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ABSTRACT

Depositionalsequencesgeometriesof the Triassic seriesof the Paris
Basin havebeenelucidatedby high resolutioncorrelationsbetweenout-
crop and subsurfacedata using stackingpattern of geneticunits. The
Triassicmaybe subdividedinto threetransgressive-regressivecycles:Scy-
thian,Scythian-CarnianandCarnian-Lias.

The sedimentsof the Scythiancycle are exclusivelyfluvial andonly
record the transgressivetrend («Grésvosgien»).The Scythian-Carnian
cycle commenceswith a braidedfluvial facies («Conglomératprincipal»)
and is terminatedat the baseof the «Grés it roseaux».The maximum
flooding surfaceoccurs within the marine storm-dominateddepositsof
Ladinian age (top of the «Calcairesit Cératites»).This cycle may be sub-
divided mío íhreethird order sequencesduring ihe transgressivetrend
—-Scythian (oConglomératprincipals>-oCouchesintermédiaireso),Amsian
(«Grés it Voltzia»-oComplexe de Volímunster»), and Anisian-Ladinian
(‘<Couches rougeso-«Calcaires it Cératites»)— and two during the re-
gressive trend —Ladinian-Carnian (oLettenkohleo) and Carnian («Mames
irisées inféricures»).During the Triassic,only the transgressivetrend of
the Carnian-Lias cycle, commencing with fluvial deposits of the Grés it
roseaux, is preserved. It maybe subdivided into three third order sequen-
ces: «Grés it roseaux»-«Dolomie de Beaumont»,lower oMarnesiriséessu-
péricures»and«Mamesiriséessupérieureso-Rhaetiansequences.
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The maximum rate of subsidencefor the Scythian-Carniancycle oc-
cured in the east of the basin, and there was a progressive westward mi-
gration of depocenters. It was only during the deposition of the Carnian-
Lias cycle that subsidencewas uniform acrosswhat is now the Paris
Basin. Two phases of tectonic movements controlled the distribution of
depocenters.One phaseis recordedin the «Mamesirisees ínférieures»
and controlled the area of subsidence defined by the salt deposits. The
secondphase occured during deposition of the «Mames irisees su-
périeures«and involved a generalwestwardtilt of the basintogetherwith
awestwardmigrationof depocenters.

RESUMEN

La geometriade las secuenciasde depósitode las seriestriásicasde la
Cuencade Paris fueron obtenidaspor correlacionesde alta resolucióna
partir de observacionesde afloramientose informacionesde subsuelo
utilizando el metodo de «stacking pattern» de las unidadesgenéticas.El
Triásico puedeser dividido en tres ciclos transgresivos-regresivos:Sci-
tiense,Seitiense-Carniensey Carniense-Liásico.

Duranteel ciclo Scitiensese registraunicamentela tendenciatrans-
gresivaen los sedimentosfluviales («Grésvosgien»).El ciclo Seitiense-
Carnienseempiezapor una facies fluvial anastomosada(oConglomérat
principal») y termina en la base del «Grés it roseaux». La mayor superficie
de máxima inundación se ubica dentro de depósitos de edad Ladiniense
caracterizados por ambientes marinos de tormenta dominante (techo de
las «Calcaires it Cératites»). Este ciclo puede dividirse en tres subeiclos
durante la tendencia transgresiva: Scitiense («Conglomérat principal»-
«Couchesintermédiaires»),Anisiense («Grés it Voltzia»-«Complexede
Volímunster») y Anisiense-Ladiniense(«Couchesrouges»-«Calcairesit
Cératiteso),y dos durantela tendenciaregresiva:Ladiniense-Carniense
(«Lettenkohle») y Carniense («Mames irisées inférieures»). Durante el
Triásico, solamente es registrada la tendencia transgresiva del ciclo Car-
niense-Liásico,quecomienzapor depsitosfluvialesdel «Grésit roseaux».
Esteciclo puededividirse en tresmenores:«Grésit roseauxo-«Dolomites
de Beaumonto,basedel «Mamesiriséessupéricures»y «Mamesirisees
supérieureso-Rhaetiansequences.

La máxima tasa de subsidencia del ciclo Seitiense-Camniense se al-
canza en la parte oriental de la cuenca, con una migración progresiva de
los depoceníros hacia el Oeste. La subsidencia dentro de la actual
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Cuencade Paris es homogéneasolamenteduranteel ciclo Carniense-
Liásico. Dosfasesde reactivaciónde fallashercínicascontrolaronla dis-
tribución de los depocentros.Una fase,quecontrolócl áreade subsiden-
cia, está caracterizadapor depósitos salinos y representadapor las
«Mamesirisées inférieures».La segundafase,correspondea un bascula-
miento general de la cuenca hacia el Oeste, con una migración de sus de-
pocentroshacia esa dirección durante la deposiciónde las «Mames
iríseessupéricures».

Key words: Triassic, Paris Basin, High resolution sequencestrati-
graphy,Well-logs.

Palabras clave: Triásico, Cuenca de Paris, Estratigrafía de alta resolu-
ción, información de subsuelo.

GEOLOGICALSETTING

The Triassic deposits of the Paris Basin were laid down in an epicra-
tonie peritethyanbasin.The origin of the Paris Basin is classicallyrelated
to an extensional phase during Permo-Triassic times (Brunet & Le Pi-
chon, 1982, Curnelle & Dubois, 1986, Perrodon & Zabek, 1990). The
three main lithological subdivisionsof the GermanTriassicare recog-
nizedin theParis Basin (Fig. 1): (1) the predominantlycontinentalBunt-
sandstein(Lower Triassic),(2) the marineMuschelkalk(Middle Triassic)
and(3) the predominantlycontinentalKeuper(UpperTriassic).

The Lower Triassic deposits are foundonly in the easternpart of the
Paris Basin and consist chiefly of fluvial sediments. The Middle Triassic
15 composed mainly of carbonate sediments in the eastern part of tbe
basin,with evaporitesin theextremeeastandconsistsof fluvial sediments
in the west.The Upper Triassicsedimentswere depositedlargely in a
continental, and predominantly coastal plain environment. Halitie, anhy-
dritie and dolomitie coastal plain sediments may be recognized. Others
sediments belong to an alluvial plain environment with a variety of fluvial
systems. The most common of these are anastomosing channel systems
(«Grés it roseauxoand Donnemarie Sandstones p.p.) which grade into
braidedandalluvial fan deposits(the ChaunoySandstones).Paleosolsare
rare exceptfor dolomitic types within the ChaunoyFormation.Classi-
cally, two areas of sedimentationhavebeendistinguishedin the Keuper
of the Paris Basin (Fig. 2): an eastern area consisting essentially of halitie
or anhydriticcoastalplain depositsanda westernareadominatedby flu-
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vial deposits (Dubois & Umbach, 1974, Conrel cf aL, 1980, Matray el al.,
1989). The Saint-Martin de Bossenay fault divides these two areas (Fig. 2).

The Triassic of the Paris Basin can be subdivided into threesecond
order transgressive-regressivecycles, the Scythian, Scythian-Carnianand
Carnian-Lias cycles (Guillocheau, 1991, Guillocheau eta!, 1992). During
the Scythiancycle, sedimentsare exclusively fluvial and record the trans-
gressive trend only («Grésvosgien»).The Scythian-Carniancycle begins
with a braidedfluvial facies(oConglomératprincipal»)andis terminatedat
the base of the «Grés á roseaux». A major maximumflooding surface occurs
in the second cycle within the Ladinian-age marine storm-dominated de-
posits (top of the «Calcaires it Cératites»). The third cycle (Carnian-Lias,
Bourquin & Guillocheau, 1993) commences with fluvial deposits of the
«Grés it roseaux»anawasa maximum flooding surface in the Lower to
Middle Toarcianmarinedeposits(«Schistescartonso).

The geometriesof the depositionalsequencesin marine and non-
marine environments using outcrop and subsurface information are do-
cumented in this paper; and secondly an estimation is made of the im-
portance and nature of tectonie controls during the deposition of the
Triassicsediments.Ihe studyis basedon the correlationof around 240
wells from outcrop and subsurface (core and well-log) data using high
resolutionsequencestratigraphy.

METHODOLOGY:SEQUENCESTRATIGRAPHY

The different orders of superimposeddepositional sequencesare
identified from the stackingpatternof eithergenetieunitsor parasequen-
ces (Cross,1988,Van Wagonereta!, 1988,1990,Mitchum & Van Wa-
goner, 1991, Homewoodeta!, 1992). Thesearethe result of eithera fulí
cycle of progradation¡ retrogradation in marine environments or a com-
plete cycle of base-levelchangein continentalenvironments(Ross,1989).
Geneticunitsare similar to parasequencesin termsof sequencehierarchy,
but genetieunits areboundedby two maximumfloodingsurfaces.

The method used requires knowledge of primary depositional fea-

Figure l.—Stratigraphic framework of the Triassic succession in the east of the Paris Basin ba-
sed on the Francheville well. The chronostratigraphy is after Courel et al. (1980) and Aigner &
Bachmann (1992). See figure 2 for the location.
Figura 1.—Esquema estratigráfico de la sucesión triásica al este de la Cuenca de París basado en
el sondeo de Franebeville. La cronostratigrafía se basa en Courel etal. (1980) y Aigner & Ba-
chman (1992). Localización en la figura 2.
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tures and comprises two phases. The first phase, based on one dimen-
sional (vertical) information, consists in (1) observing sedimentary facies
in cores and at outcrops, (2) deducing depositional processes, (3) ident-
ifying faciesassociationsand interpretingsedimentaryenvironments,(4)
constructing a sedimentological model, (5) distinguishing individual
genetic units, (6) obtaining well-log signatures of the genetic units, and (7)
establishing the stacking pattern of genetic units. The second phase, of es-
tablishing correlationsbetweenthe variousvertical sectionsproducedin
phaseone, includes:(8) selectinga regionaldatum, (9) correlatingindi-
vidual genetic units and sequences, and is completed by (10) mappingse-
quences (Homewood eta!, 1992).

In subsurfacestudies,it is essentialto usecompletesetsof log datato
identify and correlategenetie units, especially in continentalenviron-
ments(Bourquin eta!, 1990,1993).For example,sandstonesthatconsist
largeamountsof radioactiveminerais(potashfeldspar, heavy minerals,
etc.) may produce high gamma-ray values similar to values obtained from
clays. Consequently,the use of gamma-rayand the sonic logs alone may
lead to mis-interpretation.Similarly, a density log coupledwith a photo-
electric factorlog is requiredto distinguishbetweendolomitie andanhy-
dritic shales.Neutron-porosity,density and photo-electricfactor logs,
used with high resolution logs (dipmeter or Formation Microscanner) are
necessary(1) to determinesedimentaryfacies, (2) to calibratecoresand
outcropswith well-logsand(3) to obtainsignificantcorrelations.

The results are summarized on an east-west section between Em-
berménil (east of Nancy) and south-west Paris.

SCYTHIAN CYCLE

Only the transgressive part of this cycle is recorded in continental
sediments (oGrés vosgien»). This hemi-cycle corresponds to a vertical

Figure 2.—Lithostratigraphic units along an E-W sections. a: location of <he 37 wells correlated
in this section:., b: geomelry of Ihe litht>stratigraphic units. The limits between the litht,strati-
graphic units are not tirne-lines. See figure 1 for the stratigraphy. 1: sandstones; 2: dolomite; 3:
halite; 4: basemenr; 5: lithostratigraphic limits. CH 17: (‘baunoy 17; JAY: Janvry; Mt Méligny;
FRV: Francheville.
Figura 2—Unidades litostratigráficas en un corte l-¿-W. a: localización de los 37 sondeos corre-
lacionados en el corte, b: geometría de las unidades litostratigráficas. Los límites de las unida-
des no son líneas-tiempo. Estratigrafía en la figura 1. 1. areniscas; 2. dolomias; 3. halita; 4. basa-
mento; 5 limites litostratigráficos. CH 17: Chaunoy 17; lAY: lanvry; M: Meligny; FRV:
¡tancheville.
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stacking of channels. These channels belong to straight to braided sys-
tems. The top of the sequence is characterized by the «Conglomérat prin-
cipal» basalerosionalsurface. This sequence is dominatedby a tendency
of base-levelfalí. This cycle doesntexis’t on the westernpart of the basin
becausealí the sedimentspinch out laterally,displayingonlaptruncation
overthe «1-faute-Marne»fault (Figs. 2, 3).

SCYTHIAN-CARNIAN CYCLE

TRANscRassívn l’ART OF SCYTIItAN-CARNIAN CYCLIL

The transgressive part of this second order cycle may be subdivided
into higher order sequences. However, the exact order of these sequen-
ces, third or fourth order, is very difficult to establish because of poor bio-
stratigraphicinformation.WhereasBuntsandsteinmaybe subdividedinto
two sequences(Friedenberg,1994),only onesequenceis recordedby the
Muschelkalk.

The «Conglomérat principa/x’-«Couches intermédinires» sequence

Ibis sequenceis highly asymmetrieanawasdominatedby a rising
base-level. The basal unconformity is very well marked: it is a major ero-
sional surface, cnt across locally tilted underlying sediment of the «Grés
vosgien».

Both the oConglomératprincipal» and«Couchesintermédiaires»ex-
hibit lateral facieschangeswhentracedawayfrom the outcropsin theeast
(Figs. 3, 4). The «Conglomératprincipal» was depositedby proximal
braidedchannels(Durand, 1978,Courel et a!, 1980) andgradeswest-
ward into muddierdeposits.In contrastthe «Couchesintermédiaires»,
which in tbe east consists of lacustrinecoarse-grainedsheet-floodde-
posits grades westwards into a distal braided channel. These facies

Figure 3.—Location of the wells and taults (after Perrodon & Zabek. 1990) for the E-W see-
tions of the Buntsandstein and the Muschelkalk. M: Méligny; FRV: Franeheville: SJD: Saint-
Jtist-Sauvage Figure 3: Localizacin de sondeos y fallas (sego Perrondon & Zabek, 1990) en el
corte E-W del Buntsandstein y el Musehelkalk. M: Méligny; MIV: Francheville; SJD: Saint-
iusl-Sauvage.
Figura 3.—Localización de sondeos y fallas (según Perrodon &Zabek, 1991) en el corte E-W del
Buntsandstein y el Muschelkalk. M: Meligny; FRV: Francheville, 5 J D: Saint-Just-Sauvage.
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changesare locatedover majorbasementfaults such as the Meuse and
Metz faults andsuggestareversalof thetendency(Friedenberg,1994).

The boundary betweenthesetwo formations has been termed the
oCouchesviolettes»andcorrespondsto paleosoisof severalmetersthickness.

TI-te «Crés ñ Voltzia»-«Couches de Vo/Imunter» sequence

Tbc lower boundary of this sequence corresponds to a by-pass zone
overlain in the east by more proximal facies (braided deposits) than the
underiying ones.This sequence15 againhighly asymmetricaud domi-
nated by a trend of base-level rise.

Ihe sequence boundary records a major change in facies zonation;
the depositionalprofile dips westward,Le. the most proximal facies are
located to the east (Figs. 3, 4). In the castern part, the «Grés it Voltzia»
was produced by a fluvial system (Durand, 1978) which evolved (Fig. 5)
from braided, to straight, and then mainly anastomosing channels and fi-
nally a distal alluvial plain (Friedenberg, 1994). This paltogeographic
trend has lcd to misunderstandingof the stratigraphicrecordin the west
where the distal anastomosing channel facies are mixed with overlying
Muschelkalksediments.

The cnd of this base-levelrisc is markedby the evaporitiecoastal
plain deposits of the Lower Muschelkalk (oComplexe de Volímunster»)
which pinch out latcrally and display an onlap truncation on the oGrés it
Voltzia» over thc Haute-Mame fault.

Tite «Couches muges», «Couches grises»,
«Conches blanches», «Ca/ca ¡res á Cératites»,
«Ca/ca ires a térébra tules» sequence

Ihis third sequenceshowsa generalevolution to moremarineenvt-
ronments (Middlc to Uppcr Muschelkalk). The maximum flooding is
reach at the top of the «Calcairesit Cératites»deposits(Figs.3,6,7).

Figure 4.—E-W sectioti of the Buntsandstein between Emberménil and Saint Dizier: depositio-
nal sequence geometries-relationship between tinie-lines and facies (after Friedenberg, 1994).
See figure 3 lot <he location.
Figura 4—Corte E-W del Buntsandestein entre Embermenil y Saint Dizier: Geometría de las
secuencias deposicionales y relación entre líneas-tiempo y facies (según Friedemberg, 1994).
Localización en la figura 3.
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RWREssIvE PART OF SCYTHIAN-CARNIAN CYCLE

The Leltenkohle sequence

The lower boundaryof this scquencecorrespondsto a flooding sur-
face. It consistsof inixed terrigenous-evaporiticsedimentswhich thicken
to the west from the Aire Fault (Fig. 8). Its base is an unconformíty and its
top is a base-levelfalí surfacewhich is the lateralequivalcntof a flooding
surface.

In the east,this sequenceconsistsof Lettenkohlescdimentsdeposited
in a restrictedmarineenvironment(Courel eta!, 1980,Duringer, 1982).
The upper part of the Lettenkohlestageis characterizedby a recurrence
of lagoonal-marine facies (Ainardi, 1988). This sequence is the result of a
landward stepping in a restricted marine environment, followed by
marine dolomitic clays which mark a maximum flooding surface. This
gradesinto an abrupt seawardstepping,made-upof coastalplain sulfate-
rich shales(«Mamesiriséesinférieures»).

Fluvial sedimentsof dic DonnensarieSandstonesarepresentwestof
the Saint-Martin-de-BossenayFault (Fig. 8). Within thesescdiments,bio-
turbated clays, with occasionaldolomitie or anhydritic nodules,charac-
terize a moredistal environment(coastalplain). Thesearethc mostsea-
ward facies of this area and should be correlated with the maximum
flooding deposits of the Lettenkohle (Figs. 8, 10).

11w«Mamesírisées inféricures» sequence

The lower boundaryof this sequencecorrcspondsto a flooding sur-
face with the absencc of a basal unconformity.

lo thc casi of the basin, this sequence is made up of evaporiticcoastal
plain deposits: thc Anhydritic Shales, «Formationsaliféreoand«Couches
it csthéries» (Courel et a!, 1980, Marchal, 1983,Geisler-Cussey,1986).
Thesegradelatcrally westwardsinto alluvial plain depositsconsistingof
the fluvial deposits of the DonnemarieSandstonesand are overlain by
shalc-anhydritic coastal plain deposits («Argiles intermédaires», Bour-
quin, 1991).

Figure 5.—Variation of sedimentary environments of the «Grés á volzia» dedueed from cores
aud well-log analysis (after Friedenberg, 1994).
Figura 5.—Variación de medios de sedimentación del <Orés á Voltzia« según testigos y análisis
de registros de pozos.
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Geometrically,the salt depositsmigrate to the west with the fluvial
sedimentsof DonnemarieSandstonesmigratinglandwardin transgressive
pattern(Figs. 8, 9). Vertical aggradation predominated during deposition
towardsthe top of the salt formation, with lateral transitionsinto shale-
anhydriticcoastalplain facies.

The sites of maximum halite accumulationwithin tlie Formation
salifére are in the areasof greatestsubsidence.Thesesalt -accumulations
gradelaterally into anhydritic coastalplain environmentsin the less sub-
sidence-proneareas(atthe eastof the transect,Fig. 8).

CARNIAN-LIAS CYCLE

During the Triassic only the transgressive trend of this cycle is re-
corded.

TRÁNsGI{Esslvr PARÍ OF SCYTHIAN-CARNIAN CYCLE

The«Grés¿ roseauxx>-Beaumontdolomite-«Marnesirisées
s-upéricures»sequence

This lower boundaryof this sequencecorrespondsto the baseof the flu-
vial «Grés it roseauxo and is marked by a major change in facies from marine-
influenced evaporitie coastal plain to non-marinefluvial deposits. This surface
is not erosional and diere is no evidente of any ineised valley. A non erosional
valley-shapeddepressionhasbeen formed due to local flexure where the
Saint-MartindeBossenay,Seineandl3ouchyFaultsconverge(Figs. 8,9).This
depressionis filled with lenticularfluvial sediments(Sainte-Colombe-Voulzie
Sandstones) indicating a basal onlap overlain by the «Grés it roseaux».

The sequence starts with the deposition of alluvial plain sediments of
anastomosingandmeanderingchannels(«Grésit roseaux»,Palain, 1966,
Courel et a!, 1980) during a period of base-levelrise. Thesesediments
gradevertically into the marine dcpositsof the «Dolomie de Beaumont»
over an interval of a few metres.The landwardlateral equivalentof the
maximum fiooding surfaceobservedin the marinedepositsof the «Do-
lomie de Ecaumontooccurswithin clayey coastalplain deposits(within

l’igtcre 6.—L-W Muschelkalk section between Emberménil and Saint-Just-Sauvage: depositional
sequenee geonetries-relationshsp bet~een time-Unes anó facies. See figure 3 for ihe location.
Figura 6.—Corte L-W del Muschelkalk entre Emberménil y Saint dust Sauvage: geometría de las
-ectiencias deposicionales y relación entre líneas-tiempo y facies. Localización en la Figura 3.
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the upper part of the «Argiles intermédiaires», Figs. 8, 9). The regressive
phaseis madeup of adolomitie coastalplain sedimentswhich gradever-
tically into an anhydritic coastalplain sediments.To the west, this trend
ends with the basalpart of the fluvial ChaunoySandstoneswhich is a
major by-pass surface Le. where multiple erosions have taken place with
developrnent of some paleosols.

The «Mamesirisées supérieures»-Rhaetian

The «Mames irisées supérieures» (Figs. 8, 9) show a retrogradation
from anhydritic coastal plain to dolomitie coastal plain deposits grading
upward into the restricted marine deposits of the Rhaetian Sandstones
(Conrel eta!, 1980). To the west, this transgressive trend is recorded in
the alluvial Chaunoy Sandstones by a retogradation from alluvial fan de-
positsto those of a braidedfluvial system,which was coveredby a do-
lomitie coastal plain deposits (Figs. 8, 10).

Ouring this period two third order sequence are observed:

Thelowcr «Mames¡riséessupérjeures»sequence

The lower boundary of this sequence corresponds to a flooding sur-
face with no basal unconformity.

Sedimentological studies of the distal eastern part of the Chaunoy
Sandstones revealed extensive flooding of the alluvial fan by lacustrine
sediments.Ihis base-levelrise surfaceis overlainby braidedchannelde-
posits.To the east,this retrogradationaltrend is recordedwithin the an-
hydritic coastalplain sediments(Figs. 8, 9, 10). Theprogradationaltrend,
characterized in the central pad of the basin by numerous well devel-
opped anhydritic strata, ends with an erosional unconformity.

The upper «Mamesirisées supérieures»-R/-zatian sequence

This lower boundary of this sequence corresponds to a major uncon-
formity. It is an erosional feature in the eastemn pan of the basin overlain

Figure 7.—Correlations between the quarry of Heming (Lorraine) and the well-log of Ember-
menil.
Figura 7.—Correlación entre la cantera de lvleming (Lorena) y el registro del sondeo de Ember-
menil.
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by sedimentslying parallelto the surface(Figs. 8, 9).This discontinuityis
recordedwithin the «Mamesiriséessupérieures»,j.c. in evaporiticcoastal
plain depositswhereit separatesthe depositsof anbydritic anddolomitie
coastalplain sediments.Westward,it is a conformable surface overlain by
onlapping dolomitie coastal plain deposits which ended the depositions
of braided channels or of the dolomitic paleosols in the extreme west of
the Chaunoy Formation (Figs. 8,10).

The upper part of the «Mamesirisées supéricures» is made up of do-
lomitic coastal plain facies alone grading upwards into the restricted
marinedepositsof the RhaetianSandstoneswhich display somelimited
open marine influences(Figs. 8, 9). Correlationsshowthat the Rhaetian
boundaryis adiachronousfaciesboundarybetweenacoastalplain anda
restrictedmarine environmentwithin a transgressivetrend (Figs. 8, 9,
10). The regressivetrend is recordedin the upperpart of the Rhaetian,
characterizedby the continentaldepositsof the «Argilesde Levallois»(Al
Khatib, 1976).

COMPARISONOF THIRD ORDERTRIASSIC SEQUENCES
IN THE PARIS ANDGERMANBASINS

The third order Triasic sequence described aboye may be compared
with the sequences descibed by Aigner & Bachmann (1992).

Figure 8.—F-W section of <he Keuper between Nancy and south-west of Paris..- depositional se-
quence guometries relationship between time-unes and facies (after Bourquin & Guilloeheau.
1993, modified) A uneonforn~ity; B: flooding surface of the third order sequences; C: man-
mum floodung sortace (MF5) of third order sequences; D: maximum flooding surface of groups
of genetcc un¡ts F facies boundary; 1: anhydritie coastal plain; 2: dolomitie coastal plain; 3: ha-
une coastal plain 4 alluvial plain and coastal plain with anastomosing and meander channeis;
5: allovial pl lun and fluvial system; 6: restricted marine environment of Rhaetian Sandstones; 7:
dolomitic paleosols 8: basement; NO: Norian; R: Rhaetian. FMe: Meuse fault; FA: Aire fault;
FAi: Aisne tault FI-IM: [-laute-Marne fault; FM: Mame fault; F5MB: Saint-Martin de Bossenay
fault; FS: Seine tault.
Figura 8.—Corte E-W del Keuper entre Nancy y el suroeste de París: geometría de las sectien-
cias deposicionales y ralación entre lineas-tiempo y facies (Modificada de Bourquin & Guillo-
eheau, 1993). A: dicontinuidad; B: superficie de inundación de las secuencias de tercer orden;
C: superficie de inundación máxima de las secuencias de tercer orden (MPS); O: superficie de
inundación máxima de grupos de unidades genéticas; E: limites de facies; 1: llanura costera an-
hidrítica; 2: llanura costera dolomítica; 3: llanura costera halitica; 4: llanura costera y llanura
aluvial con canales anastomosados y meandriformes; 5: llanura aluvial y sistema fluvial; 6: me-
dio marino restringido de las areniscas Retienses; 7: paleosuelos dolomíticos: 8: basamento;
NO: Noriense: R: Rhetiense; FMe: Falla del Meuse; FA: Palía de Aire; FAi: Falla de Aisne;
FI-IM: Palía del Alto Mame; FM: Falla del Mame; F5MB: Palía de Saint-Marhín de Bossenay;
FS: Palía del Sena.
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During the Buntsandstein,the first sequenceof theseauthors(Lower
Euntsandstein)correspondsto «Grésd’Annweiler» and the basalpart of
the «Grésvosgien»(Courel et a!, 1980,Friedenberg,1994), and thus it
appears that the unconformity between the «Grés d’Annweiler» and the
«Grésvosgien»doesnot occurin the GermanBasin (Friedenberg,1994).
The second sequence («Volpriehausen» Formation), within the «Grés
vosgien»,is not found in the Paris Basin (Friedenberg,1994). The third
sequence(oDetfurth»and«Hardegsen»Formations)is thoughtto corre-
spondto the oConglomératprincipal» (Courel eta!, 1980) and is not re-
cordedin the Paris Rasin.The fourth sequence(oSolling» Formation)is
consideredto be an equivalentof the «Couchesintermédiaires»(Courel
eta!, 1980,Friedenberg,1994)andfeaturesa mostspectacularunconfor-
mity, often characterizedby a paleosol. This unconformity is not re-
cordedin theeasternpart of the Parisbasin.Paleosols(oCouchesviolet-
teso) are found below the «Couehesintermédiaires»and their base
correspondsto an accelerationof thebaselevel rise(Friedenberg,1994).
Consequentlythesethird and fourth sequencesare equivalentsof the
«Conglomératprincipal»-’<Coucbesintermédiaires»sequence.The basal
part of the fifth sequence(«Rót»Formation)is an equivalentof the «Grés
ávoltzia« (Friedenberg,1994). In the ParisBasin,this sequencecontinues
into the Muschelkalk,and there is no unconformitybetweenthe Bunt-
sandsteinandthe Muschelkalk.The «Grésit voltzia»-oComplexede Volí-
munster»sequencemay be an equivalentof the fifth sequenceof the
Buntsandsteinand the first sequenceof the Muschelkalk (Lower Mu-
schelkalk).

The maximumflooding suufaceof the secondsequenceof the Mu-
schelkalk(Middle andUpperMuschelkalk)in theGermanBasin is an ín-
terval termed the «cycloídes-Bank»which is an equivalentof the maxi-
mumfloodingsurfaceof the top of the«Calcairesit Cératites»in theParis
Basin.

During the Keuper sedimentation,the regional pattern of coastal
onlap exhibits many similarities betweenthe Paris and GermanBasins.
But the Triassicsuccessionis morecompletein the GermanBasinwhere
morecycleshavebeenobservedwithin the Ladinian andtheNorian. The

Figure 9.—Lithostratigraphy, variations of sedimentary environnients and ordering of depositio-
nal sequences in two wells characteristie of íhe east and central parts of the Paris Basin. See fi-
gures 2 and 8 for location. RU: Rhaetian.
Figura 9—Litostratigrafía, variaciones de medios desedimentación y ordenación de las secuen-
cias deposicionales en dos sondeos característicos de las zonas oriental y central de la Cuenca
de París. Ver figuras 2 y 8 para la localización. RU: Rhetiense.
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Lettenkohle sedimentsrecord only one sequencein the Paris Basin,
whereasthe equivalentLettenkeuper(Courel eta!, 1980) is a record of
two sequencesin the GermanBasin (first and secondsequenceof the
Keuper).The «Grésit roseaux»-«Dolomiede Beaumont»sequenceis the
equivalent of the third sequence(«Schilsandstein»and «Untere Bunte
Mergel»).The maximumflooding surfaceof the «Dolomie de Beaumont»
is an equivalentof the «Hauptsteinmergel»(Aigner & Bachmann,1992).
Ouring the Norian, a truncationin the Paris Basindisturbsthe sequence
record,andconsequentlyit is very difficult to establishacomparisonbe-
tweenthe two sequencesfound in the ParisBasinandthe threesequences
describedin the GermanBasin.The major differencebetweenthesetwo
basinsduringtheKeuperis that tbe«Mamesiriséesinférieuresosequence
doesnot occur in theGermanBasin and that the entire«Gipskeuper»is
partof a regressivetrend.

NATURE OF STRATIGRAPHIC CONTROL

Secondorder transgressive-regressivecycles record variationsin the
rate of subsidenceboth in time andin space.The maximumrate of sub-
sidencefor the Scythiancycle andthe transgressivetrendof theScythian-
Carniancycle is limited by the Haute-Mamefault in the eastof the Paris
Basin (Figs. 4, 6). During, the regressivetrend of the Scythian-Carnian
cycle, the areawith the highestrate of subsidenceis boundedto the east
by theSaintMartin de BossenayFault (Fig. 8). The maximumrateof sub-
sidencefor tUs latter cycle occursduring the depositionof the «Mames
irisées inférieures».During the Carnian-Liascycle, subsidencewas uni-
form acrosswhat is now the ParisBasin (Fig. 8). Geographically,the area
of the highestrateof subsidencemovedwestwardsduring this cycle.This
is a transitionalperiod in which the maximumof subsidenceshifts west-
wardto form an independentParisBasin andno longersimply the west-
ern marginof the GermanBasin.Stratigraphically,this is thebeginningof
the subsidencein the westwhich increasedprogressivelyto reacha maxi-
mumduringtheUpperPliensbachian.

Figure l0.—Lithostratigraphy, variations of sedimentary environments and ordering of deposi-
tional sequences in two wells charaeteristie of the central and west parts of <he Paris Basin. See
figures 2 and 8 br location. Rl]: Rhaetian.
Figura 1 0—Litostratigrafia, variaciones de medios sedimentarios y ordenación de secuencias
deposicionales en dos sondeos característicos de las zonas central y oriental de la Cuenca de
París ver figuras 2 y 8 para la localización. RH: Rhetiense.
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During thetmansgressivetrendof the Buntsandstein,the geometriere-
lations (unconformities)or changesin sedimentarypolarities, show a
structural controle of third order sequences.The «conglomématprinci-
pal’>-«Couchesintermédiaires»sequenceis unconformableon the oGrés
vosgien»and shows a proximal-distalpolarity westward.This sequence
recordsachangein rate of accomodationwhich would initiateon satellite
Metz fault (Fig. 4). The «Grésit Voltzia»-oComplexede Volímunster»se-
quence shows an inversion of the distal-proximal polarity (from west-
wardsto eastwards)with respectto the «Conglomératprincipal-Couches
intermédiaires» sequence. The deformation resulting are medium and
longwavelenghts,not in relationwith thefaultsat the sealeof thetransect.

During the Keuper, two phasesof tectoniemovementscontrol the
distribution of the depocenters(Fig. 8). The first one is recordedin the
«Mamesirisées inféricure» deposits: the activation of Hemcynianfaults
controlledevaporitesedimentationandsequencearrangementsby crea-
ting areasof subsidencewhere halite eould accumulate.The second,
wtthin the «Mamesiriséessupérieures>¡,indueeda generalwestward tilt
of the basin with migration of depocentersto the west inducing intra-
«Mamesiriséessupérieures»truncation.

This studyshowsthelack of majorextensionalmovementsduring this
first phaseof formationof the ParisBasinbecauseno tilting existsduring
thedepositionof salt andonly a slight truncationoccurswitbin the «Mar-
nesírtseessupérieuresoFormation.

CONCLUSIONS

High resolution correlation (genetiestratigraphy)is a fundamental
tool for a geodynamicstudyof sedimentarybasins.The Triassicseriesis
divided into ninethird order sequencesseparatedby unconformitiesor
more fmequentlyby their correlativeconformities.Theseappearsto have
beena lack of majorextensionalmovementsduring the first phaseof for-
mation of the Paris Basin. The similarity of local tectonieeventsin the
ParisBasinandin otherTriassicperitethyanbasins(Aigner & I3achmann,
1992,Dromart eta!, 1992)mayhavebeeninducedby tectoniceventson
the scaleof the westEuropeanCraton.

Furthermore,theseresultsdemonstratethe complexevolutionof the
ParisBasinwhichappearsto havebeenmultiphased,with numerousfluc-
tuationsin the ráteof subsidence(Guillocheau,1991) and with no real
extensionalphaseduring4w Triassic.
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