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ABSTRACT

The Tertiary Lower Tagus Basin (LTB) occupies a large area in Portugal and constitutes a symmetric basin of
the oriental huge Upper Tagus Basin, centered at Madrid (Spain).

The LTB was an endorreic basin during the Paleogene. Marine connection occurred at the Lower Aquitanian:
at the Lisbon — Setibal Peninsula region the sedimentation was in the ocean/continent interface, with several
changes in the coast line. Apparently, the first marine transgression came from South, originating a gulf with a
N-S coral reef that attained the Lisbon area. Occidental communication to the sea was established after the
Burdigalian. The sedimentary and palacontologic record of the distal sector of the LTB (Lisbon—Setiibal Penin-
sula) is related to sea level changes. It is possible to correlate levels with planctic foraminifera and mammals,
as well as to get isotopic ages (K/Ar in glauconites; *'Sr/*Sr). Good biostratigraphic data can be obtain from
continental and coastal deposits. The fossil richness — dinoflagellates, spores, pollen, plant macrorremains,
foraminifera, ostracoda. molluscs, echinids, fishes, reptiles, mammals — and O and C isotopes, constitutes a large
source of information for environmental and palaeogeographical reconstitutions, as well as for the establish-
ment of correlations between marine and continental deposits. The analysis and the integration of a large amount
of lithological and biostratigraphical data joined with isotopic ages (K/Ar and ¥Sr/“Sr), allow the establishement
of a chronostratigraphic framework for the distal part of the Miocene of the LTB and the definition of 10
depositional sequences, in part agreeing with the Haq’s 3rd order eustatic cycles. Climatic evolution during the
Miocene has been also characterized. At continental environments, the faunas and floras point out to an alterna-
tion of moist and dry episodes, the dryest one at the Langhian.

For the inland. two sectors can be characterized. Near the region directly affected by the sea (Ribatejo and

Alto Alentejo) deposits are related with the wandering of a Pre-Tagus in a large fluvial plain. During the Lower
and Middle Miocene detrital sedimentation is well represented. Some marls with oysters denounce high eustatic
sea levels: brackish waters attain regions 150 km far from the extant coast line. Some vertebrate fossils sites
allow the establishment of correlations with the Lisbon region, namely during the Middle Miocene and Lower
Tortonian. Sedimentary conditions changed at Lower Upper Miocene. At the right bank of the Tagus, limestones
accumulate in lacustre and palustre environments; latteraly thick clay deposits strecht out to the left bank.
At the proximal areas of the LTB (Beira Baixa) the chronostratigraphical controle is poor. The outcrops are largely
discontinuous. It only has been possible to define alostratigraphic units, bounded by regional unconformities,
resulting from tectonic events recognized at the Iberia scale. During Lower and Middle Miocene, a sandy braided
depositional system was installed. draining the fluvial plain of the Pre-Tagus from NE to SW. Plant macro-re-
mains indicate a warmer and moister climate than today. Hispanotherium matritensis (steppe rhinoceros) is known
from East of Castelo Branco (Plasencia, Spain); it is characteristic of MN3 zone (Astaracian) and is also known
from Lisbon’s Langhian. Younger deposits (Upper Tortonian and Messinian) correspond to alluvial fan sediments
occur near tectonic slopes. at the base of rising mountains (Portuguese central chain): the thickness and
granulometry quickly decrease downstream.

Pliocene fluvial deposits overlay through an erosion surface the marine Tortonian (Setiibal Peninsula) and the
continental limestones and clays of the Vallesian of Ribatejo (inland). During the Zanclean the continental sedimen-
tation carried on only at the proximal part of the basin (Beira Baixa) with the deposition of endorreic alluvial fan
conglomerates. Away of the mountain feeder relieves, the sedimentation show a decrease of thickness: alternating
conglomerates and sandy lutites were deposited. A temperate mediterranean climate with contrasting seasons
prevailled. In the Piacenzian, alluvial fans and braided fluvial systems were installed draining to the Atlantic, prece-
ding the actual hydrographical net. Feldspatic sands were deposited in the Settiibal Peninsula; the coast line was to
the west of the actual. A transgression took place over the Occidental littoral, affecting the Lower Tagus (Setibal
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Peninsula) and the Mondego Basins. Whithish conglomerates with quartzite and quartz rounded clasts overlay the
Piazencian sands of the Settibal Peninsula. They yielded Pre-Acheulian artifacts allowing correlation with the Plio-
Pleistocene boundary. Basin inland conglomerates with iron crusts point out to cold and dry environments.

Key words: Lower Tagus Basin, Neogene, Portugal, Palaeogeography, Biostratigraphy, Palaeoclimatology.

RESUMEN

La Cuenca del Bajo Tajo (LTB) ocupa una amplia extensién en Portugal, y constituye una cuenca simétrica de
la amplia Cuenca del Tajo espafiola.

LTB fue una cuenca de cardcter endorreico durante el Paleégeno. Estuvo conectada con el mar durante el
Aquitaniense inferior; en la region de la Peninsula de Lisboa-Settbal, la sedimentacion tuvo cardcter mixto marino/
continental. con varios cambios en la linea de costa. Aparentemente, la primera transgresién marina procedio
del Sur, originando un golfo con un arrecife de coral elongado en direccion N-S que alcanzdé la zona de Lisboa.
La comunicacién marina por el borde occidental se establecié después del Burdigaliense. El registro sedimentario
y paleontolégico del sector distal de LTB (Peninsula de Lisboa-Settibal) se ha relacionado con cambios del nivel
del mar. Es posible la correlacién entre niveles con foraminiferos plancténicos y con mamiferos, y edades
isotdpicas (K/Ar en glauconitas, ¥St/*Sr). Se pueden obtener buenos datos bioestratigraficos a partir de
sedimentos continentales y costeros. La riqueza en fésiles — dinoflagelados, polen. esporas, macrorestos vegetales,
foraminiferos, ostricodos, moluscos, equinidos, peces, reptiles, mamiferos e isétopos estables de C y O —
constituye una gran fuente de informacién para reconstrucciones ambientales y paleogeogrificas, asi como para
la correlacién entre depdsitos marinos y contintentales. El andlisis y la integracion de una gran cantidad de datos
litolégicos y bioestratigrificos, unidos a las dataciones isotdpicas (K/Ar, ¥Sr/*Sr), ha permitido el establecimiento
de la cronoestratigrafia para la parte distal del Mioceno de LTB, y la definicion de 10 secuencias deposicionales,
en parte correlacionadas con los ciclos eustdticos de tercer orden de Haq. Se ha caracterizado también la evolucion
climdtica durante el Mioceno. En ambientes continentales, las faunas y floras sugieren una alternancia de episodios
himedos y secos, produciéndose el mds seco durante el Langhiense.

En direccion al continente, se pueden caracterizar dos sectores. Cerca de la region directamente afectada por el
mar (Ribatejo y Alto Alentejo), los sedimentos estdn relacionados con la migracion del pre-Tajo en una amplia lla-
nura aluvial. Durante el Mioceno inferior y medio, la sedimentacién detritica estd bien representada. La presencia
de algunas margas con ostreidos se relacionan con periodos de alto nivel del mar: depdsitos de aguas salobres alcanzan
regiones situadas a 150 km de la actual linea de costa. Algunos yacimientos de vertebrados fésiles permiten el
establecimiento de correlaciones con la region de Lisboa, sobre todo durante el Mioceno medio y el Tortoniense
inferior. Las condiciones sedimentarias cambiaron en el Tortoniense inferior. En la margen derecha del Tajo se
acumularon calizas lacustres y palustres; potentes depdsitos arcillosos laterales se extienden hasta la margen izquierda,

En las zonas proximales de LTB (Beira Baixa), el control cronoestratigrafico es pobre. Los afloramientos
son muy discontinuos. Unicamente ha sido posible definir unidades aloestratigrificas, limitadas por discontinui-
dades regionales, originadas por eventos tectonicos reconocidos a escala de toda Iberia. Durante el Mioceno
inferior y medio se instalé un sistema deposicional trenzado de cardcter arenoso, que drend la llanura aluvial
del pre-Tajo desde el NE hacia el SO. Los macrorrestos vegetales indican un clima mas cdlido y himedo que el
actual. Hispanotherium matritensis (rinoceronte de la estepa) procedente del este de Castelo Branco (Plasencia,
Espaiia); es caracteristico de la zona MN5 (Astaraciense). y también se encuentra en el Langhiense de Lisboa.
Depdsitos mds recientes (Tortoniense superior y Messiniense) correspondientes a abanicos aluviales asociados
a pendientes tectonicas, se encuentran en la base de elevaciones montafiosas (Cadena Central portuguesa); el
espesor y el tamafo de grano disminuyen rapidamente hacia sus tramos distales.

Los sedimentos fluviales del Plioceno se sitdan de un modo disconforme tanto sobre los del Tortoninese
marino (peninsula de Setibal) como sobre las calizas y arcillas continentales del Vallesiense de Ribatejo (hacia
el continente), delimitdndose entre ambos una superficie de erosion. Durante el Zancliense, la sedimentacion
continental tuvo lugar sélo en la zona proximal de la cuenca (Beira Baixa), con sedimentacién de abanicos
aluviales conglomeriticos de cardcter endorreico. Distalmente a los relieves montafiosos que proporcionan
materiales, el espesor de los sedimentos disminuye, alternando conglomerados y lutitas arenosas. El clima fue
de tipo mediterrdneo templado con alta estacionalidad. En el Piacenciense. los abanicos aluviales y los sistemas
fluviales trenzados se instalaron drenando hacia el océano Atldntico, precediendo la actual red hidrogréfica. Se
depositaron arenas ricas en feldespatos en la peninsula de Setibal. y la linea de costa se situé mas al oeste que
la actual. Una transgresion tuvo lugar sobre todo el litoral occidental, afectando a las cuencas del Bajo Tajo
(peninsula de Setibal) y del Mondego. Conglomerados blancuzcos con clastos redondeados de cuarcita y de
cuarzo se sobreimponen a las arenas del Piacenciense de la peninsula de Settibal. Contienen artefactos pre-



THE NEOGENE OF THE LOWER TAGUS BASIN (PORTUGAL) 231

Achelenses que sugieren una correlacion con el limite Plio-Pleistoceno. La presencia hacia el centro de cuenca
de conglomerados con cortezas ferruginosas sugieren ambientes frios y secos.

Palabras clave: Cuenca del Bajo Tajo, Nedgeno, Portugal, Paleogeografia, Biostratigrafia, Paleoclimatologia.

INTRODUCTION

In Iberia, several grabens were opened during the
Paleogene, some of which evolved to large sedimentary
basins along the Cenozoic.

After the Maastrichtian the sedimentation took place
only in the Mondego Tertiary basin, north of the Nazaré
fault (a NE-SW reactivated hercynian fault) a fossiliferous
level with mammals of Upper Paleocene to Lower Eocene
age occurs in Silveirinha (Antunes and Russell, 1981:
Antunes er al., 1997). Paleocene and Lower Eocene seem
not to be represented in other regions.

The Lower Tagus Basin (LTB) occupies a large area in
Portugal, from the littoral region of Lisbon-Setiibal Penin-
sula, to beyond spanish border near Castelo Branco (Beira
Baixa). The LTB is a symmetrical, western counterpart of
the oriental large Upper Tagus Basin, centered at Madrid
(Spain). Three distinct sectors can be recognized:

- Soudwesthern distal sector. in the Lisbon and Setibal
Peninsula, in close relationship with the ocean;

- central sector in Ribatejo e Alto Alentejo, with con-
tinental facies and some brackish episodes corresponding
to the higher eustatic sea levels;

- Northern proximal sector in Beira Baixa, crossing the
Portugal-Spain border, with continental facies only (Fig 1).

Lisbon and Setiibal Peninsula are located at the distal
part of the Basin. Miocene sedimentation corresponds to
time and space shifting interfaces between marine and con-
tinental domains. Miocene beds were well exposed. Itis not
surprising that geologic observation has been carried on
since long ago (Almeida, 1762). An important period of
research concerns early 19th century and José Bonifécio de
Andrada e Silva, then in charge of Mining and Metallurgy.
Among his activities there is the reopening of gold mining
at Adica, a former medieval exploitation. An account of this,
including the first description of sections where Miocene
beds outcrop, was presented (Silva, 1817).

Gold exploitation at Adica went on under Wilhelm-
Ludwig, baron von Eschwege. His geologic, mining and
palaeontologic observations were published (Eschwege,
1831; with extra plates about marine miocene vertebrate
fossils added by Alexandre Vandelli). For the first time, a
generalized section between Sintra and Arrdbida and con-
cerning part of the Basin was produced (Op. cit.).

The next step in the study of the Lower Tagus Basin’s
Neogene is due to Daniel Sharpe (1834, 1841) who de-
scribed units as the Almada beds that correspond to the
mostly marine Miocene infillings. Early correlation at-
tempts with Miocene units in France, Switzerland, Italy and
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Figure 1. Lower Tagus Basin.

Austria were based on molluscs, partly described by G.B.
Sowerby (in Smith, 1847). There were nearly no more Brit-
ish contributions ever since. They were succeded by papers
by Portuguese and other, mostly French researchers.

An increase in research on Miocene beds was accom-
plished by the 2nd Commissao Geologica (1857-1868), by
Carlos Ribeiro (field work) and F. Pereira da Costa (mol-
luscs). The stratigraphic framework was basically that of
Sharpe, whose Almada beds appeared under “Miocéne
moyen et supérieur/ II1.- Formation marine avec fossiles
analogues a ceux du bassin méditerranéen et des environs
de Vienne en Autriche” (Ribeiro, 1878).

An hallmark in portuguese stratigraphy is the sketch on the
marine Miocene by J.C. Berkeley Cotter, who was in charge
of the Tertiary at the Geologic Survey (Cotter, 1904 in Dollfus
et al., 1903-1904; Cotter, 1956). His classification of the Lis-
bon Miocene units is still in use (lithostratigraphic units de-
signed “Divisions™ from I to VII with some sub-units). Stra-
tigraphic work was accompanied by high-standard palacon-
tologic research by swiss (Oswald Heer) and mostly by french
authors (P. de Loriol, Gustave Dollfus, Frederic Roman).

There were also contributions by P. Choffat (Choffat,
1950, posthumous paper; 1:20000 geologic map of Lis-
bon). His chapter about marine Miocene (ibid.) is largely
an abridged version of Cotter’s.

Georges Zbyszewski restored the studies on the
portuguese Tertiary since 1937. Among many other con-
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Figure 2. Chronostratigraphical framework for the Miocene of the distal sector of the Lower Tagus Basin (Antunes er al., 2000).
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' tributions, there are some broad scope ones (Zbyszewski,
1954a, 1957, 1962, 1963, 1964 a, 1964b, 1967).

The development of studies on sedimentation led to new
concepts. Rythmic sedimentation, erosion and sedimentation
cycles, sequences and corresponding types became in fash-
ion. This had consequences for the Lower Tagus basin. A high
resolution stratigraphic strategy was deviced (M.T. Antunes),
comprising: (a) detailed studies on important sections
(Antunes and Torquato, 1969-1970, and latter contributions);
(b) the improvement of datation and other data by means of
biochronologic research, mostly on mammals and planktic
foraminifera, K-Ar and (later) Sr isotope ages, sedimentology,
palaeoecology, magnetostratigraphy, etc, rendering possible
the development of regional synthesis and broad-scale cor-
relations (Antunes er al., 1973, 1987, 1996a, 1996b; Antunes
and Pais, 1992; 1993: a series of Notes about the Geology
and Palaeontology of the Miocene of Lisbon, Antunes ef al.,
since 1960). Azevédo (1983) studied mainly the Pliocene
deposits of Settibal Peninsula.

Fewer studies had been produced about the inland part of
the Lower Tagus Basin. Ribeiro (1880) described the strati-
graphy of the continental Tertiary of the Ribatejo. Roman and
Torres (1907) presented the first paleontologic data and a
stratigraphic synthesis. Later works were produced by
Zbyszewski (1941, 1943, 1946, 1947, 1953, 1954b, 1964a,
1964b, 1965, 1967b, 1967¢, 1968). Antunes, alone or with
others, pursued studies on the stratigraphy and the palaeon-
tology of the Ribatejo area (Alberdi et al., 1978; Antunes, 1984;
Antunes and Mein, 1977. 1979; Antunes and Mazo, 1983; An-
tunes et al.,1983, 1987, 1992: Antunes and Zbyszewski, 1973).
Palaeobotanical studies were first published by Heer (1881)
and later pursued by Teixeira (1942a, 1942b, 1944a, 1944b,
1944¢, 1944-1947, 1946, 1947a, 1947h, 1949, 1952a, 1952b,
1954, 1973, 1973-74, 1979); Pais followed these works (1972,
1973, 1978, 1979, 1981, 1986, 1987, 1989, 1991, 1999: Pais
et al., 1999). Diniz (1967, 1984) and Diniz and Sivak (1979)
characterized the palynology of the Rio Maior diatomites and
lignites. Sedimentological studies have been produced by
Carvalho (1968). Cunha (1992, 1992b) characterized alostra-
tigraphic unities and latter described the Cenozoic of the LTB
proximal area (Beira Baixa) (Cunha, 1996); Barbosa (1995)
recognised the alostratigraphy and the litostratigraphy of the
Ribatejo continental deposits. More recently, Cunha (2000) de-
scribed the alteration and cementation processes of the Terti-
ary deposits of Central Portugal including those of the LTB.

DISTAL SECTOR OF THE LOWER
TAGUS BASIN (LISBON AND SETUBAL
PENINSULA REGIONS)

The LTB was an endorreic basin during the Paleogene.
Marine conection occurred at the Lower Aquitanian: at the
Lisbon — Setibal Peninsula region the sedimentation was
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in the ocean/continent interface, with several changes in
the coast line. Apparently, the first marine transgression
came from South, originating a gulf with a N-S coral bar-
rier reef that attained the Lisbon area. Westhern commu-
nication to the sea was established after the Burdigalian.

The sedimentary and palacontologic record of the distal
part of the LTB (Lisbon-Setibal Peninsula) is related to
sea level changes. Good biostratigraphic data can be ob-
tained from continental and coastal deposits. It is possi-
ble to correlate levels with planktic foraminifera and mam-
mals, as well as to obtain isotopic ages (K/Ar in
glauconites: ¥Sr/*Sr). The fossil richness — dinofla-
gellates, spores, pollen, plant macrorremains, foraminifera,
ostracoda, molluscs, echinids, fishes, reptiles, mammals
— and O and C isotopes, constitutes a large and broad
scope source of information for environmental and palaeo-
geographical reconstitutions, as well as for correlations
between marine and continental deposits.

The analysis and the integration of large amount of li-
thological and biostratigraphical data such as the first and
last occurrence of most significative taxa of foraminifera,
ostracoda and mammals, together with isotopic ages (K/Ar
and ¥'Sr/*Sr) allow the establishement of an accurate
chronostratigraphic frame for the distal part of the Miocene
of the LTB and the definition of 10 depositional sequences
that, at least in part, seem to correspond to Haq’s 3rd order
eustatic cycles. For more detailled data see Antunes et al.
(1996b, 1999, 2000) and Legoinha (2001). A general strati-
eraphic frame for the Miocene is presented (Fig. 2, Fig. 3).

Climatic evolution during the Miocene has also been
characterized. Tropical conditions prevailed in the sea. In the
Upper Burdigalian and Langhian the temperature attained a
maximum, being similar to that of today’s Guinea gulf. The
temperature decreased later, its values being similar to those
of extant Morrocco sea waters. The continental faunas and
floras point out to alternation of moist and dry episodes, the
dryest one at the Langhian (Antunes and Pais, 1984; Lauriat-
Rage et al., 1993; Pais 1999) (Fig. 4).

In the Pliocene, a general regression occurred. Fluvial
deposits overlay through an erosion surface the marine
Tortonian in the Setiibal Peninsula. The fluvial Santa
Marta Sands arrived to Setibal peninsula. A short trans-
gression took place over the westhern littoral in the Lower
Tagus (Setibal Peninsula) and the Mondego Basins.
Brackish waters entered the Settibal Peninsula (Azevédo,
1983); clays with gypsum, plant macroremains, oysters,
and Dreissena (identified by P. Callapez, Coimbra Univ.,)
occur. Whitish conglomerates (Belverde Conglomerate)
with rounded quartzite and quartz clast and some wind-
blown clasts overlay the Piazencian sands of the Setdbal
Peninsula. These conglomerates yielded Pre-Acheulian
artifacts that point out to an age close by the Plio-
Pleistocene boundary.

The correlation of these units with those of the LTB
inland areas is presented (Fig.4).
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CENTRAL SECTOR OF THE LOWER
TAGUS BASIN
(RIBATEJO AND ALTO ALENTEJO)

Two main sectors can be characterized inland of the
LTB. To the NE of the the distal region (Ribatejo and Alto
Alentejo) deposits are related with the wandering of a Pre-
Tagus in a large fluvial plain (intermediate region). The
proximal area of the basin is situated at Beira Baixa, cross-
ing the Portugal — Spain border. Coarse proximal conti-
nental deposits occur.

Paleogene deposits (Grés de Monsanto) (Barbosa,
1995) are the basement of the Neogene. They outcrop in
the borders of the basin and comprise coarse sandstones
and some conglomerates in metric positive sequences.
Calcretes and lacustre limestones (Quinta da Marquesa,
Alcanede Limestones) occur at the top. Paligorskite and
smectite predominate in the clay fractions.

During the Lower and Middle Miocene fluvial sedi-
mentation is well represented (Ota Formation) overlaying
the “Grés de Monsanto™ through a regional unconformity.
Some clays with oysters suggest high eustatic sea levels;
brackish waters reaching regions 150 km far from the ex-
tant coast line. Some vertebrate fossil sites with mammals
allow the establishment of correlations with the Lisbon
region, namely during the Middle Miocene and Lower
Tortonian. The main fossil localities are: Vila Nova da
Rainha (MNS5) (Alberdi er al., 1978); Pévoa de Santarém
(MNG6) (Soulié-Mirsh, 1978; Pais, 1978; Antunes and
Mein 1977; Truc, 1977; Gaudant, 1977); Casais da Formi-
ga (MN7) (Alberdi et al., 1978); Archino (MN9) (Alberdi
et al., 1978); Azambujeira inferior (MN9) (Antunes et al.,
1983). At the top, faunas with Hipparion allow correla-
tion with the zone MN9 (Lower Vallesian) (Antunes, 1979;
Antunes and Ginsburg, 1983; Antunes ef al., 1993).
Kaolinite and illite predominate in the clay minerals.

Sedimentary conditions changed during early Upper
Miocene. At the right bank of the Tagus, lacustrine and
palustrine limestones occur (Almoster-Santarém Lime-
stones); latteraly thick clay deposits (Tomar clays) strecht
out to the left bank also. Almoster-Santarém Limestones
are gray to whitish in colour; breccia structures are fre-
quent; sandy and lutitic facies may occur. Smectite and
illite predominate in the clay fraction. Tomar clays are
represented by orange or red lutites with illite and
kaolinite. Both constitute the Almoster Aloformation.

During Pliocene, fluvial arkosic sands (Ulme Formation)
related with the wandering of the Pre-Tagus were deposited
mainly at the left bank of the river. They overlay the Vallesian
continental limestones (Almoster-Santarém limestones) and
clays (Tomar clays) of Ribatejo and Alto Alentejo. The
arkosic sands present some yellow to redish colour and a
medium to coarse granulometry with low kaolinite and illite
contents. The sands can be followed to the Setibal Penin-

sula where they correspond to the Santa Marta sands (Barbosa
and Pena dos Reis, 1989, 1996; Barbosa, 1995). Some plant
macroremain localities are known.

Locally, conglomerates occur (Rio de Moinhos Con-
glomerates, Martins et al., 1998) over the Almoster Alofor-
mation. Two sequences can be recognised. The first one
overlay the Monsanto Formation (Paleogene) or the Pa-
leozoic. The MPS changes from 80-90 cm to 35-40 cm. The
upper levels are lutitic. The second conglomeratic sequence
is mainly quartzitic. The MPS is around 50-40 cm. A 10 m
lutitic deposits complete the sequence (Barra et al., 2000).

To the NE of the intermediate area of the LTB, coarse
conglomerates (Conglomerates of Serra de Almeirim)
were deposited. The MPS changes from 45 cm in proxi-
mal areas to 10cm in the more distal ones (Almeirim).
Channel structures are frequent. Kaolinite prevails over
illite (Barbosa, 1995; Barra et al., 2000).

The Vila de Rei Conglomerates (Upper Pliocene to
Pleistocene), overlay by unconformity the Serra de Al-
meirim Conglomerates. The clasts are quartzitic,
heterometric, and poorly rounded. The matrix is sandy-
lutitic orange to red in colour, presenting iron cementa-
tion that suggests cold and dry environments. They have
a fan-like structure developped near the Ordovician
quartzitic crests at the North border of the Lower Tagus
Basin (Barra et al., 2000). Correlations with distal and
proximal regions are presented (Fig. 5).

THE NORTHERN PROXIMAL SECTOR
OF THE LOWER TAGUS BASIN
(BEIRA BAIXA)

The chronostratigraphical controle is poor in the LTB
proximal areas (Beira Baixa). The outcrops are largely
discontinuous. It has been possible to define alostratigra-
phic units bounded by regional unconformities (UBS)
related with tectonic events recognized at iberian scale
(Cunha,1992a, 1992b, 1996, 2000).

Conglomeratic and sandy arkosic deposits (Cabeco do
Infante Formation) (Cunha, 1992a, 1996) have been cor-
related with the Paleogene Benfica Formation in the distal
and Monsanto Sandstones of the intermediate LTB areas.

During Lower and Middle Miocene, a sandy braided
depositional system was installed, draining the fluvial plain
of the Pre-Tagus from NE to SW till the Ribatejo. Orange
sands and green lutites with scarce fossils were deposited
(Silveirinha dos Figos Formation) (Cunha, 1992a; 1996).
These deposits overlay through an unconformity the
Cabeco do Infante Formation or, by an angular uncon-
formity, the Paleozoic of the Hesperic massif. Large chan-
nels with one hundred meters are typical (Cunha, 2000).
Plant macro-remains colleted at Ponte de Sor suggest a
warmer and moister than today climate (Pais, 1973,1981,
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Figure 4. Paleoenvironmental conditions at the distal region of the Lower Tagus Basin during the Miocene (Pais, 1999).

1986). Silicified wood belonging to a tropical arboreal
angiosperm indicates a warmer than today, and wet climate
(Pais, 1973, 1983; Teixeira and Pais, 1976). To the East of
Castelo Branco, at Plasencia (Cdaceres, Spain), conglom-
erates and orange to red clays yielded Hispanotherium
matritensis (Hernandez-Pacheco and Crusafont, 1960), a
steppe rhinoceros known also at Lisbon in the L1 deposi-
tional sequence (Div. Vb) (Antunes, 1979; Antunes et al.,
1999) and at Quintanelas and at Amor (Leiria, Mondego
Basin) (Antunes and Ginsburg 1983; Antunes and Mein,
1981), MN5 mammal zone (Middle Aragonian). These
arcosic deposits probably are correlative of the Ota For-
mation of the Ribatejo area (Carvalho, 1968; Antunes in
Ribeiro et al., 1979; Cunha, 1992a; Barbosa, 1995).

Above the Silveirinha dos Figos Formation, alluvial fan
sediments occur near tectonic slopes, at the piedmont of the
rising mountains of the Portuguese central chain (Murracha
Group, Upper Miocene to Pliocene); the thickness and
granulometry quickly decrease downstream.The Murracha
Group corresponds to two positives megasequences followed
by a negative one, bounded by sedimentary unconformities
(alostratigraphic units UBS 11, UBS 12 and UBS 13; Cunha,
1992b, 1996, 2000). From the bottom to the top, it includes
the Torre, Monfortinho and Falagueira Formations.

Torre Formation presents conglomerates at the base
and grayish green to yellowish micaceous sandy-lutites to
the top, locally cemented by silica and green to redish in
colour. The Formation disappears progressively to SE;
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"Smectite with some illite predominate. Torre Formation
corresponds to the UBS 11 and was interpreted as an al-
luvial endorreic system (Cunha, 1996, 2000).

During the Zanclean the continental sedimentation is
well documented at the proximal part of the basin (Beira
Baixa) with the deposition of endorreic alluvial fan con-
glomerates (Monfortinho Formation). Away from the
mountains, there is a decrease of thickness: conglomer-
ates and sandy lutites alternate. A temperate mediterranean
climate with contrasting seasons prevailed. Monfortinho
Formation is represented by red alluvial fan deposits with
conglomerates and sandy-lutites facies. Illite and kaolinite
predominate. It corresponds to the UBS 12 (Cunha, 2000).

Falagueira Formation (Piazencian) is represented by
ocre to redish or whitish coarse deposits with a sandy to
silty matrix. It constitutes a negative sequence reflecting
the progradation of coalescent alluvial and braided sandy
fluvial systems draining to the Atlantic and preceding the
extant hydrographical net (Cunha er al., 1993). Kaolinite
and some illite are represented in the clay fraction. The
Falagueira Formation correspond to the UBS 13 (Cunha,
1996, 2000) and can be correlated with the Serra de Almei-
rim Conglomerates (Barbosa and Pena dos Reis, 1989).

Correlations with distal and intermediate regions are
presented in figure 5.

PALAEOGEOGRAPHIC EVOLUTION

First paleogeographic reconstitutions for the LTB distal
area was presented by Antunes (in Ribeiro et al., 1979).
New data, including those from the Belverde Borehole (Pais
et al., 2002; Legoinha er al., 2002) and the characteriza-
tion of alostratigraphic units in the intermediate and proxi-
mal areas, allow the establishement of new paleogeographic
schematic maps for the evolution of the LTB (Fig 7).

During the first Miocene transgression event the sea at-
tained the inner part of the Settibal Peninsula; a gulf, reach-
ing Lisbon area, was developed. Seismic profiles and the data
concerning the Belverde Borehole. suggests that the sea en-
trance was made from the south. A N-S coral reef barrier
developed shortly afterwards. The westwards opening of the
Tagus gulf only happened in Lower Burdigalian (begining
of the B1 depositional sequence). A marine N-S bank, cor-
responding to the extant coastal area, protected the inner re-
gion of the Setibal Peninsula; the subsidence allowed the
deposition of circa 1000 m of Neogene sediments, although
in the N-S sea bank, only around 200 m are known.

During high sea level events (Burdigalian and Serra-
vallian), brackish waters extended till 150 km inland to
the intermediate region. Arrdbida became an island dur-
ing the Burdigalian and the Serravallian transgressions; the
same occured with Sintra igneous massif (W of Lisbon)
during the Serravallian (Figs. 7B, 7C).

Inland, the Tagus wandered through a large alluvial

plain during Lower and Middle Miocene (Fig. 6, A, B and
C). At the Lower Tortonian (C), a large marsh area de-
veloped in the Ribatejo. Lacustrine and palustrine lime-
stones (Almoster-Santarém Limestones) as well as marls
and clays (Tomar Clays) were the resulting main deposits.

During the Pliocene. a general regression occured.
Fluvial sands arrived to the Setibal Peninsula (Ulme
sands). In the more proximal areas coarse conglomerates
prograded to SW (Serra de Almeirim and Falagueira Con-
glomerates) (Fig. 6D).
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