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ABSTRACT

The siliclastic and carbonate deposits are interbedded in the Villadiego area (Miocene, NE Duero Basin).
They have been subdivided into two high-rank depositional sequences: DDS and CDS. The sedimentary analysis
of these units and the study of the microfauna content, mainly ostracods, led to the identification of lacustrine-
fluvial interaction systems. The sedimentary characteristics reveal the existence of fluvial systems of gravel, flood
plains and lacustrine systems that were interconnected and intimately related in north-south direction. In the sedi-
mentological analysis, thirteen types of fluvial and lacustrine lithofacies and six genetic facies associations were
recognized. The top of DDS is the result of lake level risings. The CDS shows a deepening-shallowing cycle.
The ostracod micropaleontological analysis of the sediments have been studied, with the aim of reconstructing
the palaeoenvironmental evolution of this area. These microfauna assemblages integrated with the analysis of the
sedimentary facies allowed to conclude the existence of lakes with a water-bearing level of few tens of meters. A
change in the chemical conditions of the waters, which evolved from oligohaline and carbonated to mesohaline
and sulphated is concluded.

Keywords: fluvial system; lacustrine; ostracods, paleoecology; Upper Miocene; Duero Basin.
RESUMEN

Los depdsitos siliciclasticos y carbonatados se encuentran intercalados en el area de Villadiego (Mioceno, NE
cuenca del Duero). Se han subdividido en dos secuencias de depdsito de alto rango: DDS y CDS. El analisis de
estas unidades sedimentarias y el estudio del contenido de microfauna, principalmente ostracodos, condujo a la
identificacion de sistemas de interaccion lacustre-fluvial. Las caracteristicas sedimentarias revelan la existencia
de los sistemas fluviales de grava, llanuras de inundacién y sistemas lacustres que estaban interconectados e
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intimamente relacionados en direccion N-S. En el anadlisis sedimentoldgico se reconocieron trece tipos de litofa-
cies fluviales y lacustres y seis asociaciones de facies genéticas. La parte superior del DDS es el resultado de
levantamientos del nivel del lago. EI CDS muestra un ciclo de profundizacion-somerizacion. Los sedimentos se
han estudiado mediatne analisis micropaleontoldgico de ostracodos, con el objetivo de reconstruir la evolucion
paleoambiental de esta zona. Estos conjuntos de microfauna integrados con el andlisis de las facies sedimenta-
rias permiten concluir la existencia de lagos con un nivel acuifero de pocas decenas de metros. Se concluye que
existio un cambio en las condiciones quimicas de las aguas, que evolucionaron a partir de oligohalinos y sin gas

a mesohalino y sulfatadas.

Palabras clave: sistema fluvial; lacustre; ostracodos, paleoecologia; Mioceno superior; Cuenca del Duero.

Introduction

The sequence stratigraphy analysis was initially
developed for nearshore marine sedimentary depos-
its affected by eustasy. The recognition in the sedi-
mentary successions of surfaces such as marine
flooding surfaces, transgressive surfaces of erosion
and subaerial unconformities representing changes
in accommodation space in response to eustatic, cli-
matic and tectonic influences is an important factor
(c.f. Posamentier et al., 1988; Van Wagoner et al.,
1990; Shanley et al, 1992; Shanley & McCabe,
1993). The geometries and stacking patterns of sys-
tem tracks can be used to interpret a depositional
history.

The continental basins are not affected by eustatic
sea level fluctuations. The erosional unconformities
and paleosoils can be used to divide the stratigraphic
successions into sequences (e. g. Kraus & Middleton,
1987; Shanley & McCabe, 1994; Lemons & Chan,
1999). Also, the fluctuations in lake level may influ-
ence sedimentation, similar to sea level in marine
environments (e. g. Legaretta ef al., 1993; Shanley &
McCabe, 1994). The aggradation or incision of the
fluvial systems are related to basin length, sediment
supply, sediment size, discharge, and base level drive
shifts in the fluvial profile (e. g. Blum and Tornqvist,
2000). In these basins, climatic variations and tec-
tonics influences are the principal factors controlling
the depositional evolution.

This study has focused on the study of mapping,
stratigraphic and sedimentology of the deposits that
outcrop in the northeastern boundary of the Duero
basin, in the vicinity of the town of Villadiego
(Burgos) (Fig. 1). The sector analysed forms part of
the marginal Miocene rocks that are bounded to the
north by the Mesozoic successions of the Basque-
Cantabrian Mountains (Figs. 1 and 2). The sedimen-
tary succession mainly comprises conglomerates,

sands, lutites, limestones and marls, with a maxi-
mum thickness of 200 m (Herrero-Hernandez,
1989).

One of the specific objectives of this paper is
to report the analysis of the microfaunal composi-
tion of these Miocene sediments. Also, evaluate
its distribution along the sedimentary record to
characterize the evolution of the different types
of aquatic ecosystems. This work focuses on the
description, interpretation and correlation of the
sedimentary facies. The analysis of the sedimen-
tary processes helps to address the first interpre-
tation and paleogeographic reconstruction of an
alluvial fan, and fluvial distal-lacustrine deposi-
tional systems and their lateral relationships. The
paleoenvironmental and paleogeographic inter-
pretations led to the development of a sedimentary
model for the Miocene deposits of the northeast-
ern boundary of the Duero basin. The main allo-
cyclic factor affecting the filling of the basin and
their evolution is seasonal fluctuation in climate.
It offers an excellent occasion for assessing the
role of lake level changes on the morphology and
sedimentary architecture of these sedimentary
systems deposited in areas of tectonic activity
basin edge.

Methodology

Field work consisted in detailed mapping and
cross correlation of sixteen stratigraphic mea-
sured sections, at the most representative points
in order to monitoring the lateral and vertical
Miocene deposits. Fluvial and lacustrine rocks
integrate these stratigraphic sections. Despite
the paucity of outcrops, significant sections
were reconstructed in which the Miocene geo-
logical framework of the Villadiego area could
be established. Lithological and sedimentological
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Fig. 1.—Geographic location of the study area. A: in the context of the Iberian Peninsula.

analyses, provenance of conglomerates and sand-
stones, as well as preliminary micropaleonto-
logical data (paleocological and biostratigraphic
analysis) were acquired, in order to reconstruct
the evolution and the stratigraphic setting of the
Miocene succession. The sediments were sampled
also for biostratigraphic, palynological and paleo-
ecological analyses.

The sand bodies’ shapes and their lateral exten-
sions were identified. Sampling was directed to
fossil content, carbonate facies analysis and petrol-
ogy provenance of sandstones and conglomerates.
Detailed sedimentological analyses of outcropping
sections showed a wide spectrum of facies and facies
associations related to different depositional systems.
The microfaunal composition is based on ostracods,
foraminifers, gastropods and charophytes from the
lacustrine carbonates. These allow reconstruction

of the depositional environment, but no value for
dating.

Geological setting

Around the Hesperian Massif are located several
sedimentary basins: Duero, Ebro, Tajo, etc., that were
filled and deformed during Cenozoic period (Fig. 1).
The Duero and the Ebro basins are considered as an
intraplate basin and a foreland basin respectively (cf.
Alonso-Zarza et al., 2002).

The Duero basin covers approximately 50,000
km® and was formed during the Alpine Orogeny. In
the Cenozoic, the Duero Basin had an asymmetric
tectonostratigraphic behavior in all its boundaries.
This is the reason because it is difficult to assign
a particular sedimentary basin model. However,
the northwestern boundary of the Duero Basin has
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Fig. 2.—Geological map of the study area and its relationship to the Mesozoic substratum, with stratigraphic units and geographic
location of the columns (modified from Herrero-Hernandez, 1989 and Pineda, 1997).

been considered as a foreland basin by Mabesoone
(1959 and 1961), Jong (1971); Alonso et al. (1996),
Gallastegui (2000), Herrero-Hernandez (2001) and,
more recently, by Herrero-Hernandez et al. (2004,
2010).

The study area are located between these two
foreland basins: Pyrenean Chain (Ebro Basin) and
northwestern boundary of the Duero Basin. It is
likely that this area also develop a foreland basin
in lateral continuity with those mentioned above.
The compression in Basque-Cantabrian Mountains
took place in a NE-SW direction approximately and
their activity ceased in the Late Miocene. This activ-
ity produced mainly thrusts and associated folds
(Herrero-Hernandez, 1989), which gave rise to the
more distinctive features of the present regional
relief with a general northwestern-southeastern
trend. Some of the main elevations were produced
by a series of folds developed over the thrust ramps.

The sector analysed in the present work is located
in the Villadiego Area, at northeastern domain of
this basin. This sector is located next to the southern

margins of pre-Cenozoic deposits of the Duero basin
(Figs. 1 and 2).

In the study area the Neogene successions are con-
stituted by conglomerates, sands, clays, marls and
limestones, with a visible thickness of 200 m. These
materials are grouped in a set of informal stratigraphic
units to 1: 50,000 scale (e. g. Herrero-Hernandez, 1989,
Alonso Gavilan et al., 1990 y Pineda, 1997) that, fol-
lowing the classic regional lithostratigraphy have been
denominated: Alar del Rey Facies, Grijalba-Villadiego
Facies, Duefias Facies, Las Cuestas Facies and Los
Paramos Facies (Hernandez Pacheco 1912, 1915 and
1932, Royo Gomez, 1926; San Miguel de la Camara,
1952, Aeroservice, 1967, Garcia Abad & Rey Salgado,
1973; Garcia del Cura, 1974 and 1975; Ordoéiiez et al.,
1976; Ordonez & Garcia del Cura, 1976; Mediavilla
& Dabrio, 1986 and 1989; Mediavilla et al., 1996;
Armenteros et al., 1997, Alonso Gavilan et al., 1997,
Armenteros et al., 2002 and Alonso Gavilan et al.,
2004). According to textural and sedimentological
features and extensive field mapping those facies were
assigned to different stratigraphic units (Fig. 2) and
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were used as a base to interpret depositional environ-
ments (e. g., Herrero-Hernandez, 1989; Pineda, 1997).

From north to south an evolution of the grain
size of the deposits from conglomerates to marls
and limestones was observed in the field, together
with a change from red to white in the colour of the
sediments. These lateral relations of the sedimentary
bodies made it possible to establish an interdigitation
of the Miocene units.

Taking into account lithostratigraphic and map-
ping criteria the red conglomerates are included
within the so-called Alar del Rey Facies. Laterally
towards the south (Fig. 3) this unit change to the
Dueiias Facies (marls and white limestones) and to
the Grijalba-Villadiego Facies (red sands and clays)
(Fig. 4). To the south these units are intercalated
with the marl and white limestone of the Las Cuestas
Facies.

The lower and middle parts of the Las Cuestas
Facies are characterized by a high volume of marls
and limestones of white colour, and abundant fos-
sil remains of ostracods, foraminifers, charophytes,
gastropods and fishes. On the other hand, the upper
part of this unit consists of clays and conglomerates
(Pineda, 1997). The Miocene succession culminates
in the region with the carbonate deposits of the Los
Péaramos Facies.

Facies model of the fluvio-lacustrine
system

Two groups of facies are established by the lithol-
ogy: siliciclastic alluvial-fluvial and carbonated
lacustrine-palustrine facies. The fluvio-lacustrine
depositional model comprises three main facies
associations: alluvial fan-fluvial, transitional and
palustrine/lacustrine. The main characteristics and
interpretations of these facies and associations are
summarized in Tables 1 and 2, respectively.

Alluvial fan and fluvial facies associations (AFA
and FA)

These facies associations dominate in the north of
the study area, and they are in direct contact with the
Mesozoic substratum. These facies associations are
not relevant for the work and here are summarized
its most important features.

Estudios Geoldgicos, 72(2), julio-diciembre 2016, e053

In the AFA the gravel facies (Gm and Gt) pre-
dominate over sands facies (St, Sm) (Table 2). They
form a fining upward sequence with 2 to 8 m thick-
ness. Internally, materials are disorganized, massive
to weakly bedded and normal graded.

Interpretation. AFA association represents the
filling of very proximal active channels, form-
ing bars on the inside with very energetic tractive
currents.

The FA association is predominant towards the
south and is closely related to AFA association. It
comprises Gt, St, Sm and Fm/P facies (Table 2) in
fining- and thinning-upwards sequences. The con-
glomerates (basically carbonated) are well sorted and
clast-supported with a sandy matrix. They contain
imbrications and sedimentary structures including
small to medium-scale cross-bedding. The sand are
very sorted with matrix very fine, and present cross-
bedding (St) or massive stratification (Sm). The mud
presents abundant pedogenic modifications, such as
carbonate root traces and clay and carbonate migra-
tions, it make up calcretes.

Interpretation. This association can be interpreted
as a product of longitudinal and transverse gravel
and sand bars in braided fluvial channels, and over-
bank deposits. To the top represent abandoned chan-
nel fill and floodplain deposits with development of
paleosoils.

Transitional facies association (BFA and DFA)

The transitional (BFA and DFA) facies associa-
tions consist of sands, lutites and and pebble-sized
gravels. It is characterized by its paleogeographic
position between palustrine-lacustrine and alluvial
fan-fluvial facies associations.

DFA association is an association of lutites (Fm),
sands (Sgm) and conglomerates (Gh). It is organized
in thickening and coarsening-upward sequences
from 2 to 6 m thickness (Table 2). The lutites facies
are red, massive and they develop bioturbation. The
sandy facies are fine to coarse grained, with beds
of 0.8—1 m thick. They undeveloped internal trac-
tive structures. The conglomerate beds are 0.3 to 1 m
thick. They are clast supported, but fairly sand-rich,
with horizontally stratified.

Interpretation. The upward decrease in clay and
muddy matrix, not channelized basal surface and
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case, DFA represents the arrival of river channels

upward-coarsening trend explain the two possible

to shallow water deltas dominated by fluvial pro-

fluvial scenarios for the origin of the DFA associa-
tion. In the first scenario this association is inter-

cesses, and interpret this association as the mouth

indicate

Both explanations
an increase of energy towards the top, which is

preted as the progradation of small channels of bar progradation.

crevasse splays over the floodplain. In the second
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Fig. 4.—Field view showing the superposition of units: Duefias Facies (1), Grijalba-Villadiego Facies (2) and Cuestas Facies (3).

reflected in the sedimentary structures. The upper
part of sequence is constituted by conglomerates
which allows to interpret a feeder channel pre-
served at the top.

The delta Postma’s classification (1990) is based
on feeder systems and water depth at river mouth.
This last parameter allow to define two main typolo-
gies of deltas: Gilbert-type delta, with a steep front
(25°-35°) and shallow-water type delta, with a gen-
tly inclined front (5°-15°). The latter case would be
represented in the study area.

The DFA type develops into middle study area
and it is related to the other facies associations.

The BFA association shows an abundant per-
centage of conglomerates and a smaller proportion
of sands (Table 2). The base of this association is
very similar to that of AFA type, conglomerates with
cross-bedding (Gt), sometimes massive (Gm facies)
with imbricate clasts, being differentiated by the
occurrence of Sgo facies. The conglomerate bod-
ies are amalgamated from 2.5 to 4 m thick. On the
whole, the sequence is fining upward with an ero-
sive base and a thickness that varies from 1.5 to 5 m.
The paleocurrents make a direction preferentially
towards S and SSE.

The Sgo facies are are sand-sized, oolithic
grainstone with good sorting and sparite cement.
They contain well sorted clasts of quartz and
ooids (high percentage above 70%) and abundant
remains of gastropods and algae. The ooids are
sub-spherical, they have a size of up to 700 pm,
these consist of a sand-sized nucleus of quartz,
limestone or some skeletal remains, around which

Estudios Geoldgicos, 72(2), julio-diciembre 2016, e053

several micritic coatings develop. The nuclei,
occasionally dissolved, are simple or compound.
They are well graded and rounded underneath.
Fragments of molluscs (gastropods), algae, geope-
tal fillings and traces of bioturbation were also
found. The interparticle porosity was filled with
sparite. It has lensoid cavities, millimetre- to cen-
timetre-long (fenestrae) and as vadose meniscate
calcite cement. Its internal structure has been, to a
large extent, erased due to the effects of carbonate
cementation.

Interpretation. This association is complex since
the different facies reveal that the processes which
took place at the base were are very different from
those that were developing at the top, and the prod-
ucts of some processes were modified by posterior
processes. At the base, the coarse sediments are
interpreted as the filling of active channels with the
development of longitudinal and traverse conglom-
erate bars.

The top of the sequences are formed by the Sgo
facies, and it shows ooids and remains of gastro-
pods. Armenteros (1986) interprets similar sand-
stones with an origin fluvio-lacustrine sequences
and it pass upward to lacustrine-palustrine facies.
The presence of ooids of variable sizes and shapes
and the remains of organisms that are associated
with microbial and algal activity suggests shallow-
water conditions and/or even subaerial exposed
environments. Fenestrae support formation close to
the vadose zone. The marginal lake facies associa-
tion was recognized by the abundance of sedimen-
tary features attributed to subaerial and/or meteoric
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http://dx.doi.org/10.3989/egeol.42381.400

A. Herrero-Hernandez et al.

Table 1.—Description and interpretation of the siliciclastic and carbonated facies (Herrero-Hernandez, 1989)

Code Description Interpretation Stratigraphic Unit

Gm Poorly sorted massive. Channel fill to channel bar Alar del Rey Facies
Polymodal and imperfectly representing sedimentation in a Grijalba-Villadiego Facies
classified clast-supported stream-dominated alluvial fan and
conglomerates of normal fluvial environments
gradation. Massive.

Imbrications

Gh Polymodal clast-supported Fluvial gravel bars representing Alar del Rey Facies
conglomerates. Normal sedimentation in a stream- Grijalba-Villadiego Facies
gradation. Horizontal dominated alluvial fan and fluvial
stratification. Imbrications environments

Gt Poorly sorted, moderately to Fluvial gravel bars representing Alar del Rey Facies
well rounded, cross-bedded sedimentation in a stream- Grijalba-Villadiego Facies
conglomerates, polymodal and  dominated alluvial fan and fluvial

(7] clast-supported. Fining upward  environments
% with erosive base
E St Medium to coarse-grained Fluvial sands. Migration of Grijalba-Villadiego Facies
[8) sandstone. Trough cross- megaripples
'5 bedding
j Sgo Well-graded Shallow lacustrine. Waves? Beach? Grijalba-Villadiego Facies
Q microconglomeratic
S calcarenites. Ooids and
% fragments of organisms
Sgm Coarse grained, massive Deltaic. River mouth bars Grijalba-Villadiego Facies
sandstone, pebbly. Well
graded. High carbonatation.
Arranged in thickening upward
sequences.

Sm Medium to fine sands. Well Channels fill. Sand dominated Alar del Rey Facies
graded. Massive. Non- erosive hyperconcentrated fow Grijalba-Villadiego Facies
to erosive base

Fm Massive lutites. Traces of Flood plain deposits. Low energy, Grijalba-Villadiego Facies
hydromorphism and suspension fallout

L White sandy muds. Microfauna  Shallow lacustrine. Carbonate Duenas Facies

precipitation

P Edaphogenetic structures. Low energy, overbank deposit. Grijalba-Villadiego Facies
» Nodular caliche Paleosoil
w
[®)
E M Green marls rich in fossils Deep lacustrine. Carbonate Duenas Facies
w precipitation Cuestas facies
<
g Bm Biomicrites. Massive. Banks of ~ Shallow lacustrine and palustrine Duefias Facies
m slight thickness. Scarce roots deposits. Carbonate precipitation Cuestas facies
EE structures
© Cr Grey limestones. 1 m thick Shallow lacustrine and palustrine Duenas Facies

banks. Bioturbation to roots

deposits. Vegetated mudflat.

Cuestas facies

exposure, such as paleosoil, and fenestrae and mete-
oric cement.

Palustrine and lacustrine facies associations
(PFA and LFA)

Remains fossils of ostracods, gastropods and cha-
rophytes are present. These provide the paleoecolog-
ical and paleoenvironmental interpretations.

The PFA facies association is made up of facies L
and Bm. Lithologically show lutites and white biomi-
crites in banks of thickness up to 1 m (Table 2). The
clayey minerals are smectites, palygorskite, illite and
chlorite. Bm facies under a microscope are mainly
grainstone to packstone with bioclasts (biomicrite),
with ostracods, gastropods and charophytes. It is
characterized by the ocurrence of diverse forms of
the Candonidae family (Candona sp. aff dravensis)
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Facies associations with the interpretation and stratigraphic unit

Table 2.
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and Cypridarum, gastropods (highly fragmented) and
Charophytes.

Interpretation. The micropaleontological and
the lithological association indicate lacustrine con-
ditions of low energy, below the lower limit of the
water level. The occurrence of charophytes suggests
the existence of a algae belt on the edge of the lake.
The traces of emersion, represented by a porosity
which can be attributed to bioturbation due to roots,
indicate fluctuations in the water level that affect to
the shallow areas of lakes. The lack of appreciable
amounts of organic matter reveals that these lakes
would have had a well oxygenated water column, a
fact that favours the existence of well-developed ben-
thic fauna.

Moreover, the detritic sedimentation shown in
the L facies (Table 1) takes place in relatively deep
areas, due to some kind of bottom flow which causes
the dragging of material which is basically skeletal
(mainly fragments of gastropod and ostracods) and,
at the same time causes the entry of oxygen into the
bottom waters. The abundance of mud in L facies
also corresponds to periods of floods during which
important coarse detritic sedimentation occurs in
marginal border areas. During these periods, fresh
water enters the lacustrine basin, thus causing a rise
in the water level of the lake.

This lacustrine system would have had a complete
water circulation to the bottom and a palustrine strip
with partial signs of exposure. This suggests that there
were oscillations in the coastline, thus causing the
more or less developed uncovering of the subaquatic
deposits according to Freytet (1973). This idea is cor-
roborated by the association of clay minerals since it
entails an evident arid soil generation (Reheis, 1990).

The LFA facies association forming a thickening-
upward, and it is made up of marl (M) and lime-
stones (Cr) (Table 2). The white and cream marls
are massives, and they form layers that extend lat-
erally hundreds of meters. LFA is characterized by
the ocurrence of diverse forms of complete or frag-
mented gastropods (Hydrobia and Valvata), charo-
phytes, remains of pharyngeal pieces from fishes
and also ostracods. The latter are represented in this
section by Cyprideis in over 90% of the association.

Cr facies are microcrystalline, white and they
include marmorisation, nodulisation, pedogenic
recrystallisation, and traces of burrows and roots.
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The dominant clays are illite, smectites and palygor-
skite. Under the microscope, they are mudstone
with massive appearance, nodular and fairly com-
pact with fossils of gastropods, charophytes and
ostracods. This facies shows a clotted peloidal tex-
ture and two types of porosity. The first represented
by planar and curved pores (crack planes) is due to
shrinkage processes (drying). The second other con-
sisting of channel pores, sometimes horizontal trend
in porosity, these ones due to bioturbation. The crip-
tocrystalline characteristics and impregnative com-
pound nodules are probably due to presence of iron
oxy-hydroxides.

Interpretation. The presence of marl at the base of
the facies association indicates conditions of stability
in the lacustrine environment. The great abundance
of Cyprideis in the marls and their morphological
characteristics (reticulate ornamentation, etc.) must
have been related to the highly oxygenated lacustrine
subenvironments according to Bodergat (1983).

The Cr facies derivates from the lowering of the
water-bearing stratum, with the installation of more
or less extensive palustrine areas colonized by veg-
etation. The presence of vegetation suggests the
development of a shallow, fresh, groundwater table
before the next lake transgression. The presence of
palygorskite (Mg-rich clay) would be in relation to
palustrine processes (brecciation and nodulisation)
(cf. Bustillo and Alonso-Zarza, 2007).

The LFA is an example of the trend towards shal-
lowing and the constant repetition of this type in the
vertical would suggest the stacking of deepening-
shallowing cycles.

Microfaunal assemblages and evolution of
lake cycles

For the biostratigraphic characterization of the
area it has been studied in detail outcrops where the
sedimentary succession is more complete (Fig. 3).
This has allowed to define two completely different
microfaunal associations.

In the lower part (Fig. 3), the microfauna of
ostracods is very abundant and its state of preserva-
tion is considered as excellent, because completely
whole valves of very fragile taxa, as well as very
delicate both structural and ornamental details can
be found. The association is clearly dominated by

A. Herrero-Hernandez et al.

Cypridarum and by different forms of Candonidae.
Among the latter, the highest percentage corresponds
to Candona albicans Brady (Fig. 5a) being minor-
ity Candona procera Straub, Candona aff. draven-
sis Sokac (Figs. 5b and 5c¢) and Candona sp. Other
secondary forms of ostracods are Paralimnocythere
rostrata Straub and Cyprinotus salinus Brady. Also
is remarkable the presence of gastropoda (very frag-
mented) and Characeae with abundant very well
preserved gyrogonites. The association of ostracods
with Cypridarum is indicative of freshwater condi-
tions (oligohaline).

In the upper part (Figs. 3 and 6), the fossils asso-
ciation show a great wealth of ostracods in excellent
state of preservation. It highlights the abundance of
Cyprideis (Fig. 5d), not present in the lower lake,
and represents more than 90% of the association of
ostracods. The most common set of ostracod species
in the studied samples is defined in similar percent-
ages by Candona cf. bitruncata Carbonell, Candona
aff. dravensis Sokac, Candonopsis kingsleyi Brady
& Robertson, Ilyocypris gibba Ramdhor (Fig. Se)
and Limnocythere inopinata Baird (Fig. 5f). Also is
remarkable the presence of Characeae, remains of
pharyngeal pieces of fishes and some gastropods,
which include Hydrobia and Valvata specimens.

The presence of Cyprideis allows obtain lake
paleoenvironmental qualitative conditions, as
well as its ecophenotipics features. For example,
the ornamentation of this species is marked by
environmental conditions, thus the smooth orna-
mentation of valves indicates a typically oxygen-
ated environment (Bodergat, 1983). Currently,
Cyprideis is considered an opportunistic genus
being able to survive with changes in salinity of
the water in the lake basin. The way of life that
is indicated for this genus is very shallow endo-
biontic within the first millimetres of sediment
and with a type of limicole feeding (Rodriguez
Lazaro, 1988).

Rich and diverse ostracod associations (mainly
Cyprideis, candonids and [lyocypris) refer to a rise
in salinity up to mesohaline waters (Gross, 2004;
Rundi¢, 2006). Extant Cyprideis is able to cope with
fluctuating salinities; however, it mainly occurs in
mesohaline waters (cf. Meisch, 2000). In addition,
the great abundance of Cyprideis in the ostracods
community indicates an increase in ion sulphate
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dissolved in the water, and a replacement to the
freshwater ostracods fauna from the preceding asso-
ciation (cf. Gross et al., 2011).

Based on the palaeolimnological information
obtained by the study of the microfaunal associa-
tions, in the Miocene sedimentary record two inter-
vals/cycles from a lower carbonated lake to upper
stable sulphated-saline lake are distinguished.

In the study area, appears only the top of first
cycle. It is constituted by lacustrine environment
characterized by marls and packstone/grainstones
with bioclasts. These representing a shallowing
upward cycle in the carbonated margin lake.

The second cycle begins with alluvial fan and flu-
vial deposits of channel-fill and bars of conglomer-
ates and sandstones of red colour and it ends with
shallow margin lake/palustrine and deep lacustrine
deposits. Lithofacies of the upper saline lake-cycle
are a mix of interbedded marls, muds and mudstone

with bioclasts. The upper part of this cycle represent
the retrogradation of lake deposits, with a shallow-
ing-upward trend (Figs. 3 and 6).

On the other hand, in both lacustrine microfaunal
associations are widely represented ostracods valves
well preserved and occasionally even articulated,
together with gastropods shells complete and very
fractured. This fact, has likely to be related to the
existence of two different communities. One repre-
sented by ostracods native and complete gastropods
and other with partially re-mobilised, made up of
fragments of gastropods and mixed tractive-current.

The paleoenvironmental conditions were not
constants on the lake. There are variations on the
bathymetry, the internal circulation and the con-
centration of dissolved salts, as it is clear from the
change in the species that dominate at one time or
another. As a result, comparing the associations of
both lacustrine microfaunal association we can say

Fig. 5.—Microphotographs of ostracods. a) Candona albicans Brady, external morphological appearance of the left valve showing
ornamentation. x100. b) Candona procera Straub. x100. c) Candona aff. Dravensis Sokac, left valve, external view. x100. d) Cyprideis,
right valve, the arrow indicates the muscle impressions. x100. e) llyocypris gibba (Ramdhor), right valve, external view. x100. f)

Limnocythere inopinata (Baird), left valve, external view. x100.
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that waters evolved from oligohaline to mesohaline
as a result of the increase in sulphate ions dissolved
in water.

Sequence stratigraphy. Interpretation and
discussion

The facies associations and sedimentary environ-
ments indicated that the continental Miocene depos-
its of northeastern Duero basin were deposited by
an interaction between alluvial-fluvial distal and
lacustrine sedimentary systems (Fig. 7). The micro-
faunal association can be linked to the large-scale
lake basin evolution from a lower carbonated lake to
a upper stable sulphated-saline lake. This evolution
and the systematic environmental changes in vertical
of these facies associations allows define the exis-
tence of two higher-rank lacustrine cycles.

We can establish the hierarchy of the higher
order sequences stratigraphic with two depositional
sequences in the sense of Mitchum et al. (1977);
Mitchum (1977) established for marine environ-
ments. The concept of hierarchy used in this paper
is refers to the classification of sequences based on
their relative scale and stratigraphic significance. In
the absence of precise geochronological control, it
is recommended to refer to sequences in a relative
sense, such as lower versus higher frequency, or
lower versus higher rank, and interpret their relative
stratigraphic significance based on criteria that can be
observed in the rock record (Catuneanu et al., 2011).

These would represent the evolution of the sed-
imentary basin over a period of time and they are
genetically related strata; i.e., first-order sequences,
(allostratigraphic units of NASC, 1983; uncon-
formity-bounded stratigraphic units of the ISSC,
2001), or low frequency (or high rank) sequences of
Catuneanu (2006); Catuneanu et al. (2011).

The stratigraphic units in the Villadiego area have
been subdivided into two depositional sequences,
referred to herein as Duefas Depositional Sequence
(DDS) and Cuestas Depositional Sequence (CDS).
Both depositional sequences represent higher-rank
cycles, related to alluvial fan-fluvial systems progra-
dations and retrogradations and/or lacustrine water
level risings and falls.

The transition vertical facies in the study area
comprising alluvial-fluvial sands and conglomerates

A. Herrero-Hernandez et al.

interbedded with underlying basinal carbonates and
marls lacustrine/palustrine deposits (Fig. 7). This
model is valid for both depositional sequences; how-
ever, not all facies associations are represented in
them. In the DDS is more represented the PFA type,
while in CDS the LFA type is more developed.

The DDS comprises the upper part of the Duefias
Facies in the south sector, and the lower part of the
Alar del Rey and Grijalba-Villadiego Facies to the
north. Only appears the top of this depositional
sequence. The CDS sequence includes by north, the
upper part of the Alar del Rey Facies and Grijalba-
Villadiego Facies, and by south the distal part of the
Grijalba-Villadiego Facies, Cuestas Facies and the
Péramos Facies.

In the outcrops appears the top of DDS, and it rep-
resents the final shallowing higher-rank cycle and
the progradation basinward of the alluvial fan and
fluvial systems. The final part of this shallowing
cycle is represented by lacustrine, palustrine depos-
its (Duefias Facies), and distal fluvial deposits indi-
cating the end of regression (Grijalba-Villadiego
Facies). The alluvial fan and fluvial systems and
the shoreline lacustrine position migrate basinward
(maximum regressive lacustrine surface, MRLS).

In the beginning of the CDS, the mappable strati-
graphic surface marks a change in stratal stacking
patterns from regression to lacustrine transgression.
The marls and lutites indicate a rises of lake level,
the coastline migrates landward (maximum flooding
lacustrine surface, MFLS). According to the con-
cepts of sequence stratigraphy the lacustrine depos-
its reached their most landward position.

Towards the middle of the CDS and in the upper
part of the CDS shows a gradual shallowing trend.
The limestones of the Paramo Facies manifest a
change in environmental conditions which are pro-
gressively shallower.

Both sequences show in the northern sectors
conglomerates (AFA association) which are inter-
preted as the result of discontinuous accretion and
migration of longitudinal or diagonal bars. In the
Alar del Rey Facies the thicker, laterally extensive
and multistory conglomerate deposits are probably
accumulated on active sectors of the alluvial fan
dominated mostly by low-sinuosity fluvial systems.
The carbonated composition of the clasts suggests
the erosion of Mesozoic reliefs located to the north
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Fig. 6.—Lithological characteristics, and interpretation of the stratigraphic section of Brullés, location in Fig. 2.

(direction of the paleocurrents towards the S and
SSE). The distance between the inferred edge of
the basin and lacustrine deposits is approximately
6 Km, so the radial distance of the alluvial fan did
not exceed 10 Km.

Laterally to the south the FA facies associations
represent the filling of active fluvial channels

with longitudinal and transverse gravel-sand bars
and deposition of floodplain areas. The well-
developed paleosoils (calcretes) in the Grijalba-
Villadiego Facies suggest that sedimentation rates
are slow relative to rates of pedogenesis. These
processes are favoured by biological activity of
plant roots.
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Alluvial fan and fluvial deposits

Transitional deposits

Lacustrine deposits

Fig. 7.—Sedimentary model and distribution of facies associations.

Further south, the sedimentary environments of
both depositional sequences are represented by the
PFA and LFA associations. Both are interpreted as
a product of sedimentation in lakes, low slope with
palustrine margins. In dry and wet seasons alternat-
ing produces rising and fall level-lake and cause
extensive sectors be first covered by water and then
with subaerial exposure. In the basin, the seasonality
of climate (e.g. Mediterranean) could be the mainly
allogenic processes, versus absence of sedimentary
discontinuities that does not seem to point to tectonic
control in the depositional model. This climate is
corroborated by the analysis of pollen in sediments
from adjacent areas (cf. Valle ef al., 2006).

The change in the microfaunal associations in
the sedimentary record indicates a change in lake
chemical conditions of the waters, from oligohaline
in the DDS to mesohaline in the CDS. Other litho-
logical indicators suggest the same change and can
corroborate that the microfauna points out. This is
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corroborated by the presence of Hydrobia, which
indicates episodes of greater salinity in the envi-
ronment (cf. Adam, 1960). The endobiotic? and
limicolous characters of this gastropod indicate the
depth of the waters on CDS would not exceed 30 m.

Conclusions

This study presents the sequence stratigraphy for
the Miocene sediments and new depositional model in
the northeastern domain Duero basin. The interpreta-
tion of the higher-rank depositional sequences allows
(1) the environmental interpretation of the variations
of level lake, and (2) the construction of a sedimen-
tary model based on fluctuations of level lake.

The depositional sequences, DDS and CDS are
linked alluvial fans, fluvial systems and shallow and
deep lacustrine sedimentary environments intercon-
nected from north to south. In the northern sectors
conglomerates Alar del Rey Facies (AFA and FA)
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are dominant. Southward the transition to Grijalba-
Villadiego Facies is manifested by sands and
conglomerates (BFA and DFA). These facies asso-
ciations are connected laterally towards the south
with Duefias Facies and Las Cuestas Facies repre-
sented by marls and limestones (PFA and LFA).

The microfaunal associations reveal a change in
the chemical environmental conditions of the lacus-
trine waters, from oligohaline and carbonated in the
DDS, to mesohaline and sulphated in the CDS. Also
notes a greater depth in the waters of CDS.

The DDS represent the final shallowing of a
higher-rank cycle with a maximum regressive lacus-
trine surface to top. The CDS show a transgres-
sive-regressive higher-rank cycle with a maximum
flooding lacustrine surface in the middle, and finally,
a progressive shallowing at top.

ACKNOWLEDGMENTS

The authors thank Ildefonso Armenteros and an additional
anonymous reviewer their work. Private financial support was
provided for translation to English language and for the acquisi-
tion of field data.

References

Adam, W. (1960). Faune de Belgique. Mollusques. I.
Mollusques terrestres et dulcicoles. Patrimoine de
I’Institut Royal des Sciences Naturelles de Belgique,
Bruxelles, 402 p.

Acroservice Ltd. (1967). Mapa Geolodgico de la Cuenca
del Duero, E. 1: 250.000. Instituto Nacional de Colo-
nizacion e IGME. Madrid.

Alonso, J.L.; Pulgar, J.A.; Garcia Ramos, J.C. & Barba,
P. (1996). Tertiary basins and Alpine Tectonics in
the Cantabrian Mountains (NW Spain). In: Friend,
P.F. & Dabrio, C.J. (Eds.). Tertiary basins of Spain:
Stratigraphic record of crustal kinematics. Cam-
bridge University Press. Cambridge, p. 214-227.

Alonso Gavilan, G.; Armenteros, I.; Carballeira, J.;
Corrochano, A.; Huerta, P. & Rodriguez, J.M. (2004).
Cuenca del Duero. In: Vera, J.A. (Ed.). Geologia de
Espafia. Sociedad Geologica de Espana & IGME,
Madrid, p. 550-556.

Alonso Gavilan, G.; Valle, M.F.; Armenteros, 1.; Gonzalez
Delgado, J.A.; Civis, J. & Herrero-Hernandez,
A. (1997). Stratigraphy and palacoecology Upper
Miocene of Castrillo del Val area (Burgos, Spain).
Second Congress Regional Committee on Atlantic
Stratigraphy (RCANS): Field Trip Guide N° 1. Sala-
manca (Espaia), p. 46-55.

Estudios Geoldgicos, 72(2), julio-diciembre 2016, e053

Alonso Gavilan, G.; Civis Llovera, J. & Herrero-
Hernandez, A. (1990). Miocene lacustrine fan deltas
in the southern border of the Cantabrian Mountains
(Spain). II Fan-Delta Workshop. Murcia (Espaia).
Abstracts. p. 1-2.

Alonso-Zarza, A.M.; Armenteros, I.; Braga, J.C.; Mufloz,
A.; Pujalte, V.; Ramos, E.; Aguirre, J.; Alonso-
Gavilan, G.; Arenas, C.; Baceta, J.I.; Carballeira, J.;
Calvo, J.P.; Corrochano, A.; Fornds, J.J.; Gonzalez,
A.; Luzén, A.; Martin, J.M.; Pardo, G.; Payros, A.;
Pérez, A.; Pomar, L.; Rodriguez, J.M. & Villena, J.
(2002). Tertiary. In: Gibbons, W. & Moreno, T. (Eds.).
The Geology of Spain. Geological Society, London,
p- 293-334. http://dx.doi.org/10.1144/GOSPP.13

Armenteros, I. (1986). Estratigrafia y Sedimentologia del
Neodgeno del sector suroriental de la Depresion del
Duero. Ediciones Diputacion de Salamanca, 471 p.

Armenteros, 1.; Valle, M.F.; Alonso Gavilan, G.; Rivas
Carballo, M.R. & Herrero, A. (1997). Continental
Neogene of Peiiafiel-Valles de Fuentiduefia (Val-
ladolid- Segovia) area. Biostratigraphic problems.
Second Congress Regional Committee on Atlantic
Stratigraphy (RCANS): Field Trip Guide N° 1. Sala-
manca (Espafia), p. 24-39.

Armenteros, I.; Corrochano, A.; Alonso-Gavilan, G.;
Carballeira, J. & Rodriguez, J.M. (2002). Duero
basin (northern Spain). In: Gibbons, W. & Moreno,
T. (Eds.). The Geology of Spain. Geological Society,
London, p. 309-315.

Blum, M.D. & Tornqvist, T.E. (2000). Fluvial responses
to climate and sea-level change: A review and look
forward. Sedimentology, 47 (S1): 2—48. http://dx.doi.
org/10.1046/j.1365-3091.2000.00008.x

Bodergat, A.M. (1983). Les ostracodes, temoins de leur
environments: Approche chimique et ecologie en
milieu lagunaire et oceanique. Documents des Labo-
ratoires de Geologie de la Faculte des Sciences de
Lyon, 88, 246 p.

Bustillo, M.A. & Alonso-Zarza, A.M. (2007). Overlap-
ping of pedogenesis and meteoric diagenesis in dis-
tal alluvial and shallow lacustrine deposits in the
Madrid Miocene Basin, Spain. Sedimentary Geol-
ogy, 198 (3—4): 255-271. http://dx.doi.org/10.1016/j.
sedgeo.2006.12.006

Catuneanu, O. (2006). Principles of Sequence Stratigra-
phy. Elsevier, 375 p.

Catuneanu, O.; Galloway, W.E.; Kendall, C.G.St.C.;
Miall, A.D.; Posamentier, H.W.; Strasser, A. &
Tucker, M.E. (2011). Sequence stratigraphy:
Methodology and Nomenclature. Newsletters
on Stratigraphy, 44 (3): 173-245. http://dx.doi.
org/10.1127/0078-0421/2011/0011

Freytet, P. (1973). Petrography and paleoenvironment of
continental carbonate deposits with particular refer-
ence to the Upper Cretaceous and Lower Eocene of
Languedoc. Sedimentary Geology, 10 (1): 25-60.
http://dx.doi.org/10.1016/0037-0738(73)90009-2

, ISSN-L: 0367-0449. doi: http://dx.doi.org/10.3989/egeol.42381.400


http://dx.doi.org/10.3989/egeol.42381.400
http://dx.doi.org/10.1144/GOSPP.13
http://dx.doi.org/10.1046/j.1365-3091.2000.00008.x
http://dx.doi.org/10.1046/j.1365-3091.2000.00008.x
http://dx.doi.org/10.1016/j.sedgeo.2006.12.006
http://dx.doi.org/10.1016/j.sedgeo.2006.12.006
http://dx.doi.org/10.1127/0078-0421/2011/0011
http://dx.doi.org/10.1127/0078-0421/2011/0011
http://dx.doi.org/10.1016/0037-0738(73)90009-2

16

Gallastegui, J. (2000). Estructura cortical de la Cordillera
y Margen continental Cantabricos: Perfiles ESCI-N.
Trabajos de Geologia, Universidad de Oviedo, 22:
9-231. http://dx.doi.org/10.17811/tdg.22.2000.3-234

Garcia Abad, F.J. & Rey Salgado, J. (1973). Cartografia
Geologica del Terciario y Cuaternario de Valladolid.
Boletin Geoldgico y Minero, 84: 213-227.

Garcia Del Cura, A. & Lopez Aguado, F. (1974). Estu-
dio mineralégico de las facies detritico-calcareas del
Terciario de la Zona Centro-Occidental de la Cuenca
del Duero (Aranda de Duero). Estudios Geoldgicos,
30: 503-513.

Gross, M. (2004). Contribution to the ostracode fauna
(Crustacea), paleoecology and stratigraphy of the
clay pit Mataschen (Lower Pannonian, Styrian
Basin, Austria). Joannea Geologie und Paldontolo-
gie, 5: 49-129.

Gross, M.; Piller, W.E.; Scholger, R. & Gitter, F. (2011).
Biotic and abiotic response to palacoenvironmental
changes at Lake Pannons’ western margin (Central
Europe, Late Miocene). Palacogeography, Palaeo-
climatology, Palaeoecology, 312 (1-2): 181-193.
http://dx.doi.org/10.1016/j.palaco.2011.10.010

Hernandez Pacheco, E. (1912). Ensayo de sintesis
geologica del norte de la Peninsula Ibérica. Traba-
jos del Museo de Ciencias Naturales, 7. Junta para
Ampliacion de Estudios e Investigaciones Cientifi-
cas, Madrid. 75 p. http://simurg.bibliotecas.csic.es/
viewer/image/CSIC000130035/1/

Hernandez Pacheco, E. (1915). Geologia y Paleontologia
del Mioceno de Palencia. Museo Nacional de Cien-
cias Naturales, Madrid. 289 p. http://bibliotecadigi-
tal.jcyl.es/es/consulta/registro.cmd?id=1843

Hernandez Pacheco, E. (1932). Sintesis fisiografica y
geologica de Espafia. Trabajos del Museo Nacional
de Ciencias Naturales. Serie Geolodgica, 32. Junta
para Ampliacion de Estudios e Investigaciones
Cientificas, Madrid. 584 p. http://simurg.bibliotecas.
csic.es/viewer/image/CSIC000871258/1/

Herrero-Hernandez, A. (1989). Sedimentacién aluvio-
lacustre durante el Mioceno en el area de Villadiego
(NO de la provincia de Burgos). Tesis de Licencia-
tura. Departamento de Geologia. Universidad de
Salamanca. 129 p.

Herrero-Hernandez, A. (2001). Estratigrafia y Sedimen-
tologia de los depdsitos terciarios del sector norte de
la Cuenca del Duero en la provincia de Leon. Tesis
doctoral, Universidad de Salamanca, 435 p.

Herrero-Hernandez, A.; Alonso Gavilan, G. & Colmenero,
J.R. (2010). Depositional sequences in a foreland
basin (north-western domain of the continental Duero
basin, Spain). Sedimentary Geology, 223 (3—4): 235—
264. http://dx.doi.org/10.1016/j.sedgeo.2009.11.012

International Subcommission on Stratigraphic Classifica-
tion (ISSC) (2001). Circular N° 99, 17.

Jong, J.D. de (1971). Molasse and clastic-wedge sedi-
ments of the southern Cantabrian Mountains (NW

A. Herrero-Hernandez et al.

Spain) as geomorphological and environmental indi-
cators. Geologie Mijnbow, 50: 399-416.

Kraus, M.J. & Middleton, L.T. (1987). Dissected paleo-
topography and base-level changes in a Triassic flu-
vial sequence. Geology, 15 (1): 18-21. http://dx.doi.
org/10.1130/0091-7613(1987)15<18:DPABCI>
2.0.CO;2

Legaretta, L.; Uliana, M.A.; Larotonda, C.A. & Meconi,
G.R. (1993). Approaches to nonmarine sequence
stratigraphy theoretical models and examples from
Argentine basins. In: Eschard, R. & Doligez, B. (Eds.).
Subsurface reservoir characterization from outcrop
observations. Editions Technip, Paris, p. 125-143.

Lemons, D.R. & Chan, M.A. (1999). Facies architecture
and sequence stratigraphy of fine grained lacustrine
deltas along the eastern margin of Late Pleistocene
Lake Bonneville, Northern Utah and Southern Idaho.
American Association of Petroleum Geologists Bul-
letin, 83 (4): 635-65.

Mabesoone, J.M. (1959). Tertiary and Quaternary sedi-
mentation in a part of the Duero basin, Palencia
(Spain). Leidse Geology Mededelingen, 24: 31-181.
http://www.repository.naturalis.nl/document/549662

Mabesoone, J.M. (1961). La sedimentacion terciaria y cua-
ternaria de una parte de la Cuenca del Duero (provin-
cia de Palencia). Estudios Geologicos, 17: 101-130.

Mediavilla, RM. & Dabrio, C.J. (1986). La sediment-
acion continental del Nedgeno en el sector Centro-
Septentrional de la Depresion del Duero (Provincia
de Palencia). Studia Geologica Salmanticensia, 22,
111-132. http://eprints.sim.ucm.es/10700/

Mediavilla, R M. & Dabrio, C.J. (1989). Las Calizas del
Paramo en el sur de la Provincia de Palencia. Stu-
dia Geologica Salmanticensia, 5: 273-291. http://
eprints.ucm.es/10678/

Mediavilla, R.; Dabrio, C.J.; Martin-Serrano, A. &
Santisteban, J.I. (1996). Lacustrine Neogene sys-
tems of the Duero basin: evolution and controls.
In: Friend, P.F. & Dabrio, C.J. (Eds). Tertiary
Basins of Spain: The Stratigraphic Record of
Crustal Kinematics. Cambridge University Press,
Cambridge, 228-236.

Meisch, C. (2000). Freshwater Ostracoda of Western
and Central Europe. In: Schwoerbel, J. & Zwick, P.
(Eds.). SiiBwasserfauna von Mitteleuropa. Spektrum
Akademischer Verlag, Heidelberg/Berlin. 522 p.

Mitchum, R.M. Jr.; Vail, P.R. & Thompson III, S. (1977).
Seismic stratigraphy and global changes of sea-level.
Part 2: the depositional sequence as a basic unit for
stratigraphic analysis. In: Payton, C.E. (Ed.). Seismic
Stratigraphy: Applications to Hydrocarbon Explora-
tion. American Association of Petroleum Geology,
Memoir, 26, p. 53-62.

Mitchum, R.M. (1977). Seismic stratigraphic and global
changes of sea level. Part 11. glosary of Terms Used
in Seismic Stratigraphy. In: Payton, C.E. (Ed.).
Seismic Stratigraphy: Applications to Hydrocarbon

Estudios Geologicos, 72(2), julio-diciembre 2016, €053, ISSN-L: 0367-0449. doi: http://dx.doi.org/10.3989/egeol.42381.400


http://dx.doi.org/10.3989/egeol.42381.400
http://dx.doi.org/10.17811/tdg.22.2000.3-234
http://dx.doi.org/10.1016/j.palaeo.2011.10.010
http://simurg.bibliotecas.csic.es/viewer/image/CSIC000130035/1/
http://simurg.bibliotecas.csic.es/viewer/image/CSIC000130035/1/
http://bibliotecadigital.jcyl.es/es/consulta/registro.cmd?id=1843
http://bibliotecadigital.jcyl.es/es/consulta/registro.cmd?id=1843
http://simurg.bibliotecas.csic.es/viewer/image/CSIC000871258/1/
http://simurg.bibliotecas.csic.es/viewer/image/CSIC000871258/1/
http://dx.doi.org/10.1016/j.sedgeo.2009.11.012
http://dx.doi.org/10.1130/0091-7613(1987)15<18:DPABCI>2.0.CO;2
http://dx.doi.org/10.1130/0091-7613(1987)15<18:DPABCI>2.0.CO;2
http://dx.doi.org/10.1130/0091-7613(1987)15<18:DPABCI>2.0.CO;2
http://www.repository.naturalis.nl/document/549662
http://eprints.sim.ucm.es/10700/
http://eprints.ucm.es/10678/
http://eprints.ucm.es/10678/

The microfauna assemblages as indicators of paleoenvironmental changes 17

Exploration. American Association of Petroleum
Geology, Memoir, 26, p. 205-212.

N.A.S.C. (North American Commission on Stratigraphic
Nomenclature) (1983). North American Stratigraphic
Code. American Association of Petroleum Geology
Bulletin, 67 (5): 841-875.

Ordofiez, S. & Garcia Del Cura, A. (1976). Estudio de las
facies detriticas del Terciario continental del sector
oriental de la Cuenca del Duero. Estudios Geologi-
cos, 32: 179-188.

Ordofiez, S.; Lopez Aguado, F. & Garcia Del Cura, M.A.
(1976). Estudio geologico de las “facies rojas” plio-
cuaternarias del borde SE de la Cuenca del Duero (pro-
vincia de Segovia). Estudios Geologicos, 32: 215-220.

Pineda, A. (1997). Estratigrafia. In: Memoria explicativa
del Mapa Geologico de Espafia E. 1: 50.000, Hoja n°
166 (18-09) (Villadiego). Segunda serie MAGNA-1*
ed. Instituto Geoldgico y Minero de Espafia, Madrid.

Postma, G. (1990). Depositional architecture and facies
of river and fan deltas: A synthesis. In: Colella, A. &
Prior, D.B. (Eds.). Coarse-Grained Deltas. Blackwell
Publishing Ltd., Oxford, UK, p. 13-28. http://dx.doi.
iorg/10.1002/9781444303858.ch2

Posamentier, H.W.; Jervey, M.T. & Vail, PR. (1988).
Eustatic controls on clastic deposition I-conceptual
framework. In: Wilgus, C.K.; Hastings, B.S.; Kendall,
C.G. St. C.; Posamentier, HW.; Ross, C.A. & Van
Wagoner, J.C. (Eds.). Sea level changes: an integrated
approach. SEPM Special Publication, 42, p. 109—124.
http://dx.doi.org/10.2110/pec.88.01.0109

Reheis, M.C. (1990). Influence of climate and eolian dust
on the major-element chemistry and clay mineralogy
of soils in the northern Bighorn basin, U.S.A. Catena,
17 (3): 219-248. http://dx.doi.org/10.1016/0341-
8162(90)90018-9

Rodriguez Lazaro, J. (1980). Los ostracodos y su interés
paleoecologico y geologico. 45 p.

Royo Gomez, J. (1926). Terciario continental de Burgos:
excursion A-6: XIV Congreso Geologico Internacio-
nal Madrid, 1926. Imprenta de Julio Cosano, Madrid.
67 p. http://bibliotecadigital.jcyl.es/es/consulta/reg-
istro.cmd?id=985

San Miguel de la Camara, M. (1952). Mapa Geoldgico de
Espafia. Explicacion de la Hoja ntim. 375, (Fuentel-
césped). Mapa Geolodgico de Espaiia. E. 1: 50.000,
primera serie. Instituto Geologico y Minero de
Espaiia, Madrid.

Shanley, K.W. & McCabe, P.J. (1993). Alluvial archi-
tecture in a sequence stratigraphic framework: a
case history from the Upper Cretaceous of south-
ern Utah, USA. In: Flint, S.S. & Bryant, 1.D.
(Eds.). The geological modelling of hydrocarbon
reservoirs and outcrop analogues. International
Association of Sedimentologists Special Publica-
tion, 15: 21-56. http://dx.doi.org/10.1002/978144
4303957.ch2

Shanley, K.W. & McCabe, P.J. (1994). Perspectives on the
sequence stratigraphy of continental strata. American
Association of Petroleum Geologists Bulletin, 78:
544-568.

Shanley, K.W.; McCabe, P.J. & Hettinger, R.D. (1992).
Tidal influence in Cretaceous fluvial strata from
Utah, USA: a key to sequence stratigraphic inter-
pretation. Sedimentology, 39 (5): 905-930. http://
dx.doi.org/10.1111/j.1365-3091.1992.tb02159.x

Valle, M.F.; Rivas Carballo, M.R. & Alonso Gavilan, G.
(20006). Sintesis de la vegetacion y clima durante el Mio-
ceno en la Cuenca del Duero. Geotemas, 9: 213-217.

Van Wagoner, J.C.; Mitchum, R.M. Jr.; Campion, K.M. &
Rahmanian, V.D. (1990). Siliciclastic sequence stra-
tigraphy in well logs, cores, and outcrops: concepts
for high resolution correlation of time and facies.
AAPG in Exploration Series, 7. American Associa-
tion of Petroleum Geologists. 55 p.

Estudios Geolodgicos, 72(2), julio-diciembre 2016, €053, ISSN-L: 0367-0449. doi: http://dx.doi.org/10.3989/egeol.42381.400


http://dx.doi.org/10.3989/egeol.42381.400
http://dx.doi.iorg/10.1002/9781444303858.ch2
http://dx.doi.iorg/10.1002/9781444303858.ch2
http://dx.doi.org/10.2110/pec.88.01.0109
http://dx.doi.org/10.1016/0341-8162(90)90018-9
http://dx.doi.org/10.1016/0341-8162(90)90018-9
http://bibliotecadigital.jcyl.es/es/consulta/registro.cmd?id=985
http://bibliotecadigital.jcyl.es/es/consulta/registro.cmd?id=985
http://dx.doi.org/10.1002/9781444303957.ch2
http://dx.doi.org/10.1002/9781444303957.ch2
http://dx.doi.org/10.1111/j.1365-3091.1992.tb02159.x
http://dx.doi.org/10.1111/j.1365-3091.1992.tb02159.x



