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Abstract. The Guadalquivir forcland basin, located between the
Iberian basement northward and the Betic orogen to the South, repre-
sents the western sector of the earlier faredeep basin of the Betic Cor-
dillera. Along the northern foreland margin, the sedimentary fill of this
basin includes a Tortonian Basal Transgressive Complex (BTC), com-
POSEd (’f fi\’t‘ intk‘l‘“i’.] \Cﬂlucnk‘c\ hl‘LLﬂdt‘(i l‘?\ ll';“‘l\'gll',\\]’\’ﬂ ,‘QuI’fJL‘L“i. ']—:\\'(\
main parts are distinguished within each sequence: the lower transgres-
sive lag deposits, and the upper stillstand/prograding sediments. Three
facies associations were distinguished within this stratigraphic succes-
sion along the central sector of this basin margin: unfossiliferous con-
glomerates and coarse-grained sands (A), fossiliferous conglomerates
and coarse-grained sands (B), and vellow medium-coarse-grained fos-
siliferous sands (C). A fourth facies association (D: blue silty marlstones
and shales) overlies the BTC. Deposits of alluvial sediments (facies as-
sociation A) and shallow-marine/foreshore sediments (facies associa-
tion C), were recurrently interrupted by transgressive pulses (facies as-
sociations B and C). Every pulse is recorded by an erosional, cemented
sandv-conglomerate bar with bivalves (Ostreidae, fsognomon ), balanids,
gastropods and other marine bioclasts or their transgressive equivalents.
The lateral facies changes in each individual sequence of the BTC are
related to: (1) the influence on the northern foreland margin of the
tectonic activity of the southern orogenic margin; (2) the palacorelicf
formed by irregularities of the substrate which controls the sediment

dispersal; and (3) the evolution stages of the sedimentary systems.

Riassunto. 1l bacino di avanfossa del Guadalquivir, situato tra il
cratone Iberico a nord ¢ 'orogene Betico a sud, rappresenta la porzione
occidentale di una avanfossa pit antica della Cordigliera Betica. Lungo
il margine settentrionale dell’avanfossa, il colmamento sedimentario
comprende un Complesso Trasgressivo Basale (BTC) dieta tortoniana,
che & composto da cinque sequenze delimitate da superfici trasgressive,
Entro ciascuna scquenza si possono distinguere due parti: 1 depositi del
tratto trasgressivo inferiore ed i sedimenti del tratto superiore stazio-

nario o trasgressivo. Sono state distinte tre associazioni di facies entro
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questa successione stratigrafica lungo il settore centrale del margine di
bacino: conglomerati non fossiliferi ¢ sabbie grossolane (A), conglo-
merati fossiliferi ¢ sabbie grossolane (B), ¢ sabbie fossilifere giallastre
a grana media o grossolana (C). Una quarta associazione di facies (D:
marne \th)\{f hlu.‘l\[fﬂ -3 Jl'gil“ti) TviCUPI'L‘ il HTC. Dt‘pDSiIi J.Hu\’iﬂl'lﬂ]i
(tacies A} e sedimenu marini di acque basse ¢ di splaggia esterna {fa-
cies C), furono ripetutamente interrrotti da eventi trasgressivi (facies
B ¢ €). Ogni evento & documentato da una barra erosiva con conglo-
merati sabbiosi cementati con bivalvi (Ostreidae, lsogromen), balanidi,
gasteropodi ed altri bioclasti marini o dai loro equivalenti trasgressivi.
I cambiamenti laterali di facies in ogni singola sequenza della BTC so-
no connessi a: (1) la tettonica in atto sul margine dell’'orogeno posto
a sud; (2) il paleorilievo del substrato che controlla la dispersione dei

sedimenti; (3) lo stadio evolutivo dei sistemi sedimentari.

Introduction

Along the northern foreland margin of the Gua-
dalquivir Basin, S-SW Spain (Fig. 1), the Neogene record
includes diverse facies overlying the foreland substrate.
Because of the complex internal architecture of these
facies, they have been arranged into the Basal Transgres-
sive Complex (BTC). The facies are mainly clastic, de-
posited in continental (alluvial/fluvial), coastal (beach and
fan deltas), and platform (shallow marine) environments.
Data about the geometry, internal configuration, facies
arrangements, and biostratigraphy of the BTC are scarce,
being mainly focused in the western/central sectors of the
basin (Civis et al. 1987 and 1994; Baceta & Pendon 1999;
Pendén et al. 2001; Ruiz et al. 2001).

Study of the BTC is of interest for several rea-
sons: (a) The BTC provides an approach to the Beuc
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Fig. 1 - Location of the Guadalguivir basin within the context of the Betie Cordillera (A}, Thrusting and olistostromes displacement, southern

margin, and the resultant subsidence along the foreland basin

realm and Atlantic-Mediterranean relations during the
Miocene. The region is a key for establishing biostrati-
graphic scales using planktonic foraminifers and calcare-
ous nannoplankton (Perconig 1972; Sierro 1985a and b
Flores 1985). (b) Analysis delimits coastal interactions
in the BTC involving distinct systems of sediment sup-
ply and sediment dispersion. (c) Petroleum exploration

arrows- (B).

in 1950-1970 identified important gas shows within these
facies (Perconig & Martinez-Diaz 1977).

In this paper, the stratigraphic, sedimentological,
and palaeontological features of this unit are analysed to
establish the origin and evolution of the BTC along the
Cantillana-Lora del Rio transect in the neighbourhood of
Villanueva del Rio y Minas, in Sevilla Province (Fig. 2)
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- The study sector with location of the main stratigraphic sections (A, B, C. D) and another sections (X). Lateral correlation of trans-

gl'esni\x' pul,w\ (2 1o 5) within the Tortonan dcpn\il\ is also indicated. Numbers refer to the respective pLI!,w, iwin; the first one the

contact between the Palacozoic substrate and the Tortonian rocks. See text [or explanation.

on the central foreland margin of the Guadalquivir Ba-
sin. The purpose of this work is to contribute in draw-
ing the whole picture of the BTC, which is the immedi-
ate consequence of the end of the tectonism in the Betic
Cordillera. The reasons for the lateral facies variations
in the BTC are also analvsed. Finally, the implications
of all of this are valid for the understanding of basins of
the same stvle.

Regional Setting

The Neogene Guadalquivir Basin is an elongated
depression located in southern Spain (Fig. 1A). Its ge-
ological history, closely related to the evolution of the
major units of the Betic Cordillera, is controlled by its
location between the Iberian basement to the north and
the Betic orogen to the south and southeast (Fig. 1B).
Subsidence events on the foreland margin caused by the
thrusting of the Internal Zones have plaid a major role.

The Betic Cordillera, which is the western portion
of the Mediterranean Alpine chains, has been subdivided
into different realms. Two of them concern the history
of this basin: the Internal Zones (Betic s.s.) or Alborin
Block, mainly including Palacozoic and Triassic rocks
(Sanz de Galdeano 1990; Andrieux et al. 1971); and the

External Zones, composed by Mesozoic-Cainozoic rocks
(Fig. 1). After the continental collision of the Alborin
block with the South Iberian margin during the Early
Miocene, uplift occurred along the External zones, and
the former Betic foredeep evolved into the Guadalquivir
foreland basin. Initally, in the Tortonian, emplacement
of the Internal Zones ceased. Fault-controlled intramon-
tane basins were formed, together with the Guadalquivir
Basin, on the Betic foreland (Sanz de Galdeano & Vera
1991; Vera 2000).

Concerning the western sectors of the basin, the
overall succession has been subdivided into four lithos-
tratigraphic units, the areal distribution of which can be
assumed as to be relatively homogencous. These units are:
(a) Late Tortonian Niebla Fm. (Sierro 1985a; Civis et al.
1987, 1994; Bacera & Pendén 1999), composed of grav-
els and sands which rapidly evolve upward to calcaren-
ites and bioclastic limestones with algal debris, bryozoa,
molluscs, macroforaminifera and, finally, into a glauco-
nite-rich silt level; (b) Late Tortonian — Early Pliocene
Gibraledn Shales Fm. (Sierro 1985a; Flores 1985; Civis et
al. 1987), formed by a monotonous succession of shales
and marls, locally silts and sands, very rich in plankuc
and benthic microfauna; (¢) Early Pliocene Huelva Sands
Fm. (Civis et al. 1987; Civis et al. 1984; Sierro 1985a;
Gonzilez-Regalado 1987), consisting of silty sands and
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Tab. 1 - Facies Associations of the BTC in the central foreland margin of the Guadalquivir Basin. See text for explanation.

sandy silts with a basal glauconite-rich laver 1 m thick
and numerous accumulations of mollusc shells; (d) Ear-
ly Pliocene (?) Bonares Sands Fm. (Mavoral & Pendén
1986-1987), consisting of sands with abundant littoral
ichnofacies (mainly Ophiomorpha) which evolve upward
in pebble conglomerates. These four units have an over-
all thickness over 400 m along the central-western sec-
tors of the Guadalquivir Basin. Finally, the Pleistocene
sandy-conglomerate, Upper Alluvial Level of Pendén &
Rodriguez-Vidal (1986-1987), unconformably overlies the
various Neogene units. This Neogene succession in the
Huelva Province, western basin, has been considered as
a transgressive-regressive cycle (Gonzdlez-Regalado &
Ruiz-Munoz, 1990; 1991), with its maximum depth in
the basal portion of the Messinian Gibraleén Shales Fm..
This cycle was probably developed in a stepins way, be-
cause most of the unit bounding surfaces are sharp and
paraconformable (Pendén & Borrego 1987), indicating
fairly sudden shallowing or decpening,

The stratigraphic record has been subdivided into
five depositional sequences (Sierro et al. 1995; 1997) ar-
ranged E-W as dipping clinoforms. Four main deposition-
al environments were identified (Sierro et al. 1990): (1)
basin facies, (2) toe of slope facies, (3) slope facies, and
(4) platform facies. Sequences have been correlated with
those derived from a seismic survey of the area (Martinez
del Olmo et al. 1984). In this way the basal unit studied
in this paper (BTC) correlates with the B Sequence of Si-
erro et al. (1995), as well as with the Betica Sequence of
Martinez del Olmo et al. (1984) and Riaza & Martinez
del Olmo (1995).

The age of the BTC “sequences is Tortonian s.l.
(Sequences BTC-1 and BTC-2) and Late Tortonian (Se-
quences BTC-3, BTC-4, and BTC-5), according to the
distribution of both plankric foraminifera and ostracodes
(see below). This sedimentary unit correlates to the Nie-
bla Fm. in western sectors of the basin margin, and ranks
with the third order cycle TB 3.2 of Haq et al. (1988).

Deposition along the northern margin of the Gua-
dalquivir Basin starts with different facies, according to
the geographic location. Lithology varies from that oc-
curring on central sectors. In the western sectors (Huel-
va and Sevilla provinces), the sedimentary record is thin,
being composed by siliciclastic and calcarenite deposits
(foramol facies) (Clauss & Gonzilez-Regalado 1993; Ba-
ceta & Pendén 1999). The central sector is characterized
by either siliciclastic or calcarenite deposits (Borrego &
Pendén 1988; Sierro et al. 1997; Pendén et al. 2001),
whereas the castern areas (Cérdoba and Jaén provinces)
has mainly marly lithologies (Sierro et al. 1995). Those
changes show all the different interaction among some
factors controlling sedimentation (the sediment type,
siliciclastic or calcareous; the tectonism; the eustaric
changes; etc.).

Methods

This sedimentological study is based on detailed
logs of eleven stratigraphic sections, using their litholog-
ic characters and temporal correlation to determine the
depositional architecture. Four stratigraphic sections were
selected as summarising the vertical and lateral evolution
of the BTC in the studied sector. Sequence analysis ap-
plied to these stratigraphic sections, and two- and three-
dimensional study of the outcrops enabled interpretation
of the internal architecture of the BTC.

Thirty samples were selected for the micropaleon-
tological analysis. For each sample 350 gr. of dried sedi-
ment were washed through a 100 um sieve. If possible,
300 tests of benthic foraminifers were picked. Planktic
foraminifers were only studied in the lower, coarser sedi-
ments, because their distribution in the upper marls had
previously been determined by Sierro (1984). In addition,
the total ostracod population was picked from a tray sam-
ple, identified and counted.
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refer to the sequence number as in Fig, 6. See Fig. 2 for location.

Stratigraphic Architecture

Substrate and Boundaries

In the central Guadalquivir basin, the Neogene sedi-
mentary infill lies with angular unconformity over a Palae-
ozoic substrate, and dips southward or southeastward. The
lower boundary is a transgressive surface marked by lag
deposits with reworked clasts of Palacozoic rocks. These
clasts were sourced by two different zones of the Iberian
Meseta (Julivert et al. 1972): the Ossa Morena Zone, in-
cluding Permian conglomerates and sandstones with flo-
ra debris (Simon 1953); and the Sub-Portuguese Zone,
a sedimentary succession of Upper Devonian shales and
sandstones, in part metamorphosed to psammitic schists
and micaschists.

The upper boundary of the BTC consists of the
transition into a monotonous succession of silty marls
and clays, the Late Tortonian-Early Pliocene Gibraleén
Shales Fm. (Civis et al. 1987). This contact is marked by
a regional discontinuity surface draped by fine-grained
glauconitic sands. Marine flooding was relatively fast, as
indicated by the faunal debris the overlying sediments,
including abundant deep-marine microfauna (Cytherella

spp., Henryhowella asperrima, Krithe spp., Bulimina ala-
zanenesis, Hansenica soldanii), showing features of con-
densation (i.e. abundance of glauconite grains).

Facies Association and Interpretation

Four facies associations have been distinguished
on the basis of grain size, sorting, fabric, palacontologi-
cal content, sedimentary structures, microfacies features,
and associated lithologies: unfossiliferous conglomerates
and coarse sands (A); fossiliferous conglomerates and
coarse sands (B); yellow medium-coarse-grained fossilif-
erous sands (C); and blue silty marlstones and shales (D).
The last facies association overlies the BTC. These facies
have been identified in the stratigraphic sections in the
studied sector (Fig. 3) and summarised in Table 1.

- Unfossiliferous conglomerates and coarse sands (A)

This facies association consists of clast-supported

pebbly conglomerate, with a mean clast-size of 4-5 c¢m.
The matrix of coarse yellow sands shows a crude horizon-
tal lamination and gradational contacts. Locally conglom-
erates pass laterally into structureless sandy massive beds
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or, in other cases, into cross-bedded sands. Thickness is
from 0.6 m up to over 2 m. The presence of both coarsen-
ing-upward and fining-upwards units, and rubefied clasts
are characteristic of this association. Fossil shells are lack-
ing. Lithofacies Gms, Gm, Gt, and Gp (according to Mi-
all 1978) can be recognised in conglomerates. Sedimentary
structures include crudely bedded gravels (Gm), massive
beds of either clast-supported and/or matrix-supported
gravels (Gms), in both horizontal and/or cross-bedded
horizons (Gt and Gp). The conglomerates usually form
single flow bed units with erosive bases. Sandy facies (Sh)
can be arranged into lenticular trough cross-beds with
either gradational or erosional boundaries, interbedded
with conglomerate units, and laterally forming avalanche
foresets. Yellow medium-coarse-grained sands with scat-
tered pebbles, in beds several meters thick also occur.
Strata are disposed cither in massive horizons, or with
trough- or planar-cross-bedding (Sh, St, SL Se), delim-
ited by erosional surfaces. When observed, sandy strata
show erosional tops.

Interpretation: Sedimentary structures within these
facies suggests alluvial processes such as debris flow; lag de-
posits, channel fill, or bar construction (Miall 1978; 1982).
The sorting, the common lack of stratification, the poly-
modal grain size suggest that they were deposited sud-
denly from rapidly decelerating flows. The matrix-sup-
ported conglomerates are debris flow deposits located in
proximal sectors of alluvial fan environments. The clast-
supported channelised conglomerates instead represent
more distal alluvial deposits from dense currents within
distributary channels. Channelised flow in dune stage of

- El Cuervo Section. The internal arrangement of the upper part of the BTC can be observed. See text for explanation.

lower flow regime, and planc bed stage of upper flow re-
gime, generated other sandy facies (Sh, St, SI, and Se).

- Fossiliferous conglomerates and coarse sands (B)

This facies association consists of alternating con-
glomerates and sands which show a crude horizontal
lamination with normal or reverse grading, Common ma-
crofossils are bivalves (Crassostrea crassisima, Chlamys
seniensis, Chlantys radians, Chlamys latissima), cirripeds
and fragments of echinoderms (Chpeaster campanulatus,
C. portentosus). Moulds of another bivalves (Veneridae),
gastropods (Conus, Turritella) and isolated heterostegi-
nids (Heterostegina gomezangulensis) also occur.

Microfossils are poorly represented (< 20 individuals
/100 g; < 10 species per sample). Foraminifera are absent or
very scarce, with Ammonia beccarii, Neocorbina williamsont,
Elphidium macellum and Lobatula lobatula as the main spe-
cies. This assemblage was found together with sporadic os-
tracodes (Urocythereis favosa, Aurila zbyszewskii, Cytheretta
rhenana rhenana) near the upper boundary of the BTC.

Interpretation: Both facies association and fos-
sil record are characteristic of coastal, shallow (< 10 m
depth) marine environments (Yassini 1979; Ruiz et al.
1997). Fossil record and sedimentary structures indicate
that these lag deposits may be related to a marine trans-

gression with rapidly increasing accomodation space.

- Yellow medium-coarse-grained fossiliferous
sands (C)

This facies association consists of medium-coarse-
grained sands with scattered pebbles in a massive layer,
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Fig.5 - Features of the upper sedimentary sequences within the BTC. a: prograding sandy beach with a characteristic foreshore lamination in
the sequences BTC-3 and BTC-4, which are overlain by the BTC-5 (Section D, El Cuervo). b: Ceranthins trace (arrow) over a migrating
wave-ripples horizon (pen) within the BTC-4 Sequence (near the Villanueva del Rio y Minas village). ¢: wave-ripples with offshoots over
the hammer (near the Villanueva del Rio y Minas village). d: lateral equivalent of the migrating wave-ripples horizon in the same outerop
of Iig. 5.b. e: the filling sequence of a runnel below the migrating wave-ripples horizon. f: panoramic view of the western edge of the out-
crop of Figs. 3.b to 5.e. where the upper part of the BTC (sequences 4 and 5) is overlain by the shally formation (facies association D).

locally cemented, or with only a crude horizontal foreshore  ples within a characteristic foreshore lamination (Figs. 4 and

lamination partially destroved by bioturbation (Ophiomor-  5). Migrating ridge and runnel systems are also recorded,
pha). Vertical and lateral sequences of bedforms show litto-  as well as some levels of wave-nipples. A hummocky cross-

ral organic traces (Ophiomorpha, Ceriantbus), and wave-rip-  bedding horizon point to inner shelf environments.
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- Depositional architecture of the BTC along the study secror. Letters (A, B, C, D): stratigraphic sections outlined in Figs, 2 and 3. BTC:

Number (1 to 3) of every sequence within the BTC is also indicated. Kev symbols as in Fig. 3. See text for explanation.

Cemented lumachelle accumulations (15-100 ¢m
thickness) of the nummulitid Heterostegina gomezan-
gulensis are commonly found with large echinoderms
(Chypeaster campanulatus, Clypeaster portentosus) and
Pectinidae (Crassotrea crassisima, C. senoniensis, C. ra-
dians, C. latissima), Veneridae (Venus multilamella) and
Ostreidae pelecvpods (Ostrea edulis lamellosa, Anomia
ephipprm, Neopycnodonte cochlear).

These facies have a richer microfaune than the facies
association B. The foraminiferal assemblage is dominated by
Ammonia inflata, A. beccarii, Elphidium crispum, Heterolepa
bellincionii and Nonion boueanun; diversity increases to-
wards the top. Ostracods are locally well represented (Auri-
la zbyszewskii, Cytheretta rhenana rhenana, and Urocythere-
is favosa). Ptevigocytherels jonesii, Celtia quadridentata and
Costa batei also occur near the upper boundary of the BTC.

Interpretation: This facies was deposited in shal-
low marine and beach environments. Both physical sedi-
mentary structures and fossil content confirm this inter-
pretation. The microfossil assemblage suggest inner plat-
form conditions (< 30 m depth) (Murray 1991; Villanue-
va 1994; Barbiert & Ori 2000). All samples contain high
percentages of adult ostracods (71-100% of total) and
closed caparaces (43-65%), indicating energetic environ-
ments with moderate to high sedimentation rates (Oertly

1970; Whatley 1988). Near the top, these shallow assem-
blages are accompanied by both circalittoral foraminifera
(Hanzawaia boneana) and ostracodes (P jonesii, C. bater),
indicating deep-water conditions (30-50 m).

- Blue silty marlstones and shales (D)

This facies association correlates to the Upper Tor-
tonian — Lower Pliocene Gibrale6n Shales Fm., and over-
lies the BTC. Sediments overlie a thin, sandy horizon with
common glauconite interbedded within fine-grained sedi-
ments. These facies consist of a structureless and monoto-
nous succession of alternating blue to greenish shales and
marls most often weathered to an orange-yellow colour.
The macrofauna is scarce (Pectinidae, Ostreidae). Never-
theless, these sediments are rich in planktonic foraminif-
era of Late Tortonian age (Sierro 1985a). Below the glau-
conite-rich horizons, the basal deposits contain an abun-
dant and diversified assemblage of benthic foraminifera
(Bulimina costata, Cibicidoides pseudoungerianus, Heter-
olepa bellincionii, Uvigerina longistriata) and ostracods
(Costa punctatissima, Ruggieria nuda, Krithe soustaensis,
Cythevella consueta, Bairdoppilata rhomboidalis, Carinoc-
ythereis galilea). These groups are rare within the glauco-
nite horizon. In the upper clays and marls, both the os-
tracode density (< 15 individuals/100 g dry weigth) and
diversity (< 10 species/sample) are low, with scattered
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valves of Parakrithe dactylomorpha, Pterigocythereis jo-
nesit, Henvybowella aspervima, C. consueta and Krithe spp.

Interpretation: The basal deposits contain both fo-
raminiferal and ostracode assemblages representative of
a mid-shelf environment (< 75 m depth), whereas ostra-
code species (Cytherella spp., H. asperrima, Krithe spp.)
in the upper marls are characteristic of a deep neritic or
upper bathval zone (Pevpouquet 1970; Ruiz & Gonzilez-
Regalado 1996). The glauconite bed berween these two
horizons represents a condensed section produced by a
rapid sea level rise (maximum flooding surface).

Internal Cyclicity

Five main sequences were recognized in the BTC
(Fig. 6). The BTC-1 Sequence is located between the re-
gional Palacozoic-Neogene angular unconformity and a
transgressive surface capped by a cemented marine bar.
This sequence comprises thin alluvial sandy conglomer-
ates in the WNW scctor, whereas marine sands dominate
elsewhere. Lag deposits with clasts of Palacozoic rocks at
the base represent the transgressive part of the sequence.
The upper part is composed of alluvial sandy conglom-
erates and/or shallow marine sands, representing the
stillstand/prograding deposits. Similar stratigraphic and
lithologic features were found in the BTC-2 Sequence,
delimited by two erosional transgressive surfaces.

The BTC-3 Sequence starts with a marine conglom-
erate with lag deposits over the erosive surface (transgres-

sive basal part), passing upwards to shallow-marine sands

overlain by another ravinement surface (Fig. 5). An ex-
tended prograding sandy beach, with numerous reworked
clasts overlies this ravinement surface, forming the BTC-4
Sequence. The boundary with the next sequence, BTC-5,
is another erosion surface. This last sequence is composed
of a marine conglomerate bar overlain by a thin layer of
silts (sullstand/prograding deposits). The upper bound-
ary is the top of the BTC, a discontinuity surface with a
condensed section (glauconitic horizon), representing the
transition to the overlying Late Tortonian-Lower Pliocene
strata, indicating rapid marine flooding.

The basal part of each internal sequence is a trans-
gressive pulse. These transgressions can be summarised
by their lithologic and biologic patterns, within every se-
quence, in the following manner:

- BTC-1 (first transgressive pulse): sandy conglom-
erates lag deposits within facies associations A and C.

- BTC-2 (second transgressive pulse): cement-
ed vellow sands (facies association C) with Isognomon
moulds, Bivalves (Veneridae and Ostreidae), Gastropods
and shallow marine Ostracods (i.c. Aurila).

- BTC-3 (third transgressive pulse): a cemented con-
glomeratic bar (facies association B) with Heterosteginids
lumachelle, Balanids, Ostreids and /sognomon moulds.

- BTC-4 (fourth transgressive pulse): a ravine-
ment surface with sandy conglomerates lag deposits of
the facies associations B and C, with Heterosteginids.

- BTC-5 (fifth transgressive pulse): erosional and bur-
rowed conglomeratic bar (facies association B) with Hetero-
steginids lumachelle, bivalves and planktonic Foraminifera.

Bumtonia dertonensis r
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Fig. 7 - Ostracode biostratigraphv and palacoccological data of species collected within the BTC sediments.
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Physical tracing of these transgressive pulses is pos-
sible across the study sector (see Fig. 2). This allowed us
to trace time-lines (1 to 5) across the basin margin. It may
be useful as a tool for stratigraphic correlations along this
basin margin, in particular for those levels with cemented
rocks, which can be controlled in the outcrops.

Discussion

Biostratigraphy

Most of the Ostracode taxa (Fig. 7) observed (i.c.
Aurila punctata, Falunia sphaerulolineata, Ruggieria nuda,
Xestoleberis glabrescens) are inadequate guide fossils for
the Lusitanian ostracode province, because they range
from the Aquitanian to the Pliocene (Moyes 1965; Yassini
1969). A Tortonian age (s.l.) may be inferred by the co-
existence of pre-Messinian (e.g. Cytherelloidea variopunc-
tata, Cytheretta rhenana rhenana, Neocytherideis linearis)
and post-Serravalian taxa (Buntonia dertonensis, Cysta-
cythereis pokornyt). Two other species (Aurila zbyszewskii,
Carinocythereis galilea) have been found only in Torto-
nian deposits of Portugal and Spain (Nascimento 1983;
Ruiz et al. 1999). The former species were found in the
BTC-1 Sequence, indicating a Tortonian age (s.1.) for the
lower Sequence of the BTC.

Planktic foraminifera were found in three samples
of both BTC-3 and BTC-5 sequences, being represented
mainly Globigerina bulloides, G. parabulloides, G. eamest,
Globigerinoides obliguus, G. trilobus and Orbulina uni-
versa. The age of these sequences may be inferred by the
presence of some occasional species, such as Turborota-
lia (T.) acostaensis, Globorotalia merotumida, G. scitula,
Globigerina decoraperta, and Globigerinoides ruber. This
assemblage is indicative of a Late Miocene (Late Tortoni-
an) age (N.16 Zone of Blow 1979; Turborotalia humerosa
Zone of Sierro 1985a; M13 Zone of Berggren et al. 1995).

According to these data, the age of the early trans-
gressions (BTC-1 and -2) would be Tortonian sensu lato,
and the late transgressions (BTC- 3 to BTC-5) would be
late Tortonian.

Depositional Model

In the study sector, the facies associations distin-
guished along a WNW-SSE transect of the BTC (Fig. 6)
can be grouped into three genetic assemblages: alluvial
(A), coastal (B and C), and platform (B and D). Tortonian
transgressive sediments were deposited on an angular un-
conformity, and begin (Sequence BTC-1) with coarse al-
luvial sedimentation (Facies Association A) in the WNW
corner of the sector. Debris flow deposits (matrix-sup-
ported conglomerates), and density currents transport
within secondary distributary channels (clast-supported
conglomerates) produced the channel-fill, whereas shal-
low marine deposits occur toward the SSE (Facies Asso-
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ciation C). A cemented marine bar (Facies Association B)
overlies this sequence, meaning the start of deposition of
the Sequence BTC-2. This second sequence was deposited
as the result of a new transgression originated during a
paracycle of sea level rise. Sedimentary facies are similar
to those of the previous sequence (BTC-1).

Deposits of the third transgression consist of a ce-
mented sandy conglomerate bar (facies association B), pass-
ing upwards to sands of facies association C, deposited in
shallow-marine to foreshore environments. A ravinement
surface, which occurs in the Galapagar section and in much
of the El Cuervo section (Fig. 6), marks cap of the BTC-
3 Sequence. On this transgressive surface with both con-
glomerate lag deposits and a lenticular conglomerate bar,
the rest of the BTC-4 sequence deposition constituted a
prograding sandy foreshore. The fifth transgressive pulse is
recorded in a marine bar with pebbles and cobbles, marine
shells and littoral organic traces (Ophiomorpha). T is a ra-
vinement conglomerate, which laterally encloses boulders
of Palacozoic quartzite, indicating transgression on a rocky
coast. The Upper limit of the BTC (Tortonian Transgressive
System Tract) marks the transition to the marly Highstand
System Tract (Late Tortonian —Early Pliocene) with dep-
osition of the facies association D on top of a condensed
section represented by the glauconite horizon.

The above model implies that a Tortonian sandy
coast was present in the eastern edge of the sector through-
out deposition of the BTC (Sequences 1 to 5). These coast-
al conditions expanded westward during the Late Tortoni-
an (mamnly BTC-3 and BTC-4 sequences). The coast was
wave-dominated, as the Holocene coast of Huelva (Dabrio
1982; Pendon et al. 1998; Pendén 1999). We suppose that
the dominant wave activity produced important littoral
drift dynamics (Davis & Hayes 1984). Sediment supply
to this coast was carried out from the emerged foreland,
via alluvial fan and fan delta systems. Sediment dispersal of
marine sediments was also performed by waves activity.

Each sequence within the BTC can be subdivided
into two main parts: (1) the basal part (Transgressive lag
deposits or their equivalents: facies associations B and
C), and (2) the upper part (Sullstand or Prograding de-
posits: facies associations A and C). The depositional
model is depicted in Fig. 8. The facies associations ap-
pearing within the five internal sequences of the BTC in
every distinctive situation are indicated: the basal trans-
gressive lags or equivalents, and the stillstand/prograding
deposits. Sediment is supplied from both landward and
seaward directions. The shoreline and shoreface migrate
landward by ravinement. There is a significant reworking
of underlying deposits, as a consequence of both shore-
face bypassing and shoreface retreat.

Lateral facies changes within the BTC

Emplacement of the main olistostromes along
the southern orogenic margin of the Gadalquivir Basin
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is synchronous with deposition of the BTC, as pointed
out by Riaza & Martinez del Olmo (1995). Subsidence
along the northern foreland margin of this basin, pro-
duced as a resulr of the tectonic events in the southern
thrust front (thrusting, olistostromes, etc.), permitted
deposition of the BTC sequences, which correspond to a
Tortonian Transgressive System Tract. Tectonism is thus
the main controlling factor of the sequences deposition
of the BTC. In fact, the siliciclastic nature of their de-
posits, along the central sector of the foreland margin, 1s
the response to the tectonic activity and the subsequent
crosion of the foreland highs.

High energy alluvial systems developed in the
foreland margin, with streams passing from the foreland
highs through a rocky coast, deposit in the WNW sector
and form part of the lower sequences, BTC-1 to BTC-4
(Figs. 6 and 8). The irregularity of the substrate paleore-
lief controls the sedimentary systems, and consequently
facies changes. The co-existence of marine and conti-
nental sediment supplies produces the facies change oc-
curring between continental (WNW sector) and marine
(SSE sector) facies. Wave action causes sediment disper-
sal supplied by litctoral currents. The marine environment
extends throughout the sector during deposition of the
upper sequence (BTC-5).

Finally, and at the scale of the whole basin, the sed-
imentary environments located in the foreland margin
received two main types of sediment, calcareous or sil-
iciclastic. In areas where the calcarenite deposits are pre-
dominant, outside of the study sector, a carbonate fac-
tory could be installed because the siliciclastic sediment
supply was relatively low in such a way that it could not
inhibit the calcareous deposition.

Conclusions

Three facies associations were distinguished within
the BTC along the central foreland margin of the Guad-
alquivir Basin, grouped into two assemblages: alluvial (A)
and coastal-platform deposition (B and C). These facies are
arranged into five sequences (BTC-1 to BTC-5) by distine-
tive, internal bounding surfaces. Each sequence is subdivid-
ed into a basal part (transgressive lags and their equivalents),
and an upper part (stillstand/prograding deposits).

The facies associations are recurrently interrupted
by transgressive pulses, as a result of stepinse sea level rise
(parasequences), and extended throughout the study sector.
These pulses allow stratigraphic correlation along the basin
margin and interpretation of the depositional architecture.
This correlation can be physically traced along the outcrops
for sequences with basal parts composed of cemented rocks.

Macro- and microfaunal assemblages give pre-
cise information on the environmental setting of the
BTC. In the Tortonian littoral palaeoenvironments,
both macro- and microfaunas were scarce, being rep-
resented by bivalves (Ostreidae), benthic foraminifera
(A. beccarii, E. crispum, N. boneanum) and ostracodes
(U. favosa, and A. punctata). The main feature of the
infralittoral-circalittoral environments is the abundance
of nummulitids (H. gomez-angulensis), bivalves, and os-
tracods (C. pokornyi). Macrofauna is scattered in the
external platform and upper slope during the Late Tor-
tonian (marls and clays which overlies the BTC), when
the benthonic foraminifera (B. lappa, H. boueana) dom-
inated the microfauna. In these palaecoenvironments,
ostracodes were minor (H. asperrima, Krithe spp.,
Cytherella consueta).

A wave-dominated sandy coast was developed dur-
ing the Late Tortonian in the central passive margin of
the Guadalquivir foreland basin. Littoral drift was relat-
ed to wave activity, which controlled the sediment dis-
persal systems.
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