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General outlines of the French South-East Basin

The SoutkRastBasinFig. 1)s one of the three great Mesozoic basins ofltHsahtéed
to the west, along WariscamMassif Central bynajorfracture swarm (Cévennes Fault) trending
SWNE,going on, by the sauthedgef the Jura Basin, up to the SwisS Alihge ast and south
east,ts infill was intensely affected by the Alpine and Pyrenean deformationsadispettieely
passage of this palaeogeographic domain Atpitieerrea of sedimentation, with which it
communicated, is difficult to sp®Bt. epresentations show a high zone towards the south,
between the Maures and the Pyremngeg,to the basinaghly triangular shapg @\UDRIMONT
&DuB0Is1977. This morphology, which really peiailieg a part of the Juradgicnot exiget
in the Triassic. As thegraturrents of the Buntsandstein and the biofacies l&aMsbaivwthe
basin was open to 8 (Catalonia); moreovecligds that the region of Toulon was then very close
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totheNurra in NE SardifancH& DURANI2002 CassINI®t al. 2003).
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Fig.1d Zones of outcroptheTriassic seneishin the Sodst Basin.
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Fig. 20 Reference section of tAlaBic well

(Deep Geology of France program) for the Vi
Edge (Ardéche) of the Massif CentraloAfter C

et al. (1998) a@dURE DEMATHIE(R000).

On the western side of the basiassic
strata crop out mainly asth#keasterredge of the
Massif Central (crystallib@sement)along the
Vivarais (Ardeche) and Cévennes mouRiteihing
out to the wesiy a rather short distance, they thicken
to the est: from about 50 m abtiee outcropping
basement, to 320 m in BalazudAgelLinset al.
1996) abot 20 kmeastwards, and 430 m in
Valvigneres well again 20 km further. Until now no
borehole still reached the basement in the central part,
where evaporites are particularly developed.

Along the Ardéche margin the Triassic sedi
mentation began only during the AAisiefierence
section can be chosen in the Balazuc b@tigh@g
The first miae deposits are sand pror@rés du
RoubreaFormatianAssociatedotbstones yielded
bivalve fragments and LadiniamfaoferaMudrocks
layers, more or less cemented by doloehted
Chondrichthyan scales and conoliasisarticularly
noteworthythat thesole illustrated specimen of
conodorftom the whole western part bagigHg.

3), ascribed tthe LadiniaRseudofurnishius huddlei
(HRscHin CourELet al. 1998 isa Tethyan taxon
indicative of th®ephardic provinddrECcH1972

al so known a-Arabiéciée Ratnere d i t
p r o vKozwrA@80) Neverthelesgnother marine
formation, representimgmast continuouthostri
graphicmarker 6 Barr e caBinthiokat ®e
on average, is located higredyological results of

the Balazuc borehot®rroborated the poers
stratigraphic data (pdygy micropaleontology,
tetrapodpalae@hnology).confirming an Anisian
Ladinian age for the 'Grés du Roubreau’, and dating
the base of the 'Barre carbonatée médiane' at the
Ladiniai€arnian boundaPgCONNIEEt al. 1996).

Fig.30 Conodont from tBarre carbonatée
médiane. FroARNELLE1981 pl.414).



It should be noticed thmatwo wells on the Ardeche margin, rendaisictefdacean algae
were revealedhy cathodoluminescence, inthe gi | es s u loffCarhigh @@eros&u p ®r i
ARBEY1999).

On the eastern side of the basin, the Tmapsioutmore widely, around khaures
EstéreTanneron masaiid the Mercantdugentera massif with its anttexDéme de Barlbis
in this eastern region, where marine facies are best developed, that wepsbsdinirfieie
(see figures 1, 4 and 7

Palaeogeographic relationships

It was often appealed to a hypothetical
the Tethys towards the Germanic bagilVAGNERLI56 BOIGK& SCHONEICH 974, URLICHS&
MUNDLOS1985,HaGDORNet al.1998,URLICHS1999,POSENATR002, KLuGet al. 2005301z &
LENHARDR2011) Neverthelesi$,some recent papers does not call any more updirRQ(Eg.

ALIAGAet d. 2000 ReIN 2008, it is partly becauserk completed within filaenework of the
Synthése géologique duEiidie la Fran(@ouRrElet al. 1984 JENHARDEL al. 1984) had already
shown, on the one hand, the unlikelihood of a fully marine communication with the Tethys by Bi
durindAnisian andadinian, and ore tbther hand, the need for a connexion via Switzerland as soor
as the Anisian.

The first assertion rests on the existence of two ecological barrier. One found expression
lagoonal r i gonodus dfo !l tomeFtaeRoafttavas el ghe, Wppert Mudchekkalk,
stretching froeouthwestern Germany to the-sesthof Vosges abovedhep er on bour g
(Cburee t  al . 1973), and the ot heouresata. 1984npre e s e n
in the south. The seconsed®n seems allowed, since another migration way was proposed
northern Switzerland, near the Alpenrhein deffiagsagh0 0 0 ) afMlde maanme & G
(Kozur& BAcHMANIRO10). Recent work specified its localization and showed its opeasg as soor
the earliest Anisi@sLEret al. 2007).

It is the improbable that the Gerniasm, limited by thresholds, and the basin of the South
East of France, more open on Tethys, underwent a same succession of environmdittal fluctuatio
is why stratigraphical correlationsasegoneasier with Mediterranean regions.

During the Triassic, the currently emeggetdearest trovencevas that dfurra (NW
Sardinia, Italyinthis el at i vel y smal | \very@maparabkdelwibhwhat ofaloutol u r
(seeStop4 of Mondayhp crops out parsimoniously amdcomplex tectonic structurascal
careoushu s ¢ h edivitted Intk éwpainpartsby a dolomitimarl intervgPoSeNAT@002). At
Monte Santa Giusta, it is estimated about 190 mBiRrRckdn{1985) versus about 60 m by
CaRILLATet al. (1999Biostratigraphy, based on palynomorphi®thgdrconodontsof which
Carinella truempigfined in ProvenseeStop5 of Mondayh) allowgo assuma LoweLadinian
to Lower Carnian age for that forn@@orLAet al.1999Y.he classical Punta del Lavatoio section
(Alghero), which was recently recognized as ovieosenatd&t al.2002), exposes only a rather
short segment, rich in macrof@ss8sNATQ00D), correponding more osdeto the Provencal
0 F o r mg@arord967a foskefigured). At this plache coexistence of the amnmoGeidctites
(AustroceratitasplonensendGevanites cornutmasnoted byRLICH@Nd BSENATER002)



General outlines of the Buntsandstein in Provence and Alpes-Maritimes

Marc DRAND

On the regional scale there is no difficulty stistqnghe Buntsandst&iroupwhich
constitutethe base of the Mesozadimentargilein ProvenceAlthough reduced in thickness
(maximurB0 m)t crops out along a narrow, practically continuous belt from Sanary (SW) to Car
(NE)(Fig. 4)It reflects a clear change from local drainages sgsseveral distinct baisias
characteristiof the Permian palaeogeogiiafihya single widespread system that is typical of the
Triassicand thus constitutes the major criterion used toedefideBlu nt sandst ei no
noteworthy thah Provencéhe main Triassic palaeocurflented to the SW, along the Maures
Massif, that isat least for the TouCurers areiin a direction opposite to the Permian palaeoflow
(DUrRANDEet al198%, DURANL993).
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Fig. 40 Overall sketch of the Buntsandstein (norbasaiiméassic) and Permian exposures in Provence.

The Permiafiriassic Boundary

The boundary betweeen the Permian and Sysesiccan beobserved in the fighd
manyplaces in Provence and AYfmstimeswith aspectshanging over a short dist@ihoee
different main types of contact can be distingHstreeshc®(RANIO0G6; Fig.5).



TANNERON ‘

A\
“YESTERELA|

Vidauban type

Gonfaron type — S Q

Sanary type . gruia \a

B Conglomerates Buntsandstein

E=1 Permian series

[[] sandstones } Triassic

Fig.5 0 Schematic diagram showing the locations, withifréaksiwgralaeogeographical cpofake
three forms presented by the PeFndasic boundary in Provence. Not to scalsias2006).

7] Variscan basement

Int he &6 S a maestcommdnthepverg even infraassic surface dssconformably
bl anket e doligomictic orthocoddlomeratd compasadusively siliceous pebbles
thickness of tlhsisGoNz&dEokd DURAND ABZis cdnemoritycabouut 1 m and
reaches a maximum of 8 m at the ttjma 3be systematic occurrence of ventifiagtsnad to
the lack of transverse supply (as byavdecrease of pebble size towards the borders) testify that
the depositional area underwent clearly arid cdditiersvery inntdistinctive feature of this
formatiois its sharp upper boundary, marking an abrupt change in depositional style. The appec
of many indices of biotic actespecially caliche nogjubenveys a climatic evolution into less
extreme conditionssefiarid typeThe apparently rapid character i@cihreled climate change is
probably due to only a more or less significant depositidhahbigtife noted moreover, that
several sectionstire neighbourhood of Toulon (FabregasVv#igligsow the development of a
palaeosol at tlexpense of the uppermost conglomerate |layetiseirplacé_a Garonne beach)
the Buntsandstéiegins directly with a discontinous dokadetiee Pddsol Fm. does not exist.

The 6Gonfaron typebé6, l ess frequent than
Permian to Triassic deposits because of a lack of any co(efeSteratdf Tuesday . The
6Vidauban typed, tledargangulerarcdnforifiyeStppd ef fuesdayios t h a

Figure Showsthat the three types of contact between the Permian and Triassic series noti
in Provence depend on their location being more and more distant from the axis of the T
depositional basAttention must be drawn to the fact that the apparent transition does not corres
to the shorter basal gap.

Dating elements

The Botsandstein of the seedéisem paro f t he O HEsds di mndcwmpad s
limited number of stratigraphic fornfgtggswhich will be described at the occasion of the visit on
their outcrops.

The main part, beginning in many places above pebble beds (with venl&acid)abtally
clues about biotic activity, is everywhere barren of fossils, with sometimes the exception of inve
traces $coyeniaBeaconitesPhycodesArenicoloidestc.) deserving further study but without
biochronological significance.
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Fig. 61 Stratigraphy of the basal detrital series of the eastern part-&abieEcufronDURANE GAND(2007).

The only palaeontological elements that enable dating of that unit are palynomorphs fro
uppermost part, in the Toulon ar&es{8id, near Canndarasse (Pégomaas,well on the Déme
de Barrot, where the Triassic sandstones Whare s i c al | y Theigssembldgesii We r f
the course of revision (IIB), seemsverywhere of eaflgisian age HAOFAN DURANDEt al.
198%). Very comparable associations also represent the oldest Triassic palynofloras in the 1
Buntsandsteir theNE Iberian Peninsula and the Balearic (Rleretsal. 2010)

Moreovenccasional occurrences of tetrapod foetpreratso notedglthough in general
ratherbadly preserved with compared with the Pemsiathey are mostly chirotheroid traces
(ChirotheriyBrachychirotheriuwith somBhynchosauroid@sdCapitosauroidehey arenuch
less discriminating thmalynomorphgut their stratigraphical ranges also encdahgpassly
AnisianfEMATHIEE. DURANCL99).

Since the Pdgsol Conglomerate corresponds to the uppermost part of a cycle deposi
under very arid conditions, of Smithidbuage®0® ; BourQuiet al.2007, 2011), one can point
out that neither the presence of the Upper Permian (i.e. Lopingian) nor of the lowermost Trias
Induan) r& proven in Provence up to (BowAND20®). Thus the stfriassic unconformity
represents thgpeobablg hiatus estimated at 16 Ma.

Palaeogeography

The sedimentological study of Buntsandstein of the Déme de Barrot (palaeocurrents, r
and size of the phenoclasts) and of neighbouring sectors led to the definition of a marticular pa
graphic entity: t DerANOeDa. m@B8yneef i mri @ berl iya nd-i osnt ni an
Rhine rifté on the one hand a(rig J dl theeecorsth e 6
tuting an integral part to the future larg&&siutesozoic Basin.
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Fig. 7i Tentative palaeogeographic reconstitution, starting from the study of the Buntsandstein facies, of the orienta
the Soutkast Mesozoic Basin at the beginning of the Middle Triassito@crerdiztcal 1988upplemented).

The paleogeogrgpbonsidered herein can be integrated neither in the Permian tecton
sedimentary context, dominated by a diste®srmr Within the framework of the Mesozoic opening

of Ligurian Tethys. Indeed, the Tethysian rifting , initiated well east outhésMbecanterized
by a purely distensif mode, since the affected domain remained primarily marifeasinothe South

France, it resulted in the appearance, during the Lias, of narrow tilted blocks restricting the
extension of detrital sgrean g s . On the other hand, t he wi
imply the formation of an epeirogenic doming located more to the west, and stopped by the coll
the Bafkhdne basin, which would correspond thus with the model of rillygeneeaatiesllic
plume.
Although the Triassic crustal movements are often regarded as the discrete precursors
I fting they seem rather to corr

Tethysian r
known not only on the oppasargin of the Tethys but also apart from the fields of Jurassic ocear

opening.



General outlines of the Muschelkalk and Keuper of Provence

JeanPaulCARON

Among all the sedimentary series of Provence, Triassic deposits was those which were s
the least as regards stratigraphy, althofig@ then ¢ Wwag tepored since 1828. IBRONGNIART
« prés Toulon, le cap de Seine et le pied du Ment Faron

Middle Triassic limestones crop out near the city of Toulon, the harbour and the mi
fortifications; they were exploited in quarries sirfteai@iry/to provide construction materials
(hardcores), while the Urgonian limestones were ing&usion dtones. Most quarries were open
in fossiliferous limestones of the Muschelkalk, in which are intercalated marly layers, having yi
plenty of fossils.

TheTriassisuccession, suggestedHbyG(192%ont he s heet 6Toul onod
map at the 1/50,000 scale was used as reference up to the sd€ardrdiBoavERNETI69).
The detailed survey undertaken for this second edition showed the diversity of the Triassic fori
and their complex structure related to theitampitbat PyreneanProvencakctonicgmainly
PaleoceneEoceng Thereconstituted, asidnplifiedstratigraphscalepresented herdifig.8), in
the course of esliahment for the third edhigilights the main features of the middiepand
Triassic.

Lower Muschelkalk

There is no continuous outcrop showing t
the overlying be(s3g ofthe Lower Muschelkalk. They are marls, clays and gypsum, which can
observed onbn occasionsem ks t o wor k of ci vil €ECsrRONE N e er |
DUR0z01966).

These rocks, ductile and tectonicaly incompetent, made it possible the Mesozoic sedim
cover to get loose from the thick detrital formations (Permian and Buntsandstein), transgressive
Variscan basement of the Maures Magdif constituteetectonic tegument. The displacement of
the cover caused planing, with ablation of these rocks in certain sectors and their accumulati
others; it is particularly the case of gypsurangHiicts in lenses under_thveer Muschelkalk
limestones.i# thus not possible to give the initial stratigraphic thickness of theke/iiepdkigs, o
present structuthickness varies from few meters with more than 30 m, and which are affectec
disharmonic folds. TihBaunit constitutes the decoleémened 1 whose extension is quasi
geneal in Provence.

Thefollowinginit(t 3b represents the first calcareous formation of the Triasaias which
never identified nor differentiated from the fossiliferous limestones in the Toulon area before the
(CARON1968 1969)put ispresent in the whole Provencleiding the eastern and northernifparts.
was mappday the authon the sheett 1/50,000 T 0 uGOUYERKELIIGO)E u e(BLaNGet al.
1974a nd O B(Menngssigrt &.1910), including sectors having not been the subject of recen
revisiondts main feats will be evoked®top a ofMondayt®
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= e Decollement zone @2
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g
9 5-10 m Dolostone, dolomitic limestone,rauhwacke
Marls and clays
0-30 m Gypsum in irregular accumulations
Decollement zone o'
5m Platy halite-pseudomorph bearing silty sandstone
Dolomitic sandstones, with ripple-marks,
% alternating with
= 60 to micaceous flagstones,
2 80 m and
E cross-bedded argillaceous sandstones
%)
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g with nodules and cross-bedding
5-10 m | Basal conglomerate, sandstone
> 1 km PERMIAN:generally red mudrocks  j_p CARON -2011

Fig.8 8 Reconstituted synthetic seofitire Triassic seriePaivence
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Middle Muschelkalk

The lithology of this setri@sis comparable with that of the basél 3&@mf the Lower
Muschelkalwing to their plasticity, its components are tettoarogkyent, and, being affected
by disharmonic folding, enablextheadtower Muschelkalk limestones to form folds and/or slices,
structurally independent from the Upper Muschelkalk, and whose geometry carkédaspecified.
thet 3aLower Muschelkalk, it is not possible to give the initial stratigraphic thickness of these de
of which the presemtevaries from a few meters up to more than 30 m, because gypsum ce
accumulate in thick lensesanbe totally laminat8dhus, t Middle Muschelkalk constitutes the
secondlecollement zo@e2, whose extension is cqgasieral in Provence.

Recengeological survieighlighted, withims formatipa calcaredolomitic unihe thick
ness and facie$ whicimake possiblerefert neither tthe calcareous Lower MuschéBkatior
to thefossiliferoudpper Muschelkal®d- t 4. Thisunitis isolated within the plastetincompetent
rocks,folded dysharmonicélytwalecollement surfaéerwhichweretairthe notatiod 2when it
isnot possible to differentiate thetire vicinity of SadyrsurMer(Rampaleyolcanoclastiwere
reportedCARONIN BLANCet al. 19797Theyremind ahose described byRON190 and mapped
on the shees Cu 8mnesdal (9 74 ) a n dVENGERSIERt @ln1879)kimallya nfjarbed
with lignite intercalations, whosgrstpaic attribution is dubwas recently discovered

Upper Muschelkalk

It is thecalcareous and calcadetmmitic formation classically known for its fossiliferous
layersFor this reasondiewvery earlthe attentioof geologists and paleontologists, and the first
comparisons with the 0Ghgmteimaespeaaby itSteciorachehaviour w e
whichwasbeing investigajéehding to the understanding of iis théeseparation of the Mesozoic
cover from the Variscan basement and its tegument of Buntsandstein, with its consequences in t
of the mamountairanges of Provence

Studies undertaken m fikld from 1960, in order to revise ared@btsh the maps
Provencat 1/50,000nade it possible to draw up precise pfafilt® important quarry walls and
outcrops. Magcatecdsamples wetakenstudied on polished surfaces and thin sections, and were
the subject of petrographic and sedimentological deAcsiginmtasd succession was established
for the Upper Muschelkalk, highlighting the main folloWwihgréattsa remarkable horizontal
continuity of the principal beds, without notable variation of facies, and with relatively mo
variations in thickness. Some layers are characterized by special microfaunaatinisroflora
constitute key bedswvery constant extension. The comparison between various profiles and tt
structural analysis made it possible to highlight the complex tectonics affecthdgltmeitaalcareo
Upper Muschelkalk, and in particular to define its normal stratigsapinc Ehe study of sedim
entary strires and wiown criteria shothksit certain structural units were completely overturned,
others more or less verticals, and finally, some were in norr@aRpo&e®)(Four lithological
units of regiorettension were defined tl@meoNL962 b ; CARON& GAUTHIER.968)

Formation |

Often with brecciated aspect, they are dolomitic limestones and dolostones, light gray tc
yellow, jointed and cargneulized in contact with the decoll@haftrmoiMiddle Muschelkalk. So
the stratigraphic thickness (19 m mini mum a
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Formation Il
It is characterized by an alternation of marls (or clays)) and fossilifesyustnpastare
nodulous, and itsckmess ranges from 22 to 25 m. The lower limit corresponds to the top of the
dolomitic limestone bed of Formation I. The upwards succession of the main lithofacies is the foll
- Encrinitic limestone
- Limestone witlolypammijdormerly descib e tlubécslair@CARONLI65D) |
- Oolitic and pisolitic limestone
- Lower marly limestone, sometimes fossiliferous
- Lower shelly complex showing an intrication of several facies: li@estaibyuikitile or not reworked,
grainstone to wackestone calcirudites and ealcanehitncrinitic calcirudite
- Limestone with Dasycladaceae, compact and dark, sometimes vermiculated
- Encrinitic limestone, present in all the area.
- Upper marlymestone, with a layer of aamdy limestone
- Upper shelly complex
- Limestone with Solenoporaceae.
- Encrinitic limestombepassage to Formation Ill, is more progressive than its lower limit

Formation Il

Its thickness varies from 5.30 m (Bandol) up to 17.80 m (Hyeteghrtticsalternation of
dark and light gray limestones (or limonitized biosparites in the lower part), separated by cort
joints. Theepeatedhythms, 3 to 8 amthickness, give a typicaltbme aspect. Large intraclasts
(1615 cm) of daliknestone, intraformational micraoengtes, and small channeX)X&n deep
are frequent. Dark limestones with vermiarateels represented, andlibekhose of the Lower
Muschelkalnly some yellow marly limestone beds showlateeataiantinuity.

Formation IV

Its lithofacies show great similarities with those of Formation I: dolomitic limestones and clear y
light gray dolomites, of which they are difficult to differentiate in spite of a better marked stratif
The thickness nges between 15 m minimum rmedonT (Faron) and 6 m near Cuers; these
variations can be explained by a devedlgbfrdeiomitization of tleentatio 1V, which invaded
Formation It the top of the formagsidiceous and/or anhydriticrations, in layers or lenses, of a

few centimetres thidqgtitute frequently a good&dynear the Keuper boundary.

Keuper

The sedimentary succesgluatis usually referred to the Keigpeomposeaf clays and
mar$ containingpcally bipyramidplartzmostlygypsumn lensegnot appearing on the sujface
and locally lignites, thindascbntinuopshichwere in the past mined in an artisanablesigrees
were reported loc@#yroON& GOUVERNET961)That Keupgdudile and incompetengffected by
disharmonic foldas the Lower MuschelkZdland the Middle Muscheli@k None continuous
stratigraphic profile can be establistea.miss completethe lower Rhetian resting then on the
last Upper Muschelkalk beds on the contrarge accumulated in lenses, whose structure is
completely destroyed, and marking out locally the major abnormal contacts or forming the
digpirs. It is the thddcollemerbned 3 whose extension is qigasieral in Provence.

The yellolRhaetiatimestoneare often shelly (WiRhaetacula contoltaand are some
times rich in crustacean copraide®of thenhaving beedescribeébr the first tinme Provence
(BRONNIMANeL al. 1972Db).
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Invertebrate fauna, biostratigraphy, and paleobiogeography
of the marine Trias Carbonaté of SE-France,
compared to the Upper Muschelkalk of Central Europe

Hans WGDORN

The striking similaatythe Middle Triassic carbonate and evaporite succedsianda SE
with the classic Upper Muschelkalk@e®Vany and NiEance (Alsace, Lorraine) has been treated
by French ar@erman workers since moreltb@ryears. A good deal of this resesrdhonsed
on biostratigraphic correlation and aimed at understanding Middle Triassic palaeogeography
reconstructing scenarios of faunal migration within the northettgsr&am.

Lithofacies and the abundance of the braCoiepoithyivulgariand the crinokehcrinus
liliformign the fossiliferous carbonatic middle units gave evidence for correlation with the U
Muschel kal k and t he A LRanteeandkS@Bhbrinamyd Théréfarew isr K
subdivision was transfito the Middle Triassic gfrf8kceHAuG1925 THEOBALI 952 RICOUR
1962). The Upper Muschelkalk in the region of Toulon (Lagoubran) became especially well
because of excellent outcrops in vast limestone quarries that yielded complete sections. Accol
THEOBALPL952)he Middle TriassfcToulon is approximately 100 m thick, comprising

ca. 16 m of marls and red dolomitic sandstones that lievatnriat@Vellenkalk,

ca. 30 mflimestones with silex nodules, and yellowish dolomitic marls, corresponding to t

Amarnes grises et marnes bariol ®eso of t

1 ca. 20 nof gray and yellowish limestones plus additional ca. 2With nezdbratules
(Coenothypisnd ceratites correlated with the Upper Muschelkalk,

1 ca. 10 m of marls and marly limestones equivalent to the Lettenkohle.

T
T

THEOBAL{195255 emphasizes that the MuschelkalkFotugt®e does not contain any
fossils that are unknown in the typical Germanic Muschelkalk of Lorraine and Germany. Howeve
marine cyclethe Lower Muschelkalk of Central Eusopet represented by maguements in
SEFrance. Detailed lists of macroinvertebrate and vertebrate fossils w€reAROEEIDHE)
andCorrR0Y1933).

Later,CARON(1963@,h, GLINTZBOECKE® DURAND(1984) andBROCARDS PHILIP(1989a)
establishethdependerithostratigraphic subdivisions of the marine Middle TriaBsamaee SE
avoiding correlations with the Central European germanotype MuschelkalkBRmcerding to
(1991) hTeias@rbonat® of | ate Ani si an t hrintbeghts@ B,rfE] v (
and HFig9.Downsection, the sandst briasedsitigwf. Urhiet d ¢
Carnian and younger Triassic up torthe m& R h a eTrias &aporiiiqaeroc Musdhedkdlk A
and Lower Keuptratigraphy in S¥¢rmany sdgured0andll

This informal subdivision is used in the following notes on common and important invert
fossils most of which were collected during a field trip in 1996 in the fossildetocslitynitafa(f
and profiles s€aRONL96%, 1966 andBRoCARI991)Unfortunately, the large limestone quarries
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ofLagoubran, which are nowadays situated within the outskirts of Toulon, are covered with builc
vegetation or used for deposition or incineration of rubbish.
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Décol

CARNIEN
Inférieur

100

Fig. 9i Stratigraphy of theas carbonabé Provence.
"""" R FromBROCAR1991).
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Dolomies

Depositional environment

According BrRocAR1991)the shallow marine carbonates and marls were deposited on tw
successive homoclinal ramps settled inemcdesed area, partly surrounded by structural highs.
Due to relative sea level fluctuations the connection to the open sea was changiagplise earli
characterized by tamtrolled packstones and wackestones with small sized gastropods, bival
ophiuroid sclerites, and ostracods (Unit D). After a barren evaporitic interval (Unit E) with volca
beds near its top, the second ram-YWras formed. Storm controlled sedimeRlgowitbpsis
and Crinoidoherms and abundant brachiopods indicate a change of similarly restricted and 1
open marine environments.

Fauna

The macrofauna of UnitsCAis relatively poor compareaatoftiunit BROCARE{1991)
provides detailed faunistic data including microfauna for the measured sections. None of the
elements allows statements about the chronostratigraphic position of these units or about pe
geographic relations with the Germanic Basin. Unit E is unfossiliferous. For these reasons, the
laid on the fossiliferous Unit F that yielded the ceratites and other typical Muschelkalk macrc
Micropalaeontological data of importance rfostctrgraphic correlation are reported from the
literature, mostly frBROCAR(1991).

Ceratites

Internal moul@Steinkern®f germanotype ceratites frauthBast France were mentioned
for the first time ByiLiPP(19011909 and identified with the salgimeCeratites tornquisti his
description @feratites toulonenBigpEL(1916mphasized that the lateral nodes of his specimens
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are positioned above the mid of the flank. Acaneiogh(1957diagnosed hiswiesubgenus
Austroceratites follows: Germanotype ceratites with lateral nodes above mid of the flank. Simple
are developed by gradual shifting of the lateral nodes close to the external margin, and original r
nodes disappearir@eratites (Atroceratites) touloner®=DEL 1916is diagnosed as follows:
Juvenile sculpture dichotomous. During growth, lateral nodes gradually confluent with the ur
margin by a shallow fold. Lateral nodes shifting to an external position malidttiatnigntdiyg f

forms the adult rib. Original marginal nodes forming an edge that disappears towards the body c
The size is less than 12 cm.
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Fig.117 Stratigraphy of the Lower Keuper@GeSiany.

URLICHZ1997 described additional specimé&hg Af) toulonenfitsg 12a-e)and added a
specimen from Lagoubran that he assigDedf.taevigatugFig 12 f), a ceratite appearing in
Germany in thenodiszone above the Cycloidesbank. In his discussion of the relations
Mediterranean and Germanic ceratites, he concluded thatlibaraegdsiteers of the Muschelkalk
in SEFrance (Unit F) have to be atadelvith the Central EuropeadisZzone (early Ladinian).

This is corroborated by the presence of the cBuoodoovignathus truemgoyd bytwo
Germanonautil(i5g. 19) G.bidorsatuandG. suevicus these beds. In the German Muschelkalk,

G. hdorsatuslisappears in tpestspinosugone, and its descend@ntsuevicugppears in the
enodiszone(MUNDLOS URLICHS1984) URLICHY1997 also discussed the relationGuifflloc.)
schmidirom the Lower Keuper Grenzdolomit of Central GBurerp69, 1973Recause the

lateral nodes of this ceratite are positioned below the midline of the flanks he excludes a relatiol
late Ladinian ceratite.
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Fig.120 Ceratites a-e Ceratites (Austroceratites) toulom@esis. 1916 (frotdRLICHSL997).a Body chamber, from
lateral and from ventral; Lagoubran; Lab. Géol. Univ. Marseille; heiglth&§motone, molateral and from
ventral; StleanrduVar; Lab. Géol. Univ. Marseille; height 6 Adult individual from lateral; Lagoubran; Lab. Géol.
Univ.Marseille; height 10,5 aih. Fragment of phragmocone from lat@Roquebrussanne; Muschelkalkmuseum
Ingelfingen (MHI); height 7,8 efBody chamber, from latdralRoquebrussanne; MHIglite8,6 cmf Ceratites
(Gymnoc.¢f. laevigatuPHILIPRI 1901 (frorRLICHS1997 from lateral; La Blanque near Tourves; Lab. Géol. Univ.
Marseille; height 8,2 cm.



