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Tectono-biosedimentary recordings at the Lias-Dogger transition: example of
the Quercy carbonate platform (Aquitaine Basin, France)

CARINE LEZIN!, JacQuEs REY!, PHILIPPE FAURE?, RENE CUBAYNES?, THIERRY PELISSIE!,
CHRISTOPHE DURLET* and JEAN-FRANCOIS DECONINCK*
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Abstract. — On the eastern edge of the Aquitaine Basin, the Lias-Dogger transition and the events, which occurred du-
ring this time interval are studied in the Quercy sedimentary basin. Stratigraphic correlations are proposed using a bioc-
hronological calibration based on the determination of numerous ammonites and brachiopods. Facies analyses using
statistical processing integrate the presence of faults and tectonic compartments and lead to reconstruction of palaecoen-
vironments in space and time. The paper includes the description of system tracts following Haq et al. [1987] and Vail et
al. [1991], and twelve palacogeographic maps of the area studied. The objectives are to distinguish the various allocy-
clic and autocyclic factors controlling sedimentation and to show the impact of the Mid-Cimmerian tectonic event on
the evolution of the basin.

Enregistrements tectono-biosédimentaires au passage Lias-Dogger : exemple de la plate-forme
carbonatée du Quercy (bassin d’Aquitaine, France)

Mots-clés. — Toarcien, Aalénien, Plate-forme carbonatée, Sédimentation, Tectonique, Quercy, France.

Résumé. — Le Quercy, sous-bassin sédimentaire situé sur la bordure orientale du Bassin aquitain, constitue I’une des ra-
res plates-formes intracratoniques du Nord-Ouest de la Téthys a avoir enregistré une sédimentation néritique relative-
ment continue au passage Lias-Dogger.

A partir d’un calage biochronologique fondé sur la détermination de nombreuses ammonites et brachiopodes, et
d’une analyse fine des facies, des corrélations stratigraphiques sont proposées. Intégrant la présence de failles et de
compartiments, tectoniques, cette analyse permet une reconstitution des variations spatio-temporelles des paléo-
environnements, traduite par 1’édition de 12 cartes paléogéographiques et par la description de séquences de dépdt de
3° ordre sensu Haq er al. [1987] et Vail et al. [1991]. L’ objectif est de faire la part entre les différents facteurs
allocycliques et autocycliques qui contrdlent la sédimentation et de montrer I'impact de la phase tectonique dite
“mi-cimmérien” [e.g. Graciansky et Jacquin, 2003] sur I’évolution du bassin.

Du Toarcien supérieur (zone a Pseudoradiosa) au Bajocien, la sédimentation et la géométrie des dépdts apparais-
sent dans le Quercy sous controdle tectonique continu. Le maximum d’activité tectonique, qui s’exprime par la surrection
des seuils périphériques au bassin et induit son semi-isolement, est daté du sommet de la zone a Opalinum et de la base
de la zone a Murchisonae. Cet événement pourrait étre rattaché a 1I’événement “mid-cimmérien”. Résultant des effets
conjugués de 1’accélération du rifting téthysien, du rifting de la mer du Nord et de I’ouverture de 1’ Atlantique central, il
a des conséquences modérées sur I’évolution paléogéographique, comme en témoigne 1’enregistrement continu de la sé-
dimentation.

A la différence des autres bassins, ce maximum d’activité tectonique est décalé dans le temps par rapport au
maximum de régression du 2™ ordre qui est daté de la zone 2 Concavum ou de la base du Bajocien.

A 1’échelle du troisieme ordre, 5 séquences de dépot sensu Haq et al. [1987] et Vail et al. [1991] ont été identi-
fiées. La contribution respective des variations eustatiques et de la tectonique régionale sur les variations du niveau ma-
rin relatif n’a pas pu étre évaluée.

D’un point de vue paléoenvironnemental, il apparait que de la transition entre le Lias et le Dogger n’est ici marquée
par aucun changement biosédimentaire qui pourrait étre significatif en termes de variations climatiques majeures.
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INTRODUCTION

In western European and Tethyan basins, Upper Toar-
cian-Aalenian deposits are generally included in a regressive
second-order cycle, which begins in the middle Toarcian and
ends during the Aalenian [e. g. Rioult ef al., 1991; de Gra-
ciansky et al., 1993; Razin et al., 1996; Hardenbol er al.,
1998; Jacquin et al., 1998; O’Dogherty et al., 2000; Floquet
et al., 2000; Aurell et al., 2003]. The regressive trend, often
expressed by the development of carbonate platforms over
the Toarcian marly deposits, is linked with the break-up of
Pangea, which includes opening of the Central Atlantic, rif-
ting of the Tethys and doming of the North Sea. In France,
this period is characterised by accentuation of palacotopogra-
phy, erosions and reactivation of ancient faults [Jacquin et
al., 1998; Robin, 1997; Guillocheau et al., 2000; de Gra-
ciansky et al., 2003; Robin et al., 2003; Thiry-Bastien, 2002;
Durlet et al., 1997; Durlet and Thierry, 1999; Quesne et al.,
2000]. This period also coincides with uplifts recorded in
Normandy (Lower Aalenian and Lower Bajocian) [Rioult ef
al., 1991] and the North Sea [Jacquin et al., 1998]. On most
intracratonic platforms, the result is a discontinuous and poor
sedimentary record of tectonic and biosedimentary events
characterising the maximum of regression at the 2" order
scale sensu Hardenbol er al. [1998].

The Quercy area, located on the northeastern border of
the Aquitaine Basin, is one of the rare French platforms
where sedimentation was relatively continuous from Upper
Toarcian to Early Bajocian. The objective of the paper is the-
refore to decipher the sedimentary record including tectonic
and biosedimentary events during the regressive evolution.

The study includes: facies analysis integrating statistical
treatments [Lézin et al., 2000]; stratigraphic correlations ba-
sed on biochronological data (ammonites and brachiopods);
drawing up of palaeogeographic charts integrating the pre-
sence of faults and tectonic blocks poorly described so far for
their synsedimentary influence during the Jurassic; a recons-
truction of space-time palaeoenvironmental variations to
identify depositional sequences at the 3rd order scale sensu
Haq et al. [1987] and Vail et al. [1991].

At the end of this sedimentological, palacogeographic
and sequential synthesis, an examination of the different al-
locyclic factors that may have driven the sedimentation in
this region during the Lias-Dogger transition is proposed.
We integrate the results of mineralogical (clay minerals)
and palynological analyses. By comparison with other, near
or distant sedimentary basins, the chronology of the diffe-
rent tectonic, eustatic, and possibly climatic events is dis-
cussed.

GEOLOGICAL, CHRONOLOGICAL SETTINGS
AND CORRELATIONS (fig. 1)

The polygonal Quercy sub-basin (fig. 1), located on the nor-
theastern edge of the Aquitaine basin, is bordered by the
Villefranche-de-Rouergue fault (east) and by the
West-Quercy lineament (west). The series, ranging in age
from the Upper Toarcian to the Lower Bajocian (fig. 2),
crops out on the eastern border in a narrow belt of N-S ge-
neral orientation. Sixty outcrops were studied (fig. 1). In the
Quercy Basin, the precise chronological setting of Lias, and
particularly that of Upper Toarcian, has been established by
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Cubaynes and Fauré [1981]. Twenty-six ammonite horizons
have been recognized. Some recent data make possible the
local biostratigraphic scale to be improved in 7 biozones on
the basis of the ammonite fauna, with the exception of the
last, for which identification relies on determinations of
brachiopods [Lézin et al., 1997; Fauré et al., 2000]. This
biozonation is in agreement with the standard scale defined
by Elmi et al. [1997] and Contini et al. [1997] respectively
for Toarcian and Aalenian stages.

The Lias-Dogger transition corresponds to the Aalensis,
Opalinum and Murchisonae zones.

In Aalensis Zone, new local bio-horizons have been de-
fined [Fauré er al., 2000] (fig. 3): the Fluens, Crinita and
Lugdunensis-Burtonensis bio-horizons. This zone is also
characterised by the brachiopod index: Zeilleria lycetti (DA-
VIDSON) and Lobothyris haresfieldensis (DAVIDSON). The
presence of Loboidothyris sp. points out the transition from
the Aalensis zone to the Opalinum zone. Homoeorhynchia
cynocephala, (RICHARD) — that appears at the top of the
Pseudoradiosa zone — abounds there.

In sub-Mediterranean and sub-boreal provinces [Contini
et al., 1997], the Opalinum Zone includes 2 subzones (Opa-
linum and Bifidatum), but in Quercy, only the first one has
been recognised (the absence of biostratigraphic markers
does not allow the second sub-zone to be identified).

The lower part of the Murchisonae Zone (Haugi and
Murchisonae subzones) has been defined by the presence of
brachiopods: Sphaeroidothyris silicea ALMERAS and MOU-
LAN, Stroudithyris pisolithica (BUCKMAN), Monsardithyris
trilineata juv. (YOUNG and BIRD), Pseudoglossothyris bre-
bissoni (DESLONGCHAMPS).

On the basis of these precise biochronological data, a
N-S correlation scheme is established (fig. 4). This high-
lights the sedimentary hiatuses and the diachronism of some
discontinuities or facies breaks and confirms the subdivi-
sion of the Quercy Basin into two morphostructural units:

— a southern unit that subsides progressively southward,

— a northern unit that subsides gradually in the direction
of the Autoire area (SE).

Each of these is subdivided into blocks that control the
depositional pattern of the sediments.

PALAEOENVIRONMENTAL EVOLUTION AND
SEQUENCE STRATIGRAPHY

Sixteen facies associations are distinguished from the ana-
lysis of samples coming from about sixty outcrops. Their
main features are presented in tables I and II.

The facies associations 1 to 7 (tab. I) are characterised
by the presence of both benthic and pelagic faunas (ammo-
nites, belemnites and hyaline benthonic foraminifers, Nodo-
sariidae). These facies associations spread over the lower
offshore and the shoreface of an open platform.

In the Middle Aalenian, facies F8 to F12 appear while
facies F1 to F7 disappear. The facies associations 8 to 12
(tab. II) are mostly characterised by exclusively benthic fau-
nas, a change of foraminifer assemblages (appearance of Ver-
neuillinoides, Planiinvoluta sp., Ophthalmidium sp.),
development of dasycladals and the absence of pelagic fau-
nas and sedimentary structures. Palacoenvironmental settings
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TABLE. I. — Upper Toarcian-Early Aalenian

LEZIN C. et al.

facies description and paleoenvironmental interpretation.
TABL. 1. — Principales caractéristiques des faciés du Toarcien supérieur—Aalénien inférieur et interprétation paléoenvironnementale.

NO
facies

Lithology and texture

Biological, non-biological and hydrodynamic
indicators

Palaeoenvironmental interpretation

1

Limestone-marl alternation
(mudstone-wackestone).
Black laminated (organic
matter) marly levels.

— Fragments of bivalves;

— small benthic foraminifers (Ophthalmidium sp.
and Lenticulina sp.) ;

— spicules of spongiae (locally) ;

— endobionts and rare epibionts lamellibranchiata
(punctually Gryphaea sublobata);

— ammonites and brachiopods;

— 5% angular grains of quartz (silts).

Low density and weak diversity of the fauna:
unfavourable environment for the development of a
varied benthic microfauna.

Absence of Hydrodynamic indicators

Lower offshore, open platform

More or less clayey
bioclastic limestones.

Lamellibranchiata, echinoderms and annelida
fragments. Macrofauna: abundant brachiopods
(Zeilleria cf. lycetti, Homoeorhynchia cynocephala
and Lobothyris haresfieldensis), ammonites and
endobiont - epibiont bivalves.

Abundant indeterminable bioturbations.

Lower offshore — upper offshore transition,
open platform

3a

Clayey limestones
ferruginous grains.

Ferruginous ooids [a et y ooliths (Purser,
1980)],quartz grains, fragments of ferruginous
nodosariids, ammonites and bivalves and
echinoderms.

The binder is argillaceous, ferruginous and locally
dolomitic.

Sedimentary structures: oblique stratifications

Distal upper offshore, open platform

3b

Clayey limestones of
brown colour.

Ferruginous ooliths and ghosts of ooids (o and v),
heterometric and heteromorphic, compacted
(lenticular shape) and allochthonous (rounded). The
binder is micritic and locally dolomicrosparitic.
Absence of hydrodynamic indicators

Lower offshore — upper offshore transition,
open platform

Limestones with rounded
echinoderm fragments

One distinguishes all the facies of transition
between packstones-grainstones to accumulation of
microbiofragments of echinoderms and the
biosparite grainstones to accumulation of fragments
of echinoderms.

Macrofauna: endobiont and epibiont bivalves
Sedimentary structures: distal tempestites storm
deposit.

Upper offshore, open platform

Limestones, grainstone

The macrofauna is reduced (local presence of
gryphaea sublobata) or completely absent but
rounded echinoderm fragments are abundant.
Sedimentary structures: macro-hummocky cross
stratification.

Upper offshore - shoreface, open platform

Limestone, grainstone with
syntaxial and drusic
cements

Accumulation of ossicles with ferruginous
encrustings associated with some bivalve
fragments, abundant extraclasts (mud ball), and
rare ferruginous ooliths.

Sedimentary structures: cross bedding, three
dimensional sinous-crested ripples and sigmoid
stratifications.

Shoreface (influence of tidal currents in
the infratidal zone), open platform

Limestones
(packstone-grainstone) to
bioclastes in course of
micritization:

— Echinoderms (ossicles) and lamellibranchiata
fragments;

— rare ammonites.

The micritization is due to a relatively intense
perforation, presumably of plant origin. It
necessarily implies a low rate of sedimentation.
Sedimentary structures: tempestites

Shoreface, open platform.

In the present, refilling of perforations
occurs only in warm seas between 0 and
10 m deep [Purser, 1980]. A variant of
this facies (without tempestite and with
oncoids) could deposit in inner bar

extend from the circalittoral zone to the mediolittotal zone
on a protected platform [Lézin et al., 2000].

Toarcian and a part of a zone in the Aalenian. These system
tracts are integrated in 6 depositional sequences, SD1 to
SDé6.

The Toarcian-Aalenian evolution of the Quercy Basin
can be subdivided into 11 main steps.

Twelve palaecoenvironmental charts are proposed. Each
corresponds to a system tract in a time slot that varies bet-
ween one or two standard ammonite horizons in the Upper

Bull. Soc. géol. Fr., 2007, n° 4
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TaBLE. II. — Middle — Upper Aalenian facies description and paleoenvironmental interpretation.
TABL.IL. — Principales caractéristiques des facies de ’Aalénien moyen et supérieur et interprétation paléoenvironnementale.

N° Lithology and texture Biological, non-biological and hydrodynamic Palaeoenvironmental interpretation
facies indicators
8a Clayey limestones and Oncoids of pluricentimetric diameter (5-6 cm). lower infralittoral, protected platform
marls Encrusting organisms: Nubecularia reicheli, serpula
and bryozoa.
No hydrodynamic indicator
8b Grey more or less clayey |Oncoids (encrusting organisms: Nubecularia Infralittoral, protected platform.
limestones reicheli) of infracentimetric size (2 mm to 2 cm). Nowadays nubecularids abound in the
(wackestone-packstone) Their shape depends in the shape of the bioclast shallow environments of warm seas. Rat
with abundant oncoids that constitutes the nucleus. [1966] explains the development of these
Encrusted elements: fragments of echinoderm and |encrusting foraminifers by the extension of
of lamellibranchiata, small gastropods and benthic |the clear warm waters and by the
foraminifers (nodosariidae). abundance of the organo-detrital sandy
Other allochems: benthic foraminifers floor.
[Ophthalmidium sp., Planiinvoluta sp., Glomospira |The association of the nubecularids with
sp. and nodosariidae (Lenticulina sp.)], peloids, dasycladal fragments suggests their
dasycladals (Holosporella sp.), spicules of spongiae | proliferation within the photic zone in a
(locally), rare scleritis of holoturian, calm, shallow depositional environment
lamellibranchiata and echinoderm fragments. (protected) [30 to 40 m, Branger [1989]].
Macrofauna: rare brachiopods (the majority
juvenile shapes).
No hydrodynamic indication
9a Limestone-marl alternation |— Microbioclasts (echinoderm fragments); Circalittoral - lower infralittoral, protected
(wackestones to packstones | — peloids with diffuse and irregular shape; platform
locally). — little varied (ubiquists species) and reduced
population of ostracodes and of nodosariidae.
No hydrodynamic indication
9b Limestones (biopelmicrite |— Abundant peloids of regular and hardened shape; | Limit between the infralittoral and
or biopelsparite packstone |- numerous benthic foraminifers (verneuilinoids, intertidal zones, protected platform.
- grainstone). Planiinvoluta sp., Ophthalmidium sp); - spicules of | Purser [1980] indicates that the hardening
spongiae and rare oncoids. of the pellets takes place in a shallow
No hydrodynamic indication environment (<5 m).
10 Limestones Benthic foraminifers (verneuilinoids, Planiinvoluta | Upper infralittoral zone, in inner oolithic
(packstone-grainstone) Sp.., Ophthalmidium sp.), locally isolated polypiers, | bar [Cros, 1979].
peloids, oncoids, bahamites and grapestones. protected platform
No hydrodynamic indication
11 Limestones with bahamites | — Bahamites whose size varies between 500 um Limit between the infralittoral and
and 2 mm. The nucleus is composed of intertidal zones (inner oolitic bar) [Cros,
lamellibranchiata and echinoderm fragments, 1979; Purser, 1983; Strasser, 1986].
benthic foraminifers. protected platform
No hydrodynamic indication
12a Dolomicrite Dolomitic facies (microcrystalline dolomite). Infralittoral, protected platform.
“ghosts” of oncoids, echinoderms and peloids.
No hydrodynamic indication
12b Yellow, pink or orange The calcite crystals are micro in macrocrystallines | Infralittoral-mediolittoral, protected
recrystallized limestones (poecilitic calcite). platform
Ghosts of dolomite and bioclasts (some silicified),
geoids filled with quartz and calcite and quartz
grains.
No hydrodynamic indication
12¢ Rust recrystallized Ghosts of ooids (ooliths with sparitic refilling Infralittoral-mediolittoral, protected
limestones and/or ghosts of rounded echinoderm fragments), platform
geoids filled with quartz and calcite, and
macrocrystalline calcite.
No hydrodynamic indicators

Top of the Fallaciosum subzone (Thouarsense zone,
upper Toarcian): filling phase and first building-up of

the carbonate platform

On the Quercy platform, the top of the Thouarsense zone
(fig. 5a) is expressed by a double limestone bed recognised
on all outcrops and boreholes [Cubaynes, 1986]. Facies
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analysis shows a relative uniformity of palacoenvironmental
conditions, suggesting a relatively flat palacotopography,

where it is not even possible to distinguish a polarity in the
organisation of the deposits. This double bed encloses the

filling phase (HST SDO) beginning at the Thouarsense ho-
rizon during the Late Toarcian [Cubaynes, 1986]. In most
of the sites studied, a hardground occurs at the top of the
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FIG. 2. — Le Toarcien supérieur et I’Aalénien dans le Quercy : unités li-
thostratigraphiques, évolution sédimentaires et principales discontinuités.

double bed dated to the Fallaciosum horizon. This disconti-
nuity, probably formed in an upper offshore submarine en-
vironment, includes both the sequence boundary and the
transgressive surface of SDI.

Dispansum zone: deepening phase and pre-structuring
(IT SD1)

Over the whole Quercy area, this interval is characterised
by a terrigenous sedimentation (facies 1) in lower offshore
environments (fig. 5b). The homogeneous sedimentation
(IT SD1) prevents the identification of a coastal zone on the
edges of the currently preserved basin from being distin-
guished. However, some shoals identified by the absence of
deposits [for example Thémines area (2), St. Martin-Labou-
val area (4)] appear locally. No sign of shoreface or back-
shore deposits or of emersion has been observed on or near
these shoals suggesting either non-deposition or submarine
erosion. The finely detrital sedimentation develops only in
the depressed areas.

Pseudoradiosa zone and Mactra horizon (Mactra
subzone, Aalensis zone): New filling phase (HST, SD1)

From the Pseudoradiosa zone (fig. 5c) to the end of the
Mactra horizon, sedimentation becomes less uniform. A pa-
lacoenvironmental zonation appears during the early stages
of this interval, with depositional environments ranging
from lower offshore to upper shoreface. This zonation,
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without zones of well-marked facies change, is typical of a
carbonate ramp slightly tilted toward the east and the sou-
theast. However, three major shoals can be individualised: a
northern shoal, the “Gironie shoal (6)”, oriented N-S, where
carbonate bioproduction predominates; the shoal localised
in the St. Martin-Labouval area (central Quercy (4)) marked
by the absence of silty marls (hiatus of the Dispansum zone
and the Pseudoradiosa zone); and the shoal of Figeac-Cap-
denac (9), on the eastern border of the central Quercy, poin-
ted out by a hiatus of the summit of the Pseudoradiosa zone
and, at its margin, by the occurrence of ferruginous oolites
scattered in clayey sediments (facies 3b).

The depressed zones that edge these shoals are located
near major accidents: for example between the Padirac and
Argentat-Cornac faults in the Autoire area (7). In the Pseu-
doradiosa zone, filling becomes widespread, with the deve-
lopment of a sedimentation in shallower environments. The
latitudinal and longitudinal (in the southern Quercy) zona-
tion of the environments implies the influence of perennial
east-west and north-south tectonic structures.

Deposition of the “Assise a gryphées” unit (Mactra ho-
rizon) closes this phase of sedimentary filling, which is in-
terrupted by the D.9 discontinuity (sequence boundary and
transgressive surface of SD2, fig. 4). On most sections, this
limit corresponding to a local softground or hardground in-
dicates a sedimentation break. The sedimentary filling deve-
lops during the highstand sea level; the shelf margin wedge
is not represented in the Quercy Basin.

Celtica horizon (Mactra subzone, Aalensis zone): new
flooding phase of weak amplitude

In the Celtica horizon (fig. 5d), a lower offshore sedimenta-
tion characterised by glauconite bearing marly deposits with
a minor biodetrital fraction spreads over a large part of the
area (facies 1). This more distal sedimentation characterises
an increase of the available space for sediment accumulation
during the transgressive phase (IT SD2).

On the Gironie shoal, an upper offshore sedimentation
develops (facies 4). At the same time, the ferruginous ooli-
tes disappear in the Capdenac area and new hiatus zones
(without emersion) appear in northern and central Quercy.
Their appearance implies a new topographic differentiation,
with differential sedimentation, the presence of bypass zo-
nes and a new distribution of the shoals. This local structu-
ration is also suggested by diachronous deepening in
different part of the basin. On most sections, the maximum
flooding is indeed dated to the summit of the Celtica hori-
zon where it is marked by a high concentration of ammoni-
tes or ferruginous minerals. In other areas, the change of
transgressive/regressive tendency takes place later, during
the Lugdunensis horizon (e.g. Gramat section).

Lugdunensis horizon (Ludgdunensis zone and subzone):
new phase of filling in two stages (HST, SD2)

From the Lugdunensis horizon (fig. 5e) to the base of the
Buckmani horizon, except local deepening, the sedimenta-
tion displays a more proximal character than in the Celtica
horizon.

The abundance and diversity of brachiopods in some
sections (e.g. Thémines, Gramat, La Toulzanie, Saint Pierre
de Livron) suggest some particular palaeoenvironmental
conditions: hard bedrock, low sedimentation rate, clear and
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oxygenated waters and weak hydrodynamism permitting
oxygenation and the renewal of nutrients [Alméras and
Moulan, 1982]. Areas of hiatuses are reduced, which can be
explained by a sedimentary filling tendency (HST, SD2) as-
sociated with relative increase of the carbonate production
and decrease of the detrital supply. Sedimentation becomes
progressively homogeneous at the end of the Buckmani ho-
rizon and during the Subglabrum horizon (Opalinum zone
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contrasts are less obvious, and depositional environments
range from the upper offshore to the shoreface. Above, an
erosional surface occasionally punctuated by ferruginous
deposits, indicates the end of the sedimentary filling phase
and the end of the Toarcian. In spite of the importance of
the hiatus zones (bypass zones and/or eroded zones) and the
possible continental origin of the ferruginous deposits,
there is no evidence for the existence of an emersion phase

and subzone, Lower Aalenian, fig. 5f). Bathymetric at the end of SD2.
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FIG. 4. — Corrélations stratigraphiques suivant un transect N-S.

Early Aalenian (Opalinum subzone): installation of a
carbonate platform

From the Early Aalenian (fig. 5g), a carbonate platform de-
velops in a transgressive context. The increase of accommo-
dation (IT, SD3) is characterised by a reduction of the
hiatus zones, mainly located in central Quercy, and by a
more distal sedimentation than at the end of the Toarcian
stage. A new facies characterised by calcarenites with echi-
noderm debris, partially micritized by fungi or bacteria (fa-
cies 7), chiefly appears in southern Quercy.

In the St. Rémy area (10 fig. 5c), the sedimentary pola-
rity changes from the beginning of the Aalenian (fig. 5g). A
more proximal sedimentation appears along the Ville-
franche fault, while westward, the sedimentation becomes
more distal. These changes reveal a slowing down or even a
subsidence break near the Villefranche-de-Rouergue fault
during the basal Aalenian.

Summit of the Lower Aalenian: beginning of
installation of a protected platform

At the summit of the Lower Aalenian (fig. 5h), bioclastic
bars deposited in inner environments (facies 7) occur pro-
gressively in the Quercy area. Sedimentation becomes ho-
mogeneous, carbonate deposits develop on the whole
platform and the hiatus zones are shortened further to gene-
ralized filling (H.S.T., SD4). An unconformity closes this
phase of sedimentary filling and constitutes both a sequence
boundary and a transgressive surface (SB and ST SD4). It is
expressed either by a simple, abrupt lithological change, or
by an erosional non-lithified surface, or by one or more
hardgrounds. Their diagenetic analysis does not reveal any
evidence of emersion. These surfaces became progressively
lithified in a marine phreatic environment by high magne-
sian calcite cements (acicular calcite now recrystallised into
inclusion-rich low magnesian calcite) and were probably
abraded by the surge in the shoreface zone.
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Basis of the Middle Aalenian: the major
palaeogeographic modification

At the beginning of the Middle Aalenian (fig. 6a), infralitto-
ral protected platform sedimentation took place over the
whole Quercy, with the deposit of oncoids-rich clayey li-
mestone (biomicrite wackestone, facies 8b). Some areas of
land subsidence that had disappeared during the Lower Aa-
lenian reappeared (for example east of the Causse de Mar-
tel). Hiatus zones are rare. We recognized only one shoal
located to the east of Central Quercy. The environmental
context of the Quercy Basin changed: a protected carbonate
platform occurred at the top of the Opalinum zone and
mainly at the base of the Murchisonae zone. This palaeo-
geographical change implies a reduction of connections
with the open marine zone but it occurred during a flooding
phase of the Quercy platform. This transgressive tendency
is expressed in nearly all sites by an increase in the clay and
a predominance of wackestone/mudstone textures. The
maximum flooding (MFS, SD4) is marked either by a ferru-
ginous layer, or by brachiopods concentrations, or by a cen-
timetric horizon of concentration in crinoids and ammonites
revealing a brief episode of opening toward offshore envi-
ronments.

The Middle Aalenian summit: filling phase of the
protected platform

At the end of Middle Aalenian (fig. 6b), inner oolitic bar
deposits are observed on the western border of the basin. In
the rest of the domain, some biopelmicrites (packstone to
grainstone) with abundant benthic foraminifers appear
abruptly. Dolomitization, which probably results from an
early process (microcrystalline dolomite), becomes more
intense at the summit of some sections. The appearance of
this infralittoral to mediolittoral facies implies a new filling
trend (HST, SD4). The maximum of regression for this
cycle (sequence boundary and transgressive surface, SDS)
is marked either by an erosive surface (Bruniquel) or by a
marly layer.
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FIG. 5. — Cartes paléoenvironnementales. Distribution et évolution des environnements de dépots au cours du Toarcien supérieur et de I’Aalénien inférieur.
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The basis of the Upper Aalenian: new transgressive
phase

At the beginning of the Upper Aalenian (fig. 6¢), the inner
oolitic bar deposits (facies F10 and F11) migrate slightly to-
ward the west while the more or less dolomitized pelletoid
facies becomes widespread. In every section, the sedimenta-
tion is homogeneous but the increase in bed thickness sug-
gests an increase in the available space balanced by
carbonate bio-production. This rise of sea level (transgres-
sive interval of SDS5) is also evidenced by aggradation of
oolitic bars and by the migration toward the west of the in-
ner oolitic bar deposits.

Summit of the Aalenian: end of the sedimentary filling

Sedimentary filling (HST, SD5) becomes more pronounced
and ends with the occurrence of dolomicrites and recrystal-
lized limestones with ghosts of ooids (fig. 6d). In the top-
most part, below the unconformity, clues of evaporitic and
confined depositional environments are observed. Evapori-
tic environments are suggested by the occasional occur-
rence of geoids filled with quartz and calcite (sparite).
These are either randomly distributed or concentrated along
stratifications. They disappear, with the appearance of the
oolitic limestones, above the discontinuity indicating the
Aalenian-Bajocian boundary. The diagenetic survey of
these geoids showed that siliceous cements contain some
fine anhydrite inclusions. They are interpreted as old anhy-
drite nodules [Maliva, 1987; Durlet et al., 2000]. The sedi-
ment deformation around the geoids shows that the
anhydrite nodules were formed very early, before compaction,
thus demonstrating the existence of a sebkha environment at
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the end of the Aalenian. Some ghosts of gypsum structures
(mainly chicken wire) also appear in a few rare dolomicrites
situated under the Aalenian-Bajocian boundary.

Below the uppermost discontinuity, the geoids are asso-
ciated with dissolution cavities filled by laminated internal
sediments. The material refilling the cavities consists of cal-
careous-clayey, ferruginous, polyphased (red or orange co-
loured) sediments. Boichard and Drullion [1982] indicate
comparable cavities, but without refilling. We interpret
these and their refilling as palaeokarst structures, which for-
med during an emersion phase at the end of the Aalenian or
at the beginning of the Bajocian. Emersion is recorded nota-
bly in an area that corresponded earlier to a subsidence area
(SE of the “Causse de Martel”). In the northwestern part of
the “Causse de Martel”, these clues have not been recorded
because of the absence of deposits.

The Aalenian-Bajocian boundary is generally represen-
ted by an erosive surface (SB, SD6). During the Bajocian,
the sedimentation is more uniform. Oolitic limestones, de-
posited in the whole region, indicate a new phase of floo-
ding (IT, SD6).

DISCUSSION: ALLOCYCLIC CONTROLS

The arrangement of deposits and the nature of sedimenta-
tion are controlled by various interdependent factors. The
data acquired previously and the advanced interpretations
allow us to debate the influence of local and/or regional
scale factors (short and medium wavelength tectonic fac-
tors) and of more global allocyclic factors.
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Relative sea level variations: eustatic or tectonic
control?

The Toarcian-Aalenian deposits reveal a long-term regres-
sive trend (second order). In the Quercy basin, the regres-
sion began during the middle Toarcian and finished at the
end of the Aalenian (intra or uppermost part of the Comp-
tum zone). The maximum of regression is evidenced either
by an erosional surface or by the development of evaporites
and locally by emersion (palaeokarst). The following trans-
gressive episode is expressed by the appearance of oolitic
limestones over the whole basin.

Such an evolution is well known in most basins that
have Tethyan or Atlantic affinities. It appears by the deve-
lopment of carbonate platforms or by the presence of impor-
tant sedimentary hiatuses. The maximum of transgression,
dated from the Bifrons Zone and Subzone, is often synchro-
nous on a European scale. The maximum of regression is,
however, diachronous. It is dated:

— as Upper Toarcian in the Betic cordillera [O’Dogherty
et al., 2000];

— as Lower Aalenian in the Basque-Cantabrian basins
and in the Asturies [Aurell et al., 2003];

— from the top of the Murchisonae zone in the Paris Ba-
sin, the Grands-Causses and Basse-Provence basins [Flo-
quet et al., 2000];

— as Middle Aalenian in the Iberian basin [Aurell et al.,
2003] and in the western margin of the subalpine basin [Ra-
zin et al., 1996];

— and from the top of the Concavum zone in the Quercy
Basin (this study).

Such a diachronous record suggests a tectono-eustatic
origin and coincides with the mid-Cimmerian event recor-
ded in NW European basins.

At the third order scale, the Toarcian-Aalenian Quercy
set is arranged in 5 depositional sequences sensu Haq et al.
[1987] and Vail et al. [1991] while Hardenbol et al. [1998]
indicate 4 depositional sequences for the same interval of
time. The major difference therefore consists in the identifi-
cation of an additional sequence in the uppermost Toarcian
(fig. 4). Thus, in the present state of knowledge and lack of
arguments attesting perfect synchronism of the sequence
boundaries at the scale of European basins, it is not possible
to provide evidence whether the variations of the relative
sea level at the third order scale result from regional tecto-
nic factors and/or eustatic variations.

Synsedimentary tectonics

Indications of synsedimentary tectonics in the Quercy

The influence of local tectonics, including active faults du-
ring the interval studied, is suggested by:

— variations of thickness and migration of sedimentary
accumulation zones in the Gramat area: for example, in the
Dispansum and Pseudoradiosa zones and the Mactra hori-
zon (fig. 4), the sedimentary accumulation zone is located
in the “Gouffre du Réveillon” area; in the Lower Aalenian,
it is situated in the Moulin de Tournefeuille area (fig. 4);

— increasing subsidence along the Hercynian structures.
In the Upper Toarcian, the most depressed zones are near
the Villefranche and the Cornac-Argentat Hercynian faults;
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— facies variations, notably on both sides of the Alvi-
gnac fault. In the Dispansum, Pseudoradiosa zones and the
Mactra horizon, shoreface sedimentation occurred in
“Gouffre du Réveillon” area, while upper offshore sedimen-
tation characterises Moulin de Tournefeuille area (fig. 5b
and 5c). In the uppermost Toarcian a reverse trend is obser-
ved (fig. 5f);

— structuring in small blocks implying the appearance
of shoals. During the Upper Toarcian (Dispansum zone),
partition of the Quercy platform can be observed and there-
fore the individualisation of a mosaic of rhombohedric
blocks of variable size (decakilometrical scale: Martel area;
kilometrical scale: St. Rémy area). Some of these existed as
early as the middle Lias (Figeac-Capdenac shoal, Cubaynes
[1986]).

These features reveal a meaningful and continuous tecto-
nic activity from the Upper Toarcian (Dispansum, Pseudora-
diosa and Aalensis zones) to the Middle Aalenian. It is
expressed by activity of faults oriented East-West, N-S to
NO020 and N160-N170. During these times, there are changes
in minor fault activity (fig. 7). In the Upper Toarcian NE-SW,
NW-SE and E-W faults are preferentially involved. In the Lo-
wer and Middle Aalenian, the peripheral Hercynian faults
(Villefranche-de-Rouergue fault, Cornac-Argentat faults and
west-Quercy lineament) show increased activity. The E-W
structures are still active, but a decreasing activity of the
NE-SW minor faults is recorded.

The presence of a depressed zone at the southwestern
extremity of the Villefranche-de-Rouergue fault and a shoal
(Figeac-Capdenac shoal) at its northwestern extremity (e.g.
during the Lugdunensis horizon, see fig. 5e), suggest a dex-
tral sense of slip for this fault [Chinnery, 1961]. The same
reasoning leads us to propose that motion, also towards the
right of the Cornac-Argentat faults (to the East of Autoire)
and of Meyssac (to the North), accounts for the individuali-
sation of the “Gironie” shoal. Strike-slip motions along
some major Hercynian faults notably allow the appearance
and/or the reactivation of transverse faults.

Comparisons with other sedimentary basins

In other French regions, such as the Paris Basin, Burgundy,
Jura Mountains and the Subalpine Basin, local tectonic
events occurring at the same age are indicated by facies va-
riations, synsedimentary fractures and veins, and migration
of subsidence zones [Razin et al., 1996; Durlet et al., 1997,
Rousselle, 1997; Durlet and Thierry, 1999; Gély and Lo-
renz, 2000; Robin et al., 2003; de Graciansky and Jacquin,
2003]. During the Lias-Dogger, the Ardéche area [Razin et
al., 1996] was structured by a mosaic of faulted blocks bor-
dered by primary NNE-SSW (Cévenole direction) and se-
condary NW-SE faults. At the Lias-Dogger transition, this
region shows variations in the thickness of sedimentary de-
posits [Elmi, 1990], unequal rates of subsidence on the va-
rious tilted blocks, local wuplift and a significant
synsedimentary block faulting activity [Razin et al., 1996].
In the Paris Basin, the Middle Toarcian — Lower Aalenian
interval (first part of the Toarcian — Bajocian regressive
cycle) was a period of flexuration [de Graciansky and Jac-
quin, 2003]. The Early Aalenian unconformity records an
accentuation of the flexuration initiated during the Lias,
with erosion on the eastern and western borders of the Paris
Basin [Robin, 1997]. Increased tectonic activity and/or of

Bull. Soc. géol. Fr., 2007, n° 4



286

LEZIN C. et al.

FIG. 7. — Locations of the main active faults and re-
gional tectonic context during Upper Toarcian and
Lower-middle Aalenian.

FIG. 7. — Localisation des principales failles actives
et interprétation du contexte tectonique régional au
Toarcien supérieur et a I’Aalénien inférieur a moyen.

Mouvements décrochants dextres des grands acci- |9 10 20km

I —

Upper Toarcian E

dents régionaux.

change in the stress orientation is also recorded in other ba-
sins, notably in Morocco [Laville and Piqué, 1991; El Ham-
michi et al., 2002], in Algeria [Mekahli and Elmi, 2000], in
Atlasic Tunisia [Soussi, 2003] and in central Arabia [Vaslet
et al., 2000]. A phase of uplift occurred in the North Sea
[Ziegler, 1988; Underhill et al., 1993; Jacquin et al., 2000],
which extended to the Paris Basin.

Sedimentary regime change at the Lias — Dogger
transition: tectonic, climatic or eustatic origin?

The major palaeoenvironmental event recorded in the Quer-
cy Basin corresponds to the passage from an open platform
(Toarcian-Lower Aalenian) to a protected platform (Middle
and Upper Aalenian). This change, which coincides with
the maximum of tectonic activity and a significant reactiva-
tion of the Hercynian structures, seems therefore to be tec-
tonic in origin. The positive vertical movements of the basin
margins appear to have partially isolated the Quercy Basin.
The uplift of the Villefranche shoal would have isolated the
Quercy toward the east and a N-S oriented oolitic bar [Ca-
rozzi et al., 1972] appeared to the west on the Castelsarra-
sin-Montauban shoal. Connections between the Quercy
platform, the western part of the Aquitaine Basin and the
“Grands-Causses” Basin (to the east) [Carozzi et al., 1972;
Ciszak et al., 2000] were thus reduced (fig. 8). During the
Bajocian, the Quercy, the “Grands-Causses” and the Céve-
nole border became integrated in the “Occitan” shoal [Del-
faud, 1973]. Mud flat sedimentation, isolated from the open
seas by a N-S oriented oolitic bar, on the Occitan shoal de-
veloped. The information deduced from our study shows
that the Occitan shoal did not individualise abruptly in the
Bajocian but progressively during the Dogger. The Quercy
first became isolated from the Atlantic sea (lower to Middle
Aalenian) and then, in a second step, the “Grands-Causses”
Basin was isolated from the Tethys (Bajocian).
Alternatively, a climatic hypothesis can be proposed to
explain the facies change in the Middle Aalenian. Many
works point out a climatic evolution between the middle
Toarcian and the Aalenian-Bajocian transition, notably in
the western European zone. Ruffell et al. [2002], referring
to various studies, show that a rather humid (tropical)
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climate progressively gave way to a more arid one. The mi-
nimum of humidity was reached in the Early Bajocian, pre-
sumably accompanied by a maximum of surface water
temperature (near 30° C) as suggested by Lecuyer et al.
[2003] for many French basins.

In the Quercy basin, clay mineralogical analyses cou-
pled with the study of palynological associations [Lézin,
2000], highlight possible climatic control. The clay frac-
tions of 112 samples from three outcrops (fig. 1), Bruniquel
(southern Quercy), Thémines (central Quercy) and Autoire
(northern Quercy), were analysed by X-ray diffraction
(XRD). Because of strong analogies in the variations of
clay mineral assemblages at the 3 sites, only the results ob-
tained for the Autoire section are presented here (fig. 9).
The clay assemblages are dominated by illite, random il-
lite/smectite mixed-layers and kaolinite, with small propor-
tions of chlorite. Their mainly (or even exclusively) detrital
origin has already been demonstrated [Lézin, 2000]. Only
scarce data are available on Aalenian clay assemblages. In
the Paris Basin [Debrabant et al., 1992] and on the northern
border of the Central Massif [Delavenna et al., 1989], the
assemblages are also dominated by illite and kaolinite.
These assemblages seem representative of hot and humid
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FIG. 8. — East-West schematic section showing the isolation of the Quercy
platform during middle Aalenian.

FIG. 8. — Coupe schématique d’orientation Est-Ouest montrant [’isolement
de la plate-forme quercynoise a I’Aalénien moyen.
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FIG. 9. — Variations in the mineralogical composition of Upper Toarcian — Aalenian deposits (Autoire section).
FIG. 9. — Variations de la composition minéralogique des dépots du Toarcien supérieur — Aalénien de la coupe d’Autoire.
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climates (tropical climate) of the Lias-Dogger transition,
also highlighted in various regions by Wang et al. [1997] on
the basis of palynological data and in Yorkshire by Hessel-
bo et al. [2003].

In the Quercy area, the proportions of kaolinite show si-
gnificant fluctuations with time.

In the Upper Toarcian/Lower Aalenian interval, the pro-
portions of kaolinite decrease progressively from 40% to
5%. Upward, in the Middle Aalenian, only traces of kaoli-
nite occur occasionally. In the Upper Aalenian, the propor-
tions of this mineral increase again while those of illite and
random illite/smectite mixed-layers decrease.

The decreasing proportions of kaolinite in the Upper
Toarcian are accompanied by an abundance of Classopolis
sp. and Deltoidospora sp. [Lezin, 2000]. This association
and the evolution of the percentages of kaolinite suggest a
hot and more and more dry tropical to subtropical climate
[Wang et al., 2005] that seems to have lasted during the Lo-
wer Aalenian. In the Middle Aalenian, the scarcity of kaoli-
nite suggests a drier climate and arid conditions. However,
the diachronism of the decreasing proportions of kaolinite
at the basin scale (earlier in the South [early Aalenian] than
in the North [Middle Aalenian; Lézin, 2000]), indicate that
climate is probably not the main environmental factor res-
ponsible for the composition of the clay assemblages. The
absence of kaolinite during the Middle Aalenian is not re-
corded on the northern border of the Central Massif [Dela-
venna et al., 1989] nor in Poland [Simkevicius et al., 2003],
which suggests that it is also related to local conditions.

Increasing proportions of kaolinite characterising Late
Aalenian deposits would suggest a more humid climate. But
this trend is accompanied by the progressive appearance of
evaporites, and palynological associations indicate more
arid conditions than in the Upper Toarcian. The increasing
proportions of kaolinite took place during the development
of more proximal facies in the protected platform context,
suggesting that differential settling processes of clay mine-
rals have played a significant role, kaolinite being preferen-
tially deposited in inner environments, than illite and
illite-smectite mixed-layers [Chamley, 1989].

The diachronism of kaolinite disappearance balanced
by increasing proportions of illite, may indicate an uplift
and a diachronic erosion of the various blocks that compose
the shoal with, first, an uplift of the southeastern blocks
(Villefranche shoal) during the Lower Aalenian, then an
uplift of the northwestern blocks (SW of the Central Mas-
sif) during the Middle Aalenian. The reappearance of this
clay mineral at the top of Middle Aalenian, associated with
an increase in carbonate production, apparently records the
end of the uplift. This interruption of connections with the
Tethys Ocean, linked with the uplift of the oriental blocks,
is confirmed by palynology. The Toarcian dinoflagellate
cyst assemblages exhibited characteristics of both the Bo-
real and Tethyan realms, whereas the Aalenian marine paly-
nofloras were of Boreal affinity [Bucefalo Palliani and
Riding, 1997]. The uplift of the southeastern and northwes-
tern blocks, leading to their emersion [Courjault-Rade et
al., 2000], could have generated the disappearance of the
plant cover, and therefore weakened the development of
kaolinite and accentuated the contribution of illite coming
from the direct erosion of the continental bedrock. The di-
sappearance of spores and pollens may be then linked to the
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disappearance of the plant cover. At the same time, the
uplift of the Castelsarrasin-Montauban block, to the west,
may have permitted the development of an oolithic bar that
reduced the communications with the Atlantic domain. Du-
ring the late Aalenian, the end of the uplift of the shoal peri-
pheral to the basin may explain the resumption of chemical
weathering on emerged zones and therefore the reappea-
rance of the kaolinite in very small quantities (but in high
proportions of the clay fraction because of differential set-
tling) in the carbonate deposits. The absence of spores and
pollens may indicate the difficulty of new plant colonisa-
tion, probably in relation with the more arid character of the
climate. The evaporitic episode at the Aalenian-Bajocian
boundary may then result from both the confinement of the
sedimentary area and an increase in the temperature with
probably more arid conditions than in the Upper Toarcian.

The comparison of the field, palynological and minera-
logical data therefore suggests a predominance of tectonic
control of the sedimentary regime change in the Middle Aa-
lenian, leading to the isolation of the platform. The “minor”
climatic variations only added to this isolation because they
enhance carbonate production.

Structural model

From the post-Paleozoic to the Middle Jurassic, the Gond-
wana break-up was governed by the southward propagation
of the Arctic — North Atlantic rift (Norwegian, Greenland
rift system) and the westward propagation of the Tethys
Ocean [Ziegler, 1988]. The evolution of Triassic and Juras-
sic rifts in the North and Central Atlantic area can be rela-
ted to the propagation of these two rifts [Ziegler, 1988].

This geodynamic context led to major paleogeographic
changes, at the Lias-Dogger transition (Upper Toarcian to
Early Bajocian): (i) a well expressed rifting to drifting
phase with several synsedimentary faults and tilting blocks
on the Ligurian margin [Lemoine and Graciansky, 1988;
Ziegler, 1988; Graciansky et al., 1993]; (ii) an uplift phase
affecting the North Sea rift [Ziegler, 1982]; (iii) and the
first crustal separation on the future Central Atlantic area
[Piqué et Laville, 1995].

This acceleration of the Pangea break-up during the
Lias-Dogger transition led to lesser kinematics distortion in
most Peri-Tethyan platforms than on Tethys or Proto-Atlan-
tic margins. Nevertheless, certain researchers have tried to
define the stress orientation on these platforms. For
example in the Burgundy, Champagne and Jura platforms, a
NW-SE extension is documented by synsedimentary normal
faults and strike-slip faults [Durlet et al., 1997; Rousselle,
1997; Durlet and Thierry, 1999; Quesne et al., 2000; Wetzel
et al., 2003]. In southern Ardéche and in the Cévennes, an
extensive component is well expressed by highly subsiding
areas bordered by synsedimentary normal faults [Petit et
al., 1973; Elmi, 1984; Razin et al., 1996].

Meanwhile, a compressive tectonic component has also
been evoked on other platforms. In the Paris Basin, for
example, Robin et al. [2003] suggest a short wavelength
E-W to ENE-WSW compression during Aalenian and Bajo-
cian times. Southward, in Spain and in Morocco, several
subsiding transtensional rift basins developed along paleo-
transfer faults. These transfer faults permitted the drift of
Africa toward the east and consecutively the Central
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Atlantic opening [Ibouh et al., 1994; Mouguina et al., 2000;
El Kochri and Chorowicz, 1996, Piqué et Laville, 1995].

The dextral strike-slip movements (fig. 7) and the sedi-
mentary regime change in the Middle Aalenian recorded in
the Quercy, just as the palaeotopographic modifications re-
corded in adjacent areas, suggest that the Toarcian-Aalenian
regressive cycle was controlled by the resultant of two inti-
mately related types of deformation:

1) lithospheric scale (long-wavelength) deformation,
which could be of thermal and/or isostatic origin, causing
variations in regional subsidence that could have negative
values during periods of rifting;

2) more local (short or medium wavelength) extensional
tectonic deformation developing during periods of uplift or
slow regional subsidence, and which was expressed by syn-
sedimentary block faulting activity.

CONCLUSION

The sedimentological evolution of the Quercy Basin, based
on a multi-disciplinary approach, allows us to refine the
chronology of the main events previously known in most
western European basins during the Upper Toarcian — Bajo-
cian interval.

1) The geometry of sedimentary deposits was under
continuous tectonic control from the Upper Toarcian (Pseu-
doradiosa zone) to the Bajocian. The maximum tectonic
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activity is expressed by the uplift of the peripheral blocks
with the basin and induced its semi-isolation. This event is
dated at the top of the Opalinum zone and at the base of the
Murchisonae zone. It could be connected to the “mid-Cim-
merian” event. It resulted from the additional effects of Te-
thys rifting, Central Atlantic opening and North Sea rifting.
In the Quercy Basin, the continuous record of sedimentation
indicates that this event had moderate consequences on the
palaeogeographic evolution.

2) The maximum of tectonic activity and the maximum
of regression at the 2nd order scale were diachronous. In the
Quercy Basin, the maximum of regression is dated at the
Concavum zone or the base of the Bajocian.

3) The Toarcian-Aalenian Quercy set is arranged in 5
depositional sequences (3rd order) sensu Haq et al. [1987]
and Vail er al. [1991]. At this third order scale, it was not
possible to decipher between the influence of relative sea
level variations resulting from regional tectonic factors and
eustatic variations.

4) From a climatic “point of view”, the passage from a
tropical climate to a more arid climate seems to have had
little impact on the bio-sedimentary evolution.
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