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Abstract: The Devonian history of the Cantabrian Mountains (NW Spain), as registered in the
stratigraphic series, is characterized by events of variable importance and geographic significance,
which are reflected in the lithology and in the fossil content. They are called geobiologic events.

Barnes et al. (1996) mentioned more than 14 Devonian global bioevents. Three of them,
the sulcatus, Zlichov-Basal and Daleje-Cancellata events, have been recognized in the Lower
Devonian (Rafeces-La Vid Groups, Lebanza and Abadia Formations). Another one, the Chotec-
Jugleri event, is observed close to the Lower-Middle Devonian boundary (uppermost part of
the Moniello, Santa Lucia and Polentinos Formations; lowermost Eifelian) of the Cantabrian
Mountains.

In this paper, six phases of development of the Lower Devonian rugose corals from the Can-
tabrian Mountains, their relation to global sea-level fluctuations as well as lithologic and palaeon-
tologic features are analyzed in the neritic (Asturo-Leonian) and pelagic (Palentine) domains.
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1. INTRODUCTION

The marine Devonian series of the Cantabrian Mountains (NW Spain) has been divided
stratigraphically into two different facies domains: the Asturo-Leonian Domain and the
Palentine Domain (Brouwer, 1964) (Fig. 1). The Asturo-Leonian Domain is characterized
by an alternation of clastic and carbonate formations, principally with benthic fauna,
deposited on a shallow marine platform. In some of these carbonate successions, im-
portant reef formations were developed. In contrast, beginning with the Lower Emsian,
the Devonian succession in the Palentine Domain consists of an alternation of nodular
limestones and shales, with a nectonic and pelagic fauna, indicating a quieter and
deeper environment than in the Asturian-Leonian Domain. in the Palentine Domain,
reef development is restricted to the occurrence of rare local biostromal units linked to
carbonate episodes (e.g. the Lebanza Formation).
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Fig. 1: Structural sketch map of the Cantabrian Zone showing the distribution of the Devonian
outcrops in the Asturo-Leonian and Palentine facies and localities mentioned in the text:
1 — Santa Maria del Mar; 2 - La Ladrona Island; 3 - *Arnao Platform"”; 4 - Bafugues
Beach; 5 — Moniello Inlet; 6 — La Vid; 7 — Santa Lucia; 8 — Adrados; 9 — Colle; 10 — Araliz
Peak; 11 - Vafies Reservoir; 12 — Lebanza.
(modified from Juuvert, 1971).
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Historically, the knowledge of the stratigraphical succession in the Devonian of the
Asturo-Leonian Domain was obtained by different authors independently. Among oth-
ers, Barrois (1882) studied the Devonian in the northern slope of the Cantabrian Zone,
Cowmre (1936, 1938, 1959) studied both sides (northern and southern slopes) and Veen
(1965), Binnekamp (1965), etc. studied the southeastern part of the Cantabrian Moun-
tains (Fig. 1). Because of those studies, the lithostratigraphic nomenclature used nowa-
days is different for the two domains. In Fig. 2 the equivalent names for the two facietal
domains are shown.

The carbonatic Moniello/Santa Lucia Formation (Upper Emsian-Lower Eifelian)
(Fig. 2), in the Asturo-Leonian Domain, shows a great richness in coral faunas and
represents one of the most important episodes of reef development in the Cantabrian
Devonian. In contrast, the detrital Furada-San Pedro (upper Wenlockian-lower Lochko-
vian), Naranco-Huergas (Eifelian-lower Givetian), Pifieres-Nocedo (Frasnian), Fueyo
(upper Frasnian-lower Famennnian) and Ermita (upper Famennian) Formations show a
rather poor content in corals, which is restricted to interbedded and discontinuous
carbonate levels. Finally, the Rafieces/La Vid (Lochkovian-Upper Emsian) Groups show
a variety of lithologies consisting of dolostones, limestones, shales and marls with, in
general, abundant pelagic, benthic and nectobenthic fossils. Among the benthic fossils
there is a great diversity of solitary rugose corals belonging mainly to the so-called
“Adradosia Fauna" in the Cantabrian Mountains (equivalent to the “Cyathaxonia
Fauna") and, in lesser proportion, to colonial corals which built thin, locally distributed
biostromal levels.

The Lower Devonian history of the Cantabrian Mountains, as registered in the strati-
graphic column (Fig. 2), is characterized by events of variable importance and geo-
graphic significance, which are reflected in the lithology and in the fossil content. They
are called geobiologic events or, just, events.

Many bioevents follow a pattern called E/R (extinction/radiation) sequence with a
mass extinction phase followed, after some time, by a radiation phase. Although the
phenomena that trigger the faunistic changes most likely have an effect on the fauna
prior to an extinction phase, in fact, the bioevent is identified by an extinction (WaL-
Liser, 1995) and the most clear abiotic signals usually coincide with it.

The majority of bioevents represent the disappearance of such faunal elements,
which are most vulnerable to the environmental changes in the different ecosystems.
Barnes et al. (1996) mentioned more than 70 Phanerozoic global bioevents, of which
more than 14 correspond to the Devonian. Three of them, the sulcatus, Zlichov Basal
and Daleje-Cancellata Events, have been recognized in the Lower Devonian (Rafieces-
La Vid Groups, Lebanza and Abadia Formations) and another one, the Chotec-Jugleri
Event, close to the Lower-Middle Devonian boundary (uppermost part of the Moniello,
Santa Lucia and Polentinos Formations) in the Cantabrian Mountains (Fig. 2). On the
other hand, a possible new event, the serotinus Event, is being nowadays studied in the
Lower Devonian (upper part of the Rafieces-La Vid Groups) and it could be extended
to the Iberian Peninsula and, possibly, to other countries (Jonnson et al., 1985).

In this paper, six phases of development of the Lower Devonian rugose corals from
the Cantabrian Mountains (NW Spain), their relation to global sea-level fluctuations as
well as lithologic and palaeontologic features are analyzed in the neritic (Asturo-Leo-
nian) and pelagic (Palentine) domains.

201



LOCHK.[PRAG| _ EMS. EIF. |CHRONO.
‘B
w E g 8 EVENTS
=
= = txd
= elie
% & EBlsle B2 € | =
& sl 85 Klell 28 | =
2l (5| BEE EBE|l & | S
= A A 212 S
v 7] el | == -
Z EE|IlL % | =
N '® jan E ’?i
e 333 < E g
25 s Bl| &€ | Z®
Ei o — [=H >
& 2 2 <2 3 = o
- (=~ w (="
@ 0 lan
Al Nl | SRR 3 E ~
Rafieces
& Bafiugues | > § % >
8 B || 2 El2| B
=% 5C |e o 2151 3
®| Nieva S7 g 5 B3| =2
) =l ° = %
(43
La Vid o S 2
w1 1)
] Felmin ol P al 8 ol
= [+ =|o — [l i~ >
3] el =3 =5 <] o &
o e Q| - [@N B H
& . g |2lal E 5 =
=| Nieva = Iel=| § = W)
o [@] ) E; —— =
2 |8 ) =
R o >
~|__Lebanza Abadia__ | Polent. T2 E
g < & | =
£ > |wln|o |m| [B]& g 128~
S =2 AE
@]
— ~
® S o E_ =
(¢}

Fig. 2: Stratigraphic position of the global events and the phases of coral development in the
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Lower Devonian of the Cantabrian Mountains (Asturo-Leonian and Palentine Domains).
SE- sulcatus Event; BZE- Basal Zlichov Event; DCE- Daleje-Cancellata Event; CJE- Chotec-
Jugleri Event.

F1.: Faunal Intervals (brachiopods)

Req.: Requejada member

LL: La Loma beds

AL-1, 2,...: Coral levels in the Asturo-Leonian Domain

P-1,2,.. : Coral levels in the Palentine Domain

(modified from Garcia-ALcatpe, 1998).



2. PHASES OF CORAL DEVELOPMENT IN THE LOWER DEVONIAN OF THE
CANTABRIAN MOUNTAINS AND THEIR RELATION TO BIOEVENTS

AL-1/P-1 (Fig. 2): The first levels containing corals and stromatoporoids in the Lower
Devonian (lowermost Pragian) of the Cantabrian Mountains constitute reef episodes of
minor significance, appearing only locally. They are represented by biostromal patches
composed of branching rugose corals (disphyllids) (Pl. 2, Fig. 9), branching tabulate
corals (thamnoporids), laminar to tabular stromatoporoids and tabulate corals (favositids)
(Garcia-AccaLoe et al., 1990). They have been located at Santa Maria del Mar (Asturias;
Asturo-Leonian Domain), in the upper part of the Nieva Formation, and at Lebanza,
Vafies Reservoir and Aralz Peak (Cervera de Pisuerga Area; Palentine Domain), in the
middle part (Member C) of the Lebanza Formation (Krans et al., 1982; GARCiA-ALCALDE
et al., 1990), during the Lower Devonian (Figs. 1, 2).

The chronostratigraphic Lochkovian-Pragian transition is located, as in Bohemia
(where the event was defined with the name of the transition), slightly below a marked
color change of the carbonate rocks from dark to light, indirectly correlated with the
Eognathodus sulcatus Zone (Nowakia acuaria Zone) (hence the name sulcatus Event
from Garcla-ALcaLpe et al., 1990; Garcia-ALcaipe, 1998). This color event is recognized
in the Palentine Domain by a change from reddish bioclastic grainstones to white or
grey crinoidal grainstones and light grey packstones, wackestones and mudstones, and
in the Asturo-Leonian Domain from dark grey packstones and shales to light crinoidal
grainstones, wackestones and mudstones. Such a lithologic change was interpreted in
different Devonian basins of the world as indicating a quick regression accompanied by
a short-term anoxic event (Criurac & Kukat, 1988). The color change coincides with a
faunal turnover consisting of the decline of several brachiopod (Faunal Intervals 4-5
transition; Garcia-ALcaLbe, 1996) and trilobite lineages, and shortly afterwards the ap-
pearance for the first time of new elements, specially among the benthic faunas (bra-
chiopods and corals-stromatoporoids). In short, the sulcatus Event is a geo-event of
minor importance but it is well represented worldwide, with substantial change in the
faunal associations and appearance of the first reef episodes from the Lochkovian to
Pragian.

AL-2 (Fig. 2): New coral levels, accompanied also by stromatoporoids, constitute a
second well developed reef episode in the northern part (Asturias) of the Asturo-Leo-
nian Domain. This reef development consists of thin biostromal levels, mainly consti-
tuted by bafflestones of branching rugose corals (disphyllids), branching tabulate corals
(thamnoporids) and framestones of subspherical to irregular stromatoporoids and tabu-
late corals (favositids) (GArcia-ALcalpe, 1997). They have been located in Santa Maria
del Mar and La Ladrona Island (Asturias), in the uppermost part of the Bafiugues Forma-
tion (lowermost Lower Emsian) (Figs. 1, 2).

AL-3/P-2 (Fig. 2): In the lowermost part of La Ladrona and La Pedrosa Formations (La
Ladrona Cliff and Adrados localities, respectively; neritic Asturo-Leonian Domain), a
marked lithologic change from intertidal dolomites to open marine shales and limestones
becomes apparent, whereas in the lower part of the Abadia Formation (Requejada
Member; Vaies Reservoir; pelagic Palentine Domain) there is a lithologic change from
dark grey, micaceous, silty shales to dark grey mudstones, wackestones and bioclastic
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packstones which are interbedded with very fossiliferous calcareous siltstones (Garcia-
ALcalpg, 1997). This lithologic transition occurs at the Polygnathus kitabicus Zone (Now-
akia zlichovensis Zone) and could correspond to the global Basal Zlichov Event. This
event has been characterized as a minor global event in the Zlichov-Praha Formations
transition, in Bohemia (CHiurac & KukaL, 1986, 1988) and was correlated with a trans-
gressive pulse within the T-R cycle Ib (Jonnson et al., 1985). In the Cantabrian Mountains,
the biologic change consists of the extinction of trilobites, brachiopods and reef-building
corals and the appearance of new forms of dacryoconarids (Nowakia cf. zlichovensis)
(TruvoLs-Massont & Garcla-ALcalpe, 1994), brachiopods (particularly, Arduspirifer,
Euryspirifer and Acrospirifer; lower part of the Faunal Interval 8) (GARcia-ALcatpe, 1996},
important associations of ichnofossils (Chondrites and Zoophycus), abundant and diverse
trilobite faunas (proetids, aulacopleurids, scutellids, phacopids, homalonotids and astero-
pyginids) (Areizu, 1997; Smeenk, 1983) and very diverse and abundant solitary rugose
corals of the "Cyathaxonia Fauna" (Enterolasma, Schindewolfia, Boolelasma, Syrin-
gaxon, Nicholsoniella, Adradosia, Ufimia, Oligophyllym and Pentaphyl/lum) (Pl. 1, Figs.
7-15; PL. 2, Figs. 1-3) as well as pleurodictid tabulate corals (Pleurodictyum, Cleistodic-
tyum, Proterodictyum) that constitute the most diverse Lower Emsian “Cyathaxonia
Fauna" known worldwide (Soto, 1986; Soto & KuLLMANN, 1996).

AL-4 (Fig. 2): A gradual lithologic change appears usually at the basal Upper Emsian,
where dark to black shales begin to dominate over limestones and marls (upper part of
La Ladrona Formation: east of La Ladrona Cliff; transit levels from La Pedrosa to Val-
porquero Formations: La Vid, Colle and Adrados localities; upper part of the “Vafies
beds”: Varies Reservoir) (Figs. 1, 2) and coincides with the Faunistic Interval 10 of bra-
chiopods (Garcla-ALcaLpg, 1996). This lithologic transition correlates to the Polygnathus
laticostatus Zone (Nowakia elegans/N. cancellata Zone boundary) and could correspond
to the Daleje-Cancellata Event (WaLLiser, 1984, 1995; House, 1985). Globally, this event
becomes apparent as a gradual rise of the sea level within the T-R cycle Ib (JoHnson et
al., 1985) and it is one of the Devonian events recognized worldwide. In the Cantab-
rian Mountains, the biologic change was rather gradual in the neritic Asturo-Leonian
Domain and is more reflected in the appearance of some new species of brachiopods
(Faunal Interval 10) and trilobites, than in the extinction of the latter. Coinciding with
the climax of the event, the corals of the “Cyathaxonia Fauna" (Adradosia, Gymnaxon,
Petronella, Neaxon, Hadrophyllum, and Microcyclus) (Pl. 1, Figs. 1-6, 10-12) become
important again (BirenHeibe & Soto, 1977; Soto, 1983). In the Palentine Domain, the
bioevent affected exceedingly the ammonoid faunas. The so-called “Anetoceras Fauna”
(Erbenoceras, Mimosphinctes, Mimagoniatites and Calaeceras) disappeared below the
Nowakia elegans/N. cancellata Zone boundary (Montesinos & TruvoLs-Massoni, 1987).
Because the general scarcity of fossils excepting dacryoconarids in the shaly facies of
the upper part of the “Vafes beds”, other faunal markers for the Daleje-Cancellata
Event are lacking.

AL-5 (Fig. 2): The next coral levels appear locally at Colle (Ledn) and at the so-called
“Arnao Platform"” (Asturias) in the lower Upper Emsian of the La Vid Group (uppermost
part of the Valporquero Formation) and in the upper part of the Rafeces Group (low-
ermost part of the Aguion Formation), respectively (Figs. 1, 2). Near the village of Colle,
only one reef deposit has been described in the upper part of the Valporquero Forma-
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tion. This unit consists of biostromal layers, less than 1 m thick, mainly built by branch-
ing rugose corals (Synaptophyllum) (Pl. 2, Figs. 4-6), massive rugose corals (Cantabri-
astraea ScHroODER & Soto, 2003), tabulate corals (favositids and alveolitids) and stromat-
oporoids (Soto, 1982; FernAnDEZ et al., 1995). The only known reef development
within the lowermost part of the Aguion Formation occurs at the “Arnao Platform”. It
is a biostrome, 5 m thick, mainly built by tabulate corals (alveolitids) and bryozoans. In
this reefal unit the communities show an ecological succession represented by four dif-
ferent stages (Arsizu et al., 1993, 1995). The occurrence of these biostromal levels in
the neritic Asturo-Leonian Domain took place at the inversus-serotinus Zone boundary
(lower part of the Faunal Interval 11 of brachiopods) and could be related with the final
phase of gradual rise of the sea level within the T-R cycle Ib (JoHnson et al., 1985).

The middle and upper part of the Upper Emsian Aguién Formation and the upper
part of the Coladilla Formation (neritic Asturo-Leonian Domain) are constituted by red
or pink coloured crinoidal limestones and marlstones interbedded with shales including
a very abundant benthic community. These faunas include the so-called “Sabero fossils”
(Comte, 1959), which derive from the village of Colle (Ledn), near Sabero (Fig.1). The
acme of these faunas is reported at the Faunal Interval 12 of brachiopods (Garcia-AL-
caLDE, 1996). Along this interval, at Colle (Coladilla Formation) frequent bryozoan-bra-
chiopod-crinoid mound structures also exist (Schmio et al., 2001). These conditions of
great provincialism could indicate the beginning of the final regression of the T-R cycle
Ib (Jornson et al., 1985). In the upper part of the Aguion Formation (Aguién Headland,
Asturian coast) (Figs. 1, 2) there are dolomitic levels and mud-cracks suggesting that
the regressive conditions reach a maximum at this interval. This lithologic change, oc-
curring in the serotinus Zone, could represent a new Devonian event (Fig. 2), corre-
sponding to the final regressive pulse of the T-R cycle Ib (Jornson et al., 1985: Fig. 12).
The study of the features of this possible event and the establishment of the local ex-
tinction and radiation phases related to it, are currently being studied and probably can
be extended across the iberian Peninsula and into other areas.

AL-6/P-3 (Fig. 2): In the neritic Asturo-Leonian Domain, the next and one of the most
important episodes of reef development took place during the Upper Emsian, coinciding
with the deposition of the Moniello Formation, on the northern siope, and-Santa Lucia
Formation, on the southern slope, of the Cantabrian Mountains. These formations are
equivalent and consist of grey limestones and argillaceous limestones interbedded with
thin shaly levels. Towards the outer part of the Asturian Arc (Fig. 1) they are very fos-
siliferous, while towards the interior part of the Arc they are mostly composed of lime-
stones with birdseyes and laminated limestones with mud-cracks. Accordingly, the
greatest reef development (built mainly by stromatoporoids, rugose and tabulate corals)
occurred in the outermost zone of the Asturian Arc. Hllustrative examples of the internal
structures and faunal composition of the biostromes and bioherms developed in these
formations at their type-localities (Moniello Inlet, Asturian coast, and Puerto Creek,
Ledn) have been given by several authors (Ménoez-Bepia, 1976; Ménpez-Bepia & SoTo,
1984; Menpez-Bepia et al., 1994; Soto et al., 1994; FernaAnpez et al., 1995) (Pl. 2, Figs.
7-8, 10). In the pelagic Palentine Domain, the Upper Emsian/Eifelian Polentinos Forma-
tion (Fig. 2) consists of an alternation of platy to nodular grey limestones and dark grey
sandy shales and siltstones, the latter being more frequent in the upper part of the
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formation (Eifelian, “La Loma beds”). Poor neritic (trilobites, solitary rugose corals of
the "Cyathaxonia Fauna”, pleurodictid tabulate corals and rare brachiopods) and pe-
lagic (ammonoids, dacryoconarids and ostracods) faunas have been recorded in this
formation (Veen, 1965; Jannke et al., 1983; Garcia-ALcalpe et al.,, 1998, 2002).

In the uppermost part of the Moniello and Santa Lucia Formations and in the upper
part of the Polentinos Formation (Lower Eifelian) there is a lithologic change from light
coloured limestones to dark or black pyritic shales of the lowermost Naranco and Huer-
gas Formations and to dark or black micritic limestones of the “La Loma beds" (Polen-
tinos Formation). This corresponds to a deepening event, considered as a minor trans-
gressive pulse (Chotec-Jugleri Event) and an expansion of anoxic bottom water condi-
tions across the shallow shelf areas, within T-R cycle Ic (Jonnson et al., 1985; Garcia-
ALcalpe, 1998). The litho-event occurs, as in Bohemia, where it was recorded for the
first time (CHiurac & Kukal, 1988), at the Nowakia holynensis/N. sulcata Zone bound-
ary (Polygnathus costatus partitus/P. ¢. costatus Zones transition and Faunal Interval 17
of brachiopods) (Jannke et al., 1983; Garcla-Lorez, 1986; Garcia-ALcALDE, 1996; GARClA-
Lorez & Sanz-Lorez, 2000; Garcia-Lorez et al., 2000), just above the Emsian/Eifelian
boundary.

in the Cantabrian Mountains, the faunal turnover is gradual and more clearly out-
lined by extinctions than innovations (Garcia-ALcaLpe, 1998; Garcia-ALcaLoe et al., 2001).
In the neritic Asturo-Leonian Domain, the most marked change is the disappearance of
the OCA fauna (brachiopod association of Uncinulus orbignyanus, Paraspirifer cultriju-
gatus and Alatiformia alatiformis) and numerous forms of the Faunal Interval 17
(Garcia-ALcALDE, 1996, 1998). Slightly below the event level the reef episodes developed
within the Moniello and Santa Lucia Formations (Ménpez-Bepia et al., 1994) are termi-
nated. In the pelagic Palentine Domain, Henn (1985) and Monresinos (1987), recorded
the disappearance of Anarcestes lateseptatus in the “La Loma beds” (upper part of the
Polentinos Formation) and its replacement by an important association of ammonoids,
constituted by Agoniatites, Werneroceras and Foordites. However, Pinacites jugleri, one
of the best markers of the event, appears slightly above the event level. Smeenk (1983)
noted an important faunal change in the trilobites, which involves the total extinction
of the Asteropyginae and the Proetidae in this domain. Pleurodictid tabulate corals and
the last representatives of the very important “Cyathaxonia Fauna" during the Emsian
disappear completely in the Palentine Area because of the Chotec-Jugleri Event (Garcia-
ALcALDE et al., 2001, 2002).
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Microcyclus truyolsi Soto, 1983. Holotype DPO 1887. Distal, proximal and lateral
views; x 3. La Pedrosa-Valporquero Formations transition (Phase AL-4), Adrados
(Ledn).

Hadrophyllum neritae Soro, 1983. Holotype DPO 2022. Distal, proximal and lateral
views; x 3. La Pedrosa-Valporquero Formations transition (Phase AL-4), Adrados
(Ledn).

Nicholsoniella pauciseptata (KuLLmanN, 1965)
DPO 14569. Transverse thin section; x 3
DPO 14572. Transverse thin section; x 3

DPO 14574. Longitudinal thin section; x 3. Abadia Formation (Requejada Member)
(Phase P-2), Vafies Reservoir (Palencia).

Adradosia nodosa (KuLLMANN, 1965)
DPO 14584. Transverse thin section; x 3

DPO 14582. Transverse thin section; x 3. Abadia Formation (Requejada Member)
(Phase P-2), Vafes Reservoir (Palencia).

Adradosia barroisi BirenHeEDE & SoTo, 1977. DPQ 14579. Transverse thin section; x
3. Abadia Formation (Requejada Member) (Phase P-2), Vafies Reservoir (Palencia).

Ufimia prior (KuLLmann, 1965)
DPO 14583. Transverse thin section; x 4
DPO 14576. Transverse thin section; x 3

DPO 14590. Transverse thin section; x 3. Abadfa Formation (Requejada Member)
(Phase P-2), Vafes Reservoir (Palencia).
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Oligophyllum (Pentelasma) cf. kullmanni Wever, 1973. DPO 14598. Transverse thin
section; x 4. Abadia Formation (Requejada Member) (Phase P-2), Vafies Reservoir
(Palencia).

Pentaphyllum irregulare KulLmann, 1965
DPO 14563. Transverse thin section; x 4

DPO 14527R. Transverse thin section; x 4. Abadia Formation (Requejada Member)
(Phase P-2), Vaies Reservoir (Palencia).

Synaptophyllum multiseptatum Sotvo, 1981
DPO 13355. Lateral view of a branch from the colony; x 1,5

DPO 13340. Transverse and longitudinal thin sections; x 2. Valporquero Formation
(Phase AL-5), Colle (Ledn).

Synaptophyllum sp. DPO 14830. Transverse and longitudinal thin sections; x 2,5.
Moniello Formation (Phase A-6), Moniello Inlet (Asturias).

Zelolasma sp. DPO 14831. Transverse thin section; x 3. Nieva Formation (Phase AL-
1), Santa Maria del Mar (Asturias).

Mesophyllum (Cystiphylloides) monielloense BirenteiDE & SoTo, 1981. DPO 11915,

Transverse thin section; x 2. Moniello Formation (Phase AL-6), Moniello inlet (Astu-
rias).
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