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Abstract: The Southwestern Iberian Domain (Southiberian Basin) corresponds to one of the five palaecogeo-
graphic domains into which the Iberian Basin was divided during the Late Jurassic-Early Cretaceous rifting
stage. Although it was already known that this domain was clearly separated into two sub-basins, Cuenca and
Valencia, the same lithostratigraphic scheme was assumed to be applicable to the whole domain. In the last
decades, new data have been incorporated to the knowledge of the Serrania de Cuenca and the Alto Tajo re-
gion, showing that this area underwent a separated palaeogeographic evolution and developed a different
stratigraphic record. Evidences of such independence are, among others, the development of a Late Jurassic-
early Barremian unconformity with unique features in the Iberian Basin and herein described for the first time.
Syn-rift sedimentation was controlled by an intricate extensional geometrical and kinematic pattern of multi-
ple and small half-graben basins, and it is represented by just two unconformity-bounded units, late Barremian
and Aptian in age respectively. This work reviews, clarifies, and simplifies old and confusing stratigraphic no-
menclatures and proposes a specific lithostratigraphic scheme for the Alto Tajo-Serrania de Cuenca region.
1t includes the new upper Barremian Tragacete Formation and the redefinition of La Huérguina Formation
in terms of lithofacies, lower boundary, age and environmental interpretation.

Key-words: Southwestern Iberian, Tragacete Formation, La Huérguina Formation, upper Barremian,
Aptian, continental sedimentation.

Resumen: El Dominio Ibérico Suroccidental (Cuenca Suribérica) corresponde a uno de los cinco dominios pa-
leogeograficos en los que se ha dividido la Cuenca Ibérica (actual Cordillera Ibérica) durante el ciclo de rif-
ting intracontinental Jurdsico Superior-Cretdcico Inferior. Aunque se sabe que el Dominio Ibérico Suroccidental
estuvo compartimentado en dos sub-cuencas diferentes, Cuenca y Valencia, hasta la actualidad se ha asumido
que el relleno sedimentario de ambas era asimilable y se ha aceptado un unico esquema litoestratigrafico para
ambas. Varias décadas de estudio e integracion de datos estructurales, estratigrdficos, sedimentologicos y pa-
leontolégicos del area de la Serrania de Cuenca y el Alto Tajo (Cuenca y Guadalajara) han revelado que esta
region sufiio una evolucion paleogeogrdfica independiente y posee un registro estratigrdfico particular, que no
se refleja en los esquemas estratigrdficos disponibles para el Dominio Suroccidental. Evidencias de esta sin-
gularidad son (1) el desarrollo de una discontinuidad estratigrafica Jurdsico Superior-Barremiense inferior
con caracteristicas unicas en el contexto de la Cuenca Ibérica y descrita por primera vez en este trabajo; (2)
el registro mas tardio (Barremiense superior) del comienzo de la sedimentacion sinrifi en la Cuenca Ibérica. La
sedimentacion sinrift estuvo muy condicionada por el desarrollo de un complejo patron extensional y cinema-
tico que compartimento la cuenca en multiples cubetas de tipo graben y semi-graben, y estd representada por
dos unidades limitadas por discontinuidades. La primera unidad es Barremiense superior y estda compuesta
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por dos unidades litoestratigrdficas con rango de formacion constituidas por sedimentos continentales que se
superponen y presentan cambio lateral de facies: la Formacion Tragacete, que se define formalmente por pri-
mera vez en este trabajo, y la Formacion La Huérguina, que se redefine formalmente aqui en términos de lito-
facies, limite inferior, edad y ambientes sedimentarios. También se descarta la presencia y validez en el area de
estudio de la Formacion El Collado, hasta la actualidad considerada cambio lateral de facies de la Formacion
La Huérguina en su definicion inicial. La segunda unidad es Aptiense y esta compuesta por la Formacion Con-
treras que cambia lateralmente de facies al Miembro Malacara (Formacion El Caroch), y por el Miembro EI
Burgal (Formacion El Caroch). Sobre ambas unidades limitadas por discontinuidades se apoya discordante el
Grupo Utrillas (Albiense), no existiendo registro en esta cuenca de otras unidades aptienses y albienses reco-
gidas en los esquemas estratigrdficos tradicionales del Dominio Suroccidental. Ademds, en este trabajo se re-
visan y clarifican las diversas nomenclaturas que se han venido usando en las ultimas décadas en trabajos
publicados y mapas geologicos nacionales de la serie MAGNA correspondientes a esta region.

Palabras clave: Ibérica Suroccidental, Formacion La Huérguina, Formacion Tragacete, Barremiense
Superior, Aptiense, sedimentacion continental.
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The stratigraphic architecture of rift-related basins is lar-
gely constrained by the specific features of the main tectonic
structures that define the basin and their evolution. Complex
rift-related basins, with elaborate internal compartmentaliza-
tion at several scales, also show complex stratigraphic archi-
tectures; their depiction can be hindered when tools to classify
such record are not adequate, and structures that control the
stratigraphic and palacogeographic evolution are not properly
known. Lithostratigraphy is the most traditional, essentially
descriptive, method to classify the stratigraphic record of any
kind of basin, and it should still be the basis for such classifi-
cation as far as it is supported by the genetic analysis.

In this sense, the Iberian Basin has been extensively stu-
died for many decades. However, the lithostratigraphic
schemes proposed for certain areas and stratigraphic inter-
vals were developed before genetic basin analysis had been
accomplished, and before the structural patterns and kine-
matics were well known. Hence, it might be adequate to
carry out a thoroughly revision of the basic stratigraphic
scheme of the basin whose knowledge has been recently
improved in terms of structural, stratigraphic and palaeo-
geographic constrains and evolution.

The Iberian Basin was an intracratonic rift-related basin
characterized by a complex and multi episodic evolution
that started in Early Permian times and underwent two
major rifting cycles separated by periods of post-rift ther-
mal subsidence (Sopefa et al., 1988; Salas and Casas,
1993; Van Wees and Stephenson, 1995; Arche and Lopez-
Gomez, 1996; Van Wees et al., 1998; Salas et al., 2001; So-
pefia, 2004). The first main rift cycle developed from Early
Permian to Middle Triassic. The second main rift cycle las-
ted from Late Jurassic to Early Cretaceous (Alvaro ef al.,
1979) and divided the basin into several paleogeographic
domains (Soria et al., 2000; Salas et al., 2001): Northwes-
tern (Cameros Basin), Central, Eastern (Maestrazgo or
Maestrat Basin) and Southwestern (Southiberian Basin)
(Vilas et al., 1982; Soria et al., 2000; Salas et al., 2001;
Mas et al., 2004; Liesa et al., in press) (Fig. 1). All of them
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underwent several discrete episodes of extension during
this rifting cycle and, as a result, developed thick and com-
plex sedimentary successions.

The Southwestern Domain has long been recognized to
be separated in two main sub-basins during the Early Creta-
ceous, at least, until the Aptian. The paleogeographic recons-
truction that Mas et al. (1982) carried out for the Berriasian
to Aptian time span in the Valencia and eastern Cuenca pro-
vinces, already revealed the presence of two well-defined de-
pocenters, one located in Valencia and another in Cuenca. In
this line, Meléndez et al. (1994) defined the Serrania de
Cuenca Basin as a basin separated from the Valencia Basin by
the Landete-Teruel transfer fault (Poyato-Ariza et al., 1998,
Soria et al., 2000, Liesa et al., in press). Nevertheless, and up
to now their similitude and/or equivalence in terms of strati-
graphy and palaleogeographic evolution has been assumed
without any further discussion. In this sense, the original li-
thostratigraphic classification of the successions of the South-
western Domain (Vilas et al., 1982; Mas et al., 1982) into
formal lithostratigraphic units has been maintained without
relevant modifications for more than thirty years. The most re-
cent review and scheme provided by Mas et al. (2004), main-
tains the original proposal with some minor modifications.
The scheme was still assumed to be valid for both sub-basins,
Cuenca and Valencia, and it does not recognize the existence
of stratigraphic differences between them (Fig. 2).

Since the seminal works of Vilas et al. (1982) and Mas et
al. (1982) on the regional stratigraphy of the Southwestern
Iberian Domain, the ongoing works on the Serrania de Cuenca
and its northwestwards prolongation into the Alto-Tajo region
have deepened the knowledge on this region in stratigraphic,
structural, sedimentological, and palacontological terms
(Gomez Fernandez, 1988; Meléndez et al., 1989; Gomez Fer-
nandez and Meléndez, 1991; Gierlowski-Kordesch et al.,
1991; Fregenal-Martinez, 1994, 1998; Meléndez et al., 1994;
Fregenal-Martinez and Meléndez, 1993, 2000, 2016; Poyato-
Ariza et al., 1998; Buscalioni et al., 2008; De Vicente and
Martin Closas, 2013; Fregenal-Martinez et al., 2014a,b).
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The genetic analysis carried out in the Alto Tajo-Serrania
de Cuenca region, has shown that it underwent a separated
palacogeographic evolution during the Late Jurassic-Early
Cretaceous rifting cycle. In addition, recent results of a com-
prehensive structural analysis of the area (Fregenal-Martinez
et al.,2014a; Elez et al., 2015) indicate that the stratigraphic
succession is constrained by the development of multiple and
small half-graben like basins that, in turn, create severe dif-
ferences in the spatial distribution of the thickness and facies
of the deposits. One of the results and the evidence of such in-
dependent evolution is a stratigraphic succession unique to
this region, which is not reflected by the stratigraphic scheme
currently available for the entire Southwestern Domain pro-
posed by Mas et al. (2004).

Thereafter the aim of this work is to review, classify and
discuss the Upper Jurassic-Lower Cretaceous syn-rift strati-
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graphy of the Alto Tajo-Serrania de Cuenca region, using tra-
ditional lithostratigraphic tools as a basis for the ongoing ge-
netic analysis. Furthermore, an updated stratigraphic scheme
appropriate to this area will be generated. The absence of
Upper Jurassic sediments in this area and hence the develop-
ment of an unconformity with unique features in the Iberian
Basin are herein described for the first time. Syn-rift sedi-
mentation is represented by two unconformity-bounded units,
late Barremian and Aptian in age, respectively. The lithostra-
tigraphic scheme proposed for this area includes a new upper
Barremian lithostratigraphic unit named Tragacete Formation
and the redefinition of La Huérguina Formation in terms of li-
thofacies, lower boundary, age, and environmental interpre-
tation. Therefore, this work aims to clarify and simplify the
diverse and confusing nomenclatures that have been used for
the last decades in the literature and geological maps of the
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Fig. 1.- Location of the Iberian Basin/Ranges and the main domains and structures. Modified from Vera (2004). The frame encloses

the studied area (see Fig. 3). ATMU: Alto Tajo-Montes Universales.
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National Geological Mapping Program (MAGNA) for this
region, due to the poor knowledge on the stratigraphy of this
area and its peculiarity in the structural framework of the
Southwestern Iberian Domain.

Area of study and geological framework

This study concentrates on the Upper Jurassic-Lower
Cretaceous successions outcropping in the southern part of
the Guadalajara province, and all along the Cuenca pro-
vince, in east-central Spain (Fig. 1). The area of study (Fig.
3) occupies twenty 1:50.000 geological maps of the
MAGNA Plan and is fairly coincident with the two conti-
guous geographic regions known as Alto Tajo and Serrania
de Cuenca. This area occupies two thirds of the total ex-
tension of the Southwestern Iberian Domain (Vilas et al.,
1982; Soria et al., 2000; Liesa et al., in press) at its north-
western area, following the typical NW-SE Iberian trend
(Fig. 1). To the NE and E, it is limited by the Teruel-Va-
lencia High (Meléndez et al., 1994; Soria et al., 2000; Liesa
et al., in press), which separates the Southwestern Domain
from the Central and Eastern (Maestrazgo) Iberian do-
mains, also following a NW-SE trend. To the S and SE, the
Landete-Teruel Fault separates it from the Valencia Sub-
basin (Meléndez et al., 1994; Poyato-Ariza et al., 1998).
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To the W and SW the limit is defined by the absence of
Lower Cretaceous outcrops which are covered by upper-
most Cretaceous and Cenozoic successions. The north-wes-
ternmost outcrops are located around the village of
Abanades in the Guadalajara province.

At present, the study area is located in the Iberian Ranges.
This mountain chain, broadly NW-SE oriented (Fig. 3), was
generated by the Alpine tectonic inversion of the previous rift
related Iberian Basin (e.g., Salas et al., 2001; De Vicente et al.,
2009). The entire history (extension and later inversion) and
general trend of the basin are strongly constrained by the inhe-
rited Variscan fabrics (e.g., Alvaro et al., 1979; Arche and
Lopez-Gomez, 1996; Salas et al., 2001; Sopefia, 2004; De Vi-
cente et al., 2009). Among them, the broadly oriented NW-SE
and NE-SW to N-S structural anisotropies are the most rele-
vant ones (e.g., Alvaro et al., 1979).

The first main rifting cycle (Early Permian-Triassic) is
represented in the whole Iberian Basin by the so-called
Triassic Germanic facies. Extension is interpreted to occur
under triaxial conditions, with a main extension direction
NE-SW oriented (De Vicente et al., 2009). The progression
of the stretching led to the development of NE-SW oriented
transfer faults (Arche and Lopez-Gomez, 1996). Sedimen-
tation from the latest Triassic to the Middle Jurassic took
place in a thermal subsidence dominated regime and is re-
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Fig. 2.- Lithostratigraphic schemes which involve the study area, previous to this work. Both schemes were designed according to the
geologic time scales that were valid at that moment and they have been maintained as in their original edition. A. Formal lithostratigraphic
units and cycles defined by Vilas ef al. (1982) and Mas et al. (1982) for the Upper Jurassic-Lower Cretaceous stratigraphic record in
the Southwestern Domain, as modified and redrawn by Fregenal-Martinez (1998). This chart already included some of the main strati-
graphic differential features of the Serrania de Cuenca region discussed in this paper. B. Lithostratigraphic scheme of the Upper Jurassic-
Lower Cretaceous record in the Southiberian Basin according to Salas et al. (2001) and Mas et al. (2004).
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Fig. 3.- General map of the study area showing the main structural features, as well as the distribution of the revised 1:50,000 geologi-
cal maps of the MAGNA Plan (488 Ablanque; 513 Zaorejas; 514 Taravilla; 515 El Pobo de Dueiias; 538 Valdeolivas; 539 Peralejos de
las Truchas; 540 Checa; 564 Fuertescusa; 565 Tragacete; 587 Las Majadas; 588 Zafrilla; 610 Cuenca; 611 Caifiete; 612 Ademuz; 635
Fuentes; 636 Villar del Humo; 637 Landete; 663 Valera de Abajo; 664 Enguidanos; 665 Mira). The location of the reference sections
for the defined lithostratigraphic units are also included (dark grey stars for Tragacete Formation and light grey stars for La Huérguina
Formation). Main structural grain redrawn from Rodriguez-Pascua et al. (1994), De Vicente et al. (2009), and 1:50,000 geological maps
of the MAGNA Plan. ATMU fault: Alto Tajo-Montes Universales fault.
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presented by a relatively thin and homogenous succession of
shallow marine carbonates (Gomez et al., 2004).

From the regional point of view, the second rifting cycle
spanned from the Late Jurassic until the Early Cretaceous
(Kimmeridgian-middle Albian; see Liesa ef al., in press). It
was coeval with the northwards progression of the Atlantic
Rift System to the W, the aperture of the bay of Biscay to
the N, the opening of the western Tethys to the E and a
strong anticlockwise rotation of Iberia (e.g., Ziegler, 1988;
Rosembaum et al., 2002; Vissers et al., 2013; Tugend et al.,
2015). The inherited structural fabrics were reactivated and
the Iberian Basin resulted divided into the above-mentioned
palaeogeographic domains (e.g., see Liesa et al., in press,
and discussion therein), including the Southwestern Do-
main studied in the present work. For the entire Iberian
Basin the amounts and rates of subsidence were not evenly
distributed and relevant variations in the thickness and ti-
ming of the deformation are recorded (e.g., Van Wees et al.,
1998). Broadly speaking, the basin main trend is NW-SE
oriented with transfer faults ranging from NE-SW to N-S
directed. However, the complex geodynamical context of
this basin does not allow a simple interpretation about the
kinematic, the general stress vectors or its spatial and tem-
poral evolution (see discussion in Liesa ef al., in press).

In detail, the evolution of the region is highly constrai-
ned by the Alto Tajo-Montes Universales fault system (near
NW-SE directed, ATMU in Fig. 3) and the NE-SW Lan-
dete-Teruel fault (LT fault), both classically interpreted as
successive reactivations in extension (and later inversion)
of the Variscan fabrics (e.g., Alvaro et al., 1979). The Alto
Tajo-Montes Universales fault system is a relatively narrow
complex deformation zone broadly responding to overall
dextral transpression during the Alpine inversion (see Ro-
driguez-Pascua et al., 1994 and De Vicente et al., 2009 and
discussion therein). Nowadays, this structure is approxi-
mately 10-20 km wide, can be followed more than 150 km
and is interpreted as a major crustal-scale anisotropy in the
Iberian Peninsula. Previous authors proposed this fault to
be one of the main extensional faults of the Iberian Basin
during the existing rifting cycles (e.g., Alvaro et al., 1979;
Arche and Lopez-Gomez, 1996; Sopefia, 2004; Liesa et al.,
in press). During the Late Jurassic-Early Cretaceous rifting
cycle this fault clearly constrained the basin main trend,
NW-SE oriented (e.g., Alvaro et al., 1979; Sopefia, 2004;
De Vicente ef al., 2009; Liesa et al., in press). This fault
broadly coincides with the western limit of the Teruel-Va-
lencia High, representing the northeast and east limits of
the study area respectively (Fig. 3). In the same manner,
the LT fault, more than 100 km long, nowadays shows a
half-graben like geometry filled with continental Cenozoic
sediments, shaping the Teruel Basin (e.g., Anadon et al.,
2004). This fault and similar parallel ones (Fig. 3) such as
the Reillo fault (Ramirez de Pozo et al., 1974; Meléndez,
1983) are clearly identified to be active during the Later Ju-
rassic-Early Cretaceous as transfer faults (see Liesa ef al.,
in press, and discussion therein).

As mentioned above, the main structural trend in this re-
gion is similar to that of the Iberian Basin (NW-SE), but the
main set of identified extensional faults in the study area is
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broadly N110 directed with steep and relatively long (more
than 20 km), NE-SW to N-S directed transfer faults (Fig. 3)
(Fregenal-Martinez et al., 2014a; Elez et al., 2015). Indivi-
dual half-graben like basins bounded by these faults are small
(< 10 km in length), but the combination at broader scales of
complex half grabens, relay ramps, transfer zones and iden-
tified local shoulder uplift phenomena points to an overall
elaborated extensional geometrical pattern. In this scenario,
the palacogeographic distribution of accommodation space
was quite heterogeneous, with scattered depocenters separa-
ted by local paleogeographic highs both evolving along time,
and thus generating relevant variations in the thickness of the
deposits and the timing of the deformation (e.g., Van Wees et
al., 1998; Fregenal-Martinez et al., 2014a; Elez et al., 2015).

Methods

This work combines:

(1) The revision of twenty 1:50 000 geological maps of the
MAGNA Plan as well as the reinterpretation of their accom-
panying reports (see location in Fig. 3). The cartographic revi-
sion was performed also in a GIS-based environment using the
Digital Geological Map 1:50.000 (GEODE project;
www.igme.es) from the Spanish Geological Survey (IGME),
an improved and digitized version (in shape format) of the
MAGNA Plan. All modifications and re-assignation of carto-
graphic units after fieldwork were incorporated successively in
the analysis.

(2) A thoroughly revision of the literature about the Mid-
dle-Upper Jurassic and Lower Cretaceous of the Southwestern
Iberian Ranges (most of it published previously to the formal
lithostratigraphic proposal of Vilas et al., 1982).

(3) Fieldwork consisting of thorough geological map-
ping of key areas, extensive sampling, and stratigraphic, se-
dimentological, structural and palacontological analyses of
the Upper Jurassic-Lower Cretaceous stratigraphic record
in the Alto Tajo-Serrania de Cuenca area. Partial results have
been published by the authors during the last decades (Me-
Iéndez, 1982, 1983; Mas et al., 1982; Meléndez et al., 1989;
Gomez-Fernandez and Meléndez, 1991; Gierlowski-Kor-
desch et al., 1991; Fregenal-Martinez, 1994, 1998; Frege-
nal-Martinez and Meléndez, 1993, 2000, 2016; Buscalioni
et al., 2008; Buscalioni and Fregenal-Martinez, 2010; Fre-
genal Martinez and Mufloz-Garcia, 2010; Mufioz-Garcia et
al., 2012; Fregenal-Martinez et al., 2014a,b; De la Horra et
al.,2014; Elez et al., 2015; Muiioz-Garcia et al., 2015).

The lithostratigraphic units proposed in this study and their
stratotype localities have been defined and described following
the procedure and terminology recommended by the Interna-
tional Subcommission on Stratigraphic Classification of [UGS
Commission on Stratigraphy (Hedberg, 1976; Salvador, 1994;
Murphy and Salvador, 1998; International Commission on
Stratigraphy, 2016).

Previous regional works and foundations of this study
The presence of Lower Cretaceous sediments in the Serra-

nia de Cuenca and Alto Tajo regions is known since the late
1960s, and there are a large number of studies dealing with
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those successions in different localities (Viallard, 1966, 1968,
1969; Curnelle, 1968; Menéndez Amor, 1970; Meléndez
Hevia, 1971, 1972, 1974; Ramirez del Pozo and Meléndez
Hevia, 1972; Viallard, 1973; Brenner and Wiedman, 1974; Gar-
cia Quintana, 1977; Meléndez Hevia et al., 1974a, b; Ramirez
del Pozo et al., 1974). In such early studies, what is currently
known to be an ensemble of different and mostly siliciclastic li-
thostratigraphic units, in some cases separated by unconformi-
ties, were included as a whole under the term Weald. However,
most of the carbonate successions of the uppermost Hauteri-
vian-lower Barremian (La Huérguina Formation) were not re-
cognized and thus, those successions were not included into
the Weald and remained usually attached to the underlying Ju-
rassic substrate. Currently the term Weald is not longer for-
mally used to refer to the Lower Cretaceous successions of the
Iberian Basin, although it is still used in colloquial terms. The
term Weald is present in the oldest publications and in the re-
ports accompanying the 1:50,000 geological maps of the
MAGNA Plan. It is also used by the palaecontological scienti-
fic community to denote some Lower Cretaceous characteris-
tic fossil associations well known all around Europe that
contain dinosaur faunas (Holtz et al., 2004).

Vilas et al. (1982) and Mas et al. (1982) defined the li-
thostratigraphy and interpreted the palacogeographic evo-
lution of the area, mostly considering the known outcrops
in Valencia and southern Cuenca provinces, at that moment
(Fig. 2A). These authors separated the Lower Cretaceous of
the Southwestern Domain into four sedimentary cycles tec-
tonically controlled by the rifting process. The lithostrati-
graphic units that composed such cycles were formally
defined by Vilas et al. (1982) and derived from the studies
carried out in Valencia by Garcia-Quintana (1977) and Mas
(1981), and in Cuenca and Rincon de Ademuz (Valencia)
by Meléndez (1983). The four cycles defined are (Fig. 2A):

(1) Valanginian-lower Hauterivian Cycle I: This cycle de-
veloped just in the Valencia Sub-basin and is composed of the
Aldea de Cortés Formation that overlies unconformably the
Upper Jurassic Villar del Arzobispo Formation.

(2) Uppermost Hauterivian-lower Barremian Cycle II:
Composed of El Collado and La Huérguina formations, related
by a lateral change of facies. La Huérguina Formation shows
an expansive trend over El Collado Formation. Meléndez et al.
(1994) later established that El Collado Formation would oc-
cupy and crop out at the northern and marginal areas of the Se-
rrania de Cuenca, while La Huérguina Formation would be
widespread at its central area, expanding progressively over the
marginal areas and overlying El Collado Formation. Both units
unconformably overlie different Upper Jurassic lithostratigra-
phic units.

(3) Upper Barremian-lower Aptian Cycle III: Composed
of the Contreras Formation, whose upper part changes laterally
to the Malacara Member (El Caroch Formation).

(4) Upper Aptian Cycle IV: Composed of El Burgal and El
Buseo members (El Caroch Formation), both related by a late-
ral change of facies.

Until now this is the formal lithostratigraphic scheme used
in the studies on the Lower Cretaceous in the Southwestern
Domain. However, there is still a notable confusion in the
units mapped in the 1:50,000 geological maps of the

MAGNA Plan of the area, due to: 1) Misidentification of the
stratigraphic units and unconformities; 2) Use of different li-
thostratigraphic schemes, in such a way that some maps edi-
ted after 1982 adopted the lithostratigraphy proposed by Vilas
et al. (1982), while others maintained older proposals or de-
veloped their own criteria; and 3) The features of the Upper
Jurassic-Lower Cretaceous in the Alto Tajo-Serrania de
Cuenca do not exactly meet the defining parameters of Vilas
et al. (1982) and Mas et al. (1982), which makes difficult the
use of the scheme in many of the outcrops and localities.

More than thirty years have gone by since the formal li-
thostratigraphy of the Lower Cretaceous was established for
the Serrania de Cuenca. The outcomes of the works carried
out during these three decades, and the studies developed on
some unexplored areas of the Alto Tajo-Serrania de Cuenca
region, have determined the need of updating and developing
a new proposal. Chiefly, five criteria support this revision:

(1) The absence of Upper Jurassic record in the Alto Tajo-
Serrania de Cuenca region (Fregenal-Martinez and Mufioz-
Garcia, 2010; Mufioz-Garcia et al., 2012; Fregenal-Martinez
et al.,2014a). The Lower Cretaceous overlies marine limes-
tones that belong to the Middle Jurassic Yémeda Formation
(Gomez and Fernandez-Lopez, 2004a, b), as well as older
Middle and Lower Jurassic stratigraphic units in the northern
part of the study area. The presence of such unconformity is
unique to the Alto Tajo-Serrania de Cuenca region. Opposite,
the earliest episodes of rifting that occurred during the Late
Jurassic are well represented in the rest of the Iberian Basin
(Gomez, 1979; Mas et al., 1984; Liesa et al., in press).

(2) The formal definition of La Huérguina and El Collado
formations (Cycle I of Mas et al., 1982), assigned them a late
Hauterivian-early Barremian age (Fig. 2). However, these
units have been repeatedly dated in the Alto Tajo-Serrania de
Cuenca region from charophyte associations, as belonging to
the late Barremian all over the study area (De Vicente and
Martin Closas, 2013).

(3) El Collado Formation was defined as a lithostratigra-
phic unit chiefly composed of dominant sandstones at its
lower part and clays becoming dominant towards the top
(Vilas et al., 1982). Mas (1981) and Mas et al. (1982) inter-
preted this unit as the result of sedimentation in braided flu-
vial systems, with fluvial meandering channels in some areas,
and mostly in coastal alluvial to deltaic alluvial and tidal plain
systems with marine fauna such as oysters and foraminifera.
However, neither the lithological composition and facies, nor
the sedimentological interpretation of the unit correspond at
all with the observed features of the sedimentary unit that in-
terfingers laterally with La Huérguina Formation in the study
area. On the contrary, the unit is instead chiefly composed of
claystones, with quartzitic, carbonatic, mixed and oncolitic
conglomerates, arcosic and mixed sandstones, and calcareni-
tes, as well as a variable amount of intercalations of sandy,
biomicritic and oncolitic limestones. Such a lithological com-
position together with the depositional architecture observed
are rather similar to: 1) those described for unit C-Ila or “cla-
yey member of La Huérguina Formation” by Meléndez
(1983), and by Vilas et al. (1982) in the formal definition of
La Huérguina Formation; 2) to the “lower part of Cycle II”” of
Mas et al., (1982); and 3) to the unit defined as Rambla de Las
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Cruces I Sequence by Fregenal-Martinez (1998). Therefore,
the evidence collected in this work no longer supports the pre-
sence of El Collado Formation in the Alto Tajo-Serrania de
Cuenca region.

(4) In the formal definition of La Huérguina Formation,
oncolitic and biomicritic charophyte-rich limestones are
described as the main lithology of the unit, although sub-
ordinated lithologies such as marls, clays, calcarenites and
some sparse arkosic and bioclastic sandstones are also re-
cognized (Vilas et al., 1982). However, successive studies
on this unit in the Serrania de Cuenca have shown a cons-
picuous internal complexity in terms of its noticeable ver-
tical and lateral lithological and facies variability, as well as
of its stratigraphic architectural patterns (Meléndez, 1983;
Gomez-Fernandez, 1988; Gierlowski-Kordesch and Ja-
nofske, 1989; Meléndez et al., 1989; Gierlowski-Kordesch
et al., 1991; Fregenal-Martinez, 1998; Fregenal-Martinez
and Meléndez, 2000; Buscalioni ef al., 2008; Fregenal-
Martinez et al., 2014a). This fact has led to propose the in-
ternal division of this unit into separated stratigraphic units,
some limited by local minor unconformities. Such is the
case of the sequences proposed by Fregenal-Martinez
(1998) and Fregenal-Martinez and Meléndez (2000) for the
record of La Huérguina Formation, in the central Serrania
de Cuenca, in the multiple graben and half-graben sub-ba-
sins created by rift stretching (Fregenal-Martinez et al.,
2014a; Elez et al., 2015).

In particular, thick successions of what has been conside-
red La Huérguina Formation in the Alto Tajo-Serrania de
Cuenca region are in fact mostly composed of clays, marly
clays, quartz, carbonate, arkosic and mixed conglomerates,
sandstones, and a variable proportion of biomicritic and on-
colitic limestones. Those successions correspond to unit C-
ITa of Meléndez (1983), and to what Fregenal-Martinez
(1998) and Fregenal-Martinez and Meléndez (2000) defined
as Rambla de las Cruces I Sequence in Las Hoyas half-gra-
ben, which can be recognized in similar depocenters in the
Central Serrania de Cuenca including the stratotype locality
(e.g., Buscalioni et al., 2008; De Vicente and Martin-Closas,
2013). On the contrary, some relevant and characteristic li-
thofacies such as cross-bedded slabby limestones, and finely
laminated limestones rich in exceptionally well-preserved
fossils, were not included in the original definition of La
Huérguina Formation by Vilas ef al. (1982).

Moreover, concerning the environmental interpretation of
La Huérguina Formation, Mas (1981), Mas et al. (1982) and
Vilas et al. (1982) recognized a noticeable marine influence
in the Valencia Sub-basin. Mas (1981) found ostreids, milio-
lids and rare lituolids in several Valencian localities. The en-
vironments interpreted by Mas (1981) for the facies
association of La Huérguina Formation in Valencia comprise:
mixed coastal paralic plains, both fluvio-palustrine with
strong marine, tidal influence; and fluvio-lacustrine environ-
ments with more sporadic marine influence. On the contrary,
neither the facies associations, nor the palacontological con-
tent reveal such marine influence in the lithosome of La Huér-
guina Formation in the Serrania de Cuenca (e.g., Buscalioni
et al., 2008; De Vicente and Martin-Closas, 2013; Poyato-
Ariza and Buscalioni, 2016).
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In conclusion, it seems to be clear that the original defi-
nition of La Huérguina Formation has been being applied to
two separated lithosomes with different features, and hence
the assignation to it of the different known localities and out-
crops should be revised.

(5) The total sedimentary record in the study area just
consists of two Lower Cretaceous unconformity bounded
units, Upper Barremian, and Aptian in age, scarcely 600 m-
thick. On the other hand, the record in the Valencia Sub-
basin (Salas et al., 2001; Mas et al., 2004) is composed of
more than 2,000 m-thick Upper Jurassic-Lower Cretaceous
successive sequences, spanning from Oxfordian to Lower
Albian, all of them fully marine or with remarkable marine
influence (Fig. 2B). The development of these two distinc-
tive sedimentary successions points to an almost complete
palaeogeographic separation of the two sub-basins during
most Late Jurassic-Early Cretaceous rifting.

Upper Jurassic-Lower Cretaceous stratigraphic
record in the Alto Tajo-Serrania de Cuenca region

The stratigraphic record of the Late Jurassic-Early Cre-
taceous rifting in the study region is characterized by: 1) A
regional unconformity that in general spans at least from
late Callovian to early Barremian in most of the area; 2)
Two sedimentary unconformity-bounded units, upper Ba-
rremian and Aptian in age, respectively, and overlaid by Al-
bian post-rift sediments.

Unconformity-bounded units (UBU) are objective stra-
tigraphic units bounded above and below by significant un-
conformities, whose use is advised by the International
Stratigraphic Guide only where and when they can fulfill a
need that other kinds of stratigraphic units cannot meet
(Section 6.E in Murphy and Salvador, 1998, and Interna-
tional Commission on Stratigraphy, 2016).The use of this
type of units serves well to the descriptive purposes of this
work, because: 1) They are objective and the whole studied
record can be easily classified using them; 2) The bounding
unconformities of the herein defined units are angular un-
conformities of regional extent and can be easily identified;
3) It simplifies the description of the studied record, since
each defined UBU is composed of several lithostratigra-
phic units; 4) The lithostratigraphic units with rank of for-
mation that composes each UBU do not meet the conditions
to define a lithostratigraphic unit with rank of group; and 5)
Other concepts such as sequence can be ambiguous due to
the multiple uses that have been given to it in different fra-
meworks and at different scales. Such is the case of the two
Upper Jurassic-Lower Cretaceous large-scale syn-rift se-
quences defined in the Iberian Basin (Liesa ef al., in press)
that do not correspond with the stratigraphic units identified
in the present work, which in fact are part of Sequence 2 of
Liesa ef al. (in press); hence the use of the sequence con-
cept in this work might create confusion.

In our case, each UBU is interpreted to represent sedi-
mentation in two successive rifting episodes that involved the
structural reorganization of the area during the Late Jurassic-
Early Cretaceous rifting cycle. Unconformity-bounded unit
1 (UBU 1) is late Barremian in age, and it is composed of two
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units (Tragacete and La Huérguina formations) that are for-
mally defined in this work. Unconformity-bounded unit 2
(UBU 2) is Aptian in age and is composed of three lithostra-
tigraphic units, Contreras Formation, and Malacara and El
Burgal members (El Caroch Formation) (Vilas et al., 1982).

The Late Jurassic-earliest Cretaceous unconformity

The base of the Lower Cretaceous succession in the stu-
died area corresponds to a major regional unconformity
(more than 5000 km” and at least 27 My, Fig. 4) that is ab-
sent in other areas of the Iberian Ranges. Its main features
are the total absence of Upper Jurassic rocks (except lo-
cally in the southernmost part of the study area, around the
localities of Monteagudo de las Salinas and Enguidanos,
Fig. 3) and the occurrence of an outstanding alteration sur-
face on top of the Middle Jurassic materials where preser-
ved (Fig. 5A). This diachronic surface presents different
features at a regional scale:

(1) In the northern part (geological sheets 488, 513, 538,
539, 564 and western halves of 514 and 565: Fig. 3), the dis-
continuity is characterized by an important erosional paleo-
relief (Fig. 4B). In this area, the Barremian sediments overlie
different Jurassic units, from basal Lower Jurassic (“Lias” in
the cited literature) to Bajocian (i.e., Adell Argilés et al., 1978,
1979), although most often they range between Toarcian and

Bajocian (Del Olmo and Alvaro, 1985) (Fig. 4). At outcrop
scale, the discontinuity usually corresponds to an erosive sur-
face on fresh Jurassic materials although, in some rare cases,
where the upper part of the Middle Jurassic materials has been
preserved from erosion, a thin alteration surface occurs, cha-
racterized by outstanding red and ochre colors, brecciation,
and ubiquous presence of boxwork.

(2) In the central area (geological sheets 587, 610, 611 and
westernmost parts of 588 and 612: Fig. 3), the discontinuity is
a very stratiform surface (Figs. 4B and 5B), usually on top of
the Middle Jurassic limestones and dolostones of the Yémeda
Formation (Gémez and Fernandez-Lopez, 2004a). In this area,
the Yémeda Formation usually keeps a constant thickness at
local scale despite the overlying discontinuity. Some minor pa-
leorelief can be present at outcrop scale, associated to erosion
in the shoulder of the upper Barremian normal faults (Fig. 5C).
In these rare cases, the Jurassic materials appear fresh or stai-
ned with a yellowish color. However, in most areas the paleo-
relief is absent and the discontinuity on top of the Yémeda
Formation displays very outstanding features (Fig. SD-G) such
as a remarkable diagnostic red color induced by the occurrence
of abundant red bauxitic clays, brecciation, ubiquous boxwork
and local karstification (Fregenal-Martinez, 1998; Fregenal-
Martinez and Mufoz-Garcia, 2010; Fregenal-Martinez ef al.,
2014b). The identification of the local karst can be problema-
tic, since the karstic features are usually blurred by later pedo-
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Fig. 4.- Lithostratigraphic scheme proposed in this work for the studied sedimentary succession in the Alto Tajo-Serrania de Cuenca re-
gion. Time scale and absolute ages after GTS2016 (Ogg et al., 2016). B. Cross sections of the upper Barremian Unconformity Boun-
ded Unit 1, showing the overall internal geometry and relationships between the Tragacete and La Huérguina formations. LJ — Lower
Jurassic; MJ — Middle Jurassic; UJ-1B — Upper Jurassic-lower Barremian.
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Fig. 5.- A. Landsat image of the Upper Jurassic-lowermost Cretaceous regional unconformity in the surroundings of El Cubillo, Cuenca
province (1-Middle Jurassic carbonates; 2-Red alteration surface and associated residual deposits developed on Middle Jurassic carbo-
nates; 3-Lower Cretaceous mixed, siliciclastics and carbonates; 4-Upper Cretaceous carbonates. B. In the central part of the study area,
the unconformity surface on top of the Yémeda Formation is always parallel to Middle Jurassic bedding planes. This unit keeps a cons-
tant thickness at local scale (Ufia village, Cuenca). C. Local erosion and yellowish alteration on top of the Yémeda Formation associa-
ted to shoulder-uplift of upper Barremian faults in the road from Ufia to Las Majadas (Cuenca). D. Chaotic breccia with red bauxitic
clays associated to the unconformity on top of dolostones of the Yémeda Formation in Monteagudo de las Salinas (Cuenca). E. Pedo-
genic features (root traces and marmorization) commonly associated to the Upper Jurassic-Lower Cretaceous unconformity. F. The oc-
currence of karstic breccias is the most common karstic feature associated to the unconformity. G. Close-up view of boxwork produced
by differential dissolution of host rock, a ubiquitous feature of the deposits and alteration profiles associated to the unconformity.
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genic processes (Fig. SE) (Muioz-Garcia ef al., 2015). Both
processes contributed to dissolve the upper part of the Yémeda
Formation with a table-like geometry (Fig. 5B). These altera-
tion processes can affect a noticeable thickness of the limesto-
nes and dolostones of the Yémeda Formation (up to 15 to 20
m), transforming them into chaotic breccias (Fig. 5D). Bauxi-
tes and bauxitic clays are relatively abundant in this area asso-
ciated to this discontinuity (the oldest bauxitic deposits in the
Iberian Ranges), either in karst sinkholes (Mufioz-Garcia et al.,
2012) or as a filling in joints and fissures (Gomez-Fernandez,
1988; Gierlowski-Kordesch et al., 1991).

The recognition of this alteration surface in previous works
could have been hampered by two main reasons: 1) The classic
assumption of the occurrence of erosion associated to the Neo-
kimeric tectonic phase in this area (e.g., Ramirez del Pozo and
Meléndez Hevia, 1972; Fonolla et al., 1974; Morillo-Velarde
and Meléndez Hevia, 1979) was progressively abandoned.
Later, the idea of an important phase of pre-Cretaceous mecha-
nical erosion has been assumed to be the main cause for the ab-
sence of Upper Jurassic deposits in this area (e.g., Mas ef al.,
2004; Badenas and Aurell, 2001). However, the geometry of the
lithosome and the homogeneity in the ages of the younger Ju-
rassic sediments present in such a wide area (Yémeda Forma-
tion, Fig. 4), suggest that the stratigraphic gap is due mainly to
non-deposition rather than to erosion (although some stratiform
chemical erosion of the Middle Jurassic deposits can be pre-
sent). Further research is needed to clearly establish the origin
and evolution of this complex discontinuity; 2) The punctual
occurrence of azoic dolostones in the upper part of Yémeda For-
mation, usually altered and brecciated, has hampered the correct
chronostratigraphic assignation of some cartographic units. In
some classic works these brecciated dolostones were assigned
to the Upper Jurassic and interpreted as litoral Purbeck facies
(Ramirez del Pozo and Meléndez Hevia, 1972). Besides, corre-
lation with similar facies found in the Upper Jurassic deposits in
nearby areas (Morillo Velarde and Meléndez Hevia, 1979) has
also contributed to this confusion. However, the occurrence of
diffuse dolomitization on Middle Jurassic rocks was already no-
ticed by Berasategui Batalla and Ramirez Merino (1982) and is
very clear in other continuous stratigraphic successions located
in the south of the study area (geological sheets 663 and 664;
Gabaldon ez al., 1974a, b).

(3) In the southern area (geological sheets 635, 636, 637,
663, 664 and 665: Fig. 3), the discontinuity is also characteri-
zed by the preservation of the whole Middle Jurassic series (up
to Callovian, Fig. 4) including the red alteration surface (Fig. 5)
described in the central area, although in this case this surface
is locally overlaid by disperse outcrops of reduced Oxfordian
and Kimmeridgian marine and littoral sediments (Ramirez del
Pozo et al., 1973; Fonolla et al., 1974; Portero Garcia et al.,
1975) not comparable to any of the known Upper Jurassic li-
thostratigraphic units formally defined to date.

Therefore, the unconformity located at the base of the Lower
Cretaceous succession corresponds to a major discontinuity cau-
sed by a combination of non-sedimentation and erosion that
comprises at least 27 My in the southern part of the study area
(from Tithonian to early Barremian), and could reach 34 My in
the northern part (from late Callovian). The stratigraphic gap
can be longer (up to 50 My) due to erosion and exhumation of

Lower Jurassic rocks, especially towards the northernmost area
of the Alto Tajo-Serrania de Cuenca region (Fig. 4).

Unconformity-Bounded Unit 1 (UBU 1): Late Barremian
rifting episode

Overlying the Late Jurassic-earliest Cretaceous uncon-
formity there is a continuous upper Barremian sedimentary
succession (De Vicente and Martin-Closas, 2013) that co-
rresponds to the UBU 1. This succession crops out all along
the study area and is composed of two lithostratigraphic
units related by a lateral change of facies (Fig. 4): Tragacete
and La Huérguina formations. The Tragacete Formation is
herein formally defined for the first time and it is characte-
rized by the dominance of clays and marls, with intercala-
ted lenses of siliciclastic to mixed and carbonate
composition, in turn comprising all the possible range of
grain sizes, from very fine arenites to conglomerates and
breccias. Coal lenses and bauxites are also locally present.
La Huerguina Formation is going to be formally redefined.
It is essentially composed of a wide spectrum of limestones
facies, as well as minor amounts of marls, sandy limesto-
nes and locally sparse coal beds.

In general, both units are characterized by a remarka-
ble vertical, as well as lateral, regional, variability in terms
of the relative abundance of facies. This fact has urged the
need of designating some auxiliary reference sections in
addition to the type section or holostratotype. In the case
of Tragacete Formation its holostratotype shows quite well
the characteristic diversity of this unit, and the two selec-
ted parastratotypes exemplify the most common biases
from the standard description, at regional scale: 1) domi-
nance of clays where bauxites and bauxitic clays with
conspicuous paleosols (Fregenal Martinez and Mufioz
Garcia, 2010; Muioz-Garcia et al., 2012, 2015) and any
other lithology is usually absent; and (2) abundance of car-
bonate, that is, successions dominated by marly clays and
marls with intercalation of limestone. In the case of La
Huérguina Formation the holostratotype exemplifies well
the typical facies of the unit; however it lacks the emble-
matic finely laminated and cross-bedded limestones facies
which contain world-wide known palaeontological as-
semblages of Konservat-Lagerstatte type, such as those of
Las Hoyas fossil site (Poyato-Ariza and Buscalioni, 2016).
That is the reason that supports the proposal of Las Hoyas
section as a parastratotype for this unit.

The formal definition included below follows specific
recommendations of the International Stratigraphic Guide
for definition of new stratigraphic units and redefinition of
previous units (Murphy and Salvador, 1998; International
Commission on Stratigraphy, 2016).

Tragacete Formation

Main Lithology: Clays, sandstones and limestones.
Stratotypes

Holostratotype: Umbria de la Virgen-Tragacete stratigraphic
section (Tragacete, Cuenca province) (Fig. 6).
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Fig. 6.- Stratigraphic log of the Tragacete Formation at the holostratype locality. B. General legend for stratigraphic logs in figures 6,
7,8, 11 and 12.
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Base: Erosive unconformity. Bioclastic limestones and marls Top: Erosive unconformity. Utrillas Group (Albian). Coor-
with rhynchonellids that belong to the Barahona Bioclastic dinates: 40°21'55.45'"N; 1°49'38.98"W.

Limestones and Cerro del Pez Marls formations (Lower Ju- Parastratotype 1: Fuente de la Teja stratigraphic section
rassic). Coordinates: 40°21'50.22"N; 1°49'44.16"W. (Cuenca, Cuenca province) (Fig. 7).
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Fig. 7.- A. Stratigraphic log of the Tragacete Formation at Fuente de la Teja parastratotype locality, characterized by the occurrence of
bauxite deposits. B. General view of the parastratotype locality. C. Cemented bauxites in the lower part of the section. D. Gradual tran-
sition between the Tragacete and La Huérguina formations consisting in several sequences of red bauxitic marls with marmorization over-
laid by palustrine limestones with charophytes (see legend of symbols in Fig. 6).
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Base: Unconformity on top of an alteration profile developed
on the Yémeda Formation (Middle Jurassic). Coordinates:
40°1125.27"N; 1°56'23.15"W.

Top: Conformable. Gradual change to La Huérguina For-
mation (upper Barremian). Coordinates: 40°11'25.79"N;
1°56'18.86"W.

Parastratotype 2: Huerta del Marquesado stratigraphic sec-
tion (Huerta del Marquesado, Cuenca province) (Fig. 8).
Base: Unconformity on top of an alteration profile developed
on the Yémeda Formation (Middle Jurassic). Coordinates:
40° 8'19.75"N; 1°41'16.15"W.

Top: Conformable. Gradual change to La Huérguina For-
mation (upper Barremian). Coordinates: 40° 8'14.29"N;
1°41'20.19"W.

Description

Lithological description: Clays are the dominant litho-
logy (Fig. 9). They may contain variable amounts of
silt, sand, carbonate and organic matter, resulting in
silty, sandy, marly and carbonaceous clays, and marls
(Fig. 9A-D). Most are red and reddish, but pinkish,
ochre, yellowish, grayish, and greenish colors as well
as mottling and variegation are also common. Bauxitic
clays are present at the basal part of the succession in
some localities (e.g., Parastratotype 1, Fig. 7). Well de-
veloped paleosols and palustrine features are wides-
pread (Fig. 9B, C, E).

In some localities clays are the bulk of the succession
of the Tragacete Formation (Fig. 7) (e.g., Parastra-
totype 1), but usually lenses of varied lithologies alter-
nate or are interfingered with clays: quartzitic,
carbonatic, oncolitic and, mixed conglomerates; quart-
zitic and arcosic sandstones; mixed arenites and calca-
renites; sandy, marly and carbonaceous limestones;
oncolitic and biomicritic limestones; coal beds. Com-
ponents of the clastic lithologies include: quartz, felds-
pars, mica flakes, Jurassic pebbles, intraclasts, black
pebbles, mud clasts, oncolites and bioclasts (Fig. 9E—
H). These lenses range from a few decimeters to meters
in thickness, and from tens to hundreds of meters in la-
teral extension (Fig. 10). Their geometries are also va-
riable, from convex-up base and flat tops, to lobes and
sheets geometries. They may appear as massive beds
or show grading, cross bedding at different scales, rip-
ples and parallel laminations.

There is an overall lateral tendency to the enrichment in
carbonatic lithologies towards the south central areas of
the study area (Parastrotype 2, Fig. 8). Siliciclastic sedi-
ments coarser than clay are more abundant in the north-
western half and in a narrow fringe, which occupies the
east, southeast and southern edges of the region.
Palaeontological content: Cyanophycean algae, cha-
rophytes, ostracods, bivalves, gastropods, pollen, vege-
tal remains, fish scales and bones, skeletal remains of
tetrapods (frogs, turtles, lizards, crocodiles, non-avian
dinosaurs and mammals), invertebrate trace fossils, and
tetrapod footprints and trails.

It is noticeable the presence of Bone Beds, localities ex-
tremely rich in macro and micro skeletal remains of ver-
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tebrates, e.g., Buenache de la Sierra (Buscalioni et al.,
2008). The presence of dinosaur’s remains and other
vertebrates has been cited in localities such as Abanades
and Canales del Ducado (Comas-Rengifo et al., 1975),
Puente de Vadillos (Curnelle, 1968; Lapparent ef al.,
1969), Carrascosa de la Sierra and Beteta (Francés and
Sanz, 1989) and Masegosa (Sanz, 1985). Localities ex-
tremely rich in plant’s remains are also characteristic,
e.g., Una (Gierlowski-Kordesch et al., 1991; Goémez et
al., 2001).

Mineral ore: Coal (lignite) seams, iron concentrations
and bauxites.

Regional aspects

Lower boundary: (1) Unconformable on Lower and
Middle Jurassic lithostratigraphic units: Cuevas Labra-
das, Barahona, Cerro del Pez, Turmiel and Yémeda for-
mations (Goy et al., 1976; Gémez et al., 2004). (2)
Unconformable on deposits and alteration profiles as-
sociated to the Oxfordian-early Barremian discontinuity
(Figs. 4 and 5A, C).

Upper boundary: (1) Conformable, abrupt or gradual
change to La Huérguina Formation. (2) Erosive uncon-
formity. Overlying stratigraphic units: Contreras For-
mation (lower Aptian); El Burgal Formation (upper
Aptian); Utrillas Group (Albian) (Vilas et al., 1982; Ro-
driguez-Lopez et al., 2010) (Fig. 4).

Extension and lateral relationships: It crops out all
along the Alto Tajo-Serrania de Cuenca region, from
north-westernmost area around the locality of Abana-
des (Guadalajara province) to the south-easternmost
area around the locality of Casas de Garcimolina
(Cuenca province). To the E and SE, it disappears by
no deposition beyond the LT fault. The northeastern
limit partially coincides with the NW-SE trending
ATMU fault system. It disappears westwards under out-
cropping Upper Cretaceous and Cenozoic successions,
and southwards by erosion and/or non sedimentation.
The unit changes both vertically and laterally to La
Huérguina Formation. The vertical change can be gra-
dual or abrupt depending on the specific sub-basin
where it occurs (Fig. 4). The lateral change is defined by
the increasing presence and relative abundance of marls
and carbonatic lithologies from the edges towards the
central areas of the study region.

Thickness: It ranges from 170 to 10 m. Such extremely
variability is due to the compartmentalization of the
area into many small grabens and half-grabens. It can be
also deeply eroded by the overlying unconformities.

Age

Late Barremian: 126.3 — 129.4 Ma. (GTS2016, Ogg et
al., 2016).

Age determination is based on charophyte associations
which are composed of Atopochara trivolvis var. tri-
quetra, Globator maillardi var. trochiliscoides, Globa-
tormaillardi var. biutricularis var. nov., Clavator
harrisii var. reyi, Ascidiella cruciata, Ascidiella iberica
var. iberica, and Mesochara harrisii (De Vicente and
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Fig. 8.- Stratigraphic log of the Tragacete Formation at Huerta del Marquesado parastratotype locality, characterized by the relative hi-
gher abundance of marls and limestones compared to the holostratotype (see legend of symbols in Fig. 6).
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Fig. 9.- Field images of the Tragacete Formation. A. General view of the holostratotype locality. B. Red clays and marls with marmorization
interfingered with palustrine limestones and carbonate paleosols in the road to Las Majadas (Cuenca). C. Ochre, grayish, and greenish marls
interfingered with palustrine limestones in the Huerta del Marquesado parastratotype section. D. Black, carbonaceous clays with coal seams
in Ufia (Cuenca). E. Grey marls interfingered with palustrine limestones in Las Majadas (Cuenca). F. Oncolitic limestones, very rich in or-
ganic matter. This facies is very common and widespread in this formation. G. Ochre alluvial sandstones and white palustrine limestones.
H. Hybrid breccias with large floating jurassic pebbles in a mixed matrix. F, G and H near Poveda de la Sierra (Guadalajara).
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Martin-Closas, 2013). This association belongs to the
upper Barremian-lower Aptian Ascidiella cruciata —
Pseudoglobator paucibracteatus Biozone (Martin-Clo-
sas et al., 2009). The age is restricted to the upper Ba-
rremian by the accompanying ostracods assemblages
(Schudack and Schudack, 2009; De Vicente and Martin-
Closas, 2013).

Genesis
Depositional system: Continental. Alluvial, lacustrine
and palustrine facies associations. Regional scale inland
freshwater system of wetlands.

Equivalences and References

Wealdian (Curnelle, 1968; Viallard, 1973); Weald Facies
(Meléndez Hevia, 1971; Meléndez Hevia et al., 1974; Ra-
mirez del Pozo et al., 1974); Unit CI and C-Ila (Meléndez,
1983); El Collado Formation (Vilas et al., 1982) in the
Serrania de Cuenca; Lower part of La Huérguina Limes-
tones Formation (Vilas et al., 1982); Rambla de las Cru-
ces I Sequence (Fregenal-Martinez, 1998).

La Huérguina Formation

Main lithology: Limestones.

Stratotypes
Holostratotype: La Huérguina stratigraphic section (La
Huérguina, Cuenca province) (Fig. 11).
Base: Conformable, gradual change from the Tragacete
Formation  (upper  Barremian).  Coordinates:
40°2'50.98"N; 1°36'39.17"W.
Top: Unconformable, overlaid by the Contreras For-
mation (lower Aptian). Coordinates: 40°2'35.32"N;
1°3629.76"W.
Parastratotype: Rambla de Las Cruces-Las Hoyas strati-
graphic section (La Cierva, Cuenca province) (Fig. 12).
Base: Conformable on the Tragacete Formation (upper
Barremian). Coordinates: 40°5'35.85"N; 1°53"25.19"W.
Top: Recent erosional surface. Coordinates:
40°5'14.53"N; 1°53'58.25"W.

Description

Lithological description: Whitish, light to dark grey and
beige limestones with exceptionally abundant charophy-
tes and ostracods is the most conspicuous lithology (Fig.
13). Oncolitic conglomerates, oncolitic and stromatolitic
limestones as well as bioclastic and intraclastic calcareni-
tes which are also very abundant. They may appear as se-
veral m-thick massive beds, tabular layers, showing cross
bedding at different scales (Fig. 13D), or as lenticular beds
a few m-thick. Calcarenites usually appear as irregular
slabby beds and preserve ripple and cross lamination.
Dark grey to black, stinking, slabby, silty to marly limes-
tones extremely rich in plants remains are also present
(Fig.13F). Development of features such as brecciation,
nodulization, pseudo-microkarstification, vertical voids
and marmorization at the limestone bed tops is quite com-
mon (Fig. 13C, E). The presence of fossiliferous finely
laminated limestones with diverse and rich associations
of exceptionally well preserved fossils is a remarkable fe-
ature of this unit (Las Hoyas parastratotype, Fig. 13G).
Although in variable amounts depending on the specific
locality, marls are also present (Fig. 13B). Rarely, sparse
beds of sandstones and sandy limestones are found.
Palaeontological content: Cyanophycean algae, cha-
rophytes, ostracods, bivalves, gastropods, pollen, vege-
tal remains, worms, crustaceans, insects, fish scales and
bones, skeletal remains and articulated fossils of tetra-
pods (frogs, turtles, lizards, crocodiles, non-avian di-
nosaurs, birds and mammals), invertebrate traces, and
isolated footprints and trails of tetrapods.

It is noteworthy the presence of Konservat-Lagerstatten
type (Seilacher et al., 1985) localities, being the most
outstanding Las Hoyas fossil site characterized by the
extreme diversity and abundance of exceptionally well
preserved fossils (Poyato-Ariza and Buscalioni, 2016).
This fossil site is a worldwide famous palacontological
locality by yielding a biota containing key groups in the
base of the lineages involved in the Cretaceous Terres-
trial Revolution (angiosperms, modern insects, teleosts,
lizards and crocodiles, pterosaurs and birds) and the
most complete record of a Mesozoic seasonal subtropi-

Fig. 10.- General view of the Tragacete Formation outcropping near Las Hoyas (Cuenca) that exemplifies the typical depositional ar-
chitecture of this unit, with lenses of varied lithologies intercalated with dominant clays.
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Fig. 11.- Stratigraphic log of the La Huérguina Formation at the holostratotype section (see legend of symbols in Fig. 6).
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Fig. 12.- Stratigraphic log of the La Huérguina Formation at Las Hoyas parastratotype section characterized by the presence of fossili-
ferous finely laminated limestones that enclose the Konservat-Lagerstatte of Las Hoyas (see LH). See legend of symbols in Fig. 6.
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Fig. 13.- Field images of La Huérguina Formation. A. General view of holostratotype section. B. Lacustrine facies succession. C. Root traces as
voids on massive charophyte-rich lacustrine limestones facies. D. Cross-bedded limestones deposited in a lake bench. E. Brecciation and nodu-
lization features at the top of massive lacustrine to palustrine facies. F. Cross-bedded irregular slabby limestones. G. Fossiliferous finely lamina-
ted limestones at Las Hoyas Konservat-Lagerstdtte (La Cierva, Cuenca). A, B, C and D in La Huérguina (Cuenca). E and F near Las Hoyas.
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cal wetland ecosystem rather similar to Recent large tro-
pical and subtropical inland wetlands (Buscalioni and
Fregenal-Martinez, 2010; Fregenal-Martinez and Me-
Iéndez, 2016; Buscalioni et al., 2016). It is also worth
mentioning other associations of vertebrate fossil re-
mains such as those found in the Una coal mine, in
Cuenca province (Henkel and Krebs, 1969; Rauhut and
Zinke, 1995). Localities very rich in plants remains with
exceptional preservation are also characteristic, e.g., Ar-
mallones, in Guadalajara province (Rey Marcos, 1982;
Giménez and Rey, 1982).

Mineral ore: Coal (lignite) seams.

Regional aspects
Lower boundary: (1) Unconformable on Lower and Mid-
dle Jurassic lithostratigraphic units: Cuevas Labradas, Ba-
rahona, Cerro del Pez, Turmiel and Yémeda formations
(Goy et al., 1976; Gomez et al., 2004). (2) Unconforma-
ble on deposits and alteration profiles associated to the
Oxfordian-early Barremian discontinuity. (3) Conforma-
ble, abrupt or gradual vertical change with the Tragacete
Formation (Fig. 4).
Upper boundary: Erosive unconformity (Fig. 4). Overlying
stratigraphic units: Contreras Formation (lower Aptian); El
Burgal Formation (upper Aptian); Utrillas Group (Albian)
(Vilas et al., 1982; Rodriguez-Lopez et al., 2010).
Extension and lateral relationships: It crops out all along
the study area from north-westernmost area around the
locality of Abanades (Guadalajara province) to the south-
easternmost area around the locality of Casas de Garci-
molina (Cuenca province). To the E and SE, it disappears
by no deposition beyond the LT fault. The north-eastern
limit partially coincides with the NW-SE trending ATMU
fault system, in turn western edge of the Teruel-Valencia
High (De Vicente et al., 2009; Liesa et al., in press). It di-
sappears westwards under outcropping Upper Cretaceous
and Cenozoic successions, and southwards by erosion
and/or non sedimentation.
This unit overlies and is related to the Tragacete Forma-
tion by a lateral change of facies. This change can be gra-
dual or abrupt depending on the specific sub-basin where
it occurs (Fig. 4). La Huérguina Formation expands pro-
gressively from the central and southern areas towards the
NW, and in all directions towards the edges of the region.
Thickness: It ranges from 100 to 10 m. Such extremely
variability is due to the compartmentalization of the sedi-
mentation area into many small grabens and half-grabens.
It can be also deeply eroded by overlying unconformities.

Age

Late Barremian: 126.3 — 129.4 Ma. (GTS2016, Ogg et
al., 2016).

Age determination is based on charophyte associations
which are composed of Afopochara trivolvis var. trique-
tra, Globator maillardi var. trochiliscoides, Globator mai-
llardi var. biutricularis var. nov., Clavator harrisii var.
reyi, Ascidiella cruciata, Ascidiella iberica var. iberica,
and Mesochara harrisii (De Vicente and Martin-Closas,
2013). This association belongs to the upper Barremian-

lower Aptian Ascidiella cruciata — Pseudoglobator pau-
cibracteatus Biozone (Martin-Closas et al., 2009). The
age is restricted to upper Barremian by the accompanying
ostracods assemblages (Schudack and Schudack, 2009;
De Vicente and Martin-Closas, 2013).

Genesis
Depositional system: Continental. Lacustrine and pa-
lustrine facies associations. Regional scale inland fresh-
water system of wetlands.

Equivalences and References
Wealdian (Viallard, 1973); Weald Facies (Meléndez
Hevia, 1971; Meléndez Hevia et al., 1974; Ramirez del
Pozo et al., 1974); Unit CII (Meléndez, 1983); Upper
part of La Huérguina Limestones Formation (Vilas et
al., 1982); Rambla de las Cruces II Sequence (Frege-
nal-Martinez, 1998).

Unconformity Bounded Unit 2 (UBU 2): Aptian rifting
episode

In the Serrania de Cuenca region, the Aptian sedimen-
tary record (UBU 2) is chiefly composed of continental
(alluvial) siliciclastic deposits belonging to the Contreras
Formation, and minor shallow marine and transitional se-
diments belonging respectively to the Malacara and El Bur-
gal members of El Caroch Formation (Vilas ef al., 1982;
Mas et al., 1982) (Figs. 2 and 4). These units overlie un-
conformably the sediments of the late Barremian rifting
episode (Meléndez, 1982, 1983) (Fig. 14A, B). Due to later
erosion, these units crop out discontinuously in the S and
southeastern half of the Alto Tajo-Serrania de Cuenca re-
gion, and are absent by erosion in the northern and north-
western area.

The Contreras Formation is composed of sandstones,
claystones and subordinated oncolitic limestones. Its ma-
ximum thickness is 60 m, almost disappearing in the loca-
lities where it has been deeply eroded. From NW to SE the
continental deposits of the Contreras Formation change la-
terally to mixed, shallow coastal and marine deposits of the
Malacara Member (Fig. 14C).

The Malacara Member is characterized by mixed litho-
logies, with dominant siliciclastic heterolithic tidal facies
at its base, that gradually pass upwards to mixed and car-
bonatic coastal facies, commonly bioturbated and contai-
ning abundant algae, benthic foraminifera, gastropods,
oysters, rudists and scarce corals (Fig. 14C). The transition
from Contreras to Malacara occurs all along a NE-SW tren-
ding tectonic structure called Reillo High (Fig. 3) (Ramirez
de Pozo et al., 1974; Meléndez, 1983) which limited, to-
wards the NW, the maximum extension of the early Aptian
marine transgression

The early Aptian marine encroachment had to overcome
NE-SW trending tectonic highs that were still active (Fig.
3); besides the Reillo High, which limited the marine ad-
vance, the Teruel-Landete High limited the extension of
carbonate facies deposition of the Urgonian platforms de-
veloped towards the SE, in the Valencia Sub-basin (Me-
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Fig. 14.- A. The Contreras Formation (lower Aptian) unconformable overlying red clays of Tragacete Formation (upper Barremian) in Cam-
pillos-Paravientos (Cuenca). B. The Contreras Formation onlapping La Huérguina Formation in Buenache de la Sierra (Cuenca). C. Marine
fauna, rudists and ostreids in calcareous sandstones of the Malacara Member in Campillos-Paravientos (Cuenca).

léndez, 1983). This resulted in a very thin sedimentary re-
cord (20 m as much for the Malacara Member) in compa-
rison with the Urgonian platforms developed in the
Valencia Sub-basin (Garcia Quintana, 1977; Mas, 1981).

The Contreras Formation and the Malacara Member are
separated by a sharp ferruginous surface from the overlying
El Burgal Member, late Aptian in age. El Burgal Member is
composed of siliciclastic deposits, mostly white sandstones
with local coal lenses, that deposited in coastal environments
(Vilas et al., 1982; Meléndez, 1983; Meléndez and Lopez-
Gomez, 2003). El Burgal Member was deposited during the
regressive period that followed the early Aptian transgressive
pulse represented by Malacara Member (Fig. 2). The maxi-
mum thickness of El Burgal Member is around 30 m since it
underwent strong erosion. Therefore it outcrops disconti-
nuously, chiefly in the southeastern part of the studied area.

After a period of non sedimentation and erosion, post-
rift deposition started over during Albian, in continental
arid systems to coastal environments corresponding to the
siliciclastic deposits of the Utrillas Group (Chamizo et al.,
2016). This sedimentary unit has an extensive character in
the Alto Tajo-Serrania de Cuenca region, as it rests uncon-
formable on different Lower Cretaceous sedimentary units
and even on the Jurassic substrate.

Discussion

The rift cycle that affected the Iberian Basin during the
Late Jurassic-Early Cretaceous divided it into several major
domains (Fig. 1) that underwent separate palacogeographic
evolutions reflected by noticeable differences in their re-
corded sedimentary successions (Mas et al., 2004; Liesa et
al., in press). Vilas et al. (1982) and Mas et al. (1982) de-
veloped the lithostratigraphic scheme and carried out the
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palaeogeographic reconstruction of the so-called South-
western Domain (Fig. 2). Although the Southwestern Do-
main is known to be divided into two sub-basins, Valencia
and Cuenca, the lithostratigraphic scheme proposed by
Vilas et al. (1982) has been homogeneously applied to the
record of both sub-basins up to the present (Salas et al.,
2001; Mas et al., 2004). However, the increasing know-
ledge on the Serrania de Cuenca and its prolongation north-
westwards into the Alto Tajo region has shown that the
validity of the original scheme is rather limited, as it does
not describe the stratigraphic record and actual evolution
of this area during the Later Jurassic-Early Cretaceous rif-
ting. That is the reason of the revision and updating of the
previous scheme proposed in this work (Fig. 4).

Palaeogeographic context

The Late Jurassic-Early Cretaceous evolution of the Alto
Tajo-Serrania de Cuenca region represents the most outstan-
ding difference compared to other Iberian rifting domains. The
limitation of the affected area by the well-known ATMU fault
system and LT transfer fault support that the Alto Tajo-Serra-
nia de Cuenca region underwent a distinct, separate palacoge-
ographic evolution (Fig. 3). The ATMU fault system
delimitated the Internal Castilian Platform during the Middle
Jurassic, characterized by the frequently dolomitized oolitic
and restricted facies of the Yémeda Formation (Gomez and
Fernandez-Lopez, 2004a, 2006). This restricted shallow-ma-
rine area was emerged by the latest Callovian-earliest Oxfor-
dian, coevally with the regional discontinuity also recognized
in the rest of the Iberian Ranges, and usually represented by
condensed sections, iron crusts and iron oolites included in ma-
rine sections (e.g., Morillo-Velarde and Meléndez Hevia, 1979;
Aurell et al., 2003; Gémez et al., 2004; Gomez and Fernan-
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dez-Lopez, 2006). However, in the Alto Tajo-Serrania de
Cuenca area, most of the Middle Jurassic platform remained
exposed until the late Barremian for ¢. 30 Myr. As a result, a
complex stratigraphic discontinuity was generated by the su-
perposition of different sedimentation and alteration processes,
mainly the arrival of alluvial bauxitic material from the Iberian
Massif, the development of lateritic soils, and finally, karstifi-
cation and erosion (Fregenal-Martinez and Muioz-Garcia,
2010; Mufioz-Garcia et al., 2012, 2015; Fregenal-Martinez et
al., 2014b) (Figs. 4 and 5). The late Barremian rifting episode
induced important erosion of the Middle Jurassic sediments in
the northern part of the region, where upper Barremian sedi-
ments overlie different Middle and Lower Jurassic stratigra-
phic units. On the other hand, most features associated to this
discontinuity (table-like dissolution of the upper part of the Y¢-
meda Formation, pedogenic marmorization, karstic breccias,
karstic bauxites. ..) were preserved either under the upper Ba-
rremian succession in the central part of the study area (Fig.
5A, C) or under the Upper Jurassic succession in the southern-
most parts (e.g., Monteagudo de las Salinas, Fig. 5D). The la-
teral variability and the diversity of signals left by the complex
palacogeographic evolution during this non-subsident stage
have caused several types of mistakes in the identification and
definition of stratigraphic units in the literature and geological
maps (Table I). The deposits and features left by karstification
and pedogenesis have been traditionally mistaken with brec-
ciated Middle Jurassic dolostones or Upper Jurassic units.

Syn-rift sedimentation

Syn-rift sedimentation did not occur in the study region
until the late Barremian (De Vicente and Martin Closas, 2013;
Fregenal-Martinez ef al., 2014a; Elez et al., 2015; Fregenal-
Martinez and Meléndez, 2016). From the late Barremian, two
unconformity bounded units record sedimentation in the Alto
Tajo-Serrania de Cuenca area, until transition and onset of
post-rift (Albian) sedimentation of the Utrillas Group which
extended all over this and contiguous areas (Fig. 4):

(1) The upper Barremian unconformity bounded unit
(UBU 1) is by far the best represented, and the most complex
in terms of lithological variability and architectural patterns.
Such lithological variability is the major obstacle in classify-
ing the sedimentary record in lithostratigraphic units (Fig. 4).
Its late Barremian age has been determined by De Vicente
and Martin-Closas (2013) all over the study area on the basis
of charophyte and ostracods assemblages. This episode would
correspond to the former uppermost Hauterivian-lower Ba-
rremian Cycle II of Mas et al. (1982), who considered it com-
posed of two lithostratigraphic units related by a lateral
change of facies: El Collado and La Huérguina formations
(Fig. 2) (Vilas et al., 1982). However, El Collado Formation
cannot be recognized in the Alto Tajo-Serrania de Cuenca re-
gion and hence its presence is discarded. Furthermore, there
is not Hauterivian-lower Barremian sediments recorded in the
area. The alternative lithostratigraphic scheme herein propo-
sed (Fig. 4) is composed of two laterally related units, Traga-
cete and La Huérguina formations.

The Tragacete Formation here defined allows the accom-
modation of all those successions whose common feature is

the overall sedimentation of clays and marls, with intercala-
ted lenses of siliciclastic to mixed and carbonate lithologies.
This new unit contains the deposits of what had been attribu-
ted to El Collado Formation (Vilas et al., 1982) in the Serra-
nia de Cuenca, as well as the lower part of the former La
Huérguina Formation defined by Vilas ef al. (1982), which is
in turn equivalent to Unit C-Ila of Meléndez (1983) and to
Rambla de las Cruces I of Fregenal-Martinez (1998).

The definition of two parastratotypes has allowed us to em-
phasize the presence of bauxites and bauxitic clays with cons-
picuous paleosols (Parastratotype 1, Fig. 7) (Fregenal Martinez
and Mufioz Garcia, 2010; Mufioz-Garcia et al., 2012, 2015),
and to exemplify the noticeable regional variability of this unit
(Parastratotype 2, Fig. 8). In this sense, these parastratotypes
also facilitate its identification in the field keeping the number
of formally defined stratigraphic units to a minimum.

La Huérguina Formation is herein redefined, but main-
taining its original name because: 1) Its original definition by
Vilas et al. (1982) proposed as holostratotype the succession
recognizable in La Huérguina locality, which is located in the
Serrania de Cuenca, and this section is still fully accessible
and the best locality to exemplify the features of the redefined
unit; 2) The abandonment of well-established and known
names is not recommended by the International Stratigraphic
Guide. La Huérguina is a very well and internationally known
stratigraphic name, by being the unit enclosing the Konservat-
Lagerstatte of Las Hoyas fossil site (Poyato-Ariza and Bus-
calioni, 2016) with literally thousands of international
references. Therefore, the change of the name of the litho-
some that contains Las Hoyas fossil site might have a strong
impact and create undesirable confusion. Instead, the
succession including Las Hoyas fossil site is herein proposed
as a formal parastratotype for La Huérguina Formation (Fig.
12) to strengthen and make even more visible the link bet-
ween the stratigraphic unit and its worldwide known pa-
lacontological record. Furthermore, this parastratotype
includes lithofacies that had not been considered in the origi-
nal description of this stratigraphic unit by Vilas et al. (1982),
such as fossiliferous finely laminated and cross-bedded li-
mestones, highly representatives of the environmental and se-
dimentary dynamics of this unit.

Therefore, La Huérguina Formation is herein redefined in
most aspects and new sedimentological and palaecontological
data have been added to its description. Mixed lithologies,
thick beds of clays and marls and siliciclastic beds coarser
than clays recognizable at the lower part of the former La
Huérguina Formation (Vilas et al., 1982) are now included in
the Tragacete Formation. Therefore, La Huérguina is now ex-
clusively composed of diverse facies of limestones and marls
(Figs. 12 and 13). This scheme follows more accurately the
criteria to define lithostratigraphic units. Moreover, it facili-
tates the recognition of the units in the field and the assigna-
tion of the outcrops to the units.

After its redefinition the name of La Huérguina Formation
should not be used out of the palacogeographic boundaries
defined by ATMU and LT faults and hence, the supposedly
equivalent sedimentary record and up to now so-called La
Huérguina Formation in other areas of the Iberian Basin
should be revised and properly renamed and defined.
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From the environmental point of view, La Huérguina
Formation has been also reinterpreted. The original environ-
mental interpretation of this unit as deposited in coastal del-
taic plains, coastal wetlands and lacustrine coastal plains
(Vilas et al., 1982), was proposed for the uppermost Haute-
rivian-lower Barremian limestone lithosome recognized in
the Valencia Sub-basin, which experienced a noticeable ma-
rine influence from the Tethys Sea (Mas, 1981; Mas et al.,
1982). However, the Alto Tajo-Serrania de Cuenca La Huér-
guina lithosome lacks such marine influence which had been
limited by the LT transfer fault (Fig. 3) during the late Ba-
rremian, and is characterized by alluvial, palustrine and la-
custrine facies deposited in continental freshwater
environments (Meléndez, 1983; Gomez-Fernandez, 1988;
Gierlowski-Kordesch and Janofske, 1989; Gierlowski-Kor-
desch et al., 1991; Fregenal-Martinez, 1994, 1998; Frege-
nal-Martinez and Meléndez, 2000, 2016; Fregenal-Martinez
et al., 2014b; Muioz-Garcia ef al., 2015, among others). This
is also supported by the presence of biotas that inhabited
freshwater aquatic and terrestrial environments and fossil as-
semblages that show the typical ecological composition of
Recent large inland seasonal, tropical and subtropical, we-
tlands (De Vicente and Martin Closas, 2013; Buscalioni et
al., 2008; Buscalioni and Fregenal-Martinez, 2010; Busca-
lioni ef al., 2016; Poyato-Ariza and Buscalioni, 2016). It is
worth highlighting that De Vicente and Martin-Closas (2013)
found that the diversity of the charophyte assemblages in dif-
ferent outcrops of Tragacete and La Huérguina formations
are constrained by the exclusive development of freshwater
environments. The assemblages lack the presence of brac-
kish-water taxa, and are rather monotonous and low diverse
compared to coeval basins in southern Europe and in other
Iberian Domains such as the Maestrazgo Basin that under-
went marine influence. The freshwater origin and complete
isolation from marine influence is also supported by geo-
chemical data (Talbot ef al., 1995a,b; Poyato-Ariza et al.,
1998; Fregenal-Martinez et al., 2014b). The strontium iso-
topic composition of rocks and fossils collected in La Huér-
guina Formation, around Las Hoyas fossil site, clearly
indicate a non-marine origin, and confirms that its water bud-
get must have been dominated by inflow from the Middle
Jurassic limestones (Talbot et al., 1995a, b). Moreover, the
values and covariance of 3 °C and 8" O indicate the exis-
tence of lacustrine conditions in a groundwater-dominated,
hydrologically closed basin (Talbot et al., 1995a, b).

Concerning facies and environments, the Tragacete and
La Huérguina formations correspond to two environmental
belts of the same depositional system, with a large patchy mo-

saic of subenvironments (ponds, small lakes, channels, wa-
terlogged soils, marshy and swampy inundated plains, and
soils in hummocks of vegetation, among others), reflecting
the typical landscape of large inland subtropical and tropical
wetlands, poorly drained and strongly controlled by seasonal
climate (Fregenal-Martinez and Meléndez, 2016). In general,
the Tragacete Formation represents sedimentation in the best
drained areas that received inputs of allochthonous sediments,
while La Huérguina Formation records sedimentation in po-
orly drained areas where lacustrine conditions prevailed with
minor influx of allochthonous sediments. The resulting de-
positional architecture is extremely complex and characteri-
zed by a large diversity of facies and a remarkable lateral
variability. Such variability has hindered the design of a sim-
ple and still accurate lithostratigraphic scheme.

The seemingly simple stratigraphic architecture (Fig. 4)
at regional scale is more complex by far when observed at
local scale, because tectonics largely controlled the remar-
kable internal compartmentalization of the Alto Tajo-Se-
rrania de Cuenca region in many small grabens and
half-grabens. Figure 15 shows a synthetic sketch where the
commonest stratigraphic position and relationship of the
Tragacete and La Huérguina formations in the compart-
mentalized substrate are depicted. Sedimentation occurred
on a substrate that consisted of a mature flat landscape that
was rejuvenated by the late Barremian stretching creating
a complex and smooth extensional topography. Early stages
of sedimentation occurred in well defined depocenters that
enlarged as the extensional fault linkage occurred and the
sedimentation expanded (Fig. 15) (Fregenal-Martinez et al.,
2014a; Elez et al., 2015). The consequences are multiple:
1) The Tragacete and La Huérguina formations are onlapping
the substrate at local scale (Fig. 15); 2) The geometry and
orientation of the lateral change of facies between both units
may differ from each graben/half-graben to the next; 3) Some
grabens/half-grabens are only filled by deposits of La Huér-
guina Formation, due to either their palacogeographic posi-
tion and structure, which maintained them apart from the
regional drainage pathways thus favoring lacustrine condi-
tions, or their late development. The chronology of develop-
ment of the different grabens and half-grabens is also a
remarkable constrain on distribution and stratigraphic archi-
tecture of the Tragacete and La Huérguina formations. At re-
gional scale sedimentation progressed from the southcentral
areas towards the NW and the boundaries of the region. The-
refore this might explain the deeper erosion of the Jurassic
substrate northwestwards (Fig. 4B), as it had remained expo-
sed for a longer period than the central areas.

£
500 m.

Upper Barremian:
Tragacete Fm,

Upper Barremian:
La Huérguina Fm.

ﬁxtansinnai fault

Fig. 15.- Synthetic sketch perpendicular to the main set of extensional faults, N110 directed, identified in the Alto Tajo-Serrania de Cuenca
region. The commonest stratigraphic position and relationship of the Tragacete and La Huérguina formations upon the compartmentalized

Jurassic substrate can be observed.
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The top of the upper Barremian rifting episode is partially
eroded and corresponds to an unconformity that developed
during the structural rearrangement of the subsident areas at
the onset of the following syn-rift episode (Figs. 2 and 4).

(2) The unconformity bounded unit UBU 2 records one
more episode of sedimentation in the region during the Ap-
tian. It is poorly recorded when compared to UBU 1, and
most outcrops are located in the central and southern areas. At
the northwestern area this unit either was not deposited, or it
was completely eroded prior to post-rift Albian sedimenta-
tion represented by the Utrillas Group. The Aptian UBU2 is
composed of the Contreras Formation and the Malacara and
El Burgal members (El Caroch Formation). These lithostra-
tigraphic units were originally defined for the entire South-
western Domain by Vilas ef al. (1982), and their stratotypes
are located in the Valencia Sub-basin, excepting the Contre-
ras Formation whose formal definition included an auxiliary
reference section in Campillos-Paravientos (Cuenca pro-
vince). Nevertheless, and opposite to the case of the late Ba-
rremian rifting episode, the best option for the Aptian episode
is to maintain the original scheme.

Progressive rise of sea level during early Aptian finally
overcame the LT transfer fault, which to that moment had kept
the Alto Tajo-Serrania de Cuenca region palacogeographically
separated from other sedimentation areas. The Contreras For-
mation shows an increasing marine influence southeastwards as
it changes laterally to the Malacara Member, which was depo-
sited in the southern area of the Serrania de Cuenca, between the
LT fault and Reillo High (Fig. 3) (Meléndez, 1983). The Mala-
cara Member is composed of coastal and marine facies as it is
in Valencia Sub-basin. On the contrary, the late Aptian marine
transgression that occurred in the Valencia Sub-basin (El Buseo
Member, El Caroch Formation, Vilas et al., 1982) did not over-
come the LT fault and did not reach the study area, although El
Burgal Member shows marine influence. The following early
Albian rifting episode recorded in the Valencia Sub-basin (Sa-
caras and Escucha formations) is not represented in the study
area (Fig. 2). It is worth mentioning that the formal definition
of the Contreras Formation by Vilas et al. (1982) assigned to it
an early Barremian-earliest Aptian age. Such age is not com-
patible with the late Barremian age of the underlying Tragacete
and La Huérguina formations (Fig. 4). Hence, the Contreras
Formation should be considered early Aptian as already ack-
nowledged by Salas ez al. (2001) and Mas et al. (2004).

The resulting complexity of the described and discussed
stratigraphic architecture is behind the confusion in the litera-
ture and the 1:50,000 MAGNA sheets (Table I). For instance,
usually all of these Lower Cretaceous units appear in the geo-
logical maps grouped in a single unit under the name Weald or
Weald Facies. Depending on the localities that single unit com-
prises just one, or two of the Lower Cretaceous successions se-
parated by unconformities. Sometimes Weald Facies
corresponds just to the units with siliciclastic lithology (Traga-
cete, Contreras and El Burgal formations). The Lower Creta-
ceous carbonatic deposits (mostly La Huérguina Formation and
some outcrops of the Tragacete Formation) may have been
identified as: 1) Middle or Upper Jurassic marine deposits; 2)
grouped with the deposits and alteration features associated to
the Upper Jurassic-lowermost Cretaceous discontinuity; 3) ig-
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Table I.- Equivalences between the stratigraphy proposed in this
study and the stratigraphic units mapped in the geological sheets
of the National Geological Mapping Program (MAGNA Plan) of
the studied area.
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nored; or 4) included in the Weald Facies. This is explicable
given that different units may show resemblances in their li-
thology and facies, for example the Tragacete and Contreras
formations contain abundant red clays and interspersed beds
of conglomerates and sandstones.

The described stratigraphic complexity is linked to gene-
tic aspects which, obviously, cannot be fully articulated in a
lithostratigraphic scheme. Lithostratigraphy is basically a des-
criptive tool to classify the stratigraphic record and facilitates
regional geological mapping. The lithostratigraphic scheme
provided in this work is thought to be the best solution to cla-
rify and describe thoroughly in a simple manner the strati-
graphic record of the Late Jurassic-Early Cretaceous rifting at
the Alto Tajo-Serrania de Cuenca region. Although it is aimed
to describe the regional stratigraphy, it can still be a useful
guide at local scale, and it is thought to be simple and accu-
rate enough to avoid hindering the forthcoming genetic and
palaeogeographic analyses.

Conclusions

A revision, updating and new lithostratigraphic proposal for
the record of the Late Jurassic-Early Cretaceous Iberian rifting in
the Alto Tajo-Serrania de Cuenca region has been accomplished.

The Late Jurassic and earliest Cretaceous are represented by
an unconformity, which corresponds to a complex diachronous
discontinuity that spans at least from Oxfordian to early Barre-
mian in most of the study area. The unconformity is the result of
a long period of non-sedimentation, pedogenesis, table-like dis-
solution of the substrate, karstification, and minor mechanical
erosion. In the northernmost area, a noticeable paleorelief was
formed by erosion that affected Lower Jurassic successions. This
unconformity is unique to the Alto Tajo-Serrania de Cuenca re-
gion in terms of duration, genesis and evolution, as it cannot be
recognized at any other area of the Iberian Basin.

Sedimentation did not occur in the Alto Tajo-Serrania de
Cuenca region until late Barremian, the latest onset of syn-rift
sedimentation in the Iberian Basin. It is represented by two suc-
cessive unconformity bounded units (UBU 1 and 2) that in turn
correspond to two successive rifting episodes. These units have
a complex stratigraphic architecture, and show a noticeable spa-
tial variation in lithology and thickness. This is largely the re-
sult of the internal structural compartmentalization of the basin
into a myriad of grabens and half-grabens with moderate sub-
sidence rate, and their reorganization for each following rifting
episode, which in turn caused development of the correspon-
ding periods of erosion and subsequent unconformities.

The currently acknowledged upper Barremian UBU 1 had
been traditionally considered to be composed of El Collado and
La Huérguina formations. This lithostratigraphic scheme has
been proven to be no longer valid for the study region. El Collado
Formation is not recognizable in the Alto Tajo-Serrania de
Cuenca region and should not be longer used in the area. A new
lithostratigraphic unit named Tragacete Formation is proposed
to enclose the successions traditionally attributed to El Collado,
and to include, in addition, successions that up to now had been
included in the lower part of La Huérguina Formation. The Tra-
gacete Formation is characterized by its lithological diversity al-
though clayey lithology account for more than 50% of the total
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thickness of all its outcrops. Intercalations of lenses of siliciclas-
tic to mixed and carbonate composition are common. Two pa-
rastratotypes have been designated to include the extreme cases
of the observed lithological variability, which is represented by
successions dominated by bauxitic clays and bauxites, and with
dominance or marls and abundant carbonate intercalations.

La Huérguina Formation is maintained although it is he-
rein redefined in terms of lithofacies, lower boundary, age and
environmental reconstruction. This unit corresponds to a dis-
crete limestone lithosome consistently dated as late Barremian.
Some of the lithofacies up to now included in the former La
Huérguina Formation are no longer part of it, while some new
lithofacies have been incorporated to its definition and des-
cription. Concerning environments, La Huérguina Formation
had been originally interpreted as deposited chiefly in coastal
environments, as it occurs in older deposits recorded in the
nearby Valencia Sub-basin. On the contrary, in the Alto Tajo-
Serrania de Cuenca region, La Huérguina Formation has been
repeatedly proven to lack any marine influence and its sedi-
ments were deposited in continental, fully freshwater environ-
ments, and in the framework of a regional inland subtropical
system of wetlands. Las Hoyas locality, which encloses the ho-
monymous worldwide known Konservat-Lagersttate, is pro-
posed as a parastrotype because it contains a facies succession
that had not been included in the original definition of La Huér-
guina Formation and is highly representative of the environ-
mental and sedimentary dynamics of this unit.

The upper Barremian sediments in the Alto Tajo-Serrania
de Cuenca region are also characterized by its extraordinary
palaeontological record; there are a large number of fossil sites
with diverse and abundant continental flora and fauna. All
known fossil sites described in the literature have been revised
and reassigned to the new lithostratigraphic units in their for-
mal description.

The herein defined La Huérguina Formation is applicable
inside the palacogeographic boundaries defined by the ATMU
and LT faults. The formerly interpreted as the equivalent re-
cord and up to now so-called La Huérguina in other areas of the
Iberian Basin should be properly defined and renamed.

The traditional lithostratigraphic nomenclature used for the
Aptian episode (UBU 2) has been maintained, although the age
of the corresponding lithostratigraphic units should be conside-
red younger than the original attribution in the formal definition
of the Contreras Formation and the Malacara and El Burgal
members (El Caroch Formation). The presence of lower Aptian
marine deposits represented by the Malacara Member, points to
the occasional connection of Cuenca and Valencia sub-basins
during major transgressions, which would overcome the LT
fault. Otherwise this tectonic structure kept both areas separated
and undergoing different palacogeographic evolution during the
entire Late Jurassic-Early Cretaceous rifting cycle.

The revision and updating carried out in this work was also
intended to clarify and simplify the diverse nomenclatures that
have been used in the geological maps of the National Geolo-
gical Mapping Program (MAGNA Plan) all along several de-
cades, as well as to serve as a basis for any geological work to
be developed in the herein studied area from now onwards. In
that line, twenty 1:50,000 MAGNA geological maps have been
revised and the correspondence between the cartographic units
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used in the maps and the units described and defined in this
work has been established.
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