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Abstract

Graphite-rich metamorphic limestones included within low-grade black schists of the lowest Nevado-Filabride tectonic unit
in the Sierra de Baza (Bodurria Unit) provided the first conodonts found in this complex (Declinognathodus bernesgae, D.
inaequalis. D. cf. praenoduliferus, and Idioprioniodus sp.). This demonstrates the early Bashkirian age of the sedimentary
protoliths, and their deposition in open marine anoxic environments of a continental margin that opened towards the E
and that was related to the Palaeotethys. This breakthrough offers strong support for the hypothesis that the lower Nevado-
Filabride units show stratigraphic and palacogeographic affinities with the external domains of the Iberian Massif (Palentian
Domain of the Cantabrian Zone in particular). Consequently, this part of the Betic Internal Zones must be related to the
basement of the South-Iberian Palacomargin and excluded from the Alboran Domain tectonostratigraphic terrane.

Keywords Conodont fauna - Nevado-Filabride Complex - Betic Cordillera - Variscan Belt

Introduction

The Variscan—Alleghenian Orogen in Spain (Fig. 1) includes
the Iberian Massif (Martinez Catalan 2011; Simancas et al.
2013), but also fragments that were detached from it during
the Mesozoic breakup of Pangea and that were later involved

< Antonio Jabaloy-Séanchez
jabaloy @ugr.es

Rosario Rodriguez-Caiiero
charorc@ugr.es

Pilar Navas-Parejo
pilarnpg @geologia.unam.mx

Agustin Martin-Algarra
agustin@ugr.es

Departamento de Estratigrafia y Paleontologia, Universidad
de Granada, 18071 Granada, Spain

Departamento de Geodindmica, Universidad de Granada,
18071 Granada, Spain

Estacion Regional del Noroeste, Instituto de Geologia,
UNAM, 83240 Hermosillo, Mexico

Departamento de Estratigrafia y Paleontologia and IACT
(UGR-CSIC), Universidad de Granada, 18071 Granada,
Spain

in the Alpine Orogen (Fig. 2A). Several of these fragments
make part, at present, of the three main complexes of the
Internal Zones of the Betic Cordillera (Nevado-Filabride,
Alpujarride and Malaguide) where pre-Mesozoic sedimen-
tary successions and Palaeozoic magmatic rocks associated
with them, frequently affected by intense metamorphism,
are widely present (Fig. 2B). The location of one of these
fragments, the Nevado-Filabride Complex (Gémez-Pugnaire
et al. 2004, 2012), makes it a key terrane to interpret the
geometry and evolution of the Variscan Orogen in SE Spain
and the overall picture of the Pangea amalgamation and later
breakup.

The stratigraphy of the Nevado-Filabride Palaeozoic is
poorly known due to metamorphic overprint and deforma-
tion during Variscan and Alpine orogenies. Consequently,
identifiable fossils are rare and provide imprecise biostrati-
graphic information. The present study reports the first cono-
donts, Bashkirian in age, found in the metamorphic suc-
cession of the lowest tectonic unit of the Nevado-Filabride
Complex. This allows us: (1) to determine the depositional
environment of the protoliths; (2) to correlate the strati-
graphic succession of the studied sediments to the outermost
sectors of the Variscan Orogen in Northern Spain; and (3)
to discuss their significance for the geometry and zoning of
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the Variscan belt SE-wards of the Iberian Massif in the late
Carboniferous palaeogeographic framework.

Geological setting
Iberian Massif

The Iberian Massif features an S-shaped double-vergent oro-
cline (Fig. 1) formed when several oceanic domains (like the
Rheic and Rhenohercynian oceans) closed and Pangea was
assembled by collision of Gondwana, Laurussia, and other
intervening terranes (Weil et al. 2000; Matte 2001; Murphy
et al. 2006, 2009; Martinez Catalan et al. 2007; Nance et al.
2010; Pereira et al. 2010, 2012; Martinez Catalan 2011, 2012;
Shaw et al. 2012; Kroner and Romer 2013; Franke et al. 2017).
Stratigraphic, tectonometamorphic, and magmatic criteria
allow a division of the Iberian Massif into the Cantabrian,
West Asturian-Leonese, Central Iberian, Galicia Tras-os-
Montes, Ossa-Morena, and South-Portuguese Zones (Lotze
1945; Julivert et al. 1972). The latter zone is the most external
domain in the Southern Iberian Massif and was affected by
SW-directed thin-skinned tectonics involving uppermost Devo-
nian-Lower Carboniferous successions (Simancas et al. 2003).
The boundaries between the South-Portuguese and Ossa-
Morena Zones and between the Galicia Tras-Os-Montes and
Central Iberian Zones are generally interpreted as the suture
of the Rheic Ocean, but with opposite subduction polarity
(Martinez Catalan et al. 1996, 1997). The Galicia Tras-Os-
Montes Zone is made of oceanic units derived from the Rheic
Ocean and of continental units with an “out-of-Gondwana”
provenance. Both were thrusted onto the Central Iberian Zone
that, together with the West Asturian-Leonese and Cantabrian
zones, made part of N-Gondwana. The Ossa-Morena/Central
Iberian boundary is also interpreted as a suture, but related to
the closure of a narrow (back-arc?) ocean that (like the Rhe-
nohercynian Ocean of Central Europe, cf. Franke et al. 2017)
was younger than the Rheic Ocean, independent of it (Gémez-
Pugnaire et al. 2003; Simancas et al. 2013) and opened dur-
ing incomplete breakup of the Armorican ribbon continent
from N-Gondwana (Robardet 2003). Eastwards of the Central
Iberian Zone, the West Asturian Leonese Zone represents a
domain affected by E-vergent ductile deformation and low-to-
medium-grade metamorphism. Finally, the Cantabrian Zone
is the most external zone of the orogen that is preserved within
the Iberian Massif, and is characterized by thin-skinned tecton-
ics and oroclinal deformation involving Palaeozoic sedimen-
tary rocks (Pérez-Estatn et al. 1988).

The orogenic evolution of the outer zones of the Iberian
Massif started with the latest Devonian-earliest Carbon-
iferous closure of the Rhenohercynian Ocean, but its final
(postcollisional) evolution was Late Carboniferous—Early
Permian, when deformation ceased after formation of the

Cantabrian orocline (Pastor-Galan et al. 2014). A persisting
active subduction yet remained, however, eastwards of the
Iberian Massif in the northern margin of the Palaeotethys
Ocean. Actually, the onset of Palaeotethyan subduction below
Iberia in latest Carboniferous—earliest Permian time has been
recently invoked as the best favourable geodynamic setting to
explain the features and age of the omnipresent calc-alkaline
late-Variscan postcollisional magmatism in Iberia, which is
several millions of years younger than the complete closure
of the Rhenohercynian and other oceans (Pereira et al. 2015).
The Palaeotethys Ocean closed during the Permian—Tri-
assic, while coeval rifting and seafloor spreading in north-
ern Gondwana gradually opened the Neotethys (Hsii and
Bernoulli 1978; Sengor 1990; Sengor et al. 1988; Stampfli
2000). Some authors interpret that, from Silurian to Carbon-
iferous time, the Palaeotethys Ocean was continuous from
the Alpine-Himalayan region towards the SW up to Central
America, through the area between southern Iberia and N
Africa (Stampfli and Borel 2002, 2004; Cocks and Torsvik
2006; Stampfli and Kozur 2006; Stampfli et al. 2003, 2013;
Von Raumer et al. 2002, 2003). However, most regional stud-
ies on Iberian and N African Palaeozoic successions indicate
that the Palaeotethys did not continue towards the W (Michard
et al. 2008; Simancas et al. 2009), and that it ended some-
where within the Palaeozoic terranes now involved in the
Internal Zones of the Western Mediterranean Alpine Orogen
and/or in the Moroccan Mesetas, where there is no evidence
for oceanic crust or related volcanism. This is further sup-
ported by stratigraphic studies on Palacozoic Alpine terranes
in Italy and Spain (Navas-Parejo et al. 2009a, b, 2015; Navas-
Parejo 2012; Rodriguez-Caiiero and Martin-Algarra 2014).

Nevado-Filabride Complex of the Betic Cordillera

The Betic Cordillera is part of Western Mediterranean
Alpine Orogen. The Nevado-Filabride, Alpujarride, and
Malaguide tectonometamorphic complexes (Fig. 2B),
together with detached continental margin Meso-Cenozoic
covers (Frontal Units), constitute its Internal Zones (Vera
2004) or Alboran Domain (Balany4 and Garcia-Duefias
1987). This allochthonous terrane has been recently rede-
fined by excluding from it the Nevado-Fildbride Complex
(Gémez-Pugnaire et al. 2004, 2012).

The Betic Orogen was formed by the early Miocene sub-
duction of the oceanic floor that constituted the basement
of the Betic—Rifian Flysch complexes (Fig. 2B) below the
Alboran Domain, which collided against the S Iberia and N
Africa palaeomargins later in the Miocene. At that time, the
Nevado-Filabride Complex (NFC) was affected by HP meta-
morphism (Lépez Sanchez-Vizcaino et al. 2001), because it
subducted and finally accreted below the Albordn Domain
as it would probably make up part of the Southern Iberian
continental crust and margin (Gémez-Pugnaire et al. 2012).
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The NFC outcrops exclusively in the central-eastern Betic
Cordillera and is located in three mayor E-W trending anti-
forms: the Sierras Alhamilla, Nevada, and Filabres (Fig. 3).
Eastwards, left-lateral strike-slip faults rotate and translate
them towards the N to form the Aguilas arc (Fig. 3). Two major
tectonic ensembles called Veleta (bottom) and Mulhacén (top)
are commonly distinguished within the NFC in Sierra Nevada
(Fig. 3). The Veleta-type successions are several km thick and
composed of pre-Mesozoic black schists (locally including thin
marble layers) and quartzites (Aulago Formation: Martinez-
Martinez 1986) that underwent metamorphism in greenschist
facies (GOmez-Pugnaire and Franz 1988).

The Mulhacén successions constitute a tectonic amalga-
mation of several thin rock units (see Jabaloy et al. 2015),
including continental-crust successions of dark (graphite-
rich) pre-Mesozoic metapelites (Montenegro Schists: Mar-
tinez-Martinez 1986), younger light-coloured metasediments
(siliciclastic and carbonatic), and other units with ultramafic
rocks. Both the continental and ultramafic units contain meta-
basite bodies. A succession of controversial age, formed by
metaevaporites, calcitic and dolomitic marbles, quartzites,
and more or less calcareous chloritic—amphibolic schists,
comprises the uppermost part of the Mulhacén successions
(Puga et al. 2011; Gémez-Pugnaire et al. 2012). All the suc-
cessions underwent intense, subduction-related HP Alpine
metamorphism (Puga et al. 2002, 2017; Jabaloy et al. 2015).

The Veleta (Aulago) and Mulhacén (Montenegro)
schists are quite similar, but the Montenegro schists were
much more intensely affected by metamorphism, both
Alpine and pre-Alpine. The pre-Alpine metamorphism in

the Montenegro schists caused static blastesis of large por-
phyroblasts (garnet, chloritoid, staurolite, and chiastolitic
andalusite) that are texturally very well preserved locally,
although they are systematically overprinted by the HP
Alpine metamorphism (Puga et al. 1975). A cartographic
unconformity bounds the Montenegro schists and quartz-
ites from the overlying Tahal Formation, probably of Per-
mian age and made up of metapsammites with metacon-
glomerate lenses and of light-coloured chloritoid-bearing
albitic schists (Gomez-Pugnaire 1981; Jabaloy 1993). Acid
to intermediate Late-Variscan granitoids locally intrude on
the continental sequences of the Mulhacén successions,
with zircons yielding latest Carboniferous—early Permian
U-Pb SHRIMP ages (Gémez-Pugnaire et al. 2004, 2012).

The first NFC fossils come from Veleta-type rocks
of the Aguilas Arc (Fig. 3): the Lomo de Bas succession
(Alvarez-Lobato and Aldaya 1985; Alvarez-Lobato 1987).
These are Eifelian chaetetids (Chaetetes cf. salairicus
Dubatolov: Lafuste and Pavillon 1976). Recently, Laborda-
Lopez et al. (2013, 2015a, b) proposed an Emsian age for
crinoids (Bystrowicrinus sp. and Pentagonopentagonalis
sp.) and unclassifiable macrofaunal remnants (phillipsast-
reid rugose corals, cephalopods, gastropods, brachiopods,
trilobites, benthic foraminifera, and possible algal thali) that
they found in the same area. The new litho- and biostrati-
graphic data provided here come from one Veleta-type unit
in Sierra de Baza, the westernmost part of the Filabres anti-
form (Fig. 4A). In this area, GOmez-Pugnaire et al. (1982)
previously found Neoproterozoic acritarchs (Gloecapsomor-
pha sp. and Trematosphaeridium sp.).
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Bodurria unit

Most NFC rocks in Sierra de Baza correspond to a Mul-
hacén-type succession (Filabres Unit) that overthrusts a
lower set of Veleta-type tectonic successions by means of a
brittle—ductile shear zone with a sense of transport towards
the W (Jabaloy 1993). The Bodurria Unit, of Veleta-type,
outcrops below the Filabres Unit in four small tectonic
windows called, from E to W: Petronila, Bodurria, Zar,
and Rambla del Agua (Fig. 4B). It is made of low-to-very
low-grade metamorphic rocks with very weak strain, quite
similar to those of the lower part of the Filabres Unit and
affected by S-verging folds.

All tectonic windows of the Bodurria Unit show equiva-
lent stratigraphic successions, with two main parts (Fig. 5).
The lower part is formed by a few dozen metres of low-
grade graphite-rich black schists and slates that alternate
with thinly-to-medium layered (occasionally thickly layered)

quartzitic horizons that become progressively more abun-
dant upwards. The dark schists include a decametre-thick
laterally discontinuous intercalation of finely detrital and
well-laminated, black-to-brownish thin carbonate layers
alternating with black slates (Figs. 5 and 6A-E).

The upper part of the succession is lighter coloured
and several hundred of metres thick. It is dominated by
thickly-to-very thickly layered quartz-rich psammites
with subordinate black-to-dark grey schists similar to
those of the underlying succession. This stratigraphic
upper part of the Bodurria Unit is made of ca. 250 m
of alternating 1-10-m-thick packets of medium-to-very
thickly layered and medium-sand-to-coarse-sand-grained
whitish-to-greyish quartz-rich psammites (quartzwackes)
separated by thin layers of black slates (Fig. 6F), and
packets made of finer-grained psammites alternating
with some black-to-grey slates. Upwards, quartzitic pack-
ets become thicker. Intense folding makes it generally
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SYNTHETIC LITHOSTRATIGRAPHIC COLUMN
OF THE BODURRIA UNIT

1BOM ey, o — o

COLLADO DE FLORANES SECTION

) S m-
|
140 m —] ,
l
T ,
~s 4 m-
120 m —= ’
5 - ,
Psammites
] = 7
l o _
Quartzites
_ , )
100 m — - ° E Black marbles
°

= . [ ] swes
[ 4
[ ]

(44 = Lenticular bedding
, ° - Flaser bedding
, : = Parallel lamination
e 7 Cross-lamination
, ~<  Through cross-bedding
—~~  Ripple marks
- ’ 2md o %" Sand dykes
= ' T Burrows
°
= | ° ® Sample
°
- , d * Productive sample
[
A
-_—
- - °
1 m-
_— —_ .
A °
20m — \ *
\ o
\ °
om Om-

Fig.5 Left Synthetic lithostratigraphy of the Bodurria Unit. Right Section measured and sampled for conodonts in the Collado Floranes area,

with location of the productive samples (stars)

@ Springer



International Journal of Earth Sciences (2018) 107:1791-1806

1797

Fig.6 Field views of the Bodur-
ria Unit rocks. A, B Lower

and middle parts of the section
of alternating black-brownish
metalimestones and schists
(slates) measured in the Petro-
nila window (Floranes outcrop:
37°18'49"N, 2°46'50"W);
numbers indicate the position
of the samples (mostly barren
of conodonts) with arrows
pointing to the location of two
conodont-bearing samples
(15A-34 and 15A-37). C Black
metalimestones of the core of
the Bodurria window anti-
form, with numbers indicating
the location of samples for
conodonts (barren at that site:
31°17'46"N, 2°49'31"W); note
the fold vergence towards the S,
and the presence of two blind
fold-thrusts in its very core
(arrows). D Close up of one
parallel-laminated metalime-
stone bed between black slates
(Floranes section). E Laminated
and slightly bioturbated black
metalimestone bed (Bodurria
window). F Well-bedded black
slates stratigraphically overlying
the metalimestones shown in
picture (c). G Rippled metap-
sammites of the stratigraphic
upper part of the Bodurria

Unit in the northern limb of

the Bodurria window antiform
(37°17'57"N, 2°49'34"W):

note linguoid to undulating
asymmetric ripples with sinu-
ous crests that, after restoring
bedding to horizontal, indicate
palaeocurrents directed towards
the SE (arrow). H Cross lamina-
tion of one metapsammite bed
in the same outcrops as G; note
migration of ripples towards the
SE (right)

difficult to recognize upward trends in the evolution of
bed thickness, but thinning-upwards sequences are locally
visible within a general thickening-upwards trend (Bodur-
ria and Petronila windows). The psammites locally pre-
serve sedimentary structures, including: scour surfaces,
graded bedding, parallel and cross lamination, undula-
tory to linguoid ripples, flaser structures, and burrows
(Fig. 6G, H).

First conodonts of the NFC

Materials and methods
Three carbonate-bearing sections were sampled for cono-

dont studies (Figs. 4B, 5): (1) the Collado de Floranes
area near to the eastern end of the Petronila window; (2)
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the core of an antiform in the central part of the Bodur-
ria window; and (3) the central part of the Zar window.
In these outcrops, fine-grained black slates alternate with
fine sandy-to-silty, parallel or locally cross-laminated
and occasionally burrowed, very thinly-to-thinly bedded
(5-20 cm) black metalimestones very rich in graphite,
with brownish weathering colours (Fig. 6A—E). Under
the microscope, the organic matter concentrates in well-
defined parallel laminae. Lighter-coloured lithotypes
poorer in organic matter exhibit brownish—yellowish hues
due to the presence of Fe oxyhydroxides and/or phosphate.
The metalimestones contain small amounts of silt-sized-
to-very fine-sand-sized detrital quartz grains and mica-
chlorite flakes.

Finding this conodont fauna required patient and thor-
ough work, because conodont elements from these levels are
very scarce as only 3 of 56 samples processed (weighting
> 100 kg in total) yielded a few conodont elements reliable
for taxonomic identification. Samples were processed using
standard dissolution techniques with both acetic (Jeppsson
et al. 1999) and formic (Ellison and Graves 1941) acids and
heavy liquid separation using sodium metatungstate (Ander-
son et al. 1995).

The conodont elements collected are not very well pre-
served, being texturally altered and partly broken. They
have a uniform CAI value of 5 indicating temperatures of
300—480 °C consistent with chlorite grade regional meta-
morphism (Epstein et al. 1977; Rejebian et al. 1987), which
agrees with the metamorphic conditions deduced from
the schists associated with the metalimestones (Jabaloy
1993). The conodont specimens are stored in the Dpto. de
Estratigrafia y Paleontologia of Granada University.

The conodont association found has a very low diversity,
with only two genera and three species. Table 1 summarizes
the number of conodont elements for each taxon recognized:
Declinognathodus bernesgae Sanz-Lopez, Blanco-Ferrera,
Garcia-Lopez, and Sénchez de Posada 2006, D. inaequa-
lis (Higgins 1975), D. praenoduliferous Nigmadganov and

Table 1 Conodonts of the Bodurria Unit (Collado de Floranes)

Sample SF-1 15A-34 15A-37

Amount of dissolved sample 550g 2330g 2335¢g
Number of elements 22 1 7
Declinognathodus bernesgae P, element 8 1 (cf.)

Declinognathodus inaequalis P, element

Declinognathodus praenoduliferous P, 2 (cf.)
element

Idioprioniodus sp. element 2

Declinognathodus sp. P, element 3

Gnathodontid S 6 1 1

Fragments of P element 4 1

@ Springer

Nemirovskaya 1992, plus Idioprioniodus sp. and ramiform
elements that correspond to P, elements of Declinognatho-
dus sp. and to S elements of Gnatodonthid species (see also
Fig. 7).

Systematic palaeontology

Class Conodonti Branson, 1938

Order Ozarkodinida Dzik, 1976

Family Idiognathodontidae Harris and Hollingsworth,
1933

Genus Declinognathodus Dunn, 1966

Type species: Cavusgnathus nodulifera Ellison and
Graves, 1941

Diagnosis P, elements mostly show Class II symmetry
(Lane 1968). P, element of Declinognathodus is carminis-
caphate with an elongate, narrow platform divided into two
unequal parapets separated by a median, longitudinal, more
or less developed trough. The ornamentation of the parapets
is made of nodules or ridges. The free blade joins platform in
a medial position; its dorsal continuation, the medial carina,
is declined to one side, merges and continues dorsally as the
rostral (external) platform parapet. One or several nodules
appear along the ventral-rostral (anterior—external) margin
of the platform. Conodont apparatus is unknown.

Remarks Some authors considered Declinognathodus
and Idiognathoides as synonyms (Lane 1967; Lane and
Straka 1974; Grayson et al. 1990). The original definition
of Declinognathodus by Dunn (1966) specified the differ-
ences to Cavusgnathus and Streptognathodus, from which
it clearly differs, but not from Idiognathoides. As Grayson
et al. (1990) stated, although the apparatus of Declinogna-
thodus has not been established yet, some elements of Idiog-
nathoides, Declinognathodus, and Gnathodus, in particular
P, and S elements, are very similar.

Declinognathodus bernesgae Sanz-1L.6pez, Blanco-Fer-
rera, Garcia-Lopez, and Sanchez de Posada, 2006

Figs.7.1,7.2,7.5,7.6

*2006 Declinognathodus noduliferous bernesgae Sanz-
Loépez, Blanco-Ferrera, Garcia-L6pez, and Sanchez de
Posada, pl. 1, figs. 8-18.

2011 Declinognathodus bernesgae. (Nemyrovska et al.,
pl. 3, figs. 11, 13, 14; pl. 4, figs. 4, 16, 17, 25, 26).

2013 Declinognathodus bernesgae. (Sanz-Lbpez et al.,
fig. 7G-Y).

Material Nine P, elements.

Diagnosis P, element has two parapets with transverse
nodes on both sides of the platform separated by a shallow
groove that disappears in the dorsal (posterior) part of the
platform, where up to four transverse ridges occur. Carina
is deflected to the rostral (external) side and there are one
or two nodules on the ventral-rostral (anterior—external)
margin of the platform. Nigmadganov and Nemyrovskaya
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Fig.7 Bashkirian conodonts of
the Bodurria Unit. (1) Declinog-
nathodus bernesgae Sanz-
Lépez, Blanco-Ferrera, Garcia-
Lépez, and Sanchez de Posada
2006. P, element; SF1-10. (2)
Declinognathodus bernesgae
Sanz-Lépez, Blanco-Ferrera,
Garcia-Lopez, and Sanchez de
Posada 2006. P, element; SF1-
7. (3) Declinognathodus cf. D.
praenoduliferous Nigmadganov
and Nemirovskaya 1992. P, ele-
ment; 15A37-1. (4) Declinog-
nathodus inaequalis (Higgins
1975). P, element; SF1-6. (5)
Declinognathodus bernesgae
Sanz-Lopez, Blanco-Ferrera,
Garcia-Lopez, and Sanchez

de Posada 2006. P1 element;
SF1-4. (6) Declinognathodus
cf. D. bernesgae Sanz-Lopez,
Blanco-Ferrera, Garcia-

Loépez, and Sanchez de Posada
2006. P, element; 15A37-4.

(7) Declinognathodus cf. D.
praenoduliferous Nigmadganov
and Nemirovskaya 1992. P, ele-
ment; 15A37-6. (8) Idioprioni-
odus sp. element; 15A37-2. (9)
Idioprioniodus sp. element;
15A37-3. (10) Declinognatho-
dus sp. P, element; SF1-13.
(11) Declinognathodus sp. P,
element; SF1- 12. (12) Gna-
thodontid S element; 15A37-7.
(13) Gnathodontid S element;
15A34-1

(1992) and Nemyrovska et al. (2011) did not always agree
with Sanz-Loépez et al. (2006), and Sanz-Lépez and Blanco-
Ferrera (2013) concerning the accurate identification of this
species.

Remarks The elements SF1-10 (Fig. 7.1) and SF1-7
(Fig. 7.2) are quite well preserved and they agree with the
diagnosis of this species. The element SF1-4 (Fig. 7.5)
does not have a free blade, but the platform shows well-
diagnostic features. The element 15A-37-4 (Fig. 7.6) is
assigned to this species without confidence, because the
dorsal platform and the free blade are broken. However,

the blade is in a middle position, the short carina is
declined to the rostral side, a groove exists between both
parapets, and also a little nodule on the ventral-rostral
margin of the platform.

Range Lowermost Bashkirian (Nemyrovska et al. 2011);
Upper Serpukhovian-Lower Bashkirian (Sanz-Lépez and
Blanco-Ferrera 2013).

Declinognathodus inaequalis (Higgins 1975)

Fig. 7.4

*1975 Idiognathoides noduliferous inaequalis Higgins,
pl.12, figs. 1-7,12; pl.14, figs. 11-13; pl. 15, figs. 10,14
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2013 Declinognathodus inaequalis. (Sanz-Lépez and
Blanco-Ferrera, Fig. 5G-0).

Material One P, element.

Diagnosis P, element has a prominent carina joined to the
rostral (external) parapet in the middle of the platform and
separated from the ventral (anterior) part of the parapet by a
long, deep through. The rostral (external) parapet consists of
a ridge-like, only present in the ventral part of the platform.

Remarks The element SF1-6 is not badly preserved and it
shows clearly the prominent carina joining the parapet in the
middle of the platform.

Range Lower Bashkirian (Chokierian-Kinderscoutian
Western Europe regional substages: Higgins 1975). The
Declinognathodus inaequalis first appearance datum (FAD)
should be used for the recognition of the mid-Carbonifer-
ous boundary according to Sanz-Ldpez et al. (2006, 2013),
because the specimens from the Global Boundary Stratotype
Section and Point (GSSP) at the Arrow Canyon in Nevada
illustrated in Brenckle et al. (1997) seem to be D. inaequalis
(Higgins 1975). The latter is the nominal species for the first
Pennsylvanian conodont biozone, the Declinognathodus inae-
qualis Zone, which was defined in the deep-water successions
of Eurasia (Sanz-Lopez et al. 2013 and references therein).

Declinognathodus praenoduliferous Nigmadganov and
Nemirovskaya 1992

Figs. 7.3, 7.7

*1992 Declinognathodus praenoduliferous Nigmadganov
and Nemirovskaya, pl. 2, fig. 6-9, pl. 3, fig. 2.

2011 Declinognathodus praenoduliferous. (Nemyrovska
et al., pl.4, figs. 1-3, 5,9-11, 15, 18, 20).

2013 Declinognathodus praenoduliferous. (Sanz-Lopez
and Blanco-Ferrera, fig. SP-S).

2013 Declinognathodus praenoduliferous. (Sanz-Lopez
et al., fig. 4L).

Material Two P, elements.

Diagnosis P, element is characterized by a short carina
and a platform covered by separate, widely transverse ridges
and lack of a long, medial trough; only a split may occur at
the most ventral part.

Remarks The studied elements 15A37-1 (Fig. 7.3) and
15A37-6 (Fig. 7.7) assigned to this species are very badly
preserved. Nevertheless, they have a short carina and their
platform looks as it is totally covered with transverse nodes
and there is no trough.

Range Lowermost Bashkirian (Nemyrovska et al. 2011)
and Upper Serpukhovian-Lower Bashkirian (Sanz-Lopez
et al. 2013).
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Discussion
Biofacies and age of the Bodurria conodonts

The biofacies study of the Bodurria fauna is not very reli-
able because of the scarcity of conodonts. However, the rela-
tive abundance of Declinognathodus in the samples studied
may indicate offshore but shallow-marine conditions, as
defined in the Declinognathodus/Idiognathoides Biofacies
of the shallow Mid-Continental Sea in the USA (Davis and
Webster 1985). Nonetheless, this is not conclusive, because
early forms of Declinognathodus have also been reported
from deeper water facies (Nigmadganov and Nemirovskaya
1992; Nemirovskaya and Nigmadganov 1994; Sanz-Loépez
and Blanco-Ferrera 2009). In fact, during the latest Missis-
sippian, Declinognathodus evolved from Gnathodus (Nemi-
rovskaya and Nigmadganov 1994; Nemyrovska et al. 2011),
which is a typical deep-water genus (Gnathodus Biofacies:
Dreesen et al. 1986), although some Grathodus species
seem to have a shallower distribution (Orchard 1991) before
their extinction at the beginning of the Pennsylvanian.
Lane et al. (1999) characterized Declinognathodus nodu-
liferous as a cosmopolitan group that appears in most marine
environments, allowing global correlations. These authors
proposed the D. noduliferous s.1. FAD as the worldwide
index for the mid-Carboniferous boundary GSSP. At the
time of this definition, this species included several sub-
species, such as D. noduliferous noduliferous (Ellison and
Graves 1941), D. n. inaequalis (Higgins 1975), D. n. lat-
eralis (Higgins and Bouckaert 1968), and D. n. japonicus
(Igo and Koike 1964), which some authors now consider as
independent species (Mizuno 1997; Sanz-Ldpez et al. 2006,
2013). According to Sanz-Lopez et al. (2006), the D. n. inae-
qualis FAD should be used as the mid-Carboniferous bound-
ary marker. Actually, the inaequalis Zone (Sanz-Lopez et al.
2013) is the first Pennsylvanian conodont biozone in deep-
water successions of northern Spain and Eurasia.
Gnathodus and Lochriea are commonly found in Visean-
Serpukhovian beds of other Iberian sites (Nemyrovska
et al. 2011; Sanz-Lépez et al. 2013) and of the Malaguide
Complex of the Betic Cordillera (Rodriguez-Cafiero 1993;
Rodriguez-Caiiero and Guerra-Merchan 1996; O’Dogherty
et al. 2000; Navas-Parejo 2012; Navas-Parejo et al. 2015).
Nevertheless, some authors report the survival of some Gna-
thodus and Lochriea species in deep- and shallow-water low-
ermost Pennsylvanian beds of the Eurasian province and of
the Palaeotethys (Higgins 1981; Sanz-Lépez et al. 2006, and
references therein). Therefore, despite its very low diversity
and paucity of conodont elements, the association found in
the Bodurria Unit indicates the earliest Bashkirian, when
Gnathodus and Lochriea went extinct and other new spe-
cies belonging to Upper Carboniferous had not yet appeared.
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According to the presence of the index species, the NFC
rocks studied are assigned to the D. inaequalis Zone.

The same conodont association as that found in the
Bodurria Unit is also present in the Barcaliente Formation
(Wagner et al. 1971) of the Cantabrian Zone, northern Spain:
a well-bedded black laminated limestone with high organic
matter content, commonly shaly and laminated (Gonzélez
Lastra 1978). Nemyrovska et al. (2011) and Sanz-Lépez and
Blanco-Ferrera (2013, Appendix S1) provide information
on several samples from Barcaliente Formation containing
scarce D. bernesgae, D. inaequalis, and D. praenodulifer-
ous, with exactly the same fauna as those found here. A very
similar fauna was also reported from the western Pyrenees
(Iraty Formation: Sanz-Lépez and Blanco-Ferrera 2012).
The Bodurria association also allows correlation with one
conodont-bearing Bashkirian succession recently discovered
in the Malaguide Complex (Cortijo de los Gonzalez: Navas-
Parejo 2012; Navas-Parejo et al. 2012). It is characterized
by Idiognathoides corrugatus (Harris and Hollingsworth
1933), Declinognathodus noduliferous (Ellison and Graves
1941), and Lochriea aff. commutata (Branson and Mehl
1941), which probably were morphotypes transitional to D.
orphanus (Van den Boogaard and Bless 1985).

Depositional environment of the Bodurria
succession

Lithological evidence indicates that the sedimentary pro-
toliths of the Bodurria succession were fine-grained silici-
clastics very rich in organic matter (black shales), associ-
ated with fine-grained carbonates with low-energy current
structures (parallel lamination and, occasionally, cross lami-
nation). This suggests anoxic, moderately deep, and calm
depositional environments, sporadically affected by weak
bottom currents. The conodont fauna supports deposition
of the rocks studied in distal open marine and moderately
deep settings.

Upwards in the succession, the steadily more abundant
psammitic beds become predominant, being the evidence
of a gradual increase in siliciclastic supply (fine-to-medium-
grained, rarely coarse-grained sand) under progressively
higher energy hydrodynamic conditions, and deposition with
higher sedimentary rate and in shallower environments than
for the lower beds. The common presence of sedimentary
structures in the psammites suggests sedimentation under
higher energy bottom currents, acting episodically within
quartz-rich sandy depositional systems. These were probably
marine clastic wedges prograding from shallower marine
regions towards the deeper basin interior, thus producing
gradually thickening upwards arenite bodies interfingering
with black shales, with local thinning-upwards trends prob-
ably related to lateral migration of feeding channels.

The above-mentioned data, together with available strati-
graphic information on the NFC (Lafuste and Pavillon 1976;
Gomez-Pugnaire et al. 1982; Laborda-Lopez et al. 2015a, b),
allow an interpretation of the NFC pre-Mesozoic successions
as deposited in marine, mainly terrigenous and subordinately
carbonatic environments from the latest Precambrian to the
late Palacozoic. They also offer a glimpse of certain features
of the Betic Palaeozoic palacogeographic zoning: (1) in the
eastern NFC areas (Lomo de Bas) shallow-marine platforms
above the storm base level existed during the Devonian; (2)
in the Sierra de Baza, the sedimentation accumulated in dis-
tal and deeper, calm, poorly oxygenated-to-anoxic environ-
ments at the beginning of the late Carboniferous.

Correlations with other Variscan terranes

It is worth mentioning that the Bashkirian conodonts found
in the Malaguide Complex (Cortijo de los Gonzalez) come
from a different lithological succession to that of the Bodur-
ria Unit. The Cortijo de los Gonzélez section is much thinner
as it is formed by only a few metres thick, strongly folded,
bluish beds of recrystallized limestones locally includ-
ing abundant crinoids and alternating with brownish-grey
calcareous slates (Navas-Parejo et al. 2012). On the other
hand, quartzitic sandstones do not appear anywhere in this
succession or in other Maladguide Carboniferous outcrops;
and both the pelites and the carbonates of this succession
are much less rich in organic matter than their Bodurria
counterparts. In addition, in the Mal4dguide Complex, there
are also remnants of Bashkirian shallow-marine carbonate
platforms, revealing a yet diversified palaeogeography in
this realm during the Late Carboniferous (Herbig 1989).
These remnants are limestone boulders, bearing abundant
shallow-water faunas and floras, which are systematically
included within the youngest Mal4dguide Palaeozoic forma-
tion, the Marbella Conglomerate (Geel 1973; Buchroithner
et al. 1980; Herbig 1983, 1984, 1986; Herbig and Mamet
1985; Mamet and Herbig 1990). This platform was totally
dismantled and the clasts redeposited in the synorogenic,
deep clastic Maldguide basin later during the Late Carbon-
iferous (Herbig 1984). All these facts suggest deposition of
the Malaguide Bashkirian succession in more distal depo-
sitional settings and less restricted to ocean circulation than
those where the Bodurria succession was deposited.

The thick Upper Carboniferous succession studied in
the Bodurria Unit, with black pelites including subordi-
nate conodont-bearing carbonate horizons both very rich in
organic matter, associated with thick quartzitic sandstones,
and showing moderately distal deep marine facies and open
marine fauna, represents the first robust stratigraphic sup-
port for identifying the tectonostratigraphic and palaeogeo-
graphic affinities of at least part of the NFC, to external
tectonostratigraphic terranes of the Iberian Massif, Palentian
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Elements of the Variscan Belt
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Fig.8 Early Bashkirian eastern Variscan belt, modified from Mar-
tinez Cataldn (2011), with the hypothetical location of the Nevado-
Filabride Complex with respect to other Variscan Iberian Terranes
and of the position of the localities bearing lowermost Bashkirian
conodonts mentioned in the discussion. Zones of the Variscan Chain:

Domain of the Cantabrian Zone, in particular (Wagner et al.
1971; Gonzalez Lastra 1978; Nemyrovska et al. 2011). This
hypothesis is further supported by the absence of marine
Upper Carboniferous sediments in the Central Iberian, Gali-
cia Tras-Os-Montes, and Ossa Morena zones (Martinez
Cataldn 2011, 2012; Simancas et al. 2009). The proposed
correlation (Fig. 8) indicates that the boundary between
the Variscan Iberian palaeogeographic zones can be traced
south-eastwards, below the Alpine deformational front, and
provides a reasonable tectonopalaeogeographic explanation
for the absence of the NFC in the western sector of the Betic
Internal Zones.

The new stratigraphic data provided herein confirm the
Palaeotethyan (instead of Rheic) palacogeographic affini-
ties for the NFC as previously proposed for other Betic
Palaeozoic terranes, the Malaguide Complex, in particular
(cf. Rodriguez-Caiiero and Martin-Algarra 2014). The Late
Carboniferous palacogeographic reconstruction presented in
Fig. 8 illustrates the possible relationships of the NFC with
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other elements of the Variscan belt. The geology of West-
ern Europe is modified from Martinez Catalan (2011) to
include the Y geometry of the foredeep and foreland thrust
belt proposed by Matte (2001). In this model, the NFC is
located at the southern end of the Variscan foredeep basin
(to the SE of the Cantabrian Zone) and the Malaguide Com-
plex to the E of it, in the same margin but in a more distal
position and closer to Alpine areas. Our main reason is that
the Malaguide conodont-bearing successions show stronger
palaeobiogeographic and lithostratigraphic affinities with the
Alps than with Iberia since, at least, the Late Ordovician
(Rodriguez-Caiiero et al. 2010).

Conclusions

The main conclusion of this paper are summarized as it
follows:
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1. The first conodonts found in the Bodurria Unit allow
the first precise biochronostratigraphic dating of a Pal-
aeozoic succession in the Nevado-Fildbride Complex,
which includes Upper Carboniferous beds, in particu-
lar, the lower Bashkirian, Declinognathodus inaequalis
Zone.

2. The age of the Bodurria succession demonstrates that
the Variscan deformation of the lowest Nevado-Filabride
Complex took place in late Carboniferous time, as in
the outermost sectors of the Iberian Variscan Massif or
in Palaeotethys-related areas to the E of it now found
within the Alpine Chain.

3. The lithostratigraphic features and conodont content of
the Bodurria succession indicate its deposition in open
marine, moderately deep anoxic environments, very
similar to those recognized in the Palentian Domain of
the Cantabrian Zone during the Bashkirian.

4. The proposed correlation provides strong support to the
classic idea that attributes the NFC to Iberia-Europe.
It also demonstrates that at least some tectonopalaeo-
geographic zones of the Variscan Iberian Massif can be
traced to the Betic Cordillera below the Alpine defor-
mational front.

5. This model also allows explaining why the Nevado-Fil4-
bride Complex is absent in the Western Betic Cordillera
and in the Rif, and why the pre-Mesozoic basements of
the Albordn Domain units (Alpujarride and Maldguide
complexes) thrust directly onto the western Subbetic
units of the South-Iberian Palaecomargin.

6. Finally, this new evidence provides further support
to exclude the Nevado-Filabride Complex from the
Alboran Domain concept and to restrict it, essentially,
to the Alpujarride and Malaguide complexes and related
covers (Frontal Units) after their main Alpine orogenic
deformation during the Aquitanian—Burdigalian (cf.
Guerrera et al. 1993; Gémez Pugnaire et al. 2012).
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