by the
work team mentioned above in collaboration
with two sedimentologists from Oviedo
University (L. P. Fernindez-Gonzdlez and
J. C. Garcia-Ramos). The goal of this rese-
arch is to widen and to complete the know-
ledge of the reefal development in the Can-
tabrian Zone.

Carboniferous corals from Cantabrian
Mountains were first studied during the XIX
Century by Barrois, 1882. During the first
half of the XX Century almost no studies we-
re done on calcarcous facies with corals.
Only the work of Grosch, 1912b on speci-
mens collected by the climber O. Schulze in
the Picos de Europa deals with rugose corals.
Modern research on Carboniferous corals in
the Cantabrian Mountains begin with works
of GrooT, 1963, 1971 and KULLMANN, 1966,
1968. Studies on Carboniferous corals were
impeled in recent years after the monograp-
hies of BoLL, 1985 and RopriGuez, 1984.
Recent studies (Ropricuez, 1985: KuLl-
MANN & RODRIGUEZ, 1986, 1994: RODRIGUEZ
et. al, 1986: RopRiGUEZ & MORENO-EIRIS,
1987; RopRIGUEZ & RAMIREZ, 1987, among
others) give a general view but much work is
still to done for a comprehensive knowledge
of the Carboniferous coral assemblages from
the Cantabrian Mountains.

VIl Int. Svmp. Fossil Cnidaria and Porifera
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General notes

During this field trip a general scope of
the Devonian and Carboniferous rocks con-
taining reefal fauna will be given.

Firstly, some different Devonian bio-
constructions, upper Emsian, Givetian and
Frasnian in age, are described in this guide.

On the basis of the faunal content and
some sedimentological observations of these
reefal levels, different paleoecological inter-
pretations are made on the most favourable
environmental conditions for their develop-
ment.

Some representative locations of diffe-
rent reefal formations on the southern slope
of the Cantabrian Mountains will be visited
in the three first days. They are Colle (La Vid
Group); El Millar, El Puerto creek and
Aviados (Santa Lucia Formation); Beberino
and Matallana (Portilla Formation). The 4
and 5™ days will be spent on the northern slo-
pe of the Cantabrian Zone where five locali-
ties will be visited: Plataforma de Arnao
(Aguion Formation); Arnao locality and
Moniello inlet (Monicllo Formation); Perdn
(Candds Formation) and Carranques beach
(Perdn and Piferes Formations) (Fig. 1 A-D).

The last days will be devoted to visit so-
me carboniferous outcrops ranging from
Namurian to Upper Moscovian in age. For
this purpose, some localities in Ponga,
Lic¢bana and Picos de Europa arcas will be
described (Fig. 13).

Permission to visil some places on pri-
vate land has been obtained for the purpose
of this excursion. Anyone making subse-
quent visits to any of the localities described
here should ensure that they have the neces-
sary permission where appropiate.

Every care must be taken to observe the
geological code-ol-practice. Some risk is al-
ways involved in geological localities parti-
cularly in steep cliff sections. It is responsa-
bility of the participating delegates to be
suitably insured. Neither the leaders of this
excursion nor the symposium organizers can
accept any responsability whatever for inju-
ries substained during the excursion.

Most of the localities to be visited are
considered to be excellent examples destined
to show our regional geology. Please, we ad-
vice you to use the hammer as little as possi-
ble. Usually, there is a lot of loose material
which can be collected.
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The Cantabrian zone

GEOLOGICAL AND STRATIGRAPHICAL SETTING
Introduction

The Paleozoic rocks of the Iberian
Peninsula represent the westernmost part of
the European Hercynian belt (Fig. 2). The
Iberian Hercynian segment crops out extensi-
vely in the western part of the Peninsula
forming the so called Iberian Massif. In this
massif, several zones with characteristic stra-
tigraphical, structural and paleogeographical

Fig. 2.-Sketch map of Europe showing the Hercynian
Orogen and major outcrops of Paleozoic ‘sedi-
ments (vertical lines) and Hercynian igneous
and metamorphic rocks (stippled). A: Ardennes,
AM: Armorican massif, B: Bohemia, C: Can-
tabrian Zone, EA: Eastern Alpine Zone, G-C:
Galicia-Castille Zone, H: Harz, M: Moravia,
MC: Massif Central, MN: Montagne Noire, P:
Pyrenees, RS: Rhenish Schiefergebirge, S:
Schwarzwald, SW: South-west England, and V:
Vosges (after BURCHETTE, 1981).

features were noticed by Lotze, 1945 and
JULIVERT et al., 1972 (Fig. 3). The main aim of
the present field trip is to show the Devonian
and Carboniferous reefal development in one
of these zones, the Cantabrian Zone.

This zone is the most external part of the
Hercynian belt in which the structures descri-
be an arc, the Asturian Arc, with its concavity
towards the east (Fig. 4).

Stratigraphical Setting

In the Cantabrian Zone the Paleozoic
sequence rests on a dominantly Precambrian
succession, cropping out in its western boun-
dary but not exposed within the Cantabrian
Zone itself.

Stratigraphically, the Palcozoic is charac-
terized by an incomplete, thin Cambrian-
Ordovician sedimentary sequence, a Siluro-
Devonian succession of variable thickness and
a well developed Carboniferous sequence.

According to its relationships with oro-
geny, the Paleozoic succession can be divided
into a pre-orogenic and a syn-orogenic se-
quence (Fig. 5).

The pre-orogenic sequence displays a
wedge shape, thinning out towards the east,
from where the sediments derived (Fig. 5). It
consists of an alternation of marine carbona-
te siliciclastic formations laid down in a sha-
llow water stable shelf environment. The age
of the pre-orogenic sequence range from
Cambrian to the end of the Devonian or the
Lower Carboniferous.

The syn-orogenic sequence comprises
several clastic wedges of Upper Carboni-
ferous age (Fig. 5). These wedges represent
the fillings of topographic depressions for-
med at the front of the thrust sheets. The se-
diments deposited in these foredeep throughs
were supplied from the growing mountain
chain that was being intensively eroded in
more internal zones.

Tectonical Setting
From a tectonic point of view, the Can-

tabrian Zone is featured by the presence of a
large number of thrusts and folds. The pat-

VI Int. Symp. Fossil Cnidaria and Porifera
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tern of the thrust systems, characteristic of a
thin-skinned tectonic, together with the ge-

% IBERIAN MASSIF

- CANTABRIAN

- WEST ASTURIAN LEOMNESE

- GALCIAN CASTILAN
LUSITANIAN ALCUDIAN

- OS5A-MORENA,

6 - SOUTH PORTUGUESE

Lh B Lo Ko

[ outcrops iN AlpNe RANGES
[TII] NrerNaL BETIC CORDILERA

Fig. 3.-Hercynian and alpine outcrop distribution in the
Iberian Peninsula and zone division of the
Iberian Massif (after DALLMEYER & MARTINEZ-
GaRrcia, 1990).

neral lack of metamorphism and plutonism
and the low level of strain indicate deforma-
tion under shallow crustal conditions.

The thrusts split from a generalized dé-
collement surface sited near the base of the
Paleozoic sequence, Geometrically there are
two major systems in the cross-section (Fig. 6
BB’). The first to develop, Lower Westfalian

Thi: CANTABRIAN MOUNTAINS - Field Trip A - Guide Book

in age, was in the weslernmost units (So-
miedo-Correcilla, Sobia-Bodén and Aramo
units). The second thrust system, Westfalian
to Stephanian in age, started its development
beneath this carlier system and caused a thic-
kening of the orogenic wedge and the pro-
gression of the deformation towards the fore-
land, producing successive thrusts (basal
thrusts of the Central Coal Basin and those of
the nappes in the Ponga Unit). The compari-
son between the cross-sections BB and AA’
(Fig. 6) shows the structural differences exis-
ting along various directions throughout the
Aslurian Arc.

Concerning the folds, there are two sets
of folds in the Cantabrian Zone. The longi-
tudinal or arched set, which runs parallel to
the thrust traces, and the transverse or radial
set which is transverse to the first one.
These scts probably correspond to frontal
and lateral structures of the thrusts, respecti-
vely,

Several faults, having very long traces
and alfecting several units can be observed in
the Cantabrian Zone. Among these, it is note-
worthy the Leon and Ventaniella faults (Fig.
4). The Leon fault has an E-W trend. with a
long history during variscan times and even
played during the Alpine deformation. This
gave way to a N-S shortening involving a re-
activation of variscan fractures and a deve-
lopment of new ones. The Ventaniclla fault,
which crosses the Cantabrian Zone in a NW-
SE direction, has been interpreted as a post-
variscan wrench [ault.

There are a large number of references
dealing with the geology of the Cantabrian
Zone. General synthesis on the structure can
be found in JULIVERT, 1981, 1983: JULIVERT et
al., 1977; JULIVERT & ARBOLEYA, 1986;
PEREZ-ESTAUN e al., 1988; PEREZ-ESTAUN &
Bastida, 1990. Summaries on biostratigraphy
can be found in TrRuvoLs et al, 1990
GARCIA-ALCALDE ef al., 1990; SANCHEZ DE
POSADA ef al., 1990; TrRuYOLS & GARCIA-
ALCALDE, 1981; TRUYOLS & SANCHEZ DE
PosADA, 1981. General synthesis on paleoge-
ography can be [ound in JuLIVERT, 1978 and
GARCIA-ALCALDE, 1995,

Fig. 4.-Structural sketch map UI:lh_t: Cantabrian Zone showing the distribution of Devonian outcrops with Asturian-
Leonese and Palentine facies and localities mentioned in the text (modified after JULIVERT, 1971). 1: El
Millar, 2: El Puerto creek, 3: Beberino, 4: Matallana, 5 Aviados, 6: Colle, 7: Plataforma de Arnao. 8: Arnao,

9: Moniello inlet, 10: Perdn, | I: Carranques
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T]IF. DEVONIAN OF THE CANTABRIAN ZONE
Introduction

During the Devonian time, Iberian was
situated in the northwestern boundary of
Gondwana and moved northward reaching
about 30°S in Givetian time. As in other parts
of the world, the Iberian Devonian developed
in a regressive context.

The original surface of the Devonian
sedimentary basin 1s difficult to estimate no-

Tre: CANTARRIAN MOuNTAINS - Field Trip A - Guide Book

whereas it is almost absent in the internal re-
gion (Fig. 7).

Stratigraphically, the Devonian of this zo-
ne has been divided into two different facies
domains: the Asturian-Leonese Domain and the
Palentine Domain (BROUWER, 1964) (Fig. 4).

The first zone is characterized by an al-
ternation of detrital and carbonate forma-
tions, principally with benthic fauna, deposi-
ted in a shallow marine platform. In some of
these carbonate successions important reefal
episodes were developed.

SOMIEDD  MAPPE SOBIA - ARAMD CENTRAL CDAL BASIN PONGA NAFPPE
K HAPPE
¥/ /z g
By, ARy
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Fig. 5.-Palinspastically restored section through the Cantabrian Zone. The horizontal datum is the boundary betwe-

en Devonian and Carboniferous (after MARCOS & PULGAR, 1982).

wadays without the aid of palinspastic re-
constructions. Towards the west, from the
Narcea Antiform, and towards the south al-
most all the Devonian outcrops have been
croded or are covered by the Mesozoic-
Tertiary of the Duero Basin. However, to-
wards the interior of the Asturian Arc the
distribution of Devonian rocks is better
known (Fig. 4).

From Late Ordovician to Late Devonian
an Asturian Uplift, called “Cantabrian Gean-
ticlinal” (ADRICHEM BOOGAERT, 1967), was
located towards the interior of the Asturian
Arc, which acted as the main source area of
scdiments. This paleogeographic setting cau-
sed variations in the Siluro-Devonian deposi-
tion. Thus, the most complete succession is
in the most external part of the Asturian Arc

VI Int. Symp. Fossil Cnidaria and Porifera

In contrast, the Devonian succession in
the Palentine Domain consists of nodular li-
mestones and shales alternation with necto-
nic and pelagic fauna indicating a quieter and
slightly deeper environment than in the pre-
vious domain. In the Palentine Domain, ree-
fal development is restricted to the occurren-
ce of rare local biostromal units.

Because of the different reefal develop-
ment in the Asturian-Leonese and Palentine
Domains, only some localities within the
first domain will be visited during the pre-
sent field-trip.

The historical process leading to the
knowledge of the stratigraphical succession
in the Devonian of the Asturian-Leonese
Domain was carried out by different authors
in a independent way. Among others, Barrois,
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1882 studied the Devonian on the northern
part of the Cantabrian Zone and COMTE,
1936, 1938, 1959 studied both sides. Because
of those studies the lithostratigraphic nomen-
clature used nowadays is different for the two
slopes of the Cantabrian Mountains. Please,
pay attention to the Fig. 8 where the equiva-
lent names for the two slopes, is shown.

Main Reefal Episodes

Five reefal episodes with different deve-
lopment took place during the Devonian in
the Asturian-Leonese Domain of the Canta-
brian Zone (Fig. 8).

First reefal episode. La Vid Group and

Raiieces Group

The earliest reef development in the
Cantabrian Zone occurs locally in the Lower
Devonian (upper Emsian), in the upper part
of the La Vid Group (La Vid complex sensu
CoMTE, 1936), on the southern slope of the
Cantabrian Zone and in the upper part of the
Raifieces Group (named Rafieces Complex by
Comte, 1959) on the northern side (Fig. 8).
In both groups the sedimentation took place
[rom subtidal to intertidal or supratidal con-
ditions and fossils are in general very abun-
dant. The age of these groups is Lochkovian-
upper Emsian.

La Vid Group is a 400-600 m thick, pre-
dominantly calcareous, series. Basicaly this
group consists of a lower part with dolosto-
nes, limestones and shales; a middle part es-
pecially shally and an upper part with red li-
mestones and marlstones.

Only a reefal deposit example, sited ne-
ar the village of Colle (Stop 6) has been des-
cribed in La Vid Group. This reefal episode
consists of biostromal levels, less than 1 m
thick, mainly built by fasciculate rugose co-

rals. According to Stel, 1975 the growth of

these biostromes was due to the temporal
oxigenation of anoxic waters by hurricanes
and storms.

Raneces Group includes four distinct
lithostratigraphic units: Nieva Fm. (limesto-
nes, dolostones and shales); Banugues Fm.
(chicfly dolostones); Ferrofies Fm. (argilla-
ceous and crinoidal limestones and shales)
and Aguiéon Fm. (red or pink coloured cri-
noidal limestones).

The only known reefal episode in the
Raneces Group is sited in the so called “Plata-

VI Int. Symp. Fossil Cnidaria and Porifera
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forma de Arnao” (Stop 7). It is a biostrome, 5
m thick, especially built by tabulate corals and
bryozoans. The most suitable environment for
the development of this patch reef has been
stated as a shallow water platform of modera-
te energy (ALVAREZ-NAva & ARrBIZU, 1986).

Second reefal episode. Santa Lucia

Formation and Moniello Formation

The second and even more important re-
efal episode took place during the upper
Emsian, coinciding with the deposition of the
Santa Lucfa Fm. (CoMmTE, 1936) on the sout-
hern slope and Moniello Fm. (Barrois,
1882) on the northern slope of the Canta-
brian Mountains (Fig. 8).

These formations are equivalent and
they consist of ca. 250 m grey limestones and
argillaccous limestones interbedded with
lhm shaly levels. Towards the outer part of
the Asturian Arc they are very fossiliferous
while towards the interior part ol this arc
they are mostly composed of birdseyes and
laminated limestones with the presence of
mud-craks.

Most of the Santa Lucia and Moniello
Fms. correspond to the Emsian. The Em-
sian/Eifelian boundary is marked by the
entry of leriodus retrodepressus and Ardus-

pirifer intermedius within the upper part of

these formations.

According to MENDEZ-BEDIA, 1976
(mainly for the Moniello Fm.) and Coo, 1974
(for the Santa Lucia Fm.) carbonate facies in
these formations are arranged in parallel stri-
pes describing the Asturian Arc with subtidal
facies towards the west and southwest and
shallower water, lagoonal and peritidal depo-
sits, towards the core of the Asturian Arc.
Intermediate facies, with subtidal and periti-
dal characteristics in the lower and middle
part of the formations respectively, are in bet-
ween (Figs. 9, 10). In addition, crinoidal bio-
clastics bars interpreted as open marine fa-
cies, have been recognized in the most
southern outcrops (Coo, 1974). It was within
this setting that the growth of the reef structu-
res present in these formations took place. As
would be expected on the basis of the above

mentioned facies ditribution, the greatest reef

development occurred in the outermost zone
of the Asturian Arc. In a lesser degree, there
are also reefal structures in the zone where
the intermediate facies exist. These structures
occur mainly in the lower-middle part of the
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formations, although there are some less im-
portant reefal deposits in the upper part.

The reef structures mostly consist of
biostromes of variable thickness. Some of
them are to be visited in El Millar locality
(Stop 1), El Puerto creek (Stop 2), Aviados
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Fig. 8.-Devonian lithostratigraphic units of the Canta-
brian Zone and main reefal episodes.

locality (Stop 5) and Monicllo inlet (Stop 9).
There are also bioherms such as those shown
in El Puerto creek (Stop 2), Aviados (Stop 5)
and Arnao (Stop 8) localities; the latter, one
of the best and bigger examples in the
Cantabrian Mountains, exhibits sedimentolo-
gical and paleoecological attributes common
to organic buildups.

The biostromal types developed in the
outermost lacies are generally indicative of
platform environments with moderate to
high turbulence. Different types of biostro-
mes have been recognized, among these only
two kinds will be shown. On one hand, a he-
mispherical stromatoporoids and favositids
biostrome will be visited in El Millar loca-
lity. On the other hand, a laminar and tabular
stromatoporoid and favositid biostrome asso-
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ciated with diverse fauna will be seen in El
Puerto creek.

However, other minor biostromes built
by fasciculate rugose corals, Mesophyllum
(Cystiphylloides) in El Millar locality and
Synaptophyllum in Moniello inlet could have
developed in less turbulent conditions co-
rresponding to deeper or more protected zo-
nes located behind some types of barrier,
such as bioherm and bioclastic bars.

The greatest number of bioherms are
found in these facies . which are built by stro-
matoporoids associated to tabulate and rugo-
se corals. In general, the features of these bio-
herms suggest that they were formed close Lo
the platform margin. Two examples will be
seen in Arnao locality and El Puerto creek.

In somewhat more interior zones with
characteristics typical of the intermediate fa-
cies, biostromes and small bioherms were de-
veloped at certain times. These zones are re-
presented in this guide by Aviados locality in
which a bioherm and a biostrome are to be vi-
sited. Both of them are mainly composed by
stromatoporoids and favositids. Additionally,
a transported bed with the same fauna com-
position is found in a very shallow, possibly
inter-supratidal environment.

Third reefal episode. Portilla Forma-

tion and Candds Formation

The third reefal episode took place du-
ring the Givetian reaching locally the
Frasnian; it occurs within the Candds Fm.
(BAarrois, 1882) on the northern side of the
Cantabrian Mountains and the Portilla Fm. on
the southern branch (Fig. 8). In this guide, the
Portilla Fm. sensu lato is considered as being
integrated by the Portilla Fm. sensu stricto
plus Valdoré Limestones (CoMTE, 1936,
1938, respectively) which was also conside-
red by different authors (MoOHANTI, 1972,
REDERS, 1972, Garcia-Alcalde er al., 1985).

The Portilla and Candds Formations,
made up ol limestones, argillaceous limesto-
nes, marls, shales and sandstones, are
Givetian in age though they may locally re-
ach the carliest Frasnian. The stratigraphy
and sedimentology of the Portilla Forma-
tion have been extensively studied by nu-
me-rous authors (MOHANTI, 1972; REIERS,
1972, 1984, 1985. REUERS er al., 1984;
FRANKENFELD, 1981 and RAVEN, 1983) while
in the case of the Candds Formation investi-
gations have only been carried out in three
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sections by Fry & BERESKIN, 1977, BE-
RESKIN. 1978, RAVEN, 1983, MENDEZ-BEDIA
et. al., 1994 and FERNANDEZ-MARTINEZ et.
al., 1994,
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1983) involve a reef-rimmed carbonate plat-
form that consists from north (proximal) to
south (distal) of (i) a lagoonal backreef facies
belt (peloidal, ostracodal, gastropodal and

TTIMESCZOIC AND TERTIARY

STEPHANIAN

|CENTRAL COAL BASIN
| FRECAMBRIAN

/’J_/\ﬂ
[ e 7

—— PERITIDAL FAZIES

——— INTERMECIATE FACIES

SUBLITTORAL FACIES

Fig. 9.-Outcrop map and facies distribution of the Moniello and Santa Lucia Formations.

In a general way the Portilla and Candds
Formations can be described as being compo-
sed of (a) a lower interval of detrital limesto-
nes transitionally overlain by (b) a first episo-
de of reef development. This reef-bearing unit
is unconformably overlain by (c) an interval
of detrital limestones, shales and sandstones,
the latter being more abundant in the Portilla
Formation. Finally the formations end with
(d) a second episode of reef development.

Subdivisions of the formations have be-
en guided by the above mentioned patterns
of lithological distribution and some authors
separate four members though others, consi-
dering the transitional relationships between
units (i) and (ii), make them to form the lo-
wer member and thus only distinguish three
members. From now on and when needed we
shall apply the division of both formations in
three members.

Sedimentary models for the Portilla
Formation (REuEgRrS, 1972, 1985; RAVEN,

brachiopodal limestones), (i) a reel tract
with biostromal and biohermal limestones
and (ii1) a forereef lacies belt (bioclastic and
oolitic calcarenites) distally grading to dee-
per-water marls and shales.

Preliminary results from the project
PB92-1008 “Devonian reefs in the Can-
tabrian Zone (Cantabrian Mountains, NW
Spain): formation patterns, composition and
evolution” on which we are working, are
consistent with the overall patterns of
Reijers’, 1972 facies distribution, though we
do not agree with the reef-rimmed platform
geometry proposed by Reijers, 1985 as evi-
dences point rather to a ramp model for the
Portilla-Candds carbonate platform.

Detailed facies analysis, mainly carried
out on superb exposures along coastal cliffs
together with sequential analysis are allo-
wing us to develop a detailed model of plat-
form evolution as well as of reef onset and
evolution. As a first approximation the suc-
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cession is formed by a number of basic se-
quences ranging in thickness from several
decimetres to several tens of metres. Each se-
quence has a sharp to rapidly transitional ba-
se and can be split into two subsequences, a

nersicons andg hikes
wilth brachopods

S| Birdeseye hmestanes

= . 5 ond
== Lominaled limescones limesicnes and

hiope:

Fig. 10.—Facies distribution in the Moniello Formation from west to east in the northern slope of the Cantabrian Zone.

lower transgressive one and an upper regres-
sive one. Commonly the transgressive subse-
quence is very thin or absent and thus the
whole sequence reflects a regressive trend.
Reefs, when occur, are capping the sequence
or forming the upper part of the regressive
subsequence (Fig. 11). Though at present
there are not enough data, we can temptati-
vely compare these sequences with parase-
quences or high frequency sequences (GoLD-
HAMMER ef al., 1987; WAGONER et al., 1990),
This does not imply to attribute this sequen-
tial arrangement to any external driven me-
chanism, be it eustatic or tectonic.

The ideal reef-bearing sequence is com-
posed, from base to top, by the following fa-
cies:

(1) It starts with an interval of rudstones
to floatstones formed by fragments of the un-
derlying reef set in a matrix of bioclastic li-
mestones.

VII Int. Symp. Fossil Cnidaria and Porifera
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(ii) Bioclastic (coral and stromatopo-
roid) grainstones to packstones that fine up-
wards. When bioclastic limestones are ab-
sent, matrix of the rudstone/floatstone facies
becomes muddy upwards.

SAN PEDRO

ey | Eeefal limesanes

&Y PR o Reehl oo

(iii) Slightly burrowed dark grey muds-
tones to muddy marls, typically containing
tentaculitids and fish fragments. This facies
is gradually overlain by the next one.

(iv) This facies is formed by centimetre-
thick beds of fine-grained ripple-laminated
sandstones alternating with dark grey muds-
tones to muddy marls. Intercalations of dis-
crete, up to 10, centimetres thick bioclastic
wackestone to packstone beds occur. Burrow-
ing is common and faunal content is repre-
sented by a more diverse biota than that of the
facies (iii) (bryozoans, brachiopods, bran-
ching tabulate or rugose corals and thin platy
tabulate corals) which appears as transported
fragments or as in situ individuals and colo-
nies generally growing on bioclastic beds and
sometimes giving way to thin (cms-dms) la-
terally restricted bioherms and biostromes.

(v) Onset of reef development is marked
by the occurrence of bafflestones (branching

N EEEEEEEEEEEEEEEEEEEEEEEEEEESAEEEAEEEEEEEEEEERE®E®1
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tabulate or rugose corals) or bindstones (thi'n
platy tabulate corals). Matrix in this phasc is
formed by bioclastic sandy marls to marly

S oo W

QUTER RAMP
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Facies (i) and (ii) are interpreted as a
trangressive lag and bar deposits respecti-
vely. Facies (ii1) to (iv) are thought to repre-
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Fig. 11.-Highly idealized model of the facies distribution in the reef-bearing intervals of the Candds-Portilla Formations,
Facies relationships are depicted both laterally and vertically along a transgressive-regressive cycle.

mudstones grading into bioclastic muddy or
marly fine-grained sandstones. This first fa-
cies of reef development is succeeded by a
second one consisting of facies (vi).

(vi) Bindstones (thick platy tabulate co-
rals and/or stromatoporoids). Packing of the
reef-forming organisms tends to be tighter
and matrix evolves to a marly bioclastic li-
mestone with a progressively lower terrige-
nous content.

(vii) This facies forms the third and last
phase of reef development and consists of
ramestones formed by irregular to massive
tabulate corals and/or stromatoporoids with a
variable participation of massive rugose co-
rals. This facies is characterized by a well-
washed bioclastic packstone to grainstone
matrix.

The top of the sequence is formed by a
sharp surface covered by the coral/stromato-
poroid rubble of facies (i) that forms the ba-
se ol the next sequence. Nevertheless, some-
times the top is formed by a thin interval of
in situ or transported branching tabulate or
rugose corals set in a matrix that becomes
progressively muddier towards the top [fa-
cies (v)]. This interval forms the transition to
the dark mudstones of facies (iii) that, in this
case, occurs in the base of the next sequence.

sent a gradual shifting rom outer shell to in-
ner shelf. This evolution to a higher-energy
shallower water environment is reflected by
the upward increase in sand content and the
apparition of bioclastic limestone beds with
ripple lamination in sandstone beds, possibly
representing storm? wave action. Facies (v)
is characterized by the colonization of sea
bed by reel-forming organisms and the gra-
dual diminution of sand content.

Both the textures of the boundstones
and the texture of the interstitial matrix re-
flect a progressive shallowing and an incre-
asing energy from the base to the top of the
reefs [facies (v) through (vii)]. The bran-
ching delicate morphology of the corals in
the bafflestones coupled with the high mud
content of the interstitial matrix reflects re-
latively low energy conditions. Higher up
organism morphologics become more robust
to withstand with the increasing energy
which is also reflected by the texture of the
interstitial matrix and the bounding mode of
the reef.

Finally, reef demise is provoked by an
abrupt deepening ol the environment, some-
times with an associated erosional event [fa-
cies (i) and (ii)]. The magnitude of this trans-
gressive event coupled with the position
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observed on the top of a given sequence can
account for the deviations from the ideal se-
quence above described.

This arrangement sharply contrasts
with the Raven’s, 1983 model of reef onset,
evolution and demise that invokes a stop of
clastic input leading to reef onset and a gra-
dual deepening as the driven mechanism for
reef drowning and demising as clastic (cla-
yey) input renewed. In Raven’s model,
though not clearly stated, one can guess that
reefs occur in the lower part of a transgres-
sive sequence.

Several reefal facies present in the
Candds and Portilla Formations will be seen
in Beberino locality (Stop 3), Matallana lo-
cality (Stop 4), Perdn locality (Stop 10) and
Carranques beach (Stop 11), in which the
above mentioned reef-sequence shows a dif-
ferent development.

Fourth reefal episode. Pifieres

Formation

The fourth reefal episode, Frasnian in
age, is of minor importance and it took place
in the lower part of the Pifieres Fm. (RADIG,
1962) (Fig. 8). This is a fairly siliciclastic se-
ries ca. 400 m thick which crops out in the
northern slope of the Cantabrian Zone. The
lower part of this unit consists of ferruginous
and calcareous sandstones and very fossilife-
rous argillaceous and sandy limestones and
marlstones, showing sporadically thin res-
tricted reefal growths (Carranques beach,
Stop 11).

This formation was deposited in sha-
llow to very shallow neritic conditions and
the age of its lower part is Frasnian.

Last reefal episode. Crémenes

Limestones

The last reefal episode in the Cantabrian
Zone is very local. It took place in the latest
Frasnian on the southern slope of this zone
and only in the so called Esla region
(Aguasalio area). It is developed in the up-
permost part of the siliciclastic Nocedo Fm.
coinciding with the deposition of a calcare-
ous unit, 15 m thick, named Crémencs

Limestones (Fig. 8). Due to the difficult of

access to this outcrop, it will not to be vi-
sited.

According to Loevezijn (1986a, b) it
consists of a thin biostromal unit, developed
in a general transgressive sequence at the
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platform edge with high energy water and
well oxigenated bottom conditions. The or-
ganism builders are laminar stromatoporoids
and alveolitids as well as branching corals.

Reefal extinction

With respect to the causes of the reef ex-
tinction in the Cantabrian Zone, they are not
clearly stated. According to LOEVEZUN
(1989), it could be related to some epeiroge-
netic block movements and an uplift of the
Asturian Geanticline that, from the Givetian
onwards, caused an increase in the terrestrial
input and a gradual decline of the shallow ma-
rine shell arca. On the contrary, FRANKENFELD
(1981) suggested a quick subsidence that
drowned the reefs.

THE CARBONIFEROUS OF THE CANTABRIAN
ZONE

Introduction

Carboniferous is the most extense sys-
tem in the Cantabrian Mountains and crops
out in all the structural units of this region
(Figs. 12, 13), covering more than 20,000
km*. Carboniferous sediments in the
Cantabrian Mountains range in age from
Tournaisian to Stephanian (Kasimovian).
Partial synthesis of the Carboniferous strati-
graphy in Cantabrian Mountains were given
by RODRIGUEZ et al., 1986; RODRIGUEZ-
FERNANDEZ & HEREDIA, 1987; SANCHEZ DE
PosaDa et al., 1990; HEREDIA er al., 1990 and
MARTINEZ-GARCiA, 1990, These authors
emphasize the division of the Carboniferous
rocks in three sequences: Lower Carboni-
ferous (from Tournaisian to Kinderscoutian)
is mostly marine and condensed. Middle Car-
boniferous (Kinderscoutian to Moscovian),
mainly marine, but also partly continental in
some areas, shows many changes from area
to area and even within the same area. Upper
Carboniferous is exposed in isolated out-
crops, unconformably overlying older rocks
and being mainly continental. List of forma-
tions with short description is given below
(Tables 1-3).

The Lower Succession

Sedimentation in the Cantabrian Moun-
tains during the Lower Carboniferous is
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mostly condensed. Lowermost Carboniferous  ad lithostratigraphic unit in the Carboni-
is composed of Baleas Fm. and Vegamian  ferous of the Cantabrian Mountains. Its base
Fm. They are absent in many places, and re-  is Upper Tournaisian and its top is probably
present the condensed Tournaisian sedimen-  Arnsbergian. The coral fauna in this unit is

Fig. 12.~Correlation of Carboniferous stratigraphic units in the Cantabrian Mountains.

tation in the Cantabrian Mountains. Alba  characterized by low generic and specific di-
Fm. (= Genicera Fm.) is the most widespre-  versity and low abundance and frequency oc-
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currence, mostly belonging to the Cyatha-
xonia-fauna (KULLMANN, 1966, 1968; Ro-
DRIGUEZ, 1984; RODRIGUEZ et al., 1986).
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nated limestones, sedimented in shallow, res-
tricted and anoxic environments, follow
usually the Alba Fm. Nevertheless, at the in-
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During the Arnsbergian the rate of sedi-
mentation in the Cantabrian Mountains suf-
fered a dramatic increase. Simultaneously,
the Hercynic orogenesis began in this region
and conspicuous differences are developed
in several areas. Barcaliente Fm., consisting
of dark grey, non-fosiliferous micritic lami-
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Fig. I3 —Itinerary in Eastern Asturias and Liébana Valley during the last two days (Carboniferous outcrops).

nermost of the Somiedo-Correcilla Unit
(Figs. 4, 12), it is substituted for the Olaja
Beds and the Cuevas Fm., partly turbiditic,
and developed in a ramp. In the Palentian
unit, the red nodular limestones are followed
by bioclastic, partly reefal, massive limesto-
nes of Brezo Fm. Only the last unit contains
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dissepimented rugose corals, typical of sha-
llow water (BoLL, 1985).

The Middle Succession

In most areas of the Cantabrian Moun-
tains (Somiedo-Correcilla and Sobia Bodon
Units, Asturian Central Coal Basin, Ponga
and Picos de Europa Units) the sinorogenic
sedimentation of the Middle Succession be-
gins with the bioclastic and massive limesto-
nes (Valdeteja Fm.). Its thickness reaches so-
metimes 800 m, but it may lack in some
regions. The top of the Valdeteja Fm. is
sharply diachronic; usually it is Upper Bash-
kirian, but it can reach the Lower Moscovian.
Tabulate and rugose corals occur in this unit,
but they are usually scarce.

Mainly terrigenous rocks follow the
Valdeteja limestone in most of the areas. The
San Emiliano Fm., Lena Group, Sama Group,
Ricacabiello, Belefio, Escalada and Fito Fms.
reflect a complex paleogeography, with a mi-
xed platform including deltaic, paralic and
calcareous facies. Very diverse, but not abun-
dant corals occur in several of those forma-
tions (GROOT, 1963; RODRIGUEZ, 1984; BoLL,
1985; KULLMANN & RODRIGUEZ, 1986; Ro-
DRIGUEZ et al., 1986).

Limestone sedimentation is continuous
during the whole Middle Succession in the
Picos de Europa area (Picos de Europa Fm.)
and in northwestern Ponga Unit (Cuera li-
mestones). These units, originated in a calca-
reous platform, locally contain abundant ru-
gose and tabulate corals, as well as chaetetids
(RODRIGUEZ, 1984; RODRIGUEZ & RAMIREZ,
1987; KULLMANN & RODRIGUEZ, 1994).
(Stops 12 and 13).

The base of the Middle Succession as
well as the Lower Succesion is not recorded
in the Liébana Unit. The Cosgaya Fm.
(Maas, 1974), is the oldest lithostratigraphi-
cal unit in this region (Stop 15). It is compo-
sed of black shales and dark-grey limestones,
and yielded abundant rugose and tabulate co-
rals and chaetetids. Germs, 1966 correlated
the algal flora with the base of the Profu-
sulinella Zone, and dated the Cosgaya
Limestone as Bashkirian. Rodriguez, 1984
described the coral fauna and regarded it as
Serpukhovian. Later authors (RODRIGUEZ-
FERNANDEZ et al., 1986; RODRIGUEZ-FER-
NANDEZ & HEREDIA, 1987) followed the
Germs’s (op. cit.) opinion. New studies on
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the foraminifers, conodonts, algac and corals
are in progress. Preliminary data confirm a
Serpukhovian epoch for the sedimentation of
the Cosgaya Fm.

Overlaying the Cosgaya Fm., thick se-
quences of turbidites crop out overall in
Liébana Unit (Potes and Mogrovejo Groups).
Calcareous olistolites at the top of the the
Potes Group contain corals ol Lower Mos-
covian age (Dobres limestones, RODRIGUEZ,
1984) (Stop 14). Curavacas conglomerates
(up to 2,000 m) separate the lower turbidites
(Potes Group) [rom the upper turbidites
(Mogrovejo Group).

At the Palentian Unit, the stratigraphy is
very complicated, and numerous local lithos-
tratigraphic units were described, many of
them on the basis of very little differences
with other units from the same region. A
comprehensive synthesis of the main units
was given by RODRIGUEZ-FERNANDEZ &
HEREDIA, 1987. In order to be clear, we fo-
llow here a simplified scheme of such aut-
hors (Fig. 12).

The Cervera Fm., also turbidites, fo-
llows of the Brezo Fm. (sce above, in the
chapter of the Lower Succession). That for-
mation includes the local Perapertd and
Carmen Formations which contain calcare-
ous olistolites with corals (Groot, 1963;
BoLL, 1985). It is overlied by the conglome-
rates of Curavacas (Lower Moscovian), and
the deltaic deposits of the Vaiiés Fm. and
equivalent units, which contain some calca-
reous lenses, such as Camasobres Limestone
which yielded frequent corals (GROOT 1963;
Boll, 1985) (Stop 16).

The Upper Succession

It comprises the deposits developed af-
ter the Leonese tectonic phase (Uppermost
Moscovian), which are usually disconform
over the preleonese strata.

In the northern part of the Picos de
Europa there are Kasimovian (Cantabrian to
Stephanian B) rocks which are included in
the Puentellés Formation (Fig. 12). They
are mainly limestones at the type area (sout-
heastern Picos de Europa), but show many
variations in other areas, with presence of
shales, sandstones and conglomerates. The
Puentellés Fm. yielded a very peculiar ru-
gose coral assemblage with Permian affini-
ties.
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Two local, mainly terrigenous units, the
Aliva and Lebefia Formations crop out at the
southern Picos de Europa. None of them
yielded corals up to date.

A third turbiditic unit (Viorna Group),
of Upper Moscovian to Kasimovian epoch,
overlaying the Mogrovejo Group is the last
Carboniferous unit at the Liébana Valley
(Fig. 12).

The deltaic shales, sandstones, conglo-
merates and coal seams of the Ojosa Fm. fo-
llow the Vafiés Fm. It contains some calcare-
ous beds which yielded some corals of the
Cyathaxonia-fauna at Casavegas (RODRIGUEZ
& KULLMANN, 1990) (Stop 17). Some calca-
reous units with abundant corals (Sierra
Corisa Limestone, ¢f. GROOT, 1963 and BoLL,
1985) of the same age as the Casavegas beds.
crop out to the southeast, where a calcareous
platform is supossed to develop during the
Moscovian and Kasimovian.

A transgresive event took place at the
end of the Lower Cantabrian, and led to the
development of the turbiditic sediments of
the Branosera Fm. They are overlain by the
paralic sediments of the Barruelo Fm., the
last marine unit in the Carboniferous of the
Cantabrian Mountains.

Tut: CANTARRIAN MOUNTAINS - Field Trip A - Guide Book
Carboniferous outcrops to be visited

Although Carboniferous corals are pre-
sent in all the structural units in the Can-
tabrian Mountains, they are not abundant in
most of them and most of the localities are
placed in areas which have very difficult ac-
cess. During the field trip we will visit some
of the localities of the units where more di-
verse corals were recorded. Stops 12 and 13
are placed in the Ponga Unit (more precisely
in the Ribadesella-Llanes coastal area);
Stops 14 and 15 are placed in the Liébana
zone of the Pisuerga-Carrién Unit, and Stops
16 and 17 are placed in the Palentine region
ol the same unit (Fig. 13). We will visit loca-
lities ranging from Namurian to Upper
Moscovian. Visean corals are scarce and the
only area with interesting outcrops contai-
ning abundant corals is placed at the Pico
Aguasalio, only accessible after several
hours of hard walking. Kasimovian corals
are recorded only in the Picos de Europa
arca. Although some outerops are casy to re-
ach by car (not so easy by bus), they are po-
or in corals. The best localities are placed
high in the mountains and only accesible af-
ter a long walk over in rough land.

Table 1.-Formations of the Lower Succession at the Cantabrian Mountains, The last column shows the maximum

thickness.

Formation Authar(s) Lithology Age Thick.
Baleas WaGNEA et &, 1971 White, bioclastic limestone Tournaisian 10m
Vegamian ComTe, 1959 Black shales, phosphatic Middle- Upper 5m

nodules, chert lenses Tournaisian
Alba ) ComTE, 1959 Red (pink, grey) nodular U. Tournaisian- 30m
= Genicera WAGNER et a/., 1971 limestones, chert beds Armnsbergian
Olaja WAGNER et al., 1971 Red to green shales Lower Namurian 8m
Barcaliente WAGNER ef al., 1971 Dark grey, micritic, laminated Lower Namurian 400 m
limestones (nonfossiliferous)
Cuevas BoscHma & Shales, limestones, sandstones Lower Namurian 300 m
STAALDUINEN, 1968 and conglomerates (turbiditic)
Brezo BoLL, 1985 Bioclastic massive limestones Lower Namurian 400 m
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Table 11.-Formations of the Middle Succession at the Cantabrian Mountains, The last column shows the maximum
recorded thickness.

E I IR IR BRI B AR SR BB B EE A BE BRSO B AR AR B BE BN BE B BN OBE BN BN BN BE BE BN BN BN BN N B B B BN BN N AN

——J

Formation/Group Authorls) Lithology Age Thick.
Valdeteja WAGNER et &/, 1971 Light grey, bioclastic, massive L. Bashkirian - 800 m
limestones L. Moscavian
San Emiliano BrouweR & Van Shales, sandstones, limestones, coal | L. Bashkirian 1800 m
Ginkee, (1964) Seams L. Moscovian
Lena Group Barrois, 1882 Shales, sandstones, limestones, coal | U. Bashkirian - | 3000 m
seams U. Moscovian
Sama Group Barrols, 1882 Shales, sandstones, coal seams U. Moscovian 2500 m
Ricacabiello SJerp, 1967 Red (brown, green) shales, Mg and U. Namurian - 70m
Fe nodules U. Bashkirian
Belefio Van GINKEL, 1965 Shales, siltstones, sandstones, L. Moscovian 500 m
scarce limestones
Escalada Van Ginker, 1965 Light coloured massive limestone Kashirian - 300 m
Podaolian
Fito Van GINkeL, 1965 Shales, sandstones, limestones U. Moscovian 800 m
Cuera Navarro er 8. 1986 Massive to bedded limestones, U. Bashkirian - 1200 m
scarce terrigenous beds U. Moscovian
Picos de Europa Maas, 1974 Thin bedded to massive limestones Ll. Bashkirian - 600 m
U. Moscovian
Cervera Group RooriGueEz-FEANANDEZ Shales, sandstones, calcareous MNamurian - 2000 m
{Perapertl + Carmen & Hereoia, 1987 olistolites, conglomerates Verayan
= Prioro)
Cosgaya Maas, 1974 Dark-grey, muddy, thin bedded- Namurian 250 m
massive limestone, black shales
Potes Group RoDRIGUEZ-FERNANDEZ Shales, sandstones,conglomerates Namurian - 2000 m
[Vejo, Deva) et al., 1986 (turbidites), calcareous olistolites Vereyan
Curavacas Kamis, 1958 Conglomerates U, Vereyan - 2000 m
L. Kashirian
Vanés Van DE GRaAF, 1971 Shales, d. congl ates Kashirian - 1200 m
in deltaic sequences. Limestones Podolian
Vergano Van 0 GRaar, 1971 Shales, sandstones, conglomerates Podolian - 800 m
in deltaic sequences. Limestones Myachkovian
Mogrovejo RopRIGUEZ-FERNANDEZ Shales, sandstones, conglomerates Kasirian 2500 m

{Pando, Lechada)

et al., 1986

(turbidites).

Myachkovian

recorded thickness.

Formation Author(s) Lithology Age Thick.
Puenteliés MARTINEZ-G ARCIA, Algal limestones with shaly and Kasimovian 800 m
1981 conglomerate intercalations.
siliciclastic beds at the base
Aliva Maas, 1974 Yellow to dark brown silty and U, Moscovian - | 500 m
muddy shales Kasimovian
Lebefa Maas, 1974 Limestone conglomerates, sandstone | Kasimovian 600 m
beds and shales
Ojosa WacGNER, 1959 Shales, sandstones, conglomerates, Myachkovian - | 2300 m
coal seams, calcareous mudstones Kasimovian
Viorna RODRIGUEZ-FERNANDEZ Shales, sandstones, conglomerates U, Moscovian - | 1500 m
et al., 1986 {turbidites). Stephanian
Branosera WAGNER & WaGNER- Turbiditic shales and sandstones. U. Cantabrian 900 m
GENTIS, 1952 Brecciated limestones
Barruelo WAGNER & WAGNER- Sandstones, shales and coal seams Stephanian 1200 m

Genmis, 1952

(paralic sediments|

Table 111.-Formations of the Middle Succession at the Cantabrian Mountains. The last column shows the maximum
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Field Trip Itinerary

The geographical position of the localities (=Stops) to be visited are indicated on the
maps in Figs. | (Devonian) and 13 (Carboniferous).

1°" paY, TUESDAY 5™ SEPTEMBER 5" pAY, SATURDAY 9" SEPTEMBER

10:00 Depart from Oviedo and drive south-  09:00 Depart from Candds.

wards to Leon province. 09:15 Stop 10. Perdn locality.
11:30 Stop 1. El Millar locality. 12:00 Stop 11. Carranques beach.
14:00 Lunch at Cificra. 13:00 Lunch at Perin.
16:00 Stop 2. El Puerto creek. 15:00 Depart from Candis to Ribadesella.
19:00 Overnight in Bofiar village. 17:00 Stop 12. Ribadesella locality.

19:00 Arrival to San Roque village. Over-
night at Hostal Europa.
2% pAY, WEDNESDAY 6" SEPTEMBER

09:00 Depart from Bonar.

09:45 Stop 3. Beberino locality. 6" DAY, SUNDAY 10" SEPTEMBER

12:30 Lunch at La Pola de Gordén

15:00 Stop 4. Matallana locality. 08:30 Depart from Andrin.

17:00 Visit to Valporquero karst. 09:00 Stop 13. Podolian limestones at
19:00 Overnight in Bofiar village. Hontoria bay.

12:00 Depart from Hontoria and transporta-
tion to Santander province.

3*" DAy, THURSDAY 7™ SEPTEMBER 14:00 Lunch at Panes.

16:30 Stop 14. Dobres limestones at its type
09:00 Depart from Bofar. locality.
09:30 Stop 5. Aviados locality. 18:00 Stop 15. Cosgaya Fm. at Las Ilces.
13:00 Lunch at La Vecilla. 20:00 Arrival to Espinama. Overnight at Hos-
15:00 Stop 6. Colle locality. tal Remona (Espinama).

16:30 Depart from Colle and drive north-
wards to Asturias province.
19:00 Overnight in Perdn village.
7™ DAY, MONDAY 11" SEPTEMBER

4™ pAy, FRIDAY 8™ SEPTEMBER 08:30 Depart from Espinama to Palencia
province.

09:00 Depart from Candas. 10:30 Stop 16. Camasobres Limestone at its
10:00 Stop 7. Plataforma de Arnao. type locality.

11:30 Stop 8. Arnao locality. 11:30 Stop 17 (optional). Casavegas section.
14:00 Lunch at Salinas. 13:00 Lunch at Osorno

16:30 Stop 9. Moniello inlet. 15:00 Depart to Madrid

19:00 Overnight in Peran village. 18:30 Arrival to Madrid

VIT Int. Symp. Fossil Cnidaria and Porifera
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Table 1V

w
s
=z
w
o
=
w

T I Encrinite imestone

Birdeseye |imesione

Rudstone

Framestone
Argillscasus ung marly limestone

Mari Bindsione

Sandy himestone

Bolllestans

Sendsione

Und Marentiared

CEN M=

7] Dslcerone and dolomitic | mestone

Wodusar  Limestane ¥ Cher) nogules

== Lominaiions
Sheole

No wisible pari

5 weak
M Mudsione 55 Moderate bBitarbotion
W wockestans 355 Sireng
p Fockeione A Inireciosts
[ Grainstane = Porollel \emination
[:} Boundstone ~ Fople lominotion
B¢  Breccia | Fleal / Rudsione) S Low gngle cress badding
Ce tofline carbonate (Delomitized) Trough crosa bedding
Mr Sord ren
Cl Ciay Har
5 s Birdsesas
F Fine Aedd
M Medium ) Sand
[ Conrsa ication
Gr Graval Hisclauts
Table V
S YMBO LS
Brachiepess S22 Hemispherical Fouowids

‘o Lumeliteancnes V.4 uler Fovenilide

5 Fenesrteiis Bryorocns Cylimdrical Fovatitids

Sranghing  Brypczoans Consporinge

Gasiropods Chaeletida

Cringids Mo Brenching

Hemispherical and

% Bromching Tabulabes debris
Siramatoporaids
whigherical Siromatoperaids ) ;i i

] Soiitary Rugoie Carols

with  mamelons Py y oy

L' fobulor Stromatopsrosds A Fesciculete Rugose Corols
Laminar Stromateooraidy ‘I"f,-' Spaoataphptium ¢ Dis byl fum

oteparas Mesoohpiium | Cynhpnyioide )

Hamspherical and reguier @, Priipsosireidor and athers wih
Aluealinigs TN simiier merghalogy

ol | Tabulor  Alvealdids Cormid Augese Carals

N Lominor Alveoldtids J Fragmenmd sganams
Riveshitide encrutting
™ poridae

A4 Entrusting growth of Auiopords
ond other orgonrismy

Brarypoxem | Plotpasum )

VI Int. Symp. Fossil Caidaria and Porifera




..............................................'ﬁ

Tt CANTABRIAN MOUNTAINS - Field Trip A - Guide Book

1* DAY (5/09/95)
EL MILLAR LOCALITY
AND EL PUERTO CREEK

Stor 1. EL MiLLAR LocALITY

Locartion: This locality is sited on the
right side of the national road 630, from
Ledn to Oviedo, along the Bernesga Valley.
The section to be visited is located approxi-
mately 900 m north past the crossroad to
Huergas de Gorddn and Llombera localities.
(Figs. 1D, 14).
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Mesophyllum (Cystiphylloides) Biostrome
Some biostromes of Mesophyllum (Cys-
tiphylloides) are well developed in this loca-
tity (levels 4 to 6 painted on the rock). This
reefal type consists of well bedded argillace-
ous limestones. It is a fasciculate rugose co-
ral bafflestone of less than 0,50 m thickness
in  which the subgenus Mesophyllum

(Cystiphylloides) is the only reef building or-
ganism. The colonics of Mesophyllunm (Cys-
tiphylloides) show fasciculate, more or less
cylindrical corallites with symmetrical disse-
piments with respect (o the axis and funne-
lled callices.

Fig. 14 ~Geographical location of El Millar and El Puerto creek localities.

Geological Map of Spain, 1:50,000,
sheet 103, La Pola de Gordén. Southern slo-
pe of the Cantabrian Zone, Fold and Nappe
Region, Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Santa Lucia
Fm., middle-upper part (Fig. 15).

Ace: Lower Devonian, upper Emsian.

DEscripTION: From a geometric point
of view, the reef structures of the Santa Lucia
Fm. in this locality are formed by biostromes
of variable thickness. In this stop we are
going to see two different types of biostro-
mes.

The above mentioned form of growth
and its association with argillaceous limesto-
nes could indicate a quiet environment in the
development of this biostrome.

Main faunal components:
Rugose corals: Mesophyllum (Cysti-
phylloides) originale ballonifer:

Hemispherical stromatoporoid
and favositid Biostrome

In this case, this biostrome (level 8) is
composed of massive grey to thick bedded li-
mestones, sometimes slightly argillaceous,
with a packstone-grainstone matrix.

It is a stromatoporoid and favositid fra-
mestone alternating with floatstone and some

VIl Int. Symp. Fossil Cnidaria and Porifera
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rudstones, especially in those levels with a
higher argillaceous content, from 3 to 12 m
thickness.

The most significant builders are stroma-
toporoids and favositids with hemispherical
to laminar morfologies, sometimes reaching
great sizes. The stromatoporoids, developing
mamelons in argillaceous beds, present a gre-

EL MILLAR

Lo vid
Group

Fig. 15.-Lithostratigraphic succession of the Santa
Lucia Formation at El Millar showing the ree-
fal levels mentioned in the text and their faunal
content. For explanation of symbols see Tables
IV and V.

at taxonomic diversity. Occasional laminar al-
veolitids are also present.

The presence of grainstone, sometimes
packstone, matrix, the basic hemispherical
morphologies of the framebuilders and the
high taxonomic diversity of stromatoporoids
are criteria which have traditionally been in-
terpreted as indicative of well-oxigenated
and rather turbulent water. The development
ol this biostrome could be occasionally in-
fluenced by episodes of slight turbidity of
waters causing a lesser reef building orga-

VI Int. Symp. Fossil Cnidaria and Porifera
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nism proliferation as can be observed in the
more argillaceous levels.

Main faunal components:

Stromatoporoids: Stromatoporella cf.
granulata, Stromatoporella spp., Clathro-
coilona sp.

Rugose corals: Chalcidophyllum cl. gi-
gas, cl. Embolophyllum aft. harperi.

Tabulate corals: Favosites sp., Squa-
meofavosites ex gr. hispanicus, Squameofavo-
sites spp.. Alveolites lemniscus, Squameoal-
veolites all. fornicatus, Caliapora (Luciaella)
daedala.

Commensal traces associated to Tabu-
late corals: Phragmosalpinx australiensis,
Helicosalpinx sp.

REFERENCES: Co00, 1974; MENDEZ-
BEDiA, 1976; MENDEZ-BEDIA, SoTo &
FERNANDEZ-MARTINEZ, 1994,

Stor 2. EL PUERTO CREEK

Locarion: El Puerto creek is situated
near Santa Lucia locality, which is placed on
the right margin of the national road 630,
from Ledn to Oviedo. The section to be visi-
ted is sited just after going through Santa
Lucia town, along a mining path to Llom-
bera, upstream El Puerto brook (Fig. 1D, 14).

Geological Map of Spain, 1:50,000,
sheet 103, La Pola de Gorddn. Southern slo-
pe of the Cantabrian Zone, Fold and Nappe
Region, Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Santa l_uc_l’;l
Fm., middle and lowest upper part (Fig. 16).

AcEe: Lower Devonian, upper Emsian.

DescripTion: In this locality, two diffe-
rent deposits bearing reefal organisms will
be shown (Fig. 16).

Bioherm of stromatoporoids associated
with other organisms

This bioherm (level 23), up to 50 m
thick, consists of massive light grey limesto-
nes. Recristallization and weathering prevent
observation in detail of the internal features
of this reef. However, the interpretation is
based on the massive aspect ol the outcrop
and the reefal organisms content. In addition,
the matrix where it is possible to be observed
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is mostly a crinoidal and bryozoan grainsto-
ne with some packstone,

EL PUERTO CREEK

oo 7 gt |

La Vid Group |

Fig, 16.~Lithostratigraphic succession of the Santa
Lucia Formation at El Puerto creck. reefal le-
vels and faunal content.

In the places where it is best preserved, it
is a framestone, sometimes rudstone, built by
irregular and laminar stromatoporoids as well
as domal favositids. Locally, some thamnopo-
rids and rugose corals are also present. Pockets
filled up by bioclastic material are visible.

Main faunal components:

Stromatoporoids:  Atelodictyon  sp.,
Taleaostroma sp.

Tabulate corals: Squameofavosites sp.

Biostrome of stromatoporoids and
favositids associated with diverse fauna

In general. this type of reefal deposits
(levels 49 1o 54 painted on the rock) is deve-
loped in argillaceous limestones interbedded
with shaly levels. In the lower part, the li-
mestone matrix is wackestone-packstone be-
coming packstone-grainstone towards the
top.

It deals with some bindstones and rare
very thin bafflestones alternating with [loats-
tones and rudstones.

Bindstones, from .20 m to 2.50 m
thick. are mainly built by stromatoporoids,
favositids, alveolitids, caliaporids as well as
solitary and fasciculate rugose corals. Stro-
matoporoids are laminar to tabular with so
me irregular and hemispherical shapes.
‘avositids show mostly hemispherical and
tabular morphologies; alveolitids are tabular-
shaped. Intergrowths between different orga-
nisms as well as stromatoporoids growing on
bioclastic limestones are common near the
top.

Thin baftlestones (about 3 to 12 c¢cm),
built by small thamnoporids or branching al-
veolitids, are developed in some muddy le-
vels.

Main faunal components:

Stromatoporoids: Actinostroma gemina-
tum, Actinostroma stellulatum, Actinostroma
cl. conglomeratum, Clathrodictyon ellesme-
rense, Clathrocoilona sp., Stromatoporella
spp.. Taleastroma logansportense, Taleas-
troma sp.

Rugose corals: Chalcidophyllum gigas,
Embolophyllum cf. aequiseptatum aequisep-
ratum, Mesophyllum (Cystiphylloides) origi-
nale ballonifer, Mesophyllum (Cystiplylloi-
des) monielloense.

Tabulate corals: Favosites cf. granulo-
sus, Squameofavosites ex gr. hispanicus,
Squameofavosites sp., Alveolites lemniscus,
Caliapora (Mariusilites) cf. chaetetoides,
Caliapora (Luciaella) daedala, Thamnopora
spp.. Aulostegites sp.

REFERENCES: OEHLERT & OEHLERT,

1897, 1901; GARCIA-ALCALDE, J.L. ET. AL.,
1979.
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2" DAY (6/9/95)
BEBERINO AND MATALLANA
LOCALITIES.

Stor 3. BEBERINO LocALITY

LocATION: Along the national road 630,
from Ledn to Oviedo, 9 kms north of La

35

member. Thus only the upper member will
be dealt with. This member only develops re-
efal deposilts in its lower half. This interval is
formed by several stacked sequences com-
prising only reefal deposits. Each sequence
begins with a thin interval of bafflestones
made up dominatly of branching tabulate co-
rals sct in a marly matrix [facies (v)].
Upwards the limestone becomes massive and

Fig. 17.-Geographical location of Beberino and Matallana localities.

Robla locality, there is a junction where we
take the road to Geras and Puerto de Aralla.
Approximately 1 km after the crossroad, we
came to the village of Beberino. The section
to be visited crops out inmediately after going
through this locality, along the road to Geras
and upstream Casares river (Figs. 1D, 17).
Geological Map of Spain, 1:50,000,
sheet 103, La Pola de Gordén. Southern slo-
pe of the Cantabrian Zone, Fold and Nappe
Region, Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Portilla Fm.,
upper part (Fig. 18).

AcGE: Middle Devonian, upper Givetian.
DESCRIPTION: In this locality there is a

complete exposure of the entire formation
(Fig. 18) though weathering greatly obscures

the features of the reefal interval of the lower

there is a substitution of the branching corals
by massive corals and stromatoporoids for-
ming framestones [facies vii)]. Occasionally,
bindstones of platy tabular corals [facies
(vi)] are developed between the above men-
tioned facies (in the second sequence). In so-
me cases the upper limit of the sequence is
not abrupt but gradational. This sequence
displays features suggesting environmental
conditions corresponding to clearer and mo-
re agitated waters upwards.

Five reefal sequences of this kind have
been observed in this outcrop (numbers | to 5
in Fig.18). Between the second and the third
of these sequences a transgresive episode re-
corded in reefal facies seems to be represen-
ted. It is composed by facies (vi) and shows
an upward increase in clay content passing
gradually to the overlying reefal sequence.

Facies (v) is a balflestone with a slightly
marly bioclastic wackestone matrix. Its main

VI Tt Symp. Fossil Cnidaria and Porifera
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faunal components are branching tabulate
corals (thamnoporids and alveolitids).
Occasionally, some laminar and tabular alve-

BEBERINO
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Fig. I8 —Lithostratigraphic succession of the Portilla
Formation at Beberino, reefal sequences and
faunal content.

olitids as well as rugose corals and chaetetids
can be found.
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Facies (vi) is a bindstone mainly com-
posed of alveolitids, generally with a tabular
morphology. Some phillipsastreids and stro-
matoporoids are also present.

Organims in facies (vii) are represented
by alveolitids, usually irregular in shape,
stromatoporoids with irregular to hemisphe-
rical shapes and irregular phillipsastreids.
They set in a bioclastic packstone matrix.
Overgrowths of alveolitids and stromatopo-
roids are common.

MAIN FAUNAL COMPONENTS:!

Stromatoporoids: Arelodictyon cf. stric-
fom.

Rugose corals: Medusaephylium prado-
anum, Phillipsastrea  c¢l.  rozkowskae,
Haplothecia cl. filata, Siphonophrentis can-
tabrica.

Tabulate corals:  Alveolites parvus,
Scoliopora sp., Platyaxum (Platyaxum) es-
charoides, Thamnopora patula, Thamnopora
beliakovi, Thamnopora alta.

Commensal traces associated to Tabu-
late corals: Helicosalpinx sp.

Chaetetids: Chaetetella (Chaetetella)
sp.

REFERENCES: SLEUMER, 1969; REIUERS,
1972; FRANKENFELD, 1981.

Stor 4. MaraLLaNa LocaLity

Locarion: The village of Matallana is
located along the regional road LE-311, from
Ledn to Oviedo by Piedralita Mountain Pass
in the Torio River valley. The section to be
visited crops out on the cast side of this road,
near the site of Estacion de Matallana
(Matallana Railway Station), in the so called
Alto de la Carrasquera (Figs. 1D, 17).

Geological Map ol Spain, 1:50,000,
sheet 104 Bofiar. Southern slope of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Portilla Fm.,
upper part (Fig. 19).

AcGE: Middle Devonian, upper Givetian.
DescriprioN: In this locality the

Portilla Formation displays more distal fea-
tures than it does in the Beberino section.
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The succesion comprises, possibly, the upper
part of the middle member and the entire up-
per member (Fig. 19). Lack of detailed co-
rrelations and of nearby sections preclude
further refinements in the interpretation.

MATALLANA

£
=
w

=
o

Fig. 19~Lithostratigraphic succession of the Portilla
Formation at Matallana, reefal units and faunal
content.

Several units with reefal organisms will
be shown. In general, the development of the-
se reefal deposits could have been taken un-
der more distal conditions, which were, occa-
sionally, muddy and of low energy (unit 3).

a7

Unit 2 and 4 are dominantly detrital in-
tervals which typically display fining up-
wards scquences composed of bioclastic
packstones to rudstones [facies (1) and (ii)].
that evolve to wackestone-mudstones and to
marls towards the top of each sequence.
Reef-forming organisms are found towards
the top of each sequence and tend to give
way to thin biostromes [facies (iv) to (v?7)].

Unit 3 is mainly formed by incomplete
sequences represented by the distal-interme-
diate terms [facies (iv) to (vi)] of the ideal se-
quence described in the general part of this
guide, corresponding to the reefal features of
the Candds and Portilla Fms.

On the whole. these units are characteri-
zed by the development of transient low re-
lief’ constructional episodes which could be
envisaged as biostromes or as the distal ends
ol reel complexes which should be fully de-
veloped in a more proximal position. The
constructional episodes are mainly bindsto-
nes and bafflestones. Tabulates corals are the
main Faunal components in the three units.

In the first one, laminar, tabular and
branching alveolitids are the most common
organisms; in the second one Platryaxum and
thamnoporids are the predominant tabulates.
Irregular alveolitids and auloporids are also
frequent. Locally some phillipsastreids. soli-
tary rugose corals, chaetetids and rare stro-
matoporoids appear. A notable occurrence ol
epizoans as well as [requent intergrowths
between different organisms exist.

Tabulate corals, which are also the main
faunal components in the unit 4, are repre-
sented by thamnoporids and, in a lesser de-
gree, by branching and laminar alveolitids;
Platyaxum is more scarce than in the pre-
vious units. Phillipsastreids and solitary ru-
gose corals also appear.

Unit 5 consists of two sequences that
only display reefal deposits. The lower one
exhibits a sharp basc overlying detrital li-
mestones and is only composed of facies
(vil) in which irregular stromatoporoids and
alveolitids are the main builders. Branches of
tabulate corals and some chaetetids are pre-
sent. The base of the upper sequence is mar-
ked by a thin (I m) interval of branching ta-
bulate coral bafflestone/tloatstone followed
by a thick (5.2 m) interval of alveolitid/chae-
tetid [ramestone to rudstone. Usually the al-
veolitids are tabular in shape and they reach
a big size. Small chaetetids displaying he-
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mispherical morphologies are common.
Thamnoporids, branching alveolitids, aulo-
porids and some rugose corals are also pre-
sent. Outcrop quality is not good enough to
decipher whether the majority of individuals
are in siru or removilized.

Finally unit 6 forms a sequence quite si-
milar to the upper one of the unit 5, but out-
crop quality is also bad.

MAIN FAUNAL COMPONENTS:

Stromatoporoids: Arelodictyon cf. stric-
fum.

Rugose corals: Acantophyllum conca-

VIl Int. Svmp. Fossil Cnidaria and Porifera
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vum, Heliophyllum chengi, Temnophyllum
waltheri, Medusaephyllum  pradoanum,
Frechastrea cf. carinata.

Tabulate corals: Alveolites parvus, Pla-
tvaxum (Platyaxum) escharoides, Platyaxum
(Roseoporella) sp., Thamnopora patula,
Thamnopora spp., Heliolites  porosus,
Aulopora sp., Mastopora sp.

Chaetetids: Rhaphidopora spp.

REFERENCES: SLEUMER, 1969; MOHAN-
TI, 1972; RENERS, 1972; RENERS, VAN DER
Baan & VAN DER SrLuys, 1984; MENDEZ-
BEDIA, SOTO & FERNANDEZ-MARTINEZ, 1994.
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374 DAY (7/9/95)
AVIADOS AND COLLE LOCALITIES

STOP 5. AVIADOS LOCALITY
LocATION: Aviados is a very small vi-

llage placed ncar La Vecilla de Curueno.
along the regional road LE-626, from La

41

Accumulation bed of reworked
stromatoporoids and favositids

This deposit (level 1 painted on the
rock) is a rudstone of 1.50 m. thick with a
mudstone matrix. At the bottom, the orga-
nisms consist mainly ol subspherical to he-
mispherical stromatoporoids and favositids,
the former being sometimes tabular.

Fig. 20.-Geographical location of Aviados and Colle localitics.

Robla to Bofiar. The section to be visited
crops out North of Aviados village, upstre-
am a brook which runs through a gorge in
the south flank of Peia Galicia syncline,
just past an abandoned coal mine (Figs. 1D,
20).

Geological Map of Spain, 1:50,000,
sheet 104, Boiiar. Southern slope of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Santa Lucia
Fm., lower-middle part (Fig. 21).

AGE: Lower Devonian, upper Emsian.

DEscRrIPTION: In this stop we will see

two different kinds of reefal deposits, one of

them is a biostrome and the second one is a
bioherm. It will also be interesting to obser-
ve an alloctonous bed very rich in reefal buil-
ding organisms.

Upwards, there are mostly stromatoporoids
with less abundant favositids, although these
are bigger. branching tabulate and some ce-
rioid rugose corals. Most organisms are bro-
ken and/or reworked.

This level is intercalated between sedi-
ments made up of wackestones and lamina-
ted mudstones with scarce birdseyes. On the
basis of these features and the reworking of
the organisms in the level studied, it may re-
present a storm deposit in a very shallow,
possibly inter-supratidal, environment.

Main faunal components:

Stromatoporoids: Actinostroma stellula-
tum, Actinostroma cf. verrucosum, Actinos-
troma sp., Atelodictyon fallax, Stroma-
toporella selwyni, Stromatoporella sp.

Rugose corals: Xvstriphyllum 7 sp.

Tabulate corals: Squameofavosites ex
ar. hispanicus, usually with commensal tra-
ces ol Phragmosalpinx australiensis.

VII Int. Syimp. Fossil Cuidaria and Porifera
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Bioherm of stromatoporoids associated
with other organisms

In this locality, and near the base of the
formation (level 2), we can see an incipient
bioherm. This bioherm is developed in grey

AVIADOS

Lo Vid
Brous

Fig. 21 —Lithostratigraphic succession of the Santa Lu-
cia Formation at Aviados, reefal level and fau-
nal content.

limestones with mud content decreasing pro-
gressively from the base upwards. It consists
of a framestone of irregular thickness, rea-
ching a maximun of 2 m.

Notice that, in this example, a vertical
succession can be seen. Thus, the lower part,
with a greater argillaceous content, is mostly

VIT Int. Symp. Fossil Cnidaria and Porifera
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built by abundant hemispherical to cylindri-
cal favositids and subspherical stromatopo-
roids, of small to medium size, with caliapo-
rids accumulated near the base. Towards the
top, the faunal diversity and the number of
organisms decrease coinciding with the di-
minishing of argillaceous content. Here, lar-
ger stromatoporoids ol subhemispherical
shape are the dominant builders meaning that
going upwards this reefal sequence changes
into cleaner water conditions. Abundant ru-
gose corals are found as additional fauna, es-
pecially at the base.

Main faunal components:

Stromatoporoids: Actinostroma verru-
cosum, Anostylostroma ponderosum, Anos-
tylostroma cf. tuntouense, Stromatoporella
sp., Taleastroma sp.

Rugose corals: Tryplasma sp.

Tabulate corals: Squameofavosites ex
gr. hispanicus, Caliapora (Mariusilites) cf.
chaetetoides, Thamnopora spp., Aulopora
sp.

Biostrome of stromatoporoids
and favositids

Lithologically, this biostrome (level 4
painted on the rock) consists ol argillaceous
limestones. Because ol the weathering it is
not well exposed. but abundant loose reefal
fauna can be found. In some places, it appe-
ars as a nodular level, each nodule being a re-
ef organism. It is a framestone, 2 m thick,
with a packstone, wackestone and mudstone
malrix.

The reefal fauna consists, especially, of
stromatoporoids and favositids. As additio-
nal organisms, some caliaporids, solitary ru-
gose corals and chactetids can be seen. The
stromatoporoids and favositids show me-
dium to large size with varied morphology.

On the basis of the type of matrix and
the argillaceous content, this biostrome is
supposed to be formed in a slightly turbid
water environment.

Main faunal components:

Stromatoporoids: Taleastroma simplex,
Actinostroma  stellulatum, Stromatoporella
sp.

Rugose corals: Mesophyllum (Cystiphy-
lloides) secundum secundum.

Tabulate corals: Squameofavosites ex
gr. hispanicus, Thamnopora sp., Caliapora
(Mariusilites) cl. chaetetoides.

e an  am  ah AR s o A o o a g A b an aa e A b g aa o an 4B 4 A e e 4 A & A an o = s A A s e e B B O o o



W‘lll‘iilllllllllllllllllllllllllllllllllll”

T CANTARRIAN MOUNTAINS - Field Trip A - Guide Book

Commensal traces in tabulate corals:
Phragmosalpinx australiensis.

REFERENCES: SLEUMER, 1969; Coo,
1974; MENDEZ-BEDIA, SOTO & FERNANDEZ-
MARTINEZ, 1994,

COLLE

Brachiopods
£S5 Fovosilids

£y Stramalapordids

Sonlo Luc

™ Spnaprophyilum

@ Blostoids
¥

UPPER PART

GROUP

= 1

PART

u]

=il

= Shales

EE Argillaceous limeslones
= ond marls

El —q Limesiones

[ Dervital limestanes

L
MIDDLE

Fig. 22 —Partial lithostratigraphic succession of the La
Vid Group at Colle, reefal level and faunal con-
tent.

Stor 6. CorLLE LocaLiTy

Location: Colle village is located on
the left side of the regional road LE-3143,
from Bofiar to Sabero, approximately 5 kms
cast of the first one. The section be to visited
crops out at the slope of a hill where Colle
church is situated (Figs.1D, 20).

Geological Map of Spain, 1:50,000,
sheet 104, Bodar. Southern slope of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Upper part of

La Vid Group (Fig. 22).
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AGi: Lower Devonian, upper Emsian.

DescripTiON: Several biostromal levels
are developed just at the base of a hill. They
are less than 1 m thick, interbedded with
shaly and argillaceous sediments. These le-
vels are mainly built by fasciculate rugose
corals (Synaptophyllum) and, in a lesser pro-
portion, by favositids, alveolitids and stro-
matoporoids, occasionally of a large size and
partly in growth position.

The reef building began with the insta-
llation of a pioneer fauna formed by a
Synaptophyllum-Atrypa association on a bio-
clastic unit interpreted as storm deposits.
According to Stel (1975) the growth of these
biostromes was due to the temporal oxigena-
tion of anoxic waters by hurricanes and
storms.

MAIN FAUNAL COMPONENTS:

Stromatoporoids: Stromatopora sp.

Rugose corals: Synaptophyllum multi-
septatum.

Tabulate corals: Favosites sp.

REFERENCES: BROUWER, 1964; SLEU-
MER, 1969; STEL. 1975:; Soto, 1982A.

Complementary data: Since the 19"
Century, Colle locality is well known becau-
se of the quality and wealth of its fossil de-
posits. The fossils coming from Colle have
been cited in the ancient literature like
“Sabero fossils” with reference to Sabero lo-
cality, a mining village near Colle. Most of
this fossils came from the red limestones and
marls laiying on the biostromal levels descri-
bed above. From these red levels more than
200 species ol different groups have been ci-
ted. Among these fossils groups there are:
brachiopods, crinoids, blastoids, corals, stro-
matoporoids, trilobites, bryozoans, nauti-
loids, gastropods, bivalves, ostracods, tenta-
culitoids, conodonts, etc.

VII Int. Symp. Fossil Cnidaria and Porifera
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4" DAY (8/09/95)
PLATAFORMA DE ARNAO, ARNAO
AND MONIELLO LOCALITIES

S1OoP 7. PLATAFORMA DE ARNAO

LocarioN: The Plataforma de Arnao is
situated on the coast, in an old quarry, close

45

AGE: Lower Devonian, upper Emsian.

Descriprion: The stratigraphic succes-
sion (Fig. 24 B). corresponding to the over-
turned limb ol a fold with gently inclined
axial surface. can be divided. from bottom to
top, into three informal units (Alvarez-Nava
& Arbizu, 1986): calcarcous unit, marly-
shaly unit and unit of green and red marls, all

Fig. 23 ~Geographical location of La Plataforma de Arnao. Arnao and Moniello inlet localities.

of the town of Avilés, NW of Oviedo. The
outcrop is located between Arnao beach and
La Vela Cape (Figs. 1C, 23).

Geological Map of Spain, 1:50,000,
sheet 13, Avilés. Northern slopc of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Aguién For-
mation, lower part (Fig. 24 A, B).

in the 60 basal metres ol the Aguidn
Formation. These three units have been furt-
her divided into different horizons in relation
to faunal contents.

Within the basal calcareous unit a bios-
tromal patch-reef is developed. This calcare-
ous unit is 22m thick and consists of two dif-
ferent horizons (Fig. 24 B). The lower one,
17 m thick, is composed by dominantly bio-
clastic grey and red massive limestones with

VII Int. Symp. Fossil Cnidaria and Porifera
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crinoid debris, bryozoans and with some
corals. The upper horizon, consisting of
slightly argillaceous grey limestones, is a
biostromal patch-reef, 5 m thick, built up es-
sentially by bryozoans and tabulate corals.
In this calcareous unit the communities

T, CanTarRIAN MounTains - Field Trip A - Guide Book

nization, diversification
(Fig. 24 C).

Stabilization stage: It is represented by
communities related to bioclastic bars from
the lower levels of this unit. The organisms
are mainly small tabulates and encrusting br-

and domination
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Fig. 24 —A: Location and geological map of La Plataform
Formation at La Plataforma de Arnao showing lith
munities. C: Stages of reef development in the cal

show an ecological succession represented
by four different stages: stabilization, colo-
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a de Arnao. B: Stratigraphical succession of the Aguidn
ological units, their faunal composition and types of com-
careous unil,

yozoans, sparsely distributed on bioclastic
bars formed through stacking of fragmen-
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tal remains of other organisms, crinoids and
bryozoans especially.

Colonization stage: It is represented by
pioneer organisms, namely, branching tabula-
tes and bryozoans colonizing bioclastic bars
giving rise to the later growth of patch-reef.

Diversification stage: The number of
taxa increased during this stage. However, it
is not well developed in the succession and
could be, perhaps, represented by a series of
levels with a greater variety of organisms,
such as low domal alveolitids, laminar bryo-
zoans, compound rugose corals and bran-
ching tabulates.

Domination stage: During this stage
two different taxa contributed successively to
the growth of the reef, forming a bindstone.
The former are mainly medium-sized flatte-
ned low domal alveolitids, later replaced by
large laminar bryozoans. In sheltered zones,
below the alveolitids, there was profuse colo-
nization by various differenl organisms, such
as cemented brachiopods, cylindrical and la-
minar bryozoans as well as auloporids.

The type of matrix, packstone and wac-
kestone, and the argillaceous material con-
tent together with the morphology of orga-
nisms suggest a shallow water platform of
moderate energy as the patch-reef developed.

REFERENCES: ALVAREZ-NAVA & ARBI-
7U, 1986; MENDEZ-BEDIA, SOTO & FERNAN-
DEZ-MARTINEZ 1994; SoT10, MENDEZ-BEDIA
& FERNANDEZ-MARTINEZ, 1994,

Complementary data: In the two other
units outcroping in the Plataforma de Arnao,
marly-shaly and green and red marls units,
several communities occur in relation to dif-
ferent environmental conditions. These com-
munities together with those involved in the
patch-reef constitute a good example of com-
munitics succession in a marine platform
(Fig. 24 B).

The community present in the marly-
shaly unit consists of large brachiopods with
numerous bryozoans (especially fenestellids)
and crinoids.

The excellent preservation of the entire
fauna together with the type of associated se-
diments suggest quiet conditions, characte-
ristic of a sheltered area (sublagoon ?).

In the unit of green and red marls there
are abundant crinoids, particularly Tryblio-
crinus flatheanus as well as bryozoans and a
[ew brachiopods. Four communities are dis-
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tinguished in relation to the varying argilla-
ceous content: Fenestella Community, [so-
trypa Community, Trybliocrinus and Ana-
thyris Community and Trybliocrinus Com-
munity. These four communities developed
in an environment characterized by a gradual
increase in lerrigenous supply.

In general, the communities in the calca-
reous unit seem related to the development of
a biostromal patch-reef on bioclastic bars; the
marly-shaly unit show communities characte-
ristic of sheltered environments. Finally, the
communities in the unit of green and red marls
are typical of platform environments with
highly variable rates of terrigenous supply.

REFERENCES: SCHMIDT, 1931; ARBIZU,
ALVAREZ-NAvVA, MENDEZ-BEDIA & GARCIA-
Lorez, 1993,

Stor 8. ARNAO ORrGANIC BuiLpup

LocaTtion: This point is situated on the
Aslurian coast to the west of the Penas Cape
(NW Avilés). The outcrop is located between
Arnao and Salinas localities, inmediately to the
west of the Requejo headland (Figs.1C, 23).

Geological Map of Spain, 1:50,000,
sheet 13, Avilés. Northern slope of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcilla Unit (Fig. 4).

STRATIGRAPHICAL UNIT: Moniello Fm.,
lower-middle part (Fig. 25 A, B).

AcGE: Lower Devonian, upper Emsian.

DEScRrIPTION: The Arnao outcrop expo-
ses a reef which is the largest bioherm deve-
loped in the Moniello Fm., and shows the
greatest range of internal structure. It is a do-
me like reef consisting of massive limestones
with an argillaceous content at the base that
diminishes gradually upwards. The measu-
red thickness is about 140 m and it exhibits a
sharp contact with the surrounding bedded li-
mestones. It is made up of a great variety of
reefal limestones types (framestones, binds-
tones and bafflestones) and the builders can
reach great dimensions, c¢. g. stromatopo-
roids 2 m in diameter. A vertical paleoecolo-
gical zonation reflecting different stages in
the reef development (Fig. 26) is established
on the basis of the faunal assemblages and
related facies. These stages correspond to

VIL tnt. Svimp. Fossil Cnidaria and Porifera
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stabilization, colonization, diversification
and domination.

Stabilization stage (levels AR-8 to AR-
11): The beds inmediately underlying the orga-
nic buildup, would represent a shallow and re-
latively quiet marine environment as suggested
by the argillaceous limestones with microfacies
characterized by fine-grained skeletal wa-
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Rugose corals: Syvnaptophyllum multi-
septatum,

Tabulate corals: Squameofavosites ex
er. hispanicus, Favosites saginatus, Thamno-
pora indet.

Colonization stage (levels AR-12 10 AR-
14): The reef-building organisms themselves,
mainly stromatoporoids and. in lesser number,
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Fig. 25.-A: Stratigraphical position of Arnao buildup. B: Schematic section of Arnao buildup showing location of
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the different levels.

ckestone-packstone which are devoid of calcite
cement. In these environment, Synaptophyllum
rugose corals, helped by some tabular and
small subspherical stromatoporoids, would sta-
bilize the sediments below them providing a
firm and suitable substrate for the subsequent
reef development. Thus, Synaptophyllum pla-
ved the role of stabilizing organisms.

Main faunal components:

Stromatoporoids: Actinostroma verru-
cosum, Stromatoporella sp.

VI Int. Symp, Fossil Cnidaria and Porifera

corals began o develop giving way to a defi-
nite organic buildup installation. It is a small
domal stromatoporoid framestone. There are
in lesser abundance lamelar, subspherical and
small branching tabulates and rare dendroid
rugose corals. Matrix is a crinoidal and tham-
noporid wackestone-packstone.

Main faunal components:
Stromatoporoids: Actinostroma  verru-
cosum, Stromatoporella sp., Stromatopora

sp.
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Rugose corals: Synaptophyllum multi-
septatum.

Tabulate corals: Squameofavosites ex
ar. hispanicus, Favosites robustus, Alveolites
lemniscus, Thamnopora indet.

Diversification stage (levels AR-15 1o
AR-26): Development of a great taxa variety,
as well as growth habit diversity involving
different functions of the organisms in de

49

ge domal stromatoporoid framestone, lame-
lar tabulate bindstone and branching tabulate
bafflestone. In general, the matrix is a me-
dium-grained wackestone-packstone.

Main faunal componentes:

Stromatoporoids: Actinostroma verri-
cosum, Actinostroma cf. stellulatum, Stro-
matoporella sp., Stromatopora sp.
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Fig. 26.-Vertical developmental stages in Arnao buildup indicating fauna distribution and related facies.

buildup process (builders, trappers, binders,
cte.). Between the reef-building organisms
spaces inhabited by gastropods, brachiopods,
bivalves, etc. existed. The rock types are lar-

Rugose corals: Xystriplyllum sp., Acino-
phyllum aff. stokesi, Mesophyllum (Cysti-
phylloides) ct. monielloense.

Tabulate corals: Squameofavosites ex
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gr. hispanicus, Alveolites lemniscus, Tham-
nopora indet.

Domination stage (levels Ar-27 to Ar-
49): Considerable reduction in the taxa num-
ber in relation to the previous stage, as well
as in the growth habits. Stromatoporoids be-
came the most dominant group and they are
especially represented by two different
forms. These organisms show an increasing
tendency to an encrusting growth habit
which in some cases may reflect competition
for space. The rock type is a large (up to 1 m)
irregular and domal stromatoporoid frames-
tone. Frequently, throughout the most part of
this unit, growth of a solitary rugose coral
(Lyrielasma sp.) within tabular stromatopo-
roids (Actinostroma-Stromatoporella) is ob-
served and interpreted as a symbiotic re-
lationship. The matrix is mostly a crinoidal-
thamnoporid grainstone and occasionally,
packstone.

Main faunal components:

Stromatoporoids: Actinostroma cf. ste-
Hulatum, Actinostroma verrucosum, Stroma-
toporella sp.

Rugose corals: Xystriphyllum sp. and
Lyrielasma sp.

Tabulate corals: Squameofavosites cx
gr. hispanicus, Thamnopora indet.

This organic buildup grew on a site clo-
s¢ o the platform margin where the most fa-
vourable conditions for its development exis-
ted. The first stage took place in a shallow
and relatively quiet marine environment. As
the reef grew it reached shallower and clea-
rer walters; the last domination stage could
represent a change in environmental condi-
tions towards an increase of water turbulen-
ce due to the buildup into the high energy
surl’ zone. This evolution is reflected by the
change in the reef builder shapes, from bran-
ching to massive and encrusting growth habit
organisms, as well as the gradual diminution
in the argillaceous material content upwards.

The end of the organic buildup could be
caused by deepening of the sca water due
probably to basin subsidence. In these envi-
ronmental conditions the overlying bedded
argillaceous limestones characterized by fi-
ne-grained wackestones-packstones with
subspherical Favosites, some tabular stroma-
toporoids, thamnoporids, crinoids, brachio-
pods and trace fossils were deposited.

VI Int. Symp. Fossil Cnidaria and Porifera
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REFERENCES: MENDEZ-BEDIA, 1976;
SANCHEZ DE LA TORRE & MANION, 1976;
MENDEZ-BEDIA, 1984; MENDEZ-BEDIA &
SoTto, 1984; Soto & MENDEZ-BEDIA, 1985;
FERNANDEZ-MARTINEZ, 1986; MENDEZ-
BeDIA, SOTO & FERNANDEZ-MARTINEZ, 1994
Soto, MENDEZ-BEDIA & FERNANDEZ-
MARTINEZ, 1994,

Stor 9. MONIELLO INLET

Locarion: This locality is situated on
the Asturian coast to the east of the Pefias
Cape, between Luanco and Baiugues villa-
ges. Following the sccondary road from
Peiias Cape to Luanco, 1 km before reaching
Luanco, take the [irst turning on the left. this
ends in Monicllo Headland ( Figs.1C, 23).

Geological Map ol Spain, 1:50,000,
sheet 14 (Gijon). Northern slope of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcilla unit (Fig. 4).

STRATIGRAPHICAL  UNIT:  Monicllo
Formation, middle part (Figs. 27, 28).

AGE: Lower Devonian, upper Emsian.

DESCRIPTION:

The Moniello Formation in this locality,
which is the stratotype of this formation,
consists of 250 m of limestones and dark
grey argillaccous limestones with interbed-
ded thin grey lutite levels. It is characterized
by a rich content in benthic fauna (brachio-
pods, bryozoans, crinoids, rugose and tabula-
te corals, stromatoporoids, etc.) mostly so-
mewhat silicified. From a lithological and
faunistic point of view. three informal mem-
bers are distiguished (Figs. 27, 28): Lower
Member, about 86 m thick, constituted by li-
mestones and lutites with a predominance of
brachiopods; Middle Member, about 65 m
thick, made of limestones and argillaccous li-
mestones with abundant reefal fauna; and
Upper Member, about 120 m thick, consis-
ting of limestones and lutite levels with nu-
merous brachiopods and bryozoans. The ty-
pe of lithofacies (packstones, wackestones
and occasional grainstones) and biofacies
(local development of reef-building orga-
nisms) suggest, in general, that they were de-
posited in a shallow and quiet marine plat-
form with short periods of agitation. There
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also existed suitable conditions lor the deve-
lopment of some biostromes.

d MOMNIELLD HEADLAND

AGUION :
i /
/ '/ s
;LDWER ,/ 0
| HeaiR
/] o /
/ J MEMBER MONIELLD
§ ] i/ NIET
i / |
/ : i upen |
/ f ./ 0 MeMser g
/ / D‘g /

MONIELLO
FM.

NARANCO

0 50 100m. BN

|

Fig. 27.-Schematic geological map showing the three
members of the Moniello Formation in the ty
pe section (Moniello inlet).

The Middle Member, which will be
shown in this stop (levels 858 to 885 on the

rock), is characterized by the abundance of

reef-building organisms. It consists of well-
bedded limestones and argillaceous limesto-
nes alternating with thin lutite levels bearing
stromatoporoids with different morphologies
(irregular, subspherical, globular and lami-
nar), massive (favositids) and branching
(thamnoporids) tabulate corals as well as las-
ciculate and solitary rugose corals. Some
stromatoporoids and tabulate corals are over-
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turned and broken. The dominance of the dif-
ferent types of organisms is related to the

MONIELLD INLET
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Fig. 28 —Lithostratigraphic succession of the Moniello
formation at Moniello inlet, reefal levels and
faunal content.

muddy content present in the environment. It
is noticeable the occurrence of several bios-
tromes built by fasciculate rugose corals be-
longing to the genus Synaptophyllum as well
as levels yielding rich stromatoporoid and ta-
bulate coral fauna.

In general, these materials are laterally
equivalent to the Arnao reef, located farther
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to the west and described in the stop 8 (Figs.
23, 25B, 26). The environment is interpreted
as corresponding to sheltered zones of the
platform.

MAIN FAUNAL COMPONENTS:

Stromatoporoids: Actinostroma verru-
cosum, Actinostroma sp., Atelodictyon cf. fa-
llax, Clathrodictyon sp., Stromatoporella cl.
granulata, Stromatoporella selwyni, Stroma-
toporella sp., Taleastroma simplex, Taleas-
troma logansportense, Stromatopora sp.

Rugose corals: Synaptophyllum multi-
septatum, Mesophvllum (Cystiphylloides)

VI Int. Syimp. Fossil Cnidaria and Porifera
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monielloense, Mesophyllum (Cystiphylloi-
des) secunduwm secundum.

Tabulate corals: Squameofavosites ex gr.
hispanicus, Favosites styriacus, Favosites ro-
bustus, Alveolites lemniscus, Heliolites ba-
rrandei, Heliolites aff. tomensis, Thamnopora

P |
Chaetetids: Rhaphidopora magna.

REFERENCES: Rapig, 1962; MENDEZ-
BEDIA, 1976; ARBIZU ET AlL. ,1979; GARCIA-
ALCALDE ET AL., 1979,
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5t DAY (9/09/95)
PERAN LOCALITY AND
CARRANQUES BEACH

Stor 10. PERAN LocALiTY

Locartion: This locality is situated on
the Asturian coast to the east of the Pefas
Cape, passed the village of Candds, follo-
wing the regional road, As-239, to Gijon
(Figs. 1C, 29).

The succession to be visited, which is
the stratotype of the Candids Formation,
crops out in the northwestern limb of a syn-
cline (Perlora Syncline), whose core consists
ol Namurian limestones. The sequence of the

Pefias Cope
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Geological Map of Spain, 1:50,000,
sheet 14 (Gijon). Northern slope of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcilla unit (Fig. 4).

STRATIGRAPHICAL UNIT: Candas For-
mation, type-locality, lower-middle part
(Fig. 30).

AGE: Middle Devonian, upper Givetian.

Discriprion: This locality displays the
best outerops of the Candds Fm. allowing a
detailed study of internal organization of re-
cfal units and their relationships within the
sequential framework ol the formation (Fig.
30). Two units (labelled C and I) exhibiting

Pola
de Siero

Fig. 29.—Geographical location of Perdn and Carranques localities.

Candds Formation in both limbs of the syn-
cline is similar, but in general is belter expo-
sed in this section.

several reef sequences with different deve-
lopment will be shown in detail.
Other units (D and E) with very rich re-
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Fig. 30.—Lithostratigraphic succession of the Candds
Formation at Perdn-Carranques, reefal units
and faunal content.
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efal fauna will be looked at. These units are
formed by an alternation of destructional de-
posits [facies (i)] and thin reefal intervals.
Their meaning is unclear and lack of infor-
mation about its lateral evolution precludes
any interpretation.

Unit C permits us (o study a well deve-
loped stromatopoid framestone [facies (vii)]
overlying a first reel phase of branching ta-
bulate coral balllestone sets in marly matrix
[facies (v)]. Stromatoporoids in facies (vii)
can rcach very large sizes and they show
mostly irregular shapes. Cavities among the
main builders are [illed with stromatopo-
roids, thamnoporids, and rugose corals de-
bris. Some solitary rugose corals are also
present. There are some examples of sym-
biosis between solitary rugose corals and
stromatoporoids.

Main faunal components:

Stromatoporoids: Arelodictyon cl. stric-
tum, Taleastroma sp., Amphipora sp., Stac-
hyodes sp.

Rugose corals: Endophyllum sp., Philli-
psastrea cl. hennahi.

Tabulate corals: Thamnopora indet.

Unit I displays the best developed reef-
bearing sequences we know in the Portilla
and Candds Formations. It can be divided in
several seguences.

* The lirst sequence (subunits L1-1.2,
numbers painted on the rock) begins on a
sharp transgresive surface overlain by a thin
interval of outer shell dark grey mudstones
[facies (ii1)]. This in turn passes gradually to
reef deposits that in this case consists of the
facies (v) and (vi). In general. this sequence
is constituted by branching tabulate baffles-
tones, stromatoporoid/coral bindstones and
floatstones.

Bafflestones are mainly made up of
thamnoporids and branching alveolitids with
fairly common rugose corals. Bindstones
show a very dilferent development. Most of
them are composed ol alveolitids (laminar
and tabular in shape), stromatoporoids (with
tabular and low domal morphologies) and
small phillipsastreids (domal in shape). The
latter being at times overturned and coloni-
zed by stromatoporoids. Occasionally, floats-
tones containing chactetids are present.
These three kinds ol deposits are intermixed.

* The second sequence (subunits 1.3-
1.4) has a sharp base and consists of facies
(v) and (vi). In this sequence it is noticeable
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the presence of bindstones made up of alve-
olitids (tabular and hemispherical in shape),
chaetetids, phillipsastreids (low domal) and
other cerioid rugose corals. Interbedded bet-
ween these bindstones, some marly beds are
especially rich in thamnoporids, alveolitids
of the genus Platyaxum and fenestellids.

* The third sequence (mostly subunit
1.5) has a erosive base and consists ol facies
(vii) deposits. It is a framestone built by lar-
ge domal stromatoporoids, laminar to tabular
alveolitids, as well as domal and irregular
phillipsastreids. Thamnoporids occur most
frequently in muddy beds. Chaetetids are al-
so abundant through all the sequence.

* The fourth sequence (top of subunit
1.5, subunit 1.6 and part of subunit 1.7) is the
best developed. It starts (top of subunit L.5)
with the transgressive rudstone deposits of
facies (I) containing stromatoporoids, chae-

CARBONIFEROUS | DEVONIAN
= Montana - -
g lenine,  EEEd Candamo Fm

["LF—\ Alba Fm

[ pidieres Fm
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(iv)]. The organisms present in the subunit
1.6 are tabular stromatoporoids, platy to irre-
gular alveolitids, abundant Platryaxum, aulo-
porids and chaetetids, among others. In these
beds intergrowths of different organisms are
very usual,

Overlying them (subunit 1.7) reefal de-
posils occur developing a succesion from fa-
cies (v) through (vii), though this does not ta-
ke place in a single way but with recurrences
of the facies (v) and (vi). In a gencral way,
the organisms are quite similar to those pre-
sent in the sequences mentioned above (sce
Fig. 30).

The remaining of subunit 7 is formed by
several incomplete sequences only compri-
sing reefal deposits. The top of this subunit is
marked by a spectacular crosional surface
covered by a thin veneer of rudstones [facies
(1)] which is succeeded by calcarenites [fa-

EC:ndds Fm #  Selected outcrops

Fig. 31.~Devonian and Carboniferous outcrops at Carranques beach and selected reefal levels.

tetids, alveolitids, etc. This deposits pass to
outer shelf mudstones [facies (ii1)].

Through subunit L6 it is possible to see
the shallowing upwards trend from these ou-
ter shelf deposits to inner shelf ones [Facies

cies (ii)] that mark the beginning of the
middle member of the formation.
Main faunal components:
Stromatoporoids: Atelodictyon cl.stric-
tum, Taleastroma sp., Hermatostroma sp.

VI Ini. Svinp. Fossil Cnidaria and Porifera
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Rugose corals: Charisphyllum altevogti,
Heliophyllum chengi, Breviphrentis kullman-
ni, Siphonophrentis cantabrica, Acantho-
phyllum cf. concavum, Mesophyllum (Meso-
phyllum) secundum secundum, Phillipsastrea
cl. hennahi, Hexagonaria cf. mirabilis,
Medusaephyllum pradoanum, Sinaxis bulbo-
sa, Xystrigona sp.

Tabulate corals: Alveolites parvus,
Spongioalveolites sp., Platyaxum (Pla-
tyaxum) escharoides, Platyaxum (Roseo-
porella) sp., Thamnopora patula, Thamno-
pora beliakovi, Thamnopora alta,

Commensal traces in Tabulate corals:
Helicosalpinx sp.,

Chaetetids: Rhaphidopora sp., Chaete-
tella (Chaetetella) sp.

REFERENCES: RADIG, 1962; ALTEVOGT,
1963, 1967: BERESKIN, 1978; RAVEN, 1983:
Garcia-Lopez, 1987,

Stopr 11. CARRANQUES BEACH

Locarion: This beach is situated to the
east ol the Penas Cape, SE of Candds village,
corresponding to one of the beaches located
in the council estate of Perlora (Figs. 1C, 29,
31). The succession cropping out in this lo-
cality belongs to the southeastern limb of the
Perlora Syncline (Fig. 31).

Geological map of Spain, 1:50,000, she-
et 14 (Gijén). Northern slope of the
Cantabrian Zone, Fold and Nappe Region,
Somiedo-Correcila unit (Fig. 4).

STRATIGRAPHICAL UNITS: Candds For-
mation, uppermost part (Figs. 30, 31), and
Pincres Formation, uppermost part (Figs. 31,
32).

AcGe: Middle Devonian, upper Givetian,
for the top of the Candds Formation and
Upper Devonian, upper Frasnian, for the top
of the Pifieres Formation,

DESCRIPTION OF THE TOP OF THE CAN-
DAS FORMATION: The uppermost levels of
the Candds Formation, which are better ex-

posed here than in Perdn locality, consist of

outer shelf mudstones that pass to distal toes
of reefal units. They are composed of facies
(v) deposits which at outcrop scale appear as
biostromes (Fig. 30, unit V). These bafflesto-
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ne deposits. ca. up to | m thick, are mainly
built by the fasciculate rugose coral Dis-
phyllum, although thamnoporids, in a lesser
proportion, also occur. The morphology of
the Disphyllum colonies, with very long, not
very branching corallites, are common in this
type of environment.

CARRANQUES
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Fig. 32.-Schematic lithostratigraphic succession of the
Pifieres Formation at Carranques, reelal levels
and faunal content,

Main faunal components:

Rugose corals: Disphyllum caespitosum
lazutkini, Disphyllum caespitosum furcatum,
Aristophyllum occidentale.

Tabulate corals: Thamnopora spp.

REFERENCES: RADIG, 1962; ALTEVOGT,
1963, 1967.

DESCRIPTION OF THE TOP OF THE PINE-
RES FORMATION: The uppermost part of the
Pificres Fm., locally exhibils minor biostro-
mal development. In this locality, two reefal
levels with an intermediate bioclastic bed
can be observed (Fig. 32).

The first one, about 0.3 m thick, is a baf-
flestone composed mainly of small Dis-
phyllum with thin corallites. As accom-
panying launa there exist thamnoporids,
branching bryozoans and occasional brachio-
pods. They are set in a bioclastic, locally
marly, wackestone,

The second biostrome, up to 1.5 m thick
and with an argillaceous matrix, is built by
Disphyllum which is bigger than in the pre-
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cedent one. In a lesser degree, some thamno-
porids, alveolitids and fenestellids are found.
Close to the base a discontinuous level with
abundant laminar to tabular alveolitids is de-
veloped.

Main faunal components:

Rugose corals: Disphyllum cylindricum,
Disphyllum geinitzi, Disphyllum caespito-
sum pashiense, Disphyllum rugosum mag-
num, Tabulophyllum gorskii.

Tabulate corals: Thamnopora indet.

REFERENCES: Rapig, 1962; ALTE-
vOGT, 1963, 1967; AADRICHEM-BOOGAERT,
1967: GARCIA-ALCALDE ET Al., 1985,

Stop 12. RIBADESELLA

Locarion: Ponga Unit, Ribadesella-
[lanes area (Fig. 13). Ribadesella is an old
fishing village, converted in a summer tourist
resort, with a famous beach. The locality to
be visited is placed at the west end ol the vi-
llage, in a small quarry southwards from the
road to Gijén (Fig. 33). (National topograp-
hic map of Spain, 1:50,000 scale, sheet 31).

STRATIGRAPHICAL UNIT: Cuera limesto-
nes (Fig. 12).

AGE: Lower Moscovian

DescripTION: The small quarry of
Ribadesella shows subhorizontal marls and
limestones. The section begins with 8-10 m
of marl containing common dissepimented
solitary and colonial rugose corals and chae-
tetids, and scarce syringoporoids which have
been studied recently. 10-12 m of massive to
well bedded limestone containing less abun-
dant corals follow up to the top of the quarry.

Solitary rugose corals usually show well
preserved apex, but calyx is usually crushed,
and some of them show eroded surfaces. All
features indicate short or no transport. Many
of them show several directions in their de-
velopment, rejuvenescences and other signs
of stress. Some of them are strongly curved.
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Colonial corals are all fasciculate. They oc-
cur as single branches of large size colonies
or as fragments of small colonies. All of

N
M CANTABRIAN SEA
RIBADESELLA
L I
i e
e 33t H eiTat ey
s W t
\a
\
S
i Has
VeE L HHE
== i
Sten P
= TV — it
= ) 2 ==
= Lg’ o IKm
e
-
"
m CUATERNARY @ CUERA SHAaLES
[DE! HIRASSIC E VALDETEJA LIMESTONE
iEaanR: .
HEHE cuera LimesTone @  comaL LocaLmy

FFig. 33.~Location of the Ribadesella coral locality.

them show clear features ol being transpor-
ted. Chactetids are usually middle to large
colonies growing around solitary or frag-
ments of colonial corals. Most of them show
subspherical shape. Syringoporoid are less
abundant and grow usually on lateral surfa-
ces of large solitary corals.

MAIN FAUNAL COMPONENTS:

Rugose corals: Pseudozaphrentoides
sp.. Neokoninkophyllum sp.. Kionophyllum
sp.

Tabulate corals: Multithecopora honto-
riense.

Chaetetids: Chaetetes spp.
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6" DAY (10/09/95) _
HONTORIA, DOBRES AND LAS ILCES
LOCALITIES

Stor 13. HONTORIA BAy
Location: Ponga Unit, Ribadesella-

[lanes area (Fig. 13). Hontoria is a small vi-
llage placed 15 km eastwards from Riba-
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Fig. 34 ~Location of the Playa de la Huelga section.
HO/2. Hontoria 2 coral beds, HO/3. Hontoria 3
coral beds, HO/4. Hontoria 4 coral beds.

desella. It is close to a sheer coast (Fig. 34).
The locality to be visited is placed at the up-
per levels of the Huelga beach section (Villa,
1985) (Fig. 35), at the northwest end ol the
bay (National topographic map of Spain,
1:50,000 scale, sheet 31). This locality was
first reported by BaRrROIs, 1882 and subse-
quently mentioned by MaLLADA, 1898,
DELEPINE, 1928, 1943. More recently, bra-
chiopods (MARTINEZ-CHACON, 1979), rugose
corals (RopriGuez, 1984), fusulinaceans
(ViLLa, 1985) and tabulate corals
(RoODRIGUEZ & Ramirez, 1987) have been
studied.

STRATIGRAPHICAL UNIT: Cuera limesto-
nes (Fig. 12).

AGE: Podolian
Middle Carboniferous).

(Upper Moscovian,
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DrscripTioN: The Huelga beach sec-
tion shows more than 1500 m ol mainly cal-
carcous beds, from Serpukhovian to
Uppermost Moscovian (Fig. 35). In this stop
we will visit three levels of the upper part of
the section containing abundant rugose and
tabulate corals as well as chaetetids. They
were named by Robpricuez, 1984 and
RODRIGUEZ & RaMirEZ, 1987 as Hontoria/2
(HO/2), Hontoria/3 (HO/3) and Hontoria/4
(HO/M) (Fig. 34). All of them are placed in
sheer cliffs, and the access to HO/2 and
HO/3 is not casy; be careful!.

Hontoria/2

Placed 800 m above the basc of the
Cuera limestones (Navarro et al., 1986). bet-
ween shaly beds (Fig. 35). This locality is
composed of light brown, thinly bedded clas-
tic limestones and grey massive limestones
which yielded abundant corals and chaete-
tids. Clastic limestones show irregular lower
and upper bounding surlaces and low-angle
cross to planar stratification. They are com-
posed of graded bioclasts (crinoids, bryozo-
ans, corals, brachiopods, etc). Algal structu-
res (micritic envelopes, oncolites) are
common. Scarce rugose corals ol the genus
Amygdalophylloides and tabulate corals
(Neomultithecopora) occur in these beds.

Grey massive limestones occur over and
as lateral change of the clastic limestones.
They are not well stratified and composed
mainly ol colonies of Chaetetids. tabulate
and rugose corals. Some of those colonics
are in living position, but many of them are
overturned and broken. Bryozoans, brachio-
pods, gastropods and crinoid stems are also
common,

Main faunal components (Fig. 36):

Rugose corals:  Petalaxis wagneri,
Petalaxis maccovana.

Tabulate corals: Donetzites milleporoi-
des.

Chaetetids: Chaetetes spp.

Hontoria/3

Placed 20 m above HO/2, it can be divi-
ded into two units (Fig. 35). The lower unit
is mainly composed of 5-6 m of black marly
limestones containing abundant brachiopods.
tabulate and rugose corals (solitary and colo-
nial), bryozoans, echinoderms and bivalves,
most of them in life position. Some thin.
usually discontinuous beds are built by sy-
ringoporids and aphroid rugosa. Presence of
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Fig. 35.~Playa de la Huelga section, with location of the coral beds (after RODRIGUEZ & RamirEZ, 1987).
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Fig. 36.-Rugose and tabulate corals from Hontoria. 1. Peralaxis wagneri GrRoOT: a. transverse section, b. longitudi-

nal section. 2. Petalaxis perapertuensis GROOT; a. (ransverse section, b, longitudinal section. 3.
Axolithophyllum hontoriense RODRIGUEZ: a. transverse section, b, longitudinal section. 4. Convenia longi-
septata FOMICHEV; transverse section. 5. Amygdalophylloides ivanovi DOBROLYUBOV AL a. transverse section.
b. longitudinal section. 6. lvanovia podelskiensis DOBROLYUBOVA; a. transverse section. b. longitudinal sec-
tion. 7. Neomultithecopora submasiva RODRIGUEZ & RAMIREZ; a. longitudinal section. b. transverse section.
8. Mulrithecopora hontoriense RODRIGUEZ & RAMIREZ: a. longitudinal section, b. transverse section. 9.
Neomultithecopora cantabrica RODRIGUEZ & RaMmirez; a. longitudinal section, b. transverse section. Scale
bars=2mm.
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large tracks (up to 10 cm wide and several
meters long) is conspicuous.

The upper unit is composed of 12-15 m
ol grey, breccioid, bioclastic limestones. Al
least four levels, each of them containing dif-
[erent dominant bioclasts, can be distinguis-
hed here. Crinoids, chaetetids and massive
and phaceloid tabulate as well as phaceloid
rugose corals and fusulinids (Pseudosta-
[fella) are the dominant bioclasts. Bryozoans,
echinoderms, algae and brachiopods are also
common. Some beds are composed of nodu-
lar structures (algae?).

Main faunal components (Fig. 36):

Rugose corals: Ivanovia podolskiensis,
Corwenia longiseptata, Amygdalophylloides
ivanovi, Bothrophyllum pseudoconicum,
Axolithophyllum hontoriense.

Tabulate corals: Multithecopora honto-
riense, Donetzites milleporoides.

Chaetetids: Chaetetes spp.

Hontoria/4

Placed about 150 m above HO/3 (Fig.
35) it is composed of light grey, bioclastic,
massive limestones, commonly containing
abundant oncolites. Some beds are built by
chaetetid and syringoporoid colonies gro-
wing together. Ususally, chaetetids grew
with multicolumnar habit; syringoporoids
grew over the chaetetids and occupied all
[ree spaces. In some cases they grew down-
wards. Solitary corals occur commonly
being covered by chaetetid colonies.
Brachiopods and crinoids are also frequent.

Main faunal components (Fig. 36):
Rugosc corals: Amyvgdalophylloides
ivanovi, Bothrophyllum pseudoconicum.
Tabulate corals: Neomultithecopora
cantabrica, Neomultithecopora submasiva.
Chactetids: Chaetetes spp.

REFERENCES: BARROIS, 1882: MALLA-
DA, 1898; DELEPINE, [928: MARTINEZ-
Cnacon, 1979; RoDpRrRIGUEZ, 1984: VILLA,
1985; RODRIGUEZ & RAMIREZ, 1987.

Stor 14. DOBRES

Locarion:  Liébana  Unit  (Fig.
I3).Dobres coral localities are placed along
the road from Bérago to Dobres. These villa-
ges are placed in the Rio Frio valley, a sout-
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hern lateral branch of the Liébana valley
(Fig. 37), in the southeastern area of the
Picos de Europa, at Santander province.

STRATIGRAPHICAL UNIT: Dobres limes-
tones, Potes Group (Fig. 12).

Age: Lower Moscovian (Vereyan-
Kashirian).
DEescrIPTION: Dobres himestones are

placed in the turbidites of the Potes Group
and they are composed of large massive
blocks (olistolites) coming from the platform
in the Palentine Unil (Piedrasluengas limes-
tone). A mountain road climbs from Bdrago
(600 m above the sea level) up to Dobres
(950 m above the sea level), and cross the
Dobres limestones by means of two tunnels.
At least five levels with corals (BD/1 to
BD/5) were located at the road section and
surrounding ¢liffs by RopriGcuez, 1984, We
will visit the BD/4 bed, placed in the area
between the tunnels. From this location we
have a spectacular panoramic view ol the
Rio Frio valley and the Dobres limestones.

7 MOGROVEK) GROUP

EIEP| DOBRES LIMESTONES
POTES GROUP
]

CONGLOMERATES EI2T CURAVACAS CgP.

@  CORAL LOCAUTY
[} ] 2Km

Fig. 37 —Location of the Dobres coral Tocality.

BD/4 beds are composed of:

— 2 m ol grey massive limestone with
oncolites, chactetids and rugose corals.

— 1 m of black muddy limestone (wac-
kestone to packstone) containing algal struc-
tures (oncolites, algal envelopes), chaetetids,
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bryozoans, rugose corals and fusulinids
(Profusulinella and Eofusulina). Rugose co-
rals are especially abundant, but not diverse
in this bed; they are nicely preserved.

— 1m of grey massive limestone which
yielded rugose corals, chaetetids and algal
structures.

Most corals from BD/4 are geyerophy-
Ilids. Scarce cyathopsids and aulophyllids
oceur about 30 m above BD/4 in breccioid li-
mestones.

MAIN FAUNAL COMPONENTS (Fig 38):

Rugose corals: Amygdalophylloides lie-
banense, Kionophyllum variabile, Spiro-
phyllum multilamellatum.

Chaetetids: Chaetetes sp.

REFERENCES: RODRIGUEZ, 1984,

Stor 15, LAS ILCES

LocaTioN:  Pisuerga-Carrién  Unit,
Li¢bana Area (Fig. 13). Las Ilces is a small
village placed at the northern rand ol the
Deva river (Liébana Valley, Santander pro-
vince). 6 km westwards from Fuente Dé, at
the Deva source (Fig. 39). The locality to be
visited is placed 500 m to the west of Las
[lces. at km 17.600 of the road Irom Potes to
Fuente Dé.

STRATIGRAPHICAL  UNIT:
Formation (Fig. 12).

Cosgaya

AGE: Serpukhovian, Lower Namurian.

DrscripTiON: The Cosgaya Formation
is a mainly terrigenous unit, regarded as del
taic deposits. Nevertheless, it contains limes-

Fig. 38.-Rugose corals from Dobres. 1. Amygdalophylloides liebanensis RODRIGUEZ, a. transverse section, b. longi-
tudinal section. 2. Kionophyllum irregulare RODRIGUEZ: a. transverse section. b. longitudinal section. 3.
Axolithophyilum quiringi (WEISSERMEL): transverse section. 4. Pseudoamygdalophyllum dobrense
RODRIGUEZ: a. transverse section, b, longitudinal section. 5. Spirophyllum multilamellatunt (GROOT): @
transverse section, b, longitudinal section. 6. Fomichevella sotoi RODRIGUEZ: 4. transverse section. b. longi-
tudinal section. The last coral is also (and mainly) recorded in the Cosgaya Fm. Scale bars = 2 mm.
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tone beds in the middle and upper part. These
limestones are regarded as having originated

CONGLOMERATES
ETA coseara umesTones
@ CORAL LOCALITY

o [ ZKm.
—

Fig. 39. Location of the Las Ilces coral locality.

Fig. 40.-Development of bioherms at Las llces. The
buildup is composed of several phases of
growth, with diverse components. 1 is mainly
composed of algae and syringoporoids. Rugose
corals of the gemera Siphonodendron,
Caninostrotion, Fomichevella and Dorlodotia
are also common. 1" and 1" are mainly compo-
sed of chaetetids, algae and syringoporoids.
Rugose corals are scarce. 2 is mainly composed
of algae and syringoporoids. Chaetetids are
scarce. 3 is composed of algae and syringopo-
roids. 4: Lateral and upper beds are composed
of silty limestones with abundant algal oncoli-
tes, rugose and tabulate corals. They are cha-
racterized by high organic matter content and
presence of iron sulfides.
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in Lthe areas between the branches of the del-
ta. They are mainly organogenic limestones
of algal origin. Some buildups containing al-
gac and corals can be identified in the midd-
le part of the formation; limestones at the up-
per part are mainly bioclastic beds
(RODRIGUEZ, 1984).

A bioherm composed of massive limes-
tone (bindstone-bafflestone) and built mainly
by algae, microbial structures, syringopo-
roids and rugose corals crops out at the nort-
hern side of the road from Potes to Fuente Dé
(Fig. 40). Some small buildups placed over
the main framework arc composed also of
chaetetids. Lateral beds of the bioherm are
mainly composed of packstones containing
abundant solitary and colonial corals. Some
biostromes built mainly by algae and colo-
nial corals also occur.

The bioherm is crossed by numerous
calcite veins and preservation of corals is not
especially good. but corals in lateral beds are
better preserved. Corals are abundant and di-
verse, and show a high level ol endemism
(none of the species were found out of the
Cosgaya Formation)

MAIN FAUNAL COMPONENTS (Fig. 41):
Rugose corals: Dibunophyllum bolli,
Fomichevella sotoi, Caninostrotion perejont,
Siphonodendron? liebanense, Dorlodotia
sp., Kizilia transeptata, Semenophyllum il-
cense, Semenophyllum irregulare,
Kionophyllum cosgavense, Kionophyllum sp.
Tabulate corals: Multithecopora sp.
Chaetetids: Chaetetes spp.

REFERENCES: Maas, 1974; RODRIGUEZ,
1984,
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Fig. 41 ~Rugose corals from Las llces. |. Semenophyllum ilcense RODRIGUEZ: a. longitudinal section, b. transverse
section, 2. Semenophyllum irregulare RODRIGUEZ; transverse section. 3. Kizilia transeptara RODRIGUEZ: a.
transverse section, b. longitudinal section. 4. Dibunophyllum bolli RODRIGUEZ; transverse section. 3.
Caninostrotion perejoni RODRIGUEZ; a. ransverse section, b. longitudinal section. 6. Dorlodotia sp.; trans-
verse section. 7. Kionophyllum cosgayense RODRIGUEZ; a. transverse section, b. longitudinal section.
Siphonodendron? liebanense (RODRIGUEZ); a. transverse section, b. longitudinal section. Scale bars =2 mm.
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7" DAY (11/09/95)
CAMASOBRES AND CASAVEGAS
LOCALITIES

Stor 16. CAMASOBRES

LocaTioN: Pisuerga-Carrion  Unit,
Casavegas syncline (Fig. 13). Camasobres is
a small village located on the road from
Potes to Cervera de Pisuerga, 6 km to the
south from Piedrasluengas pass (Fig. 42).

[Eed LIMESTONES
% CJOSA FTION, ( SHALESAND SANOSTONES )
=3 cuarTziTES

QUARTZITES
VANES AND VERGANO FTIONS, (SHALES AND SANDSTONES )

LIMESTONES

CURAMACAS CONGLOMERATE

o IKm
| S |

g, 42 Location of the Camasobres and Casavegas co
& o
ral localities.

The coral locality is placed at the Ca-
masobres Limestone, | km northwards from
Camasobres. It 1s broadly described by BoLL
(1983, 1985)

STRATIGRAPHICAL UNIT: Camasobres
LL.imestone, Vergaio Formation (Fig. 12).

AGE: Moscovian (Kashirian- Podolian).

DescripTION: Vergaiio Formation is
mainly composed of conglomerates. sandsto-
nes and shales. It is regarded as having ori-
ginated in a complex deltaic system. Two
discontinuous limestone members, the Cama-
sobres Limestone and the Maldrigo Lime-
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stone, Podolian in age, occur in this forma-
tion, being regarded as influence ol a calca-
reous platform placed southwards. Both con-
tain corals, but only in Camasobres
Limestone arc they common. The Cama-
sobres Limestone is composed of massive
and middle bedded grey limestones. They are
composed mainly of bioclastic beds contai-
ning algae, fusulinids. brachiopods. crinoids,
chaetetids, tabulate and rugose corals.

Rugose corals are dominant in some of
the lower beds. A bioclastic bed is composed
mainly of large fragments of cyathopsids
(Pseudozaphrentoides). Chaetetids and Sy-
ringoporoids are dominant in the upper le-
vels. Partial dolomitization of the rock is
conspicuous. Many of the fossil components
of the rock are partially silicified.

MAIN FAUNAL COMPONENTS (Iig. 44):

Rugose corals: Pseudozaphrentoides
rabanaliensis, Spirophyllum multilamella-
tum, Fomichevella volgensis.

Tabulate corals: Multhitecopora spp.

Chatetids: Chaetetes sp.

REFERENCES: Groot, 1963; Boll,
[983. 1985.
Stor 17. CASAVEGAS (Optional)
LocarioN:  Pisuerga-Carrion  Unit,

Casavegas syncline (Fig. 13). The Casavegas
locality is placed at km 2 on the road from
Camasobres village to Casavegas village
(Fig. 42), 7 km southwest of the Piedras-
luengas Pass (Pisuerga valley, Palencia pro-
vinee).

STRATIGRAPHICAL UNIT: Ojosa Forma-
tion (Fig. 12).

Ace: Upper Moscovian (Myachko-
vian).

DEScrIPTION: Ojosa Formation is
composed of at least 2,300 m of shales,
sandstones and conglomerates, with occa-
sional coal and calcarcous beds in coarse-
ning-upwards sequences. It is regarded as
being formed by a prograding delta in an
areca with a high rate of subsidence (WaG-
NER & WINKLER-PRINS, 1985). Some of the
sequences commence with flossiliferous
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Fig. 43.-Stratigraphic column of the Ojosa Formation at Casavegas (after WAGNER & WINKLER-PRINS, 1985).
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mudstones to wackestones which contain  (upper Casavegas coals) (Fig. 43). These
brachiopods, bryozoans, gastropods and oc-  beds are composed of silty limestones, marls
casionally rugose corals. and shales with conspicuous bioturbation

The Casavegas locality is located inone  (Zoophycos). Corals are scarce in most of the
of the calcarcous beds placed at the begin-  points where the bed crop out, but locally

- \ ‘o“‘
A7 I Al Q{
Gy

Fig. 44 —Rugose corals from Camasobres (1-2) and Casavegas (3-8). 1. Asturiphylium semenoffi RODRIGUEZ: a. lrans-
verse section, b. longitudinal section. 2. Pseudozaphrentoides rabanaliensis GrRooT, 3. Zaphrentites clithria
Groot. 4. Amplexocarinia? palentina RODRIGUEZ & KuLLMANN. 5. Calophvllum cantabricum (GRooT). 6.
Lophophyllidium minus Groot. 7. Sochkineophyllum accelerans Ropricuez & KuLLMann. 8. Ufimia al-
ternans GROOT. Scale bars = | mm except for | and 2, '

ning of one sequence, just 20 m above one of  they are common. These corals belong typi-
the main coal beds in the Ojosa Formation  cally to the Cyathaxonia-fauna (RODRIGUEZ

VIT Int. Symp. Fossil Cnidaria and Porifera
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& KuLLMANN, 1990) and they can be related
to those of the same age in other areas of the
Cantabrian Mountains (Picos de Europa,
KuLLMANN & RODRIGUEZ, 1994).

MAIN FAUNAL COMPONENTS (Fig. 44):

Rugose corals: Amplexocarinia? palen-
tina, Cyathaxonia cornu, Zaphrentites clith-
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ria, Calophvilum cantabricum, Sochkineo-
phyllum accelerans, Ufimia alternans, Lo-
phophyllidiun minus.

REFERENCES: WAGNER & WINKLER
PrINS, 1985; RoDRIGUEZ & KULLMANN,
1990.
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