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Multifactorial control of sedimentation patterns in an ocean marginal basin:
the Lusitanian Basin (Portugal) during the Kimmeridgian and Tithonian

By RemnvoLD R. LEINFELDER, Mainz *)

With 6 figures and 2 tables

Zusammenfassung

Das mesozoische Lusitanische Becken entstand als Teil
des nordatlantischen Riftsystems. Wihrend des Oberjuras
lebte die tektonische Aktivitit erneut auf und fiihrte zu ei-
ner intensiven Differenzierung der faziellen Entwicklung.
Die Kalke und Siliziklastika des Kimmeridge und Unteren
Tithons, deren lithostratigraphische Beziehungen darge-
stellt werden, reprisentieren Becken-, Hang- und Flach-
wasserablagerungen sowie terrestrische Sedimente.

Synsedimentire Tektonik bestimmte iiberwiegend die
Ausbildung, Verteilung und Michtigkeiten der Sedimente.
Halokinese, eustatische Meeresspiegelschwankungen, ex-
ogene und biogene Faktoren kontrollierten die Faziesver-
teilung zusitzlich. Ein Vergleich der bathymetrischen Ent-
wicklung aller gréfleren Beckenprofile und Standardisie-
rung auf eine gemeinsame Zeitachse erlauben, die Uberla-
gerung der einzelnen Kontrollfaktoren zu entschliisseln so-
wie den Wert einiger biostratigraphischer Bezugshorizonte
Zu testen.

Wihrend des Kimmeridge wurde die Paldogeographie
vor allem durch starke Subsidenz des Beckenzentrums so-
wie durch eine grofie lineare Hebungszone im Norden und
durch hohe klastische Zufuhr bestimmt. Am Ende des
Kimmeridge und wihrend des Tithons verlangsamte sich
die Subsidenz. Anhebung innerer Beckenteile und schwan-
kende Zufuhr von Klastika bewirkten die episodische Aus-
breitung von Flachwasserkarbonaten und die verbreitete
Entwicklung gemischt kalkig-klastischer Serien. Abschir-
mungs- und Abfangeffekte erlaubten kleinrdumige Fazies-
variationen. Zur Kreide hin verlandete das Becken durch
klastische Zufiillung aus nérdlicher, 8stlicher und vor allem
nordwestlicher Richtung.

Abstract

The Mesozoic Lusitanian Basin developed as a part of the
North Atlantic rift system. Tectonic rifting activity was re-
juvenated during the Upper Jurassic, leading to intensive
differentiation of facies development. Kimmeridgian and
Lower Tithonian calcareous and siliciclastic sediments re-
present basinal and slope, shallow marine, and terrestrial
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environments. The lithostratigraphic arrangement of facies
units is demonstrated. Sediment character, distribution and
thicknesses are mainly controlled by synsedimentary fault-
ing, with a partial overprint by uprise of salt diapirs.
Eustatic sea level fluctuations, exogenic and biogenic fac-
tors resulted in additional control on facies development.

Comparing bathymetric development of major basin sec-
tions and simplified plotting on a common time scale is a
simple tool to unravel the multifactorial control of sedi-
mentation and to test the validity of some biostratigraphic
markers.

During the Kimmeridgian, paleogeography was mainly
determined by intensive subsidence of the basin center, by
a large linear uplift zone in the north, and by a high amount
of clastic influx. At the end of the stage and during the
Tithonian, overall subsidence slowed down and inner basin
uplifts arose further south. Degree of clastic input was
variable. Thus shallow water carbonates were episodically
widespread throughout the basin and mixed calcareous-cla-
stic sequences were common. Sheltering and trapping ef-
fects resulted in local facies variations. Towards the Creta-
ceous the basin sanded up from northern, eastern and,
particularly, northwestern directions.

Resumo

Durante o Mesozoico, a Bacia Lusitinica desenvolveu-se
como parte do sistema »rift« do Atlintico do Norte. A
actividade tectdnica, tipo »rifting« renasceu durante o Jurd-
sico Superior, causando uma diferenciagio intensa no
desenvolvimento de ficies. Os sedimentos calcirios e silici-
clasticos do Kimeridgiano e Titoniano inferior representam
ambientes do mar mais ou menos profundo (fundo de
bacia, declive, lagoa, delta) e ambientes continentais. O
quadro litoestratigrafico das unidades de facies ¢ elaborado.

O caracter, a distribuigao e a espessura dos sedimentos
sao sobretudo controlados pela actividade tecténica sinsedi-
mentaria. Movimentos halokinéticos, fluctuagées eustiticas
do nivel do mar, e factores exogénicos e biologicos resulta-
ram num controle adicional do desenvolvimento de ficies.

Uma medida simples para destringar os factores diferen-
tes da sedimentagio e para testar o valor de alguns »mar-
kers« bioestratigrificos é comparar o desenvolvimento bati-
métrico dos cortes principais da bacia e estandardiza-los
num comum eixo temporal.
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Durante o Kimeridgiano, a paleogeografia foi dominada
pela subsidéncia intensa do centro da bacia, por um grande
levantamento estreito no Norte, e por um grau elevado de
introdugio de cldsticos. No fim do estigio e durante o
Titoniano, a subsidéncia geral diminuiu-se e novos levanta-
mentos surgiram mais no Sul. O grau de introdugio de cli-
sticos foi varidvel. Por consequéncia, calcirios de agua pou-
co profunda alargaram-se por vezes sobre grandes partes da
bacia e sequéncias mistas de calcirios e clisticos foram co-
mum.

No fim do Jurisico o mar desapareceu por causa de
enchimento da bacia por clisticos de proveniéncia norte,
este, e partialmente noroeste.

KpaTkoe conepanne

Me3o3onckun baccenH Jlysutanuu obpaszosasics kKak
4acTh CEBEPO-aTJIAHTHYECKOW cucTembl pucdToB. B
BG]J)(HCﬁ KOpEe TEKTOHHYECKAA aKTHBHOCTbD OXKHMBHJTACh K
npueena k auddepeHuMaumy GauranbHOro pa3BUTHA.
OT1noxeHus Ha fHe DaccelHa, CK/IOHAX, B MEJIKOBObE,
a Takxe MaTepUKOBbIe CeMMEHTHI MpeAcTaBIeHbl U3-
BECTHAKAMM U KPeMHHUCTO-00JIOMOYHBIMH  COCTaB-
JAHLHMH KHMMEPHUIKCKOIo BEKa H HUAKHEINO THTOHA,
OMMCHIBAIOTCA UX JIMTOCTpaTHrpayueckue B3aHMOOT-
HOLLIEHHA.

Qbpazosanue, pacrpeie/ieHHe ¥ MOLIHOCTh CeIHMEH-
TOB Mpeonpee/isiuch CHHCEAMMEHTHBIMH TeKTO-
HUYeCKMMHU npoueccamu. Kpome Toro, congHas TekTo-
HHMKa, 3BCTAaTHYEeCKHe KonebaHHs YpOBHS MOps, 3K30-
reHHble ¥ OUOreHHble akTOPL! perynIupoBany pacnpe-
nenenue cdaumn. Ha ocHoBaHuu OaTUMeTpHUECKMX
cpaBHeHUW¥ npodgunen Gonbliux OaccedHOB U CTaHOAp-
THU3aLMK UX Ha 00LLe BpeMEHHOM OCH Y 1a/10Ch paciliu-
¢GpoBaThL HANOKEHUS OTHENbHLIX (aKTOpOB M NpoBe-
PUTh 3HaYeHHE HEKOTOpbIX OHOCTpaTHrpadHUYECcKHX
OMOPHBbIX TOPH3OHTOB.

ITaneoreorpadgus BO BpeMs KUMMEpPUIKCKOIO Beka
onpeaensyach Mpex[ie BCero CHIbHbIM OMYyCKaHWEM
ueHTpa DaccerHa, a Takxe DOMBIIMM JIMHERHBIM MO -
HATHEM Ha ceBepe M NMPUHOCOM KJIAcTHYECKOro marte-
puana. B KoHLe KHMMepPHIKCKOro U B Havaje THTOHC-
KOro BEKOB MNpocCenaHue 3aMe1IMI0Ch. HOHHHTKE BHY-
TPEHHUX 4acTer OaccedHoB W koseDaHus npuHOCa
K/aCTH4eCKOT0 MaTepHasa MpUBEIM K BPEMEHHOMY OT-
TOKEeHHI0 MENTKOBOAHbIX KapDOHATOB, a TAKKE paciliu-
PHJI0 Pa3BUTHE CMELLIAHHBIX H3BECTKOBO-K/TACTHYECKHUX
cepuii. B pesynbtate 3ddexra «3alMTRI» U «IIEpEXBa-
Ta» MOSBUIIHCHL HEDOIbLIKE H3MeHEHHS (DaLIHM JI0KA/b-
HOro 3HaueHMd. B cBA3M c ycuieHWeM MpuHOca Kia-
CTUYECKOro MaTepHuaia ¢ ceBepa, BOCTOKA, M, Tpexae
BCEro, ¢ ceBepo-3anana, bacceit obMenen kK Hauany Me-
JIOBOrO MEPHO/a U MPEBPAaTHIICH B CYLUY.

1. Introduction

The West Portuguese hill-land is mainly formed
by the Mesozoic-Cenozoic sedimentary filling of the

so-called Lusitanian Basin which developed along
the western margin of the Iberian Hercynian Massiv.

Being of interest in terms of faunal and sedimenta-
ry development, stratigraphy, geotectonic setting
and petro]eum exploration, it attracted scientists
already since last century (e.g., SHarPE 1850, for
further references see below). In 1975 its develop-
ment was, for the first time, seen under the light of
the Atlantic opening (R. C. L. WiLson 1975a). Par-
ticularly the highly differentiated and partly fauna-
rich Upper Jurassic sediments were since the last
decade both matter of detailed case studies (e.g.,
Firsicn & ScuMmipT-KirrLer 1980, FirsicH 1981,
FirsicH & WERNER 1986, WERNER 1986) and more
generalizing paleogeographic reconstruction at-
tempts (MOUTERDE et al. 1979, for the entire Jurassic;
R. C. L. Wison 1979, for the Upper Jurassic).
Complete basin analysis is, however, hampered by
stratigraphic complications, caused mainly by the
rarity of biostratigraphic markers and intense region-
al differences in facies development as a result of
sediment pattern differentiation in an active ocean
marginal basin.

The scope of this paper is to give a three-dimen-
sional overview of the sedimentary and paleogeo-
graphic development during the Kimmeridgian and
Tithonian, and to discuss control of sedimentation
patterns by biologic and exogenic parameters, by
local and regional tectonics, and by global changes of
the eustatic sea-level.

2. Present-day state of the Lusitanian Basin

Not considering the Neogene cover, the basin is
nowadays a fault-bounded half graben to graben
structure, Direct sedimentary contact between the
basement and the Mesozoic sequence along a major
unconformity is exposed at several places on the
eastern border of the basin. This border roughly fol-
lows the direction of basement elements (e.g.,
TEIXEIRA & GONGALVES 1980). Rests of a western
border are represented by the basement rocks of the
Berlengas and Farilhoes Islands. The main part of the
western limit is, though, only evident by local uplifts
or by a diminished and outwedging sediment
sequence in the offshore region (e.g., VANNEY &
MoucenoT 1981).

3. Survey of basin development

The Lusitanian Basin developed as an assymetric
graben basin along reactivated late Hercynian faults
(e.g., R. C. L. WiLson 1975a). Dimension, assym-
etry and direction of the basin, and development
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phases allow classification as a tensional rifted margin
basin sensu WiLson & WiLLiams (1979). All three
evolutionary model stages of an orthogonal diver-
gent continental margin basin sensy MiaLL (1984,
tab. 9.3) may be recognized. Volcanism is, however,
not exclusively related to phase 1. Certain differences
arise also in the last stage of basin development, since
tectonic activity reappears again:

The first stage, the rifted arch and rim basin phase,
is characterized by terrestrial sediments, the lower
part of the Gres de Silves of Upper Triassic age
(PaLamv 1976), in which the first post-Hercynian
volcanics are intercalated (cf. RiBeIRO et al. 1979).

In contrast with the characteristics of the model
stage 1, volcanism in the Lusitanian Basin plays only
a minor role at that time. An explanation might be
that rifting in Portugal is eventually related to the
dominance of red sea type vertical movements rather
than extensional stress (cf. HurcHinsoN & ENGELs
1972; see also ScrmipT 1984). Considering the fact
that the Lusitanian rift was until the Cretaceous not
accompanied by a westward lying spreading zone
(DewEy 1973, Brju-DuvaL et al. 1977), it becomes
clear that the basin belonged to a narrow but inten-
sively subsiding rift system. Rifting possibly pro-
pagated from the Seabight Basin, west of Ireland,
southwards and splitted off at the Biscay rift, to form
an arm between Iberia and the Grand Banks (Grau
et al. 1973, R. C. L. WiLson 1975a, L. M. WiLsoN
1980, ZIEGLER 1982).

During the Triassic and Lower Jurassic broad-
scale regional extension and wrenching in the North
Atlantic and Tethyan domain of Pangaea was accom-
panied by only a moderate level of thermic activity
(P. A. ZIEGLER, pers. commun.). As such, the Lusi-
tanian rift cannot be related to local mantle-plume
activity (»hot spots«) west and southwest of the Ibe-
rian peninsula as postulated by R. C. L. WiLson
(1975a) and KrISTOFFERSON (1978), but rather to the
geothermal development of deepseated mantle con-
vectional systems (P. A. ZIEGLER, pers. comm.).

MiaLL’s second evolutionary stage is realized by a
Hettangian fine-grained clastic through marly to
dolomitic, lagoonal sequence containing thick evap-
orites, i.e. the upper part of the Gres de Silves and
the Dagorda beds (FiscHER & PALAIN 1979, RIBEIRO
et al. 1979, Jansa et al. 1980). Superimposed is the
Sinemurian—Aalenian sequence which is differenti-
ated into dysaerobic, radiolarian-bearing shales and
periplatform oozes in the basin center, and marine
siliciclastics, carbonate fans and dolomites along the
basin margins (HaLLAM 1971a, WRIGHT & WILSON
1984). Fans and rapid transition from shallow water
to deep water facies evidence still active synsedi-
mentary faulting.

Synsedimentary tectonic basin margin differentia-
tion fades during the Middle Jurassic and thus opens
the third evolutionary stage semsu MiaLL (1984).
Consequently, silicilastic input and differentiation
into deeper and shallower parts diminishes. During
the Bathonian and Callovian vast shallow-water car-
bonate deposits developed on costs of shrinking and
shallowing basinal areas with marl/limestone sedi-
mentation (e.g., RUGET-PERROT 1961, RIBEIRO et al.
1979). Off Portugal, however, pelagic sedimentation
persisted (P. A. ZIEGLER, pers. comm.),
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Inner basin tectonics together with the start of
halokinetic movements led, though, to local Callo-
vian non-deposition, erosion and angular bedding
unconfirmities (e.g., ZBYSZEWSKI & MoITINHO 1960,
RuUGET-PERROT 1961, SEIFERT 1963) and associated
differentiation into smaller subbasins. The medium
to upper part of the Callovian is clearly regressive;
the final Callovian is generally lacking (Rucet-
PErrOT 1961, MOUTERDE et al. 1979).

Subaerial exposure was widespread during the
early Oxfordian, not only in large parts of the Lusi-
tanian Basin (for ref. see below) but also in Northern
Spain (Benke 1981) and Western France (Enay et al.
1982).

Azcording to BorLror et al. (1975, 1979), BaLpy
et al. (1977) and MAuUFRET et al. (1978), the Atlantic
Ocean opened in two cycles, the first from the Het-
tangian to the Callovian, the second from the Upper
Jurassic to Neogene. Each cycle started with a phase
of intensive rifting, followed by a transgressive period
due to the stop of thermic activity and related sinking
of the rift margins. The subaerial exposure of parts of
Western Europe lies at the beginning of the second
rifting phase which durated from the Upper Jurassic
to the Cenomanian (op.cit). Rifting pulses at the base
of the Upper Jurassic are also obvious in the Biscay
rift and the North sea rifts (Z1eGLER 1982) and are
most probably related to the start of crustal separa-
tion in the Central Atlantic (P. A. ZIEGLER pers.
comm.).

It should be noted that this presumed rifting phase
did not lead to regressions at the beginning of the
Upper Jurassic in other North Atlantic marginal
basins (cf. HaLLaM 1971b). On the contrary, a major
transgression (»Atlantic transgression«) reflects the
maturation of the southern North Atlantic into a real
ocean (LANCELOT & WINTERER 1980). However, in
the Grand Banks, most neighboured to the Lusita-
nian Basin during the Mesozoic, Oxfordian sedi-
ments are partially missing or exhibit brackish cha-
racter (GRADSTEIN 1979, fig. 2).

R. C. L. WiLson (1979) also considers the Lower
and Middle Jurassic situation in the Lusitanian Basin
as an intracratonic calm phase following a Triassic-
lowermost Liassic rift phase and being itself followed
by an inversion phase during the Oxfordian (R. C.
L. WiLsoN 1975a) and the main rift phase during the
Kimmeridgian. The latter is characterized by active
faulting, shifting of basin center, increased uprise of
salt diapirs and subsequent facies differentiation into
basinal shales, shallow water carbonate platforms
and deltaic to terrestrial clastic sediments (cf. R. C.
L. WiLson 1979 and below). Motor for this strong
tectonic activity was possibly rapid spreading in the

Central Atlantic and related rotation of Africa,
resulting in now northward propagation of the West
Iberian rift (P. A. ZIEGLER, pers. comm.). This
coincides with general shallowing of the Lusitanian
Basin towards north (see fig. 6) which was not the
case during the Lower and Middle Jurassic (cf.
MoutEerpe et al. 1979, figs. 1-9).

During the Cretaceous a mixed clastic-carbonate
development persisted, but the Lusitanian Basin was
continuously loosing its individuality due to the
gradual disappearance of the accentuated western
border (cf. REY 1979, BERTHOU & LAUVERJAT 1979),
thus turning into a simple passive margin onshore
province.

4. The Upper Jurassic sequence
4.1 The Upper Oxfordian

The mentioned Lower to Middle Oxfordian hiatus
is commonly marked by erosive features in many
parts of the Lusitanian Basin, including karstifica-
tion, calcrete formation, development of pisolitic
ironstones, reworking and local angular bedding
unconfirmities (OERTEL 1956, RUGET-PERROT 1961,
R. C. L. Wirson 1979, FELBER et al. 1982, LEmN-
FELDER 1983). The Upper Oxfordian sediments over-
lying this unconformity are extremely variable,
ranging from lignitic freshwater marls through algal
carbonates to coral-bearing limestones (for review
and references see R. C. L. WiLson 1979). In the
extreme southeast and in the northwest of the basin
red siliciclastics appear locally (op.cit.; LEINFELDER
1983).

In terms of facies aspects better studied show cases
are e.g., the algal marsh to lagoonal sequence at
Cabo Mondego (R. C. L. WiLson 1975b, 1979,
WRIGHT 1985) and the Montejunto area, characteriz-
ed by a rapid transition from deep water through
allochtonous carbonates to shallow water limestones
(R. C. L. WiLson group, in prep.).

4.2 The Kimmeridgian-Tithonian

Facies differentiation at local and regional scale is
even more pronounced during the Kimmeridgian
and Lower Tithonian (thus Lower Portlandian sensu
gallico (fig. 2). Depositional environments range
from terrestrial and deltaic to shallow bank, la-
goonal, slope and even basinal environments. The
late Tithonian, on the other hand, shows a more uni-
form development.

A brief account of the main sedimentary units is
given below. Hierarchic classification (groups, for-
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mations, members, etc.) and stratigraphic local
names are mostly avoided except for well established
items, since they are not used in the same way by all
authors and are not essential for the purpose of this
study.

Ota limestone complex

The Ota limestone complex, situated in the eastern
part of the basin, undergoes intensive facies and bio-
stratigraphic treatment at the moment (LEINFELDER,
ErBENICH & RAMALHO in prep.). The complex con-
sists of a wide variety of very pure shallow water
limestones, including coral boundstones, intraclastic
grainstones, loferites, black pebble packstones and
various lagoonal low energy micritic types. Its isolat-
ed existence, tectonic limitation and lack of ammon-
ites prohibited up to now any age determination.
Recent finds of suited microfauna enable, however,
to place large parts of the limestones into the Upper
Kimmeridgian, although there are hints that Lower
Kimmeridgian and even Upper Oxfordian might
locally be included as well. Astonishing are facies
similarities with the shallow water development of
the Upper Oxfordian both in the Montejunto area
and in the eastern Arrabida region (cf. LEINFELDER
1983).

Monte Gordo limestone

A small, isolated, reefal to lithoclastic limestone
lentil, containing black pebbles and even detrital
feldspar grains, exists closeby Vila Franca de Xira,
further south, in about the same level as supposed for
the Ota limestone. Not only did the sediment body
grow on top of arcosic siliciclastics containing re-
worked basement pebbles, but it also passes laterally
into sandy and marly deposits (ANDRADE 1934,
ZBYszEwsKl & TORRE DE ASSUNCAO 1965).

Amaral coral limestone

A thin sheet of coral limestones and oolites (10-50
m) surrounds the valley of Arruda dos Vinhos and
parallels the Montejunto elevation. The Amaral lime-
stone was described by DOHLER (1984) and may be
interpreted as lateral spreading of shallow water car-
bonates topping a marine siliciclastic shallowing
sequence (see below).

Limestone development on and
along salt diapirs

Marine shallow water, mostly high energy, rarely
paralic, coal-bearing limestones developed during the

Kimmeridgian on the crest of and along diapiric
zones, particularly in the region of the Caldas da
Rainha diapir (R. C. L. WiLson 1979, FirsicH &
WERNER in prep.) and the Porto de Més diapir
(ScaMIDT 1984, 1985). Most common facies types
are oolites, oncolites, biointrasparites and reefoid
types containing corals, stromatoporoids and algae.
Sediments may exhibit a certain degree of siliciclastic
contamination.

Limestones, limestone/marl and
marl/shale sequences around Sintra

RamaLHO (1971) gave the first detailed descrip-
tions of the Kimmeridgian-Tithonian coastal se-
quences closeby Sintra. The Ramalhio shales are
overlain by the marly Mem Martins limestones
which are themselves superimposed by coral and
oncolite-bearing calcareous deposits and by nodular
limestones (fig. 3).

The sequence was reconsidered by R. C. L. Wir-
SON (1979) and Ervr1s (1984). It is interpreted by the
latter author as a ramp development, characterized
by local patch reefs and reefs, and by sporadic ap-
pearance of debris flows and turbidite clouds which
were eventually caused by earthquakes.

Limestone/marl sequences in the
northern basin center

A highly intercalatory sequence of marls, marly
limestones, nodular limestones and coral biostromes
around Arruda dos Vinhos, known as »Pteroceria-
no« beds (Lower Tithonian pp), is extensively trea-
ted in LEINFELDER (1986). The notion »Pteroceria-
no«, although stll currently used in the regional
literature is about to be abolished in a general strati-
graphic reclassification because of incorrect mixing-
up of lithostratigraphic and biostratigraphic mean-
ings.

The lower part represents tranquil lagoonal shal-
low water environments below wave base, character-
ized by partly decreased salinity values and by occa-
sional perturbances due to storms. Coral banks de-
veloped sporadically in more exposed areas and
extended across the entire lagoon during the upper
part of the »Pteroceriano« sedimentation (fig. 3).

Limestone/marl/sandstone
intercalatory sequences

The late Lower to Upper Tithonian Freixial beds,
a restricted lagoonal sequence of micritic and sparitic
shallow water limestones, marls, marginal marine
and terrestrial siliciclastics superimposes the »Ptero-



Multifactorial control of sedimentation patterns

605

ceriano« beds south of Arruda dos Vinhos (RAMALHO
1971, LEINFELDER 1986).

In the western part of the Serra da Arribida, the
Kimmeridgian and Tithonian consists of intraclastic,
fenestral, bioclastic, coral-bearing and nodular shal-
low water limestones in which marls and siliciclastics
soon become intercalated (RamaLHO 1971, FURsICH
& ScHMIDT-KITTLER 1980, FELBER et al. 1982, LEIN-
FELDER 1983) (fig. 3).

In the north of the basin, the Kimmeridgian basin-
al Abadia beds (see below) are partly substituted by
the Alcobaga beds, a shallow marine, fauna-rich,
sandy-marly sequence, containing intercalations of
shallow water carbonates (e.g., RuGeT-PERROT
1961, R. C. L. Wirson 1979, WERNER 1986, Fir-
sicH & WERNER in prep.).

Marine marl/sandstone/breccia
sequences between Sta. Cruz and Vila
Franca de Xira

The most widespread facies in the center of the
Lusitanian Basin during the Lower and Middle Kim-
meridgian was a marly, ammonite-bearing, basinal
sequence with interbedded, partly turbiditic lime-
stones, the Abadia marls (e.g., R. C. L. WiLson
1979). Slump scar development and submarine
canyon fillings consisting of basement breccias sug-
gest also prograding slope environments, an inter-
pretation which is also backed by seismic methods
(R. C. L. WiLson, pers. commun.). In the upper-
most part, however, shallow water benthic bivalve,
echinoderm and coral fauna is locally abundant.

This sequence is underlain and towards the east
partly substituted by up to 2500 m of arcosic base-
ment conglomerates and breccias, containing locally
large blocks of tumbled coral boundstones and thin
layers of coral-bearing wackestones (cf. ANDRADE
1934, MEMPEL 1955, ZByszEwskl & TORRE DE
Assungio 1965, R. C. L. WiLson 1979; pers. ob-
serv.).

Marginal marine to terrestrial sandstone
and conglomerate sequences

The Amaral limestone in the central basin area 1s
superimposed by the marly-sandy Sobral sequence
of presumed Upper Kimmeridgian age, representing
environments of an estuarine delta type (LEINFELDER
1986).

The prevalent sediment types in the north and
west of the Lusitanian Basin during the Kimmerid-
gian and Tithonian were terrestrial fine to very
coarse-grained, often red, siliciclastic deposits. At

the base or in an intercalated position of these so-
called gres superiores marine clastics might appear
(R. C. L. WiLson 1979, LEINFELDER 1986). In the
surroundings of Alenquer a thin sheet of freshwater
limestones, the Alenquer oncolite, is embedded
within the clastics (LEINFELDER 1985).

The sequence along the coast of Sta. Cruz, for
instance, consists of six superimposed units (sandy
braided fluvial, meandering fluvial with pronounced
point bar development, deltaic to fluvial, cyclic
gravelly braided fluvial, meandering fluvial) (R. C.
L. WiLson 1979 and pers. commun.; cf. also Fir-
sicH 1981) (fig. 3).

Another important clastic, mainly terrestrial sec-
tion further north at Consolagio covers mainly the
entire Kimmeridgian. At its base it exhibits a 80 m
thick horizon containing coral meadows (WERNER
1986) (fig. 3).

In the eastern part of the Serra da Arribida, a
terrestrial red siliciclastic sequence substitutes the
marine limestone development further west (FELBER
et al. 1982, LEINFELDER 1983).

5. Stratigraphic correlation

Hitherto, there does not exist a generally accepted
stratigraphic classification scheme for the West Por-
tuguese Upper Jurassic. Classification is hampered
by rapid lateral facies changes, rarity or lack of bio-
stratigraphic markers and by a flood of often con-
fusingly used stratigraphic items which on top com-
monly mix up both lithostratigraphy and biostrati-
graphy. For stratigraphic and nomenclatoric classi-
fication attempts see, e.g., MOUTERDE et al. (1972,
1979), Risero et al. (1979), R. C. L. WiLson
(1979), FUrsicH & WERNER (1986) and LEINFELDER
(1986). The advanced stage of basin analysis allows a
general lithostratigraphic reclassification which at the
moment is under cooperative preparation among the
different working groups of the Lusitanian Basin. As
mentioned earlier, only a selection of commonly
used stratigraphic items is therefore used in this
study.

Biostratigraphic markers

In the lower part of the sediment package few
ammonites were found in basinal marls (Ramalhao
and Abadia beds) between Lisbon and Torres
Vedras, giving a Lower to late Middle Kimmeridgian
age (sensu gallicoj (e.g., RuGer-PerroT 1961,
MouterpE et al. 1972, 1979). Further north, am-
monites were only very rarely detected in the lowest
part of the respective series, eventually indicating
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Fig. 3. Simplified principal Kimmeridgian/Tithonian sections of the Lusitanian Basin (after different authors, see refer-
ences of fig. 2), and their relative bathymetric interpretation.

Abbrev.: b basin, s deeper slope, t tranquil shallow water (below fair weather wave base), a commonly agitated shallow
water, h fluvial lowlands with high sinuosity rivers, | fluvial systems with low sinuosity rivers, IbK lower boundary of
Kimmeridgian, IbT presumed lower boundary of Tithonian, IbC lower boundary of Cretaceous.

A: onsetof Anchispirocyclina lusitanica, C: disappearance of Clypeina jurassica, R: Tithonian base of Monsanto log after

RAMALHO (1971), t1, t2, t3: transgressive peaks, possibly related to VAIL et al. (1984) global eustatic highstands. t2, t3
may, however, also reflect local tectonic basin deepening.

Dotted lines: facies correlation.

Nodular character of limestones hypothetic for Barreiro and Monsanto boreholes.
Location of sites, see figs. 1, 2.

Correlation after LEINFELDER (1986) and this paper.

equivalent ages (cf. LEINFELDER 1986, WERNER may be further subdivided by use of diagnostic algae
1986). Elsewhere, a general Kimmeridgian age may  or ostracods (e.g., RamaLno 1971, 1981, Fiursich &
be proved by foraminifers which in some regions ScumDT-KrrrLer 1980, FirsicH 1981, FELBER et
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Kimmeridgian. In the basin center this is partly prov-
ed by ammonites (MOUTERDE et al. 1972).

Biostratigraphic markers indicating the Tithonian
are rarer still. Ammonites giving a lowermost Titho-
nian age are, to the present authors knowledge, up to
now only recorded from the basin center around Sin-
tra and from the western Serra da Arrabida, further
south (cf. RaMaLHO 1971, MOUTERDE et al. 1972,
1979). By micropaleontological means, only the late
Tithonian may be separated in the marine parts of the
basin (RamaLHo 1971, Fursicu & Scumipr-Krrr-
LER 1980, FELBER et al. 1982), although there exist
preliminary results for a further differentiation of the
lower part of the Tithonian (cf. RamarLno 1981,
LEINFELDER 1986).

Some implications on biostratigraphy result from
application of approximated geohistory analysis (see
chap. 10).

General lithostratigraphic situation

The general lithostratigraphic framework of sedi-
mentary units is shown in a fence diagram in order to
illustrate the geometric arrangement of the Kim-
meridgian-Tithonian part of basin filling (fig. 2).

Except for the calcareous development in the Serra
da Arribida, the lower part of the sequence exhibits
siliciclastic facies, ranging from very coarse-grained
arcosic conglomerates to very fine-grained shales and
marls (Abadia— Alcobaga level). The development in
the north is predominantly terrestrial, passing to
marine sediments towards south.

In the central to southern part of the basin, partly
reefal limestones are superimposed which around
Arruda dos Vinhos form a thin, more or less con-
nected band (Amaral coral limestone). Correlation
further south seems to rectify a sheet-like develop-
ment. Further north, however, the limestones ex-
hibit very variable thicknesses, seem to be often dis-
connected and apparently appear in different levels.
A thin horizon of nodular, coral-bearing, biomicritic
limestones and cyanophyte-red algal oncolites at S.
Martinho was correlated by R. C. L. WiLson (1979)
to the same unit. Although locally dated as Upper
Kimmeridgian by algae (RamaLuo 1971, DOHLER
1984), the horizon is not suited to form a good corre-
lation level. Limestone bodies are not always con-
nected to each other and are not developed in the
west of the basin (Sta. Cruz—Consolagao). More-
over, limestone development was certainly not syn-
chronous (see chap. 10).

Except for the basin center between Lisbon (log
Monsanto) and Sintra, and the Alverca region (Tejo
valley), this level is again overlain by an, often only

thin, horizon of siliciclastics which in the Serra da
Arribida may be partly substituted by red fluvial
limestone arenites (LEINFELDER 1986).

Superimposed is a sequence of nodular limestones
and marls in the southern and central parts of the
basin (»Pteroceriano« beds) whose base is developed
very widespread, reaching northwards in calcareous
facies until a line Alenquer-Torres Vedras-Sta. Cruz
(op.cit.). North of this line the limestones are sub-
stituted by a thin marine, rarely brackish, marly-
clastic unit, characterized particularly by bivalve
shell beds.

Overlying is a very mixed sequence, dominated by
terrestrial coarse siliciclastics in the north and by a
marine limestone/marl series in the south with vari-
able marl contents and sandstone intercalations
which generally augment upwards (Freixial beds
p-p.). Further internal correlation is possible only for
limited parts of the basin (cf. LEINFELDER 1986).

The main stratigraphic marker level:
base of the »Pteroceriano« beds and
corresponding levels

A perfect stratigraphic marker level should fulfil
the following requirements:

— coverage of the entire basin
— laterally connected level

— little facies variability

— easy to recognize in the field
— synchronous development

Although there is no doubt about their usefulness
and need, mere biostratigraphic markers may, how-
ever, have the disadvantage to be only recognized by
the specialist, to contain fauna too laterally scattered
to form a continuous marker sheet, or to only cover
smaller parts of an entire basin, which is all true for
the here treated sequence.

Storm beds are shown by AIGNER (1985) to repre-
sent almost perfect markers for the Swabian Muschel-
kalk development, covering most parts of the basin
in continuous, perfectly synchronous sheets. In
distal parts, however, facies differences may make
identification difficult. Moreover, different storm
layers may be confused with each other when out-
crops over the basins are scattered. There exist
storm-induced shell beds in the Lusitanian Basin
which, though, have only very local value for cor-
relating neighboured sections (LEINFELDER 1986).

The best stratigraphic marker in the studied se-
quence is the base of the calcareous/marly »Pteroce-
riano« beds and its lateral substitutes, since it fulfils
most of the above mentioned criterions: As already
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outlined, the base of the »Pteroceriano« beds forms a
laterally connected level and covers large parts of the
basin, even in parts where sedimentation is otherwise
completely performed by clastics. At the moment
the horizon is mapped in the Torres Vedras—Arruda
dos Vinhos region (e.g., STACHEL 1986), since the
calcareous »Pteroceriano« sedimentation is not dif-
ferentiated in official maps. Further south towards
Lisbon, Sintra and the Serra da Arabida the level can
be mostly connected to borehole and outcrop des-
criptions given by Ramarno (1971) (cf. LEINFELDER
1986). Only in the eastern part of the Serra da Aribi-
da there is no corresponding lithostratigraphic hori-
zon subdividing the entirely clastic Kimmeridgian-
Tithonian series.

At the coast north of Sta. Cruz there do not exist
limestone horizons in the clastic Kimmeridgian-
Tithonian development. There appears, however, a
brachyhaline to brackish, marly-clastic level at Con-
solagio, which is over and underlain by thick series
of terrestrial clastics (WERNER 1986). This level reap-
pears further south, at Porto Novo, exhibiting more
marine fauna and containing a limestone conglomer-
ate which apparently not only consists of eroded
caliche crusts but also of reworked marine limestones
in »Pteroceriano« facies. This layer can be easily con-
nected to the limestone-containing interval at Sta.
Cruz, a few kilometers further south, Nodular lime-
stones appear here in the top part of a ca. 80 m thick
clastic sequence dominated by fauna-rich marine
intervals (Fiirsicu 1981). A very thin level of marly
limestones and marls, intercalated in a fluvial series at
Cabo Mondego in the north (R. C. L. WiLson 1979)
belongs most likely to the same level. Direct tracing
is, however, not possible due to outcrop conditions
and structural situation.

The base of the »Pteroceriano« beds, including the
thin limestones vestiges mentioned, is easy to recog-
nize in the field due to their characteristic lithology
and fossil content (nodular or marly micritic lime-
stones with characteristic bivalve and trace fossil
fauna), due to its normally sharp lower boundary
and due to a sudden change from sandstone to lime-
stone deposits in most areas (cf. LEINFELDER 1986).
The level only suffers facies differentiation between
Sta. Cruz and Consolagio where limestones dis-
appear. There the marker horizon can be easily per-
secuted by using the top of the mentioned marine
level intercalated in the terrestrial sequence. There
does not appear a corresponding marine level in the
upper part of the S. Martinho sequence because of
structural reasons.

Most difficult to consider is whether or not the
marker level developed synchronously. It is dated at

Cabo Espichel and Sintra where the detected lower-
most Tithonian ammonites were found at the base of
the »Pteroceriano« beds. Since there do not exist
further finds, it still has to be discussed whether this
dating can be extrapolated to other sites:

The mentioned marine interval of the Sta. Cruz
section and the corresponding level in the Consola-
¢ao section could be roughly dated as Upper Kimme-
ridgian/Lower Tithonian by means of a diagnostic
ostracod (WERNER pers. commun. in FUrsicH 1981,
WERNER 1986), thus being too inaccurate to aid in
the consideration of diachronism.

The base of the »Pteroceriano« beds is clearly the
result of a transgression which CHAuMEAU (1962)
considers to have been rapid, since maximum exten-
sion of the beds is already realized at their base. The
rather thin marine interval of the northern part ex-
hibits roughly similar thickness, also indicating a
fairly rapid transgression/regression for the respec-
tive layers which should show much more pro-
nounced increase in thickness towards the basin cen-
ter if the responsible transgression would have been
very slow and thus diachronous. The intercalated
limestone levels should reflect times where clastic
contamination sank below a critical value, allowing
rapid, synchronous extension over the flooded area.
Thus the base of the »Pteroceriano« limestone inter-
val may be considered as a predominantly syn-
chronous event, particularly where it is overlying
marine clastics. A further possible hint for syn-
chronism is the occasional appearance of a gigantic
heterodont bivalve which already died out soon after
its first appearance (FURSICH, pers. commun.; cf.
LeiNFELDER 1986). Luckily, this correlation level
corresponds roughly to the Kimmeridgian/Tithonian
boundary, thus increasing its importance even more.

6. Eustatic control of sedimentation

Despite general lateral facies transitions, the con-
sidered sequence is often characterized by crude
cyclic or periodic facies repetitions.

For instance, three marine horizons characterized
by marginal marine clastics, marls and, partly, lime-
stones are separated by terrestrial clastics at Cabo
Mondego. At Consolagao, terrestrial clastics are sub-
divided by two marine levels. Around Arruda the
basal marine clastics are overlain by a level of reefal
and oolitic limestones which is again superimposed
by marine clastics and marly limestone beds. The lat-
ter unit itself shows cyclic patterns considering the
repetitive limestone/marl interbeddings. In the same
region as well as further south the upper part of the
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Tithonian is characterized by repetitive limestone/
marl/sandstone sequences.

Such cyclic sedimentation patterns or facies repeti-
tions can be often interpreted as the result of eustatic
sea level fluctuations (see DuFF et al. 1967 and many
articles in EINSELE & SEILACHER 1982, BAYER & SEI-
LACHER 1985). Particularly periodic bathymetric
changes of the sedimentation base are matter of inter-
pretation through global sea level changes.

There is no doubt that strong sea level changes took place
during the Upper Jurassic (e.g., HaLLAM 1984, VaIL et al.
1977, VaiL & Topp 1981, VaiL etal. 1984), although many
sequences are too easily interpreted as being only a result of
such fluctuations. Moreover, the methodology of establish-
ing sea level curves solely from seismic analysis lately suf-
ters thorough critizism (e.g., Prrman & GOLOCHENKO
1983; for the Upper Jurassic BRown 1984, HaLLam 1984,
MiaLr 1986).

Pre-Quarternary eustatic sea level fluctuations are main-
ly considered to result from mid-oceanic ridge activity.
There exists, however, no agreement on whether different
spreading rates and related sinking speed of the lithosphere
accounts directly for changes in the sea level due to enlarge-
ment or diminishing of ocean volume (e.g., VAL et al.
1977, Prrman 1978), or whether spreading speed is only an
expression for mantle flow-induced global tectonics which
is then reflected in sea level changes (e.g., ScHwan 1980).
Unconformities, one key tool to identify sea level fluctua-
tions (cf. VAIL et al. 1977) may, however, also express re-
gional tectonic pulses, particularly in passive margin pro-
vinces (LEPicHoN 1980). More widespread unconformities
may even be the product of globally synchronous episodes
of cratonic uplift and not connected to sea floor spreading-
induced eustatic changes (SLoss 1984).

There is also no agreement on the general behaviour of
the global sea level during the Kimmeridgian and Titho-
nian: HaLram (1975, 1978) assumed a pronounced slow
drop of the sea level, extending from the Jurassic highstand
in the late Oxfordian until the end of the system. Vair et al.
(1977) gave two different curves: The curve of relative
changes in global sea level, based on changes in coastal on-
lap, indicates a general rise during the entire Kimmeridgian,
a sudden drop at the Kimmeridgian/Tithonian boundary,
and continuing rise during the Tithonian and Berriasian,
exceeding in extend the Callovian-Oxfordian transgression.
The other estimate (op.cit., p. 91), based on mathematical-
ly calculated sea level changes, indicates that sea level was
rising only during the Kimmeridgian, whereas in the Titho-
nian a slow drop was initiated. VarL & Topp (1981) intro-
duced a rapid, heavy drop around the mid-Kimmeridgian
and three short-termed transgressive/regressive peaks, two
of which lie within the Upper Kimmeridgian and one at the
base of the Tithonian. The authors concluded an eustatic
rise for the rest of the Tithonian.

For the Middle and Upper Jurassic HaLLAM (1984) part-
ly followed the calculated curve of VaiL et al. (1977). Ex-
cept for the upper part of the Tithonian he gave a generally
transgressive curve which is only modified by small-scale,

short-termed drops. HaLLam also considered the Titho-
nian part of the Jurassic eustatic curve as very difficult to
establish due to biostratigraphic problems, but reckoned a
transgressive eustatic pulse at the base of this stage. Evi-
dence would come from the Andes and from northwest
Europe and western Siberia.

VaIL et al. (1984) published a revised global sea level
curve, based on new biostratigraphic data which led to new
age determinations for many Jurassic unconformities. They
also transformed their sawtooth onlap curves, formerly
understood as directly mirroring respective sea level
changes, into a modified curve of global eustatic fluctua-
tions. The resulting curve exhibits a slow drop during the
entire Kimmeridgian, three transgressive/regressive peaks
during the lower and middle Tithonian and a general trans-
gressive character for the rest of the Tithonian.

The peaks seem to correspond to the Upper Kimme-
ridgian/Lower Tithonian peaks of VaiL & Topp (1981)
which HaLram (1984) considered as possible northwest
European tectonic phenomenons, and thus not valid for the
global curve. MircHum & Uriana (1985), however, see the
uppermost Kimmeridgian and the three intra-Tithonian
unconformities realized in a shale—carbonate sequence in
the Neuquén Basin of Argentina. This should point out the
general importance of these unconfirmities which accord-
ing to the above authors should correspond to global sea
level lowstands.

GasiLLy et al. (1985) dated the Jurassic unconformities
of France by means of ammonite biostratigraphy and also
interpreted the major ones as a result of global eustatic sea
level changes. They report seven major intra-Kimmeridgian
unconformities and one at the base of the Tithonian (below
the gigas zone). The latter might correspond to a type 1 un-
conformity of VAL et al. (1984), whereas the French intra-
Kimmeridgian unconformities do not have global counter-
parts and might thus more likely correspond to West
European tectonics (cf. chap. 3). Astonishingly, the out-
lined two further peaks of eventually global scale during the
Tithonian did not find any depositional response in the
French sedimentary record. This might be due to overcom-
pensation of eustatic effects through high sedimentation
rates.

In the Lusitanian Basin, a regressive Kimmeridgian
sequence, as postulated by VAIL et al. (1984), can be
recognized in many sections (fig. 3). Lowstands at
the end of this stage are expressed by the shallow
water carbonates of the Amaral coral limestone or by
the regressive lower part of the partly superimposed
Sobral sandstones (cf. LEinrELDER 1986). Fluvially
deposited limestone arenites and lime conglomerates
with a reddish, soil-produced matrix in the Serra da
Arrabida (cf. FELBER et al. 1982, LEINFELDER 1983)
could indicate the corresponding subaerial unconfor-
mity.

The following transgression, resulting in wide-
spread deposition of »Pterioceriano« limestones at
the base of the Tithonian could correspond to the
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lowest peak in the Tithonian part of the revised VarL
team curve (VAIL et al. 1984). This peak is situated 1
Mio years above the Tithonian base (corresponding
to 1.3 Mio years above the base using Kent & Grap-
STEIN’s, 1985, revised geochronologic tabulation).
The transgression would also coincide with the basal
Tithonian transgressive pulse reckoned by HaLram
(1984). Detection of the two remaining intra-Titho-
nian eustatic peaks of VAIL et al. (1984) throughout
all sections is not possible, what is eventually due to
overcompensation by sedimentation. Effects should,
though, be notable in areas with a general low sedi-
mentation rate. As a matter of fact, in the Cabo Espi-
chel, Arruda and Sta. Cruz sections, all characterized
by a relatively low averadge bulk sedimentation rate
for the Tithonian (cf. to chap. 10), two major trans-
gressive peaks can be detected in the Tithonian part
of the sequence (fig. 3). Correlation to the global sea
level chart is tempting, yet causes problems:

The three »VarL« peaks are respectively situated 1
MA, 2 MA, 3 MA above the Tithonian base (based
on the van HINTE 1976 chronostratigraphic chart).
To plot these ages in the geohistory diagrams given in
fig. 5 values should transform to respectively 0, 1.6
MA, 3.2 MA above the Tithonian base!. This is in
contrast with the actual position of the peaks. A pos-
sible solution of this problem could be that sedimen-
tation rates were relatively higher in the Lower than
in the Upper Tithonian. The indicated peaks could,
however, also correspond to local tectonics (see
chap. 10).

Cyclicity of repetitive limestone/marl/sandstone
sequences at a smaller scale in the higher Tithonian
is, however, very crude. At the Cabo Espichel, there
exist at least 26 intercalations of clastic sediments
which exhibit extremely variable thicknesses. This is
interpreted as being the result of periodic tectonic
hinterland activity rather than sea level fluctuations
by Fursicu & ScumipT-KrrrLer (1980). This point
of view can be confirmed with the work of FELBER
et al. (1982) who were able to trace the main hori-
zons towards the hinterland, demonstrating that
limestone levels thin out and disappear over a few
tens of kilometers. This also excludes a third genetic
possibility, a lateral shift of coastal environments.

An exclusive control of limestone/marl rhythms
through oscillating sea level fluctuations can also be
excluded for the studied sequence, since rhythms do
not exhibit constant or continuously in/decreasing
! These geohistory curves are based on the more recent

KentT & GRADSTEIN (1985) chronostratigraphic chart.

Furthermore the lowest Tithonian »VarL« peak is as an

approximation correlated to the Kimmeridgian/Titho-
nian boundary.

thicknesses for either the marl or the limestone levels
or both (cf. LEINFELDER 1986, appendix), what
would be a crucial characteristic for an eustatic con-
trol of sedimentation (EINSELE 1982).

7. Biologic control of sedimentation

There are many good examples for obvious bio-
logic control of sedimentation in the sequence under
study. Naturally, marine limestone development is
per se already an example of biologic control. This
control is particularly obvious in reefal facies.
R. C. L. Wison (1979) interpreted parts of the
Praia do Guincho section closeby Sintra as a reef
body and related talus sediments, thus clearly de-
monstrating direct biologic control of depositional
environments. A similar situation exists in the Ota
limestone, where a stripe of biogenic coral-algal
limestones resulted in the establishing of a leeward
low energy, lagoonal zone (LEINFELDER et al., in
prep.).

Formation of nodular shallow water limestones at
the Cabo Espichel and in the basin center was in-
duced by burrowing activity of crustaceans (FUR-
sicH & ScHMIDT-KITTLER 1980, LEINFELDER 1986).

The change from marly to calcareous sedimenta-
tion in the »Pteroceriano« beds is often favoured by
pioneer fauna, such as oyster beds or highly special-
ized corals, or, more rarely, by the development of
blue-green algal oncolites.

Widespread algal laminites and fenestral lime-
stones in the Ota limestone or in the Cabo Espichel
sequence are also biosedimentary structures in the
original sense.

Very common, epibiontic miliolids in component-
rich late Tithonian limestones indicate most likely
intensive growth of sea grass and thus stabilisation of
sediments (op.cit.).

8. Exogenic control of sedimentation

Algal laminites and fenestral limestones indicate
tidal influences in a range of 2-4 m (R. C. L. WiLson
1975b, for Oxfordian carbonates). LEINFELDER
(1986) interpreted the sedimentation patterns of the
Sobral clastics as strongly influenced by tides, result-
ing in an estuarine delta type.

Common, up to two meter thick caliche horizons
within terrestrial clastics on one hand, and frequent
lignitic wood debris, partly with faint annual growth
rings, on the other (op.cit.), indicate that climate
was subtropically humid with long arid dry seasons.
Thus it may be expected that degree of clastic input
into the basin was seasonally changing according to
the amount of riverine water charge.
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Examples of influence of salinity fluctuations on
faunal distribution and composition are widespread
(FursicH & ScHMIDT-KITTLER 1980, FiiRsicH 1981,
LEINFELDER 1986, FiUrsicH & WERNER 1984,
1986, WERNER 1986). Oyster patch reefs, bivalve
meadows, coral coppices and coral biostromes are
obvious cases, where biologic control of sedimenta-
tion is itself controlled by exogenic factors. Many
other environment-controlled faunal associations do,
however, not directly influence the sedimentary
facies, but are on the opposite themselves additional-
ly controlled by lithofacies characteristics (e.g., grain
size, organic content).

Shelly storm deposits are a direct proof for episod-
ical occurrence of cyclone weather. Changes from
marl to limestone sedimentation in the »Pteroceria-
no« sequence may also be partly due to storm events:
Storm-induced lime mud clouds, possibly origina-
ting from reefal areas around Sintra (see chap. 4.2)
may have episodically helped to accelerate the re-
establishment of carbonate deposition after break-
down phases caused by elevated terrigenous input.
Hints are adaptions in the growth form of the mussel
Arcomytilus morvisi, resulting in a change from epi-
byssate to semi-endobyssate life habit, rarity of
microbored bioclasts in many beds and prevalence of
a decapode deposit feeding animal producing Rbizo-
corallium irregulare tracks (LEINFELDER 1986).
Wind-induced currents may also have accounted for
facies changes from high to low energy settings in the
Ota region (LEINFELDER et al., in prep.).

9. Tectonic control of sedimentation

There can be no doubt that tectonism was the
main factor influencing and controlling sedimenta-
tion patterns in the Lusitanian Basin during the Kim-
meridgian and Tithonian. The outlined inter-
fingering and repetitions of facies types, restriction
of certain types to local areas, and variations in sedi-
ment thicknesses clearly evidence a strong interplay
of mainly fault-bounded subsidence and uplifts. This
tectonic activity is related to regional rifting events in
the North Atlantic region (see chap. 3).

Table 1 gives an overview of the main effects
caused by differentiated hinterland and inner basin
uplift or subsidence. Some examples are briefly con-
sidered as follows.

Sedimentologic effects of the
Vila Franca fault system

The Vila Franca fault system is still recently tec-
tonically notable. It caused heavy seismic activity in
1909. The epicenter of the catastrophic earthquake in
1755, destroying major parts of Lisbon center, was

situated 250 km offshore, yet tectonic activity in the
Tejo valley at Vila Franca was higher than in the sur-
roundings (Zeyszewskl & TORRE DE ASSUNGAO
1966).

Most obvious in terms of faulting effects are faults
along the western border of the Tejo valley. Several
kilometers further west faulting in similar direction is
obvious for the western and eastern limitation of the
Ota block. On Landsat satellite image, a further
important line can be seen east of the Tejo river cros-
sing the young valley filling.

Effects of synsedimentary faulting already during
the Upper Jurassic are very obvious (fig. 4). In the
Kimmeridgian Arruda subbasin (see below), clastic
sediments are intensively coarsening towards east,
i.e. towards the fault system. This is accompanied by
a strong admixture of reworked basement rocks and
detrital feldspar (fig. 4a). R. C. L. WiLsoN (1979) in-
terpreted this as a questionable submarine and/or
subaerial fan situation, initiated by a fault scarp
caused by the Vila Franca faults. Growing of reefal
limestones on and within this fan, e.g., the thick
Monte Gordo limestone or thin levels at Castanheira
further north, indicate the at least partial or episod-
ical submarine character of the fan and calm phases
where no clastics were introduced. Large allodapic
limestone blocks and meter-sized clay boulders evi-
dence steep slopes and eventual seismic pulses
causing break-off of limestones. Black pebbles both
in the Monte Gordo and Ota limestones point out
occasional subaerial exposure of limestone areas,
possibly due to local-scale tectonic uplifts. Deposi-
tion of black pebbles in form of very coarse con-
glomerates and breccias with a very limited distribu-
tion indicate fault controlled deposition within the
Ota limestone.

In-situ blackening, intraformational solution
phenomenons and vadose cements within the Ota
limestone (LEINFELDER et al., in prep.) are also most
probably related to local tectonic uplifts, although
effects of eustatic sea-level oscillations cannot be ex-

cluded completed.
Rapid transition from the pure Ota limestone to

surrounding marly sediments indicate fault-related,
steep by-pass margins of the Ota bank. Lateral dis-
continuity of limestone bank development indicates
downfaulting of blocks roughly perpendicular to the
main faulting direction.

The late Kimmeridgian Amaral coral limestone is
best and most typically developed in a narrow,
NNE-SSW trending zone in the direct southern con-
tinuation of the Ota block (between Cabreira, Serra
Isabel and Serra do Amaral, and Trancoso) (fig. 4b).
Here reefal limestones are well differentiated into
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Table 1. Effects of uplift and subsidence on the sedimentation pattern of Kimmeridgian/Tithonian deposits in the Lusita-

nian Basin. Most examples are treated in the text
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subtypes and the associated oolites are also perfectly
developed. Contamination by clastics is low in this
region what contrasts the development further east
and west. North of Arruda dos Vinhos, development
of reefoid facies is almost exclusively restricted to
this zone. Towards west and east only local marly
coral bafflestones appear, whereas the main part of
the Amaral limestone is represented by sandy
oolites. Most characteristic for the entire area is the
very sudden lateral disappearance of calcareous
reefoid facies towards the Tejo valley.

The distribution of the Sobral delta is strongly in-
fluenced by the above indicated zone. Interestingly it
thins out and disappears towards Alverca (7 km §
Vila Franca), although further south similar sand-
stones reappear in the Lisbon area (borehole Barreiro
2, cf. fig. 3) which are clearly derived from the east
(LemnreLDER 1986). This shows that the mentioned
zone was not subsiding during times of the Sobral
sedimentation and thus could not accept sediments.

The lower part of the »Pteroceriano« beds displays
very low energy characteristics in the main region of
its development south of Arruda dos Vinhos (nodu-
lar limestones and common marls). On the men-
tioned block, however, clastic contamination plays a
much smaller role. Thicknesses are apparently less.
Commonly intercalated in the sequence are high-
energy limestones, partly with corals, as well as on-
colites which indicate low sedimentation rates. This
evidences the higher structural position of the block
also during the early Lower Tithonian. High thick-
nesses reappear in a narrow zone closeby Vila Franca,
indicating local wrench block subsidence in the close
vicinity of the main Vila Franca fault (fig. 4¢).

During sedimentation of the upper part of the
»Pteroceriano« beds, characterized by a general shal-
lowing, this zone underwent most likely subaerial
exposure. There is no direct evidence since recent
erosion truncated down to the lower »Pteroceriano«
sediments, but perfect shelter from east-derived
coarse clastics of presumed same age around Vila
Franca is obvious (op.cit.) (fig. 4d).

Due to tectonic uplift, the Ota limestone complex
suffered from karstification from the late Kimmerid-
gian onwards, serving as a chemical source for the in-
tensive development of fresh water oncolites inter-
calated into surrounding red clastics (LEINFELDER
1985).

The mid? Kimmeridgian Monte Gordo limestone
closeby also apparently underwent subaerial expo-
sure prior to the Cretaceous, resulting in the removal
of eventually overlying sediments so that requienid
bivalves could encrust an Upper Jurassic surface
(ELL1s 1983).

Apparently not the main fault crossing the town
Vila Franca was acting as the eastern limitation of the
basin. The main border must have been situated
further east, eventually corresponding to the men-
tioned satellite image lineation. This can be con-
cluded from the purity of Kimmeridgian shallow
water limestone banks, indicating a certain distance
from the hinterland, and from the facies develop-
ment of the lower Tithonian in the Vila Franca area
which also does not exhibit contamination by coarse
clastics.

Halokinetic effects

Jurassic salt movements, known from Portugal
since CHOFFAT (1882), are for a long time considered
to have had considerable effects on the sedimentary
record of the Lusitanian Basin (e.g., OERTEL 1956).
Many authors guess that uprise of salt diapirs was
fully or partly responsible for structural effects (e.g.,
GUERY 1984, for halokinetic control of mid-Liassic
to Upper Dogger subsidence patterns; R. C. L. WiL-
soN 1979, for additional diapiric effects on general
Lower Oxfordian uplift and for partial halokinetic
control of Kimmeridgian depocenters). Already
ZByszewsKI (1959) demanded that lateral forces are
needed to initiate uprise, a point of view which was
recently emphasized by ScumipT (1984) and LEIN-
FELDER (1986) who consider that extensional and
wrench faulting due to rifting triggered and enabled
salt diapir uprise.

Actually, almost all portuguese salt diapirs are lined
up along mainly straight, N or NNE trending fault
zones. SCHMIDT (1984) calls attention on the com-
mon association of diapiric structures with basaltic
rocks what proves deep reaching fault zones. He
guesses that the respective faults were Mesozoic reju-
venations of Hercynian basement structures.

Upper Jurassic halokinetic movements within the
Lusitanian Basin may be concluded from various
hints:

The position of salt diapir structures often cor-
responds to Upper Jurassic paleogeographic highs, as
postulated from facies analysis. There existed, how-
ever, Upper Jurassic shallow water zones along the
diapir-occupied faults, like for instance in the
Montejunto anticline (see chap. 4.1) which are not
yet proved to be associated with salt structures.

Decrease of sediment thicknesses towards the
structural apex and development of marginal troughs
away from the axis (e.g., Sesimbra, LEINFELDER
1983; Columbeira, MoNTENAT & GUERY 1984; Ma-
tacies, LEINFELDER 1986) and differences in facies
development from either side of the topographic
highs (Vimeiro—Caldas da Rainha, R. C. L. WiLson
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Fig. 4. Sketch of structural development for the Kimmeridgian and Lower Tithonian of the Lusitanian Basin, as evidenced
by facies analysis. West of Porto Novo and east of Vila Franca hypothetic. Thicknesses not a scale. For true thicknesses
see fig. 2.
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1979, WERNER 1986) are typical features of active salt
diapirs but could all as well result from block faulting
and tlting. Ringlike or bipolar facies patterns, ty-
pically developed at Porto de Més (ScHmipT 1984)
and to a lesser extent at Sesimbra (FELBER et al. 1982,
LemnreLDER 1983) could theoretically also result
from tilting and uplifting of isolated blocks. Even
migration of marginal troughs, as occuring in the
Columbeira area (MONTENAT & GUERY 1984) could
result from continuous broadening of half grabens
due to migration of downfaulting along en-echelon
faults. Salt diapirs might have invaded such unstable
fracture zones at a much later time than the Upper
Jurassic. The existence of broad, so-called typhonic
valleys (CHOFFaT 1882) in the center of the struc-
tures, created by the piercing and subsequent leach-
ing of salt diapirs does not completely exclude this
theoretic possibility for the mentioned examples.
Tectonic uplift might cause migration of salts into
the structure due to a new isostatic inequilibrium.
The Formosinho anticline in the eastern Serra da Ar-
ribida might be an example where salt occupied the
core of a pre-existing flexure (cf. SEiFErRT 1963, fig.
7). Salt might also pierce later through such struc-
tures to result in a typhonic valley.

Thus, caution is necessary for interpreting the ori-
gin of paleohighs, especially when they are not con-
nected to diapiric structures. Examples are the zone
between Vimeiro and Columbeira or the prolonga-
tion of the Torres Vedras-Matacaes high towards
north, which actually might be due only to Jurassic
block faulting or upwarping.

It 1s assumed that the development of Upper Trias-
sic salt deposits was restricted to the morphologically
lowest parts of half graben structures which were
created during the first rifting phase of the Lusitanian
Basin (see chap. 3). Due to the differential loading of
such structures a slowly moving salt rise may have
started early (cf. Jackson & TarsoT 1986). Wrench
tectonics of the second Oxfordian-Kimmeridgian
rifting phase resulted in differentiated strike-slip
movements along the reactivated Upper Triassic
faults. This triggered uprise of salt domes burt also
local tectonic uplift of former half graben flanks next
to diapiric structures or without such. Diapirism
eventually only started after uplifting in certain cases
due to loading inequilibrium. Thus, the mentioned
straight paleotopographic highs are due to a mixed
block tectonic - salt tectonic history.

Halokinesis eventually started already in the Lias-
sic (GUERY 1984) and was particularly active during
the Callovian and Oxfordian (R. C. L. WiLson 1979).
During the Kimmeridgian the Caldas diapiric zone

was a remarkable facies boundary between clastics
and carbonates (MONTENAT & GUERY 1984, WERNER
1986). R. C. L. WiLson (1979) guesses that the
Vimeiro diapir further south possibly had influence
on sediment thicknesses and facies differences of ter-
restrial clastics on both sides of the structure. The
Porto de Més diapiric structure exhibits strongly di-
minished sediment thicknesses during the Lower
Kimmeridgian (ScHmIDT 1984). Jurassic activity in
most structures stopped before the Tithonian
(GUERy 1984). The Matacies structure and its north-
ward prolongation was, however, obvious in terms
of facies control mainly during the Lower Tithonian,
where it largely bounded the calcareous/marly
»Pteroceriano« development to the east (fig. 4c, d).

Examples of block subsidence effects
and hinterland activity

R. C. L. WiLsoN (1979) identified two Kimmerid-
gian depocenters (»subbasins«), the Bombarral and
the Arruda subbasins. Borehole Ramalhal 1, penetra-
ting the Bombarral subbasin, displays from depth
1024 m to 394 m a predominantly marly-sandy
marine shoaling upward sequence, exhibiting charo-
phyte-bearing marls at the top (Zsyszewsk et al.
1966). The sequence is termed »Pteroceriano« by the
cited authors what is confusing in respect of facies
development. Occurrence of the foraminifer Alveo-
septa aff. jaccardi at 950 m may indicate, like in the
Consolagao section (cf. WERNER 1986), a Lower to
Middle Kimmeridgian age. The sequence is better in-
terpreted as facies transition from the Abadia beds to
the Alcobaca beds (eventually reaching the Sobral
level). It is overlain by terrestrial clastics, repre-
senting most probably the late Kimmeridgian and
Tithonian.

Hence, subsidence was, in connection with a slow
sea level drop, progressively overcompensated by ac-
celerated clastic input, resulting from increasing tec-
tonic uplift of basement blocks, most likely at the
western basin margin.

The Arruda subbasin, interpreted as wrench basin
by R. C. L. WiLson (1979), was rapidly filled up
with fan clastics during the Lower Kimmeridgian
(see chap. 10). The rest of the sequence, displaying
marly Abadia facies, also exhibits a general shoaling
upward trend (fig. 3). Shallowing normally culmi-
nates in the overlying reefal and oolitic Amaral coral
limestone. From field evidence alone it is difficult to
decide, whether the change to calcareous facies in the
Arruda subbasin is caused by aggradauonal shoaling
accompanied with a sudden decrease of clastic hin-
terland input (thus decrease of tectonic activity) or
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whether it is due to a diachronous development re-
sulting from progradation of a high energy slope
break position. Occasional occurrence of low-energy
micritic limestones within the Amaral limestone
(e.g., at section Mata, LEINFELDER 1986) may indi-
cate a general stop of terrigenous input. Main deve-
lopment of reefal limestones along a narrow zone
east of Arruda dos Vinhos and sudden disappearance
further east rather evidence an elevated narrow zone
from which the slope break limestone may have pro-
graded diachronously towards west and south.
Hence, both processes apparently played a role what
can also be concluded from the following chapter.

The Kimmeridgian was the time of greatest terri-
genous influx due to pronounced uplift of hinterland
by intensive block faulting in the second rifting phase
(cf. R. C. L. Wirson 1979). This is not only true for
the Lusitanian Basin but also for the entire North
Atlantic where terrigenous influx displays a sharp
peak, reaching mean accumulation rates of up to
2500¢g X em ? X MA ! (EnrMaNN & THIEDE 1986).
In the Lusitanian Basin tectonic hinterland activity
was, generalizing, apparently very high at the base of
the Kimmeridgian, resulting in fault scarp-induced
fan deposition. For the rest of the Kimmeridgian ac-
tivity was at lower rate. This picture is modified by
short-termed local or regional stops of hinterland ac-
tivity to allow limestone formation, and by local
development of high-energy limestones on uplifted
blocks which were not influenced by surrounding
clastic sedimentation.

During the Lower Tithonian the rapid nordward
transition from »Pteroceriano« limestone/marl sedi-
mentation to marginal marine and terrestrial clastics
evidences active clastic traps. Since there are no hints
for elevated barriers towards this direction and since
the basal »Pteroceriano« transgression was for a
short time reaching far towards north and northwest
(see chap. 1), trapping of clastics was apparently
maintained through rapid block subsidence, even-
tually supported by lateral salt creeping. Subsidence
was compensated (but not overcompensated) by
clastic input, resulting in a broad, low energy coastal
plain where silt, sand and gravel-sized clastics were
trapped because of loss of transport energy. Fine-
grained clay fraction was, however, introduced into
the marine basin to form, in interplay with small tec-
tonic pulses, the typical limestone/marl sequences of
the »Pteroceriano« formation. During sedimentation
of the upper »Pteroceriano« beds, fluctuating clay
input, and hence tectonic pulses, were strongly con-
trolling biogenic reefal carbonate sedimentation
(LEIN+ELDER 1986).

During the late Tithonian, the former clastic traps
were mostly overcompensated by sand input, so that
terrestrial clastics migrated further south and imaged
the step-wise tectonic hinterland uplifts with rapid
lateral progradings and subsequent withdrawals.

Further evidence of tectonic control on sedimenta-
tion results from approximated geohistory analysis,
as given in the following chapter.

10. Approximation of geohistory analysis

Due to enormous differences in thicknesses and
facies development it remains difficult to correlate
individual Kimmeridgian/Tithonian sections even
when considering their respective transgressive-re-
gressive patterns (fig. 3). It remains furthermore al-
most impossible to find out even the approximate
degree of diachronism for most levels, or to analyse
whether regressive tendencies are a result of sedi-
mentary overcompensation or are more likely tecto-
nic or eustatic effects.

Important characteristics of basin development
may be read from geohistory analysis curves (Van
HinTE 1978). Since biostratigraphic markers are
mostly lacking, geohistory can only very approxima-
tely be applied on the studied sequence. Yet, many
qualitative results can be derived from such an ap-
prl:)ach, and certain implications reveal the need for
further studies.

The following data were used for the purpose:
Paleobathymetric interpretation, as given in fig. 3, is for
the studied sequence converted into the following values

basin —200m

slope —50 — —200m, mean —125m
tranquil shallow

water —-20 - —80m, mean —-50m
agitated

shallow water -50 - Om, mean —25m
meandering rivers - 50m,mean 25m
braided rivers,

distal all. fans 0 - 100m,mean 50m

Absolute values are of minor importance, since it is only
attempted to depict changes in basin topography. Hence,
uncertainities are negligible.

Marker levels are the base of the Kimmeridgian, the
Kimmeridgian/Tithonian boundary, as expressed by an
easily recognizable transgressive peak (see chap. 5), and the
top of the Tithonian. Duration for the Kimmeridgian is 4
MA, for the Tithonian 8 MA (after KENT & GRADSTEIN
1985).

As an approximation average bulk sedimentation rates
have to be taken as constant for the entire Kimmeridgian
and entire Tithonian respectively. An exception is section
Arruda where the Kimmeridgian is divided into an upper
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marly part (450 m) with a presumed sedimentation rate
similar to neighboured marly section Monsanto, what re-
sults in a different sedimentation rate for the fan breccias in
the lower part of the Arruda log. If sections do not reach
marker levels, averaged sedimentation rates from all sec-
tions are used. Sections situated on structural highs are not
considered for the diagrams (fig. 5). Sediment thicknesses
and corresponding sedimentation rates are given in tab. 2.

The following conclusions can be drawn from the
diagrams (fig. 5):
* Bulk sedimentation rates were generally high
during the Kimmeridgian. They, varied, however,
considerably from site to site (approximately be-
tween 105 cm X 1000a~! and 11 cm X 1000a~', on
the average 15-16 cm X 1000a™'). An exception is
the Cabo Espichel with only 3 em X 1000a™", point-
ing out that clastics were gathered in the strongly
subsiding parts of the basin. Basin center was situat-
ed between Lisbon (Monsanto) and Arruda. The
enormous thickness around Arruda is due to a local

wrench fault basin (see before), filled up during the
Lower Kimmeridgian.

* In the north, marine incursions appear commonly
in very different vertical position. The marine phase
at Consolagao and C. Mondego, however, ended at
the same time. There was fairly strong basin subsi-
dence in Porto Novo, Consolagao, S. Martinho and
C. Mondego (which was as or even more intensive
than at C. Espichel, Barreiro and Sintra in the
south), yet subsidence was normally overcompen-
sated by coarse clastic input. Marine intervals should
express lower rates of tectonic hinterland activity, so
that due to starving input marine facies could rapidly
spread. Strongest input and thus strong local hinter-
land activity already at the base of the Kimmeridgian
was at Porto Novo and especially at S. Martinho.

* In the south, the sequence is generally shoaling up
(except for the Serra da Arrabida). Calcareous facies
appears earlier at the basin margins (Barreiro, Sintra,
partly with allochtonous limestones) than in the basin

C.Espichel Barreiro 2 Monsanto Sintra Sta.Cruz Pto.Novo Consolagac S.Martinho C.Mondego
Kimmeridy oo
C.Espichel Barreiro 2 Monsanto Sintra Arruda Sta.Cruz Pto.Novo Consolagac S.Martinho C.Mondego
Kimmeridgian
thickness (m) |ca 120 540 1000 430 2750 > 450 > 360 ca 630 470 520
sed.rate 3.0 13.5 25.0 10.8 68.8 {15.6} (15.6) 15.8 11.8 13.0
{em/ 1000 a) (105/25*
Tithonian
thickness (m) 340 285 B30 500 360 > 300 > 400 >270 >090 >50
sed.rate 6.8 3.6 7.9 6.3 4.5 (5.8) {5.8) (5.8) (5.8) (5.8)
(cm/1000 a)
sedimentation rate Kimmeridgian: min. 3.0 max. 68,8 : mean 15.6 em/1000 a (without considering extreme values)
sedimentation rate Tithonian: min. 3.6 max. 7.9 ; mean 5.8 cm/1000 a

Table 2. Thicknesses and deduced bulk sedimentation rates for the Kimmeridgian and Tithonian part of major sections.
For definition of Tithonian base refer to chap. 5. Time intervals after KENT & GRADSTEIN (1985). Asterisk marks splitting
of Kimmeridgian bulk rate (see text). Further values in brackets represent averaged sedimentation rates.

Fig. 5. Simplified Geohistory Analysis: plot of bathymetric interpretation and cumulative thicknesses versus time for all

sections.

x-axis: Kimmeridgian-Tithonian time scale (after KENT & GRADSTEIN 1985). Left base of Kimmeridgian, right top of

Tithonian; large arrow Kimmeridgian/Tithonian boundary.
y-axis: thicknesses in meters

Abbrev.: A first appearance of Anchispirocyclina lusitanica, ex last occurrence of Clypeina jurassica in Monsanto log;

tectonically or eustatically induced drop of sea level
local basin deepening due to downfaulting
shallowing due to increased clastic influx

9o~y

sedimentation keeping pace with subsidence

strong overcompensation of subsidence by sedimentation, due to tectonic hinterland activity

PT sedimentation keeping pace with subsidence, yet mirroring tectonic pulses

R peak of sudden eustatic sea level rise

§ deepening due to stop of depositional overcompensation.

Compare with fig. 3; for further explanation see text.
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center (Monsanto, Arruda). This excludes a more ag-
gradational shallowing where limestones should ap-
pear at the same time in the entire basin. Shallowing
might be due to lateral sediment progradation or to a
slow eustatic sea level fall. In the latter case, how-
ever, the western Arribida sequence should also
show a regressive pattern which is not fully the case
(see below).

The marine, limestone-bearing level at S. Mar-
tinho, interpreted as equivalent to the Amaral lime-
stone by R. C. L. WiLson (1979) and WERNER
(1986), as well as the marine, marly-calcareous level
at Cabo Mondego appear much earlier. This proves
the postulated diachronous character of the interval
(see chap. 5). If this level would correspond to the
»Pteroceriano« transgression, what also cannot be
excluded through paleontological facts, Kimmerid-
gian sedimentation rates for S. Martinho and Cabo
Mondego would only amount to 7 cm X 1000a™ ! and
9 cm X 1000a' respectively, what is in contrast to
the overall picture.

* During the Tithonian, degree of basin deepening
was much lower than during the Klmmerldglan evi-
dencing the slow-down of tectonic activity. Inclu-
ding compaction of Kimmeridgian sediments,
whereby especially the marly-shaley sequence of the
basin center might have undergone substantial com-
paction, sedimentation rates were 2.5 to 4 times
lower than during the Kimmeridgian (Arruda 15 x).
Considering compactional effects, tectonic basin
subsidence slowed down even more. Highest (un-
corrected) subsidence rates appear in Monsanto
(8 em % 1000a™") and at the Cabo Espichel. In the
latter case subsidence was higher by factor 2 than
during the Kimmeridgian. A minimum was at the
eastern margin of the basin (Barreiro: 3.6 cm X
1000a~'). At the former western basin margin
around Sintra, subsidence during the Tithonian did
not slow down as much as in other regions, evi-
dencing a shift in basin axis towards southwest.

* Tithonian basin deepening in the northwest was
not lower than in marine areas further south. It was
certainly differentated from site to site, what, unfor-
tunately cannot be depicted by the available means.

* In the Tithonian start of clastic input to the marine
basin coincides roughly in the east (Arruda, Barrei-
ro) and corresponds to a sudden increase in clastic in-
put in the south (C. Espichel). From this one may
conclude a regional uplift of the eastern hinterland,
starting with a sudden peak. This resulted in pene-
contemporaneous fast introduction of clastics which
was restricted to the eastern parts of the basin. Only

much later clastics reached slightly further west
(Monsanto).

Shallowing of marine facies is earlier in Sintra than

in Arruda. The Arruda shallowing was, however,
coeval with a change in mainland morphology in
Porto Novo. Accepted that sedimentation rates were
stable, this could eventually indicate a slow sea level
drop, accentuated by tectonic pulses.
* Thick, oscillating transgressive/regressive cyclic
limestone/marl/clastic sequences appear only in
slowly subsiding areas (Cabo Espichel, Barreiro and
Arruda). A general balance between slow subsidence
and sedimentation kept the water level close to zero.
Minor tectonic hinterland pulses resulted in short-
time overcompensation of subsidence by terrestrial
clastics. The two marine levels at Sta. Cruz could be
interpreted as stops of hinterland activity in an other-
wise slightly sediment-overcompensated area. To
what extent sea level fluctuations may have played a
role was discussed earlier.

* Kimmeridgian/Tithonian transition

It should be recalled that the base of the »Pteroce-
riano« limestones or the top of an corresponding
marine clastic interval was taken as the stage bound-
ary due to biostratigraphic investigations, field evi-
dence and model considerations (see chap. 5). Taking
this as a fact, it is obvious that lowering of the sedi-
mentation base occured already since Middle to Up-
per Kimmeridgian at Sta. Cruz, Porto Novo and,
possibly, Consolagio. At Cabo Espichel a certain
deepening is eventually already indicated during the
Upper Kimmeridgian (decreasing miliolids, appear-
ance of sponge spicules, cf. RamaLuo 1971). At the
base of the Tithonian a short-termed rapid deepening
is obvious by the appearance of abundant sponge
spicules, occurrence of ammonites, ironhydroxide
impregnations (cf. op.cit.) and by a positive strong
peak in foraminiferal diversity (cf. FirsicH &
ScumpT-KITTLER  1980). Arruda exhibits rapid
deepening at the top of the Sobral sandstones, what
possibly is transferable to Barreiro log. Deepening in
Sintra is not very obvious. Limestones consisting
mainly of allochtonous reef blocks and breccias
grade into a low energy limestone/marl sequence.
Eventual deepening is apparently overprinted by a
flattening of the depositional slope.

Deepening occurred thus in many places, even in
sediment-overcompensated terrestrial areas, what
backs the interpretation of an eustatic sea level high-
stand. Transgression was additionally favoured by a
decrease of tectonically induced clastic influx which
lowered the terrestrial sedimentation base already in
Midd!le to Upper Kimmeridgian times.
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* Biostratigraphic implications

Dating by Clypeina jurassica

Lithostratigraphic correlation of log Monsanto
may be performed by interpreting the transition
from a 74 m thick micritic limestone interval char-
acterized partly by reefal microfacies (zone 4 and 5 of
section Monsanto after RamaLHo 1971, 96) to a 130
m thick dasycladacean-dominated, apparently la-
goonal sequence (»calcaires cryptocristallins grave-
leux«, zone 6 of respective section, op.cit.) as the
transgressive correlation level. Deepening may be
hardly reflected, yet the overlying 109 m of partly
oolitic and oncolitic limestones (zones 7, 8 of cited
section) would correspond to a similar shallowing
level at Sintra. Facies similarities in this aspect were
also mentioned by Ramarno (1971). Additionally
both shallowing levels would plot in a comparable
height at about 2 MA above the Tithonian base.

However, the mentioned »gravelly limestones«
(zone 6), which according to this plotting should be
of lowermost Tithonian age, exhibit abundant speci-
mens of the dasycladacean alga Clypeina jurassica, on
grounds of which RamarLHo (1971) dated these sedi-
ments as uppermost Kimmeridgian.

If this is so, consequences in the geohistory curve
are considerable (fig. 5). Sedimentation rate for the
Kimmeridgian would be very high (29.8 cm x 1000a™")
and decrease of rate for the Tithonian would be by
factor 5.7 which is high compared to lithologically
similar closeby sections. This section would more-
over display a transgression — regression rhythm dif-
ferent to the rest of the basin. The Kimmeridgian/
Tithonian boundary would correspond to the change
from the mentioned dasycladacean-dominated la-
goonal facies (zone 6) to lagoonal facies characterized
by the appearance of oolitic and oncolitic beds
(zones 7, 8 of cited section). This should rather re-
flect a regression although related differences in de-
positional depth are certainly small. The foraminifer
Anchispirocyclina would appear already 1.7 MA
above the Tithonian base, whereas in the rest of the
sequence its earliest appearance is around 3 MA
above the base (see below).

As yet there is no solution to these discrepancies.
Good regional biostratigraphic results were achieved
by considering Clypeina jurassica as typical for the
Upper Kimmeridgian of Portugal (cf. Ramaruo
1971, 1981). The basal Tithonian transgression could
eventually be overcompensated by sedimentation,
although appearance of oolites and oncolites stands
against high sedimentation rates. Another explana-
tion could be local tectonic uplift.

If one judges that the match of the transgressive-
regressive pattern has to be correct, then Clypeina ju-

rassica must have appeared still during the Lower Ti-
thonian (if reworking of the alga from underlying
sediments is excluded). As a matter of fact, Clypeina
jurassica 1s known in most parts of Central and
Southern Europe from the (late?) Kimmeridgian
throughout the Tithonian to the lowermost Cre-
taceous (e.g., FARINacct & Rapoicic 1974, Draca-
STAN 1975, BENEsT et al. 1975, Azema et al. 1977).
This is also true for neighboured Spain (Garcia-
HERNANDEZ & LOPEZ-GARRIDO 1979). Even in Por-
tugal it was locally detected in the Tithonian, al-
though in much lower frequency (RamarLno 1971,
tabl. H; 1981).

Hitherto, none of the two possible cases can be
definitely ruled out, until reconsiderations of the
Monsanto log under facies aspects and further bio-
stratigraphic data are available.

Dating by Anchispirocyclina lusitanica

Anchispirocyclina lusitanica is the guide fossil for
the Lusitanica Biozone which is typical for the
Upper Tithonian in the Mediterranean realm (e.g.,
BENEST et al. 1975, Azema et al. 1977, GARcia-
HERNANDEZ & LO6PEz-GARrIDO 1979). Regardless
of the above mentioned complications (i.e. neg-
lecting case b of interpretation of section Monsanto),
and based on the applied methods the form appears
early in Monsanto (ca. 3.3 MA above Tithonian
base, case a) and Sintra (ca. 3.4 MA above base) but
late in Cabo Espichel (5.1 MA) and Arruda (5.7
MA). From Barreiro log the form is not reported; its
theoretical appearance might lie within the clastic-in-
fluenced interval above 3.8 MA over base.

If one considers the first appearance as a syn-
chronous event, explanation must be that sedimenta-
tion rates have varied considerably and that conse-
quently the given diagrams based on constant bulk
rates are not a good approximation to the actual
situation. Sedimentation rates at Arruda and Cabo
Espichel must then have been very rapid for the
lower part of the Tithonian, whereas rates in the
basin center must have been considerably lower for
similar sediments. This is unlikely, particularly when
taking facies dependance of the form’s appearance in-
to consideration. Lack of the form in Barreiro logs
might be due to the ecological stress of mixed clas-
tic—carbonate sedimentation. Below the form’s first
appearance in the Arruda section there occur ter-
restrial sediments (plotted 4.7-5.7 MA above Titho-
nian base) and a mixed clastic carbonate sequence
(3.7-4.7 MA above base); below the first appearance
at Cabo Espichel there is a predominantly clastic se-
quence (plotted 3.2-5.1 MA above Tithonian base).
Sediments representing better ecologic conditions
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below these sequences were possibly deposited be-
fore the first possible appearance of the foraminifer.
It is not quite clear under this aspect why marine
intervals within the mentioned mixed sequences
around 3.5-5.0 MA above Tithonian base do not ex-
hibit occasional specimens of the form. This might
be due to the much lower population density at the
base of the taxon range zone (evaluation of
RAMALHO 1971 and own observations) and to insuf-
ficient sampling density.

Considering an error of 1 MA due to approxima-
tions and generalizations through the applied
method, a boundary between the early Tithonian
(Portland A sensu RamarLHO 1971, 1981) and late
Tithonian (Portland B sensu RamarLHO) could be
drawn at around 3—4 MA above base, subdividing
the 8 MA duration of the Tithonian (after Kent &
GRADSTEIN 1985) into a lower part lasting 3.5+0.5
MA and an upper part durating 4.5+0.5 MA.

It should be, however, noted that according to
SEPTFONTAINE (1981) the Lusitanica zone starts al-
ready during the Kimmeridgian (if including Anchi-
spirocyclina praelusitanica which is difficult to distin-
guish in unoriented thin-sections). This would even
allow interpretation b for the Monsanto section
where Anchispirocyclina would already appear 1.7
MA above the Tithonian base.

As a conclusion it may be stated that the first ap-
pearance of Anchispirocyclina lusitanica is not a good
marker level. A better correlation horizon would be
the bloom of the form (acme subzone) in the higher
part of the Tithonian which in the given examples
plots around 5-6 MA above the Tithonian base.

11. Paleogeography of the Lusitanian Basin
during the Kimmeridgian and Tithonian

Generalized paleogeographic sketch maps for the
Kimmeridgian and Tithonian of the Lusitanian Basin
were first given by R. C. L. WiLson (1975a) and
later by MouTerpe et al. (1979) and in more detail
by R. C. L. WiLson (1979). FELBER et al. (1982), and
recently WERNER (1986) and LEINFELDER (1986) ad-
ded maps for selected parts of the basin, which refine
and partly contrast the given image.

Based on the cited authors and on the results of
this paper on stratigraphic correlation and basin
development, fig. 6 gives a set of rearranged and re-
fined maps. Due to uncertainities in correlation
caused by lack of biostratigraphic markers and due to
lack of further sedimentological data, they still ex-
hibit model character. Together with the added
structural sketches (fig. 4) they are, however,

thought to sufficiently illustrate the paleogeographic
development. ‘

During the Lower Kimmeridgian facies dif-
ferentiation already reached a highpoint due to in-
tensive block faulting and heavy input of terrestrial
clastics. In the south, limestone development exhibi-
ted supratidal character around the Sesimbra diapir.
East and particularly southeast-derived siliciclastics
were only of subordinate importance.

The basin center showed differentiation into parts
with and without carbonate development, indicating
that between Cabo Espichel and north of Sintra no
western uplifted basement block was existing. Fault
scarps produced coarse-grained subaerial/submarine
fans, eventually filling wrench fault subbasins. It re-
mains unclear whether Upper Oxfordian local shal-
low water carbonate facies persisted to the Lower
Kimmeridgian and whether the shallow water Ota
bank existed already.

Further north, a narrow zone was limited towards
east by a tectonic uplift which was strongly modified
by uprise of salt diapirs. This zone exhibited clastic-
dominated, coral-bearing, lagoonal and prodelta
facies around Peniche, and delta cycles further north
(Cabo Mondego). In between, basin deepening was
overcompensated by clastic input to result in the
development of a high sinuosity fluvial plain. East of
the uplift region paralic to marginal marine facies, in-
fluenced by the Porto de Més diapir, was deepening
southwards towards the basin center.

The Middle to early Upper Kimmeridgian displays
similar trends in the south with some modifications.
In the Serra da Arrabida, reworked calciclastics were
increasingly introduced from the east. Around Sin-
tra, an accentuated slope break and reefs, developing
most likely west of this zone, are indicated by alloch-
tonous limestone sequences. Further north, fan brec-
cias disappeared, instead clastic slope and basin sedi-
mentation was widespread. The Ota limestone bank
started to develop, as did carbonate platform sedi-
mentation on top and east of the Vimeiro—Caldas da
Rainha-Alcobaga uplift. Connection of the two car-
bonate areas is unlikely since east-derived clastics
must have entered the basin in between. Along the
present-day coast, marine, partly calcareous sedi-
ments occurred after a time of terrestrial sedimenta-
tion. High clastic input from the Berlengas area pre-
vented establishment of lime sedimentation around
Peniche.

In the course of the Upper Kimmeridgian the en-
tire northern part of the basin was filled up by clas-
tics what resulted in the development of vast fluvial
areas. Towards south, clastics turned gradually into
marine facies. Due to mainly progradational filling of
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the marin basin and due to a certain stop of hinter-
land activity, a thin sheet of reefoid limestones
spread diachronously across the basin. The Ota lime-
stone already underwent karstification due to local
tectonic uplift. Limestone development also took
place berween Sintra and Lisbon. It is, though, not
clear whether the entire center became occupied by
limestone deposits. In the Serra da Arribida ter-
restrial siliciclastics were gradually prograding west-

wards.
At the top of the Kimmeridgian, terrestrial clastics

were advancing from the north, resulting in the pro-
gradation of an estuarine delta towards south. Clas-
tics were outwedging towards southeast due to local
uplifts controlling sediment distribution. East-de-
rived clastics appear at Barreiro, closeby Lisbon. In
the Serra da Arrabida terrestrial clastics, underlain by
a sheet of calciclastics, prograded markedly towards
west. The Sesimbra diapir stopped rising, thus
having no further control on sedimentation. To-
wards the Kimmeridgian upper boundary, a slight
transgression is obvious, being the prelude of a gen-
eral sea level rise in the early Tithonian.

In the course of this sea level rise marine facies
reappeared in regions formerly abandoned by the
sea. Possibly due to a certain stop of terrigenous in-
put from the western borderlands, the sea occupied a
narrow stripe along the recent coast between Sta.
Cruz and Cabo Mondego. At the peak of the trans-
gression, close at the base of the Tithonian, lime-
stones appeared at both localities. Between these
sites, higher clastic input prevented limestone forma-
tion. Freshwater admixture was high at Peniche, re-
sulting in brackish facies. Further south, the basin
was occupied by a low-energy sequence of micritic
limestones and marls. Local high-energy facies points
out uplifts in the Matagies-Montejunto area and SE
Arruda dos Vinhos. Local high thicknesses along the
recent Tejo valley were certainly caused by wrench
tectonics. In the Serra da Arribida the sea only re-
mained in the western part, producing a mixed car-
bonate/clastic sequence reflecting coast line fluctua-
tions caused by short-termed tectonic hinterland
uplifts.

Still in the very early Tithonian the sea disappeared
again from the newly flooded areas, withdrawing
even more than before. Concomitantly tectonic ac-
uvity, particularly along the western basin margin,
started again. It caused an accentuated pushing back
of the sea due to sedimentary overcompensation.
Marly limestone sedimentation was restricted to the
basin center and to a lagoonal protrusion towards
north which was confined and sheltered from clastics
by the Matagaes-Montejunto uplift and by the uplift

zone east of Arruda. Transition towards shallow ma-
rine clastics further north occurred along a stable line
demonstrating equilibrium of clastic deposition with
subsidence. During the mid Lower Tithonian shal-
lowing in the marine parts of the basin resulted in wi-
despread development of higher energetic sediments.

Basin filling by introduced clastics continued
during the late Lower and Upper Tithonian, re-
sulting in a further continuous push-back of marine
regions. Tectonic and halokinetic intrabasin dif-
ferentiation ceased, so that a simple facies pattern
was produced: The constantly shrinking marine area
was characterized by a mixed carbonate/marl/clastic,
lagoonal sedimentation directly reflecting hinterland
uplifts and eventually further global sea level oscilla-
tions. Clastcs prograded diachronously from the
north, northwest and east. They reached Sintra only
at the Cretaceous boundary.

Continuous marginal marine, Purbeck-type sedi-
mentation into the Lower Cretaceous eventually per-
sisted only in the Lisbon and Sintra area (RamaLno
1971, Rey 1979), whereas the rest of the basin was
lifted up. This resulted in the widespread develop-
ment of an erosional subaerial unconformity, the
»Neocomian Surface« (VANNEY & MOUGENOT
1981).

Conclusions

1) Kimmeridgian and Tithonian sediments in the
Lusitanian Basin were deposited in very variable set-
tings, including basinal areas, slope environments,
slope break buildups, low and high-energy lagoonal
settings, delta systems, lakes and alluvial areas.

2) Basinal, slope, lagoonal and lake environments
may likewise display siliciclastic and carbonate
facies. The respective development is controlled by
biologic and ecologic factors, and particularly by the
interaction between energy regime and amount of
clastic influx which is a function of tectonic activity:
Calcareous lake facies, for instance, only developed
during tectonically calm phases of ceasing clastic hin-
terland supply. Carbonate precipitation was, how-
ever, dependant on an uplifted closeby lime source
area and on the biologic activity of algae. Marine car-
bonate buildups were related to tectonic or halokine-
tic uplifts and suitable environmental conditions
(e.g., normal salinity) resulting in strong biologic ac-
uvity. Allodapic carbonates originating from slope
break buildups contaminated siliciclastically domina-
ted slope settings when slopes were tectonically
steepened. High-energy carbonates were also created
in clastic shoaling-up zones, either during intervals of
low sediment input or due to progradational migra-
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Fig. 6. Paleogeography and facies distribution of the Lusitanian Basin during the Kimmeridgian and Tithonian (partly
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tion of inner basin high-energy settings. Limestone
development in low-energy, basinal or lagoonal envi-
ronments represents either times of very low clastic
influx, or was due to a certain distance from clastic
sourcelands, or was enabled by effective, subsiding
clastic traps and uplifted clastic fences.

Examples of tectonic control on clastic sedimenta-
tion are turbiditic and debris flow deposits, and
changes from high sinuosity to low sinuosity fluvial
systems, reflecting uplift of source areas. Very im-
portant as source area for clastics was an uplifted
basement block west of the present-day Portuguese
coast. During the Kimmeridgian, most clastics enter-
ed between Consolagio and S. Martinho, resulting in
complete overcompensation of basin subsidence
during the Lower Kimmeridgian and in local
brackish water characteristics of the marine trans-
gression at the Kimmeridgian/Tithonian boundary.
Further south, between Sintra and Cabo Espichel,
no influence of west-derived clastics is obvious. A
westward shallowing is, however, notable between
Lisbon and Sintra.

3) Effects of halokinesis on facies distribution and
thicknesses were widespread during the Kimmerid-
gian and, to a lesser extent, Tithonian. Uprise of salt
diapirs was, however, only accompanying or poste-
rior to rift tectonics which reactivated late Hercynian
and Triassic faults. Occasionally, salt might have in-
vaded uplift structures at a much later time. Block
faulting and tilting without diapiric influence also re-
sult in similar facies pattern.

4) Influence of eustatic sea level changes on sedimen-
tation is difficult to decipher. Tectonic control com-
monly led to a mosaic-like facies pattern and, to-
gether with common overcompensation of bathy-
metric deepening by clastic sediment supply, fre-
quently overprinted eventual eustatic effects. An ex-
ception is the base of the »Pteroceriano« beds which
is clearly transgressive north of Lisbon. Sediment
characteristics evoke a rapid, mainly synchronous
spreading of limestone facies over major parts of the
basin at the peak of the transgression. In the basin
center this transgression is less obvious, to be more
distinct again in the southernmost part of the basin.
There, this main correlation level (MCL) can be bio-
stratigraphically dated as Kimmeridgian/Tithonian
boundary. Thus, the MCL might probably cor-
respond to a VaIL et al. (1984) peak in the global sea
level curve.

Approximation of geohistory methods reveals that
two intercalations of marine limestones in Tithonian
terrestrial clastics south of Sta. Cruz may correspond
to two transgressive peaks south of Arruda. They
might either represent two further intra-Tithonian

global eustatic peaks of the VaiL curve or are, more

likely, due to local block faulting.
5) Geohistory curves are normally worked out aftera

refined biostratigraphic framework is established and
calibrated by absolute age values. Simplified applica-
tion of geohistory methods on the studied sequence
provides, however, an useful tool to unravel the
mutual influence of basin subsidence, hinterland
activity and eustacy. For this purpose bathymetric
log interpretation and cumulative thicknesses were
plotted versus time, by using three synchronous and
datable MCL (respective base of Kimmeridgian, Ti-
thonian, Cretaceous) and averaging bulk accumula-
tion rates for the respective intervals. This results in
many time-correlatable events such as the simul-
taneous onset of Anchispirocyclina in settings where
ecologic conditions were favourable (2 of 5 sections
with Anchispirocyclina), and the coinciding maxi-
mum frequency of the form (all 5 sections with
Anchispirocyclina), or the matching of downfaulting
intervals. Thus, simplifications seem acceptable and
permit a good degree of confidence on the validity of
the resulting pattern. The method supports and em-

phasizes the overall dominance of tectonic activity
on the sedimentary record (fig. 5):

After rapid deepening of the sedimentation base at
the Oxfordian/Kimmeridgian boundary, a general
shallowing started sooner or later in all marine parts
of the basin, reflecting increased influx of clastic ma-
terial and most likely a slight drop of eustatic sea
level. Tectonic effects are well visible in Sintra (allo-
dapic limestones), Arruda (wrench fault basin sub-
sidence) and by the rapid and complete filling of
marine basin parts with clastics in the north. A cer-
tain stop of tectonic activity led at the same time (+2
MA above Kimmeridgian base) to deepening of the
sedimentation base in Arruda (fault scarp breccia to
basinal marls), Sta. Cruz, Porto Novo, Consolagao
(braided rivers to meandering rivers), S. Martinho
and Cabo Mondego (short-termed marine ingres-
sion). Further stop of tectonic uplift and related stop
of clastic input at the end of the Kimmeridgian re-
sulted in shallow water carbonate sedimentation,
keeping pace with subsidence (Barreiro, Mon-
santo?), and start of a marine transgression in the
north, accompanied by a general sea level rise. The
western Arrabida exhibited a different development.
Due to low basin subsidence and lacking terrigenous
influx, carbonate sedimentation was continuously
keeping pace with the water level.

During the Tithonian, sedimentation was general-
ly in equilibrium with subsidence in the south and
center of the basin, partly mirroring small tectonic
pulses. In the north, complete overcompensation of
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or hiatus is, however, evident in other basins excep® Fubsidence resulted in overall terrestrial facies. Shal-

for some Grand Banks basins (cf. GRaDSTEIN 1979)
and Upper Jurassic carbonate development is com-
monly more widespread (Jansa 1981, Jansa &
regional uplift, with Sintra being a local prelude.
Further shallowing/deepening phases occur then on-
ly locally. Tectonic deepening happened at the same
time in Monsanto (case a) and Sintra; simultaneously
shallowing is also evident for the Cabo Espichel and
neighboured section Barreiro. Coeval are further-
more eventually two deepening events in Arruda and
Sta. Cruz (see above). Increased clastic influx and
further shallowing appears diachronously in all
marine parts of the basin towards the Cretaceous
boundary, indicating a general uplift of the basin and
its margins which was eventually accompanied by a
slow eustatic drop.

6) Geohistory methods have also some implications
on Portuguese biostratigraphy. Thus, in the Lusi-
tanian Basin, degree of synchronism is much higher
when correlating the maximum frequency of An-
chispirocyclina lusitanica in the Upper Tithonian,
rather than the first occurrence of the foraminifer.

Discrepancies arise when dating the Upper Kim-

meridgian by the alga Clypeina jurassica. Further in-
vestigations are needed to find out whether the form
also may frequently appear in the Tithonian or
whether presuppositions of the applied geohistory
methods are locally not valid.
7) The development of the Lusitanian Basin is in-
tegrated into the general development of the North
Atlantic rift system. The Upper Jurassic sequence of
the basin reflects a second major rifting phase, re-
lated to spreading activity in the southern North At-
lantic. During the Kimmeridgian extensional and
wrenching forces caused rapid subsidence. Subsid-
ence slowed down considerably during the Tithonian
and uplifts occurred more widespread. This evi-
dences thermal doming of the axial part of the North
Atlantic rift what led to partial deep truncation of
sediments down to Triassic deposits during the final
Jurassic and early Cretaceous (P. A. ZIEGLER, pers.
comun.).

Other major North Atlantic marginal basins com-
monly display similar development. Thus, the
Northwest African basins and the U.S. eastern
basins also subsided along major Hercynian fault
zones; they exhibit an Upper Triassic/Lower Liassic
initial rift sedimentation and subsequent carbonate
platform or mixed clastic/carbonate development (cf.
LanceLoT & WINTERER 1980, Jansa & WIEDMANN
1982). A major unconformity at the base of the Cre-
taceous is very obvious in the East Coast basins
(McWHAE 1981). No Lower Oxfordian regression

lowing starts simultaneously in Monsanto (interpre-
tation a), Arruda, Porto Novo and Consolacio, but

«arlier in Sintra. Shallowing was possibly caused by

WieEDMANN 1982). Basin shape is often more assym-
etric than in the Lusitanian Basin, resulting in unidi-
rectional shelf-shelfbreak-slope patterns. The Upper
Jurassic of the Nova Scotian Basin is a well studied
example, consisting from NW to SE of the terrestrial
to marginal marine Mic Mac sandstones, the Baccaro
ramp to platform carbonates of the Abenaki Forma-
tion, and the deep water shales of the Verril Canyon
Formation (ELiuk 1978, McWHAE 1981). Common-
ly, these facies patterns become overriden by a final
Jurassic clastic wedge, prograding towards the Atlan-
tic axis (cf. MCWHAE 1981, Jansa & WIEDMANN
1982). Carbonate platforms may also sharply break
off to form carbonate gravity flow deposits inter-
fingering with pelagic limestones, as it is true for the
Upper Jurassic of the Moroccan Mazagan Platform
(Jansa et al. 1984, STEIGER & Jansa 1984),

Neighboured European basins such as the North-
ern Spain, Aquitaine and Algarve Basins, but also the
Moroccan Atlas Basin dcvclopcd pcrpcndlcular or
oblique to the Atlantic main rift axis along major
transform directions. They commonly exhibit a fair-
ly different development, strongly influenced by the
local setting. Thus, the Upper Jurassic of the Aqui-
tanian Basin, distant from large basement uplifts, is
dominated by carbonate and marl facies (DELFAUD &
DerVacrie 1980, Enay et al. 1982). The Northern
Spain Basin is characterized by marginal marine to
brackish sandstones or a hiatus during the entire Ox-
fordian, and by a mixed clastic/carbonate develop-
ment with differentiation into terrestrial, marginal
marine and deeper marine settings during the late
Upper Jurassic (R. C. L. WiLsoN 1975a, ALVARRA-
DO 1980). Major clastic input occurred, however,
only during the Lower Cretaceous (R. C. L. WiLsoN
1975a). The Algarve and Atlas Basins partly con-
nected Atlantic rifting zones and Tethyan pelagic re-
gions. Hence, the Upper Jurassic sequences are con-
stituted of intercalating shallow marine, partly
brackish, carbonates, talus sediments and pelagic de-
posits (cf. Roca & MarQuEes 1979, MOUTERDE
et al. 1979, RamaLHo 1981, STETS & WURSTER 1982,
HiissNEr 1985).
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