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General outlines of the French South-East Basin  

Marc DURAND 

The South-East Basin (Fig. 1) is one of the three great Mesozoic basins of France. It is limited 

to the west, along the Variscan Massif Central  by a major fracture swarm (Cévennes Fault)  trending 

SW-NE, going on, by the southern edge of the Jura Basin, up to the Swiss Alps. To the east and south-

east, its infill was intensely affected by the Alpine and Pyrenean deformations respectively, so that the 

passage of this palaeogeographic domain to the Alpine area of sedimentation, with which it 

communicated, is difficult to specify. Most representations show a high zone towards the south, 

between the Maures and the Pyrenees, giving to the basin a roughly triangular shape (e.g.  BAUDRIMONT 

& DUBOIS 1977). This morphology, which really prevailed during a part of the Jurassic, did not exist yet 

in the Triassic. As the palaeocurrents of the Buntsandstein and the biofacies of Muschelkalk show, the 

basin was open to the SW (Catalonia); moreover it is clear that the region of Toulon was then very close 

to the Nurra in NE Sardinia (RONCHI & DURAND 2002, CASSINIS et al. 2003). 

 

Fig. 1 ð  Zones of outcrop of theTriassic series within the South-Est Basin.  

Fig. 7 
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On the western side of the basin, Triassic 

strata crop out mainly at the south-eastern edge of the 

Massif Central (crystalline basement) along the 

Vivarais (Ardèche) and Cévennes mountains. Pinching 

out to the west, on a rather short distance, they thicken 

to the east: from about 50 m above the outcropping 

basement, to 320 m in Balazuc well (AQUILINA et al. 

1996) about 20 km eastwards, and 430 m in 

Valvignères well  again 20 km further. Until now no 

borehole still reached the basement in the central part, 

where evaporites are particularly developed.  

Along the Ardèche margin the Triassic sedi-

mentation began only during the Anisian. A reference 

section can be chosen in the Balazuc borehole (Fig. 2). 

The first marine deposits are sand prone : óGrès du 

Roubreauô Formation. Associated dolostones yielded 

bivalve fragments and Ladinian foraminifera. Mudrocks 

layers, more or less cemented by dolomite, yielded 

Chondrichthyan scales and conodonts. It is particularly 

noteworthy that the sole illustrated specimen of 

conodont from the whole western part of the basin (Fig. 

3), ascribed to the Ladinian Pseudofurnishius huddlei 

(HIRSCH in COUREL et al. 1998), is a Tethyan taxon 

indicative of the Sephardic province (HIRSCH 1972) 

also known as óWestmediterran-Arabische Faunen-

provinzô (KOZUR 1980). Nevertheless, another marine 

formation, representing the most continuous lithostrati-

graphic marker : óBarre carbonat®e m®dianeô, 9 m thick 

on average, is located higher. Palynological results of 

the Balazuc borehole corroborated the previous 

stratigraphic data (palynology, micropaleontology, 

tetrapod palaeoichnology), confirming an Anisian-

Ladinian age for the 'Grès du Roubreau', and dating 

the base of the 'Barre carbonatée médiane' at the 

Ladinian-Carnian boundary (FAUCONNIER et al. 1996).  

 

 

                                                                                    Fig. 3 ð Conodont from the Barre carbonatée 
                                                                                     médiane. From FINELLE (1981 : pl.4-14). 

Fig. 2 ð Reference section of the Balazuc well 
(Deep Geology of France program) for the Vivarais 
Edge (Ardèche) of the Massif Central. After COUREL 

 et al. (1998) and COUREL & DEMATHIEU (2000). 
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It should be noticed that, in two wells on the Ardèche margin, remains of dasycladacean algae 

were revealed,  by cathodoluminescence, in the óArgiles sulfat®es sup®rieuresô of Carnian age (CROS & 

ARBEY  1999). 

On the eastern side of the basin, the Triassic crops out, more widely, around the Maures-

Estérel-Tanneron massif and the Mercantour-Argentera massif with its annex : the Dôme de Barrot. It is 

in this eastern region, where marine facies are best developed, that we shall limit the present field-trip 

(see figures 1, 4 and 7). 

Palaeogeographic relationships 

It was often appealed to a hypothetical óBurgundian Gateô to explain faunal immigrations from 

the Tethys towards the Germanic basin (e.g.: WAGNER 1956, BOIGK & SCHÖNEICH 1974,  URLICHS & 

MUNDLOS 1985, HAGDORN et al. 1998, URLICHS 1999, POSENATO 2002a, KLUG et al. 2005, GÖTZ & 

LENHARDT 2011). Nevertheless, if some recent papers does not call any more upon it (e.g. MÁRQUEZ-

ALIAGA et al. 2000, REIN 2008), it is partly because work completed within the framework of the 

Synthèse géologique du Sud-Est de la France (COUREL et al. 1984, LIENHARDT et al. 1984) had already 

shown, on the one hand, the unlikelihood of a fully marine communication with the Tethys by Burgundy 

during Anisian and Ladinian, and on the other hand, the need for a connexion via Switzerland as soon 

as the Anisian. 

  The first assertion rests on the existence of two ecological barrier. One found expression in the 

lagoonal ôTrigonodus Dolomiteô facies (of the ôRottweil-Formationô), at the top of the Upper Muschelkalk, 

stretching from southwestern Germany to the south-west of Vosges above the óEperon bourguignonô 

(COUREL et al. 1973), and the other is represented by the óEperon lyonnaisô (COUREL et al. 1984), more 

in the south. The second assertion seems allowed, since another migration way was proposed in 

northern Switzerland, near the Alpenrhein depression (SZULC 2000), and named ñAlemannic Gateò 

(KOZUR & BACHMANN 2010). Recent work specified its localization and showed its opening as soon as 

the earliest Anisian (GISLER et al. 2007). 

 It is thus improbable that the Germanic Basin, limited by thresholds, and the basin of the South-

East of France, more open on Tethys, underwent a same succession of environmental fluctuations. This 

is why stratigraphical correlations seem a priori easier with Mediterranean regions. 

During the Triassic, the currently emerged region nearest to Provence was that of Nurra (NW-

Sardinia, Italy). In this relatively small area, above a óBuntsandsteinô very comparable with that of Toulon 

(see Stop 4 of Monday 5th), crops out ï parsimoniously and in complex tectonic structures ï a cal-

careous óMuschelkalkô divided into two main parts by a dolomitic-marl interval (POSENATO 2002a). At 

Monte Santa Giusta, it is estimated about 190 m thick by BARTUSCH (1985) versus about 60 m by 

CARILLAT et al. (1999). Biostratigraphy, based on palynomorphs and Tethyan conodonts (of which 

Carinella truempyi defined in Provence: see Stop 5 of Monday 5th ) allows to assume a Lower Ladinian 

to Lower Carnian age for that formation (CARILLAT et al.1999). The classical Punta del Lavatoio section 

(Alghero), which was recently recognized as overturned (POSENATO et al. 2002), exposes only a rather 

short segment, rich in macrofossils (POSENATO 2002b), corresponding more or less to the Provençal 

óFormation IIô  (Caron 1967a,b; see figure 8). At this place the coexistence of the ammonoids Ceratites 

(Austroceratites) toulonensis and Gevanites cornutus was noted by URLICHS and POSENATO (2002).    
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General outlines of the Buntsandstein in Provence and Alpes-Maritimes 

Marc DURAND 

On the regional scale there is no difficulty distinguishing the Buntsandstein Group which 

constitutes the base of the Mesozoic sedimentary pile in Provence. Although reduced in thickness 

(maximum 80 m) it crops out along a narrow, practically continuous belt from Sanary (SW) to Cannes 

(NE) (Fig. 4). It reflects a clear change from local drainage systems in several distinct basins ï a 

characteristic of the Permian palaeogeography ï to a single widespread system that is typical of the 

Triassic, and thus constitutes the major criterion used to define the óBuntsandsteinô in France. It is 

noteworthy that, in Provence, the main Triassic palaeocurrents flowed to the SW, along the Maures 

Massif, that is ï at least for the Toulon-Cuers area ï in a direction opposite to the Permian palaeoflow 

(DURAND et al. 1989b, DURAND 1993). 

 

Fig. 4 ð Overall sketch of the Buntsandstein (non marine basal Triassic) and Permian exposures in Provence. 

 

The Permian-Triassic Boundary 

The boundary betweeen the Permian and Triassic Systems can be observed in the field in 

many places in Provence and Alpes-Maritimes, with aspects changing over a short distance.Three 

different main types of contact can be distinguished in Provence (DURAND 2006 ; Fig. 5). 
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Fig. 5 ð Schematic diagram showing the locations, within a Lower Triassic palaeogeographical context, of the 

three forms presented by the Permian-Triassic boundary in Provence. Not to scale. From DURAND (2006). 

In the óSanary typeô, most common, the very even infra-Triassic surface is disconformably 

blanketed with a óbasalô oligomictic orthoconglomerate composed of exclusively siliceous pebbles. The 

thickness of this óPoudingue de Port-Issolô (GLINZBOECKEL & DURAND 1984) is commonly about 1 m and 

reaches a maximum of 8 m at the type section. The systematic occurrence of ventifacts in it, joined to 

the lack of transverse supply (as shown by a decrease of pebble size towards the borders) testify that 

the depositional area underwent clearly arid conditions. Another very important distinctive feature of this 

formation is its sharp upper boundary, marking an abrupt change in depositional style. The appearance 

of many indices of biotic activity (especially caliche nodules) conveys a climatic evolution into less 

extreme conditions, of semi-arid type. The apparently rapid character of the recorded climate change is 

probably due to only a more or less significant depositional hiatus. It should be noted moreover, that 

several sections in the neighbourhood of Toulon (Fabregas, Solliès-Ville) show the development of a 

palaeosol at the expense of the uppermost conglomerate layers; in another place (La Garonne beach) 

the Buntsandstein begins directly with a discontinous dolocrete, and the Port-Issol Fm. does not exist. 

The óGonfaron typeô, less frequent than the former, corresponds to an apparent transition from 

Permian to Triassic deposits because of a lack of any conglomerate (see Stop 2 of Tuesday 6th). The 

óVidauban typeô, the least frequent, is that of a clearly angular unconformity (see Stop 3 of Tuesday 6th). 

Figure 5 shows that the three types of contact between the Permian and Triassic series noticed 

in Provence depend on their location being more and more distant from the axis of the Triassic 

depositional basin. Attention must be drawn to the fact that the apparent transition does not correspond 

to the shorter basal gap. 

Dating elements 

The Buntsandstein of the south-eastern part of the óBassin du Sud-Estô encompasses only a 

limited number of stratigraphic formations (Fig 6), which will be described at the occasion of the visit on 

their outcrops.  

The main part, beginning in many places above pebble beds (with ventifacts) totally devoid of 

clues about biotic activity, is everywhere barren of fossils, with sometimes the exception of invertebrate 

traces (Scoyenia, Beaconites, Phycodes, Arenicoloides, etc.) deserving further study but without 

biochronological significance.  
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Fig. 6  ï Stratigraphy of the basal detrital series of the eastern part of the South-East Basin. From DURAND & GAND (2007). 

The only palaeontological elements that enable dating of that unit are palynomorphs from the 

uppermost part, in the Toulon area (Sollès-Ville), near Cannes-Grasse (Pégomas), as well on the Dôme 

de Barrot, where the Triassic sandstones where classically reputed ñWerf®niensò. Their assemblages, in 

the course of revision (J.B. DIEZ),  seems everywhere of early Anisian age (ADLOFF in DURAND et al. 

1989b). Very comparable associations also represent the oldest Triassic palynofloras in the upper 

Buntsandstein of the NE Iberian Peninsula and the Balearic Islands (DIEZ et al. 2010). 

 Moreover occasional occurrences of tetrapod footprints were also noted, although in general 

rather badly preserved with compared with the Permian ones ; they are mostly chirotheroid traces 

(Chirotherium, Brachychirotherium) with some Rhynchosauroides and Capitosauroides. They are much 

less discriminating than palynomorphs, but their stratigraphical ranges also encompass the early 

Anisian (DEMATHIEU & DURAND 1991).  

Since the Port-Issol Conglomerate corresponds to the uppermost part of a cycle deposited 

under very arid conditions, of Smithian age (DURAND 2006 ; BOURQUIN et al. 2007, 2011), one can point 

out that neither the presence of the Upper Permian (i.e. Lopingian) nor of the lowermost Triassic (i.e. 

Induan) are proven in Provence up to now (DURAND 2006). Thus the sub-Triassic unconformity 

represents there probably a hiatus estimated at 10 - 15 Ma. 

 

 

Palaeogeography  

 

The sedimentological study of Buntsandstein of the Dôme de Barrot (palaeocurrents, nature 

and size of the phenoclasts) and of neighbouring sectors led to the definition of a particular paleogeo-

graphic entity: the óDomaine pr®brian­onnaisô (DURAND et al. 1988), definitely distinct from the óBas-

Rh¹ne riftô on the one hand and from the óSillon Proven­alô on the other hand (Fig. 7), all three consti-

tuting an integral part to the future large South-East Mesozoic Basin. 
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Fig. 7 ï Tentative palaeogeographic reconstitution, starting from the study of the Buntsandstein facies, of the oriental part of 
the South-East Mesozoic Basin at the beginning of the Middle Triassic (according to DURAND et al 1988, supplemented).  

The paleogeography considered herein can be integrated neither in the Permian tectono-

sedimentary context, dominated by a distension N-S, nor within the framework of the Mesozoic opening 

of Ligurian Tethys. Indeed, the Tethysian rifting , initiated well east of the Mercantour, is characterized 

by a purely distensif mode, since the affected domain remained primarily marine ; in the South-East of 

France, it resulted in the appearance, during the Lias, of narrow tilted blocks restricting the lateral 

extension of detrital spreadings. On the other hand, the widespread óPr®brian­onnaisó Triassic fans 

imply the formation of an epeirogenic doming located more to the west, and stopped by the collapse of 

the Bas-Rhône basin, which would correspond thus with the model of rift generated by a mantellic 

plume. 

Although the Triassic crustal movements are often regarded as the discrete precursors of the 

Tethysian rifting  they seem rather to correspond to a distinct event, as testify the various ñabortive riftsò 

known not only on the opposite margin of the Tethys but also apart from the fields of Jurassic oceanic 

opening. 
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General outlines of the Muschelkalk and Keuper of Provence 

Jean-Paul CARON 

Among all the sedimentary series of Provence, Triassic deposits was those which were studied 

the least as regards stratigraphy, although the ñConchylienò was reported since 1829 by A. BRONGNIART 

« près Toulon, le cap de Seine et le pied du Mont Faron ».  

Middle Triassic limestones crop out near the city of Toulon, the harbour and the military 

fortifications; they were exploited in quarries  since the 17th century to provide  construction materials 

(hardcores), while the Urgonian  limestones were used for dimension stones. Most quarries were open 

in fossiliferous limestones of the Muschelkalk, in which are intercalated marly layers, having yielded a 

plenty of fossils. 

The Triassic succession, suggested  by HAUG (1925) on the sheet óToulonô of the geological 

map at the 1/50,000 scale was used as reference up to the second edition (CARON in GOUVERNET 1969). 

The detailed survey undertaken for this second edition showed the diversity of the Triassic formations 

and their complex structure related to their implication in the Pyrenean - Provençal tectonics (mainly 

Paleocene - Eocene). The reconstituted, and simplified, stratigraphic scale presented herein (Fig. 8), in 

the course of establishment for the third edition, highlights the main features of the middle and upper 

Triassic. 

Lower Muschelkalk 

There is no continuous outcrop showing the passage from the óGr¯s en plaquette de Solli¯sô to 

the overlying beds (t 3a) of the Lower Muschelkalk. They are marls, clays and gypsum, which can be 

observed only on occasions thanks to work of civil engeneering, excavation, drilling, etcé(CARON & 

DUROZOY 1966).  

These rocks, ductile and tectonicaly incompetent, made it possible the Mesozoic sedimentary 

cover to get loose from the thick detrital formations (Permian and Buntsandstein), transgressive on the 

Variscan basement of the Maures Massif, which constitute the tectonic tegument. The displacement of 

the cover caused planing, with ablation of these rocks in certain sectors and their accumulation into 

others; it is particularly the case of gypsum which one finds in lenses under the Lower Muschelkalk 

limestones. It is thus not possible to give the initial stratigraphic thickness of these deposits, of which the 

present structural thickness varies from few meters with more than 30 m, and which are affected by 

disharmonic folds. This t 3a unit constitutes the decollement zone Ø 1, whose extension is quasi-

general in Provence. 

The following unit (t 3b) represents the first calcareous formation of the Triassic, which was 

never identified nor differentiated from the fossiliferous limestones in the Toulon area  before the sixties 

(CARON 1968, 1969), but is present in the whole Provence, including the eastern and northern parts. It 

was mapped by the author on the sheets at 1/50,000 óToulonô (GOUVERNET 1969), óCuersô (BLANC et al. 

1974) and óBrignolesô (MENNESSIER et al. 1979), including sectors having not been the subject of recent 

revisions. Its main features will be evoked on Stop 3a of Monday 5th.  
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Fig. 8 ð Reconstituted synthetic section of the Triassic series of Provence 
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Middle Muschelkalk 

The lithology of this series t 3c is comparable with that of the basal part (t 3a) of the Lower 

Muschelkalk. Owing to their plasticity, its components are tectonically incompetent, and, being affected 

by disharmonic folding, enabled the compact Lower Muschelkalk limestones to form folds and/or slices, 

structurally independent from the Upper Muschelkalk, and whose geometry can be specified. Like for 

the t 3a Lower Muschelkalk, it is not possible to give the initial stratigraphic thickness of these deposits, 

of which the present one varies from a few meters up to more than 30 m, because gypsum can 

accumulate in thick lenses or can be totally laminated. Thus, the Middle Muschelkalk constitutes the 

second decollement zone Ø 2 , whose extension is quasi-general in Provence. 

Recent geological survey highlighted, within this formation, a calcareo-dolomitic unit, the thick-

ness and facies of which make possible to refer it neither to the calcareous Lower Muschelkalk t3b nor 

to the fossiliferous Upper Muschelkalk t 3d - t 4. This unit is isolated within the plastic and incompetent 

rocks, folded dysharmonically, by two decollement surfaces for which we retain the notation Ø 2 when it 

is not possible to differentiate them. In the vicinity of Saint-Cyr-sur-Mer (Rampale), volcanoclastics were 

reported (CARON in BLANC et al. 1977). They remind of those described by CARON (1970) and mapped 

on the sheets óCuersô (BLANC et al. 1974) and óBrignolesô (MENNESSIER et al. 1979). Finally, a marl bed 

with lignite intercalations, whose stratigraphic attribution is dubious, was recently discovered.                                                   

Upper Muschelkalk 

It is the calcareous and calcareo-dolomitic formation classically known for its fossiliferous 

layers. For this reason, it drew very early the attention of geologists and paleontologists, and the first 

comparisons with the óGermanicô Triassic were carried out. But later it is especially its tectonic behaviour 

which was being investigated, leading to the understanding of its role in the separation of the Mesozoic 

cover from the Variscan basement and its tegument of Buntsandstein, with its consequences in the uplift 

of  the main mountain ranges of Provence 

Studies undertaken in the field from 1960, in order to  revise and/or to establish the maps of 

Provence at 1/50,000, made it possible to draw up precise profiles of all the important quarry walls and 

outcrops. Many located samples were taken, studied on polished surfaces and thin sections, and were 

the subject of petrographic and sedimentological descriptions. A standard succession was established 

for the Upper Muschelkalk, highlighting the main following facts. There is a remarkable horizontal 

continuity of the principal beds, without notable variation of facies, and with relatively moderate 

variations in thickness. Some layers are characterized by special microfauna and microflora, and thus 

constitute key beds of very constant extension. The comparison between various profiles and their 

structural analysis made it possible to highlight the complex tectonics affecting the calcareo-dolomitic 

Upper Muschelkalk, and in particular to define its normal stratigraphic succession. The study of sedim-

entary structures and up-down criteria shows that certain structural units were completely overturned, 

others more or less verticals, and finally, some were in normal position (CARON 1965a). Four lithological 

units of regional extension were defined there (CARON 1967a,b ; CARON & GAUTHIER 1968). 

Formation I 

Often with brecciated aspect, they are dolomitic limestones and dolostones, light gray to clear 

yellow, jointed and cargneulized in contact with the decollement zone Ø 2 of the Middle Muschelkalk. So 

the stratigraphic thickness (19 m minimum at Lô Escaillon) never could be measured entirely.  
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Formation II  

It is characterized by an alternation of marls (or clays)) and fossiliferous limestones, compact or 

nodulous, and its thickness ranges from 22 to 25 m. The lower limit corresponds to the top of the last 

dolomitic limestone bed of Formation I. The upwards succession of the main lithofacies is the following:  

- Encrinitic limestone 
- Limestone with Tolypammina [ formerly described as óNubéculairesô (CARON 1965b) ]  
- Oolitic and pisolitic limestone 
- Lower marly limestone, sometimes fossiliferous  
- Lower shelly complex showing an intrication of several facies: limestone with Coenothyris, little or not reworked, 
   grainstone to wackestone calcirudites and calcarenites, and encrinitic calcirudite 
- Limestone with Dasycladaceae, compact and dark, sometimes vermiculated 
- Encrinitic limestone, present in all the area.  
- Upper marly limestone, with a layer of ochre sandy limestone  
- Upper shelly complex  
- Limestone with Solenoporaceae. 
- Encrinitic limestone. The passage to Formation III, is more progressive than its lower limit. 

Formation III 

Its thickness varies from 5.30 m (Bandol) up to 17.80 m (Hyères). It is a  rhythmic alternation of  

dark and  light gray limestones (or limonitized biosparites in the lower part), separated by corrugated 

joints. Thes repeated rhythms, 3 to 8 cm in thickness, give a typical two-tone aspect. Large intraclasts 

(10-15 cm) of dark limestone,  intraformational microconglomerates, and small channels 15-20 cm deep 

are frequent. Dark limestones with vermiculations are well represented, and look like those of the Lower 

Muschelkalk. Only some yellow marly limestone beds show a certain lateral continuity. 

Formation IV 

Its lithofacies show great similarities with those of Formation I: dolomitic limestones and clear yellow to 

light gray dolomites, of which they are difficult to differentiate in spite of a better marked stratification. 

The thickness ranges between 15 m minimum near Toulon (Faron) and 6 m near Cuers; these 

variations can be explained by a development of dolomitization of the Formation IV, which invaded 

Formation III. At the top of the formation, siliceous and/or anhydritic concretions, in layers or lenses, of a 

few centimetres thick, constitute frequently a good key-bed near the Keuper boundary. 

Keuper  

The  sedimentary succession that is usually referred to the Keuper is composed of clays and 

marls containing locally bipyramidal quartz, mostly gypsum in lenses (not appearing on the surface), 

and locally lignites, thin and discontinuous, which were in the past mined in an artisanal way; dolostones 

were reported locally (CARON & GOUVERNET 1961). That Keuper, ductile and incompetent, is affected by 

disharmonic folds , as the Lower Muschelkalk t3a and the Middle Muschelkalk t3c,. None continuous 

stratigraphic profile can be established. It can miss completely - the lower Rhetian resting then on the 

last Upper Muschelkalk beds - or, on the contrary, be accumulated in lenses, whose structure is 

completely destroyed, and marking out locally the major abnormal contacts or forming the core of 

diapirs. It is the third décollement zone Ø 3, whose extension is quasi-general in Provence.  

The yellow Rhaetian limestones are often shelly (with Rhaetavicula contorta), and are some-

times rich in crustacean coprolites, some of them having been described for the first time in Provence 

(BRÖNNIMANN et al. 1972a,b). 
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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 HAGDORN  

The striking similarity of the Middle Triassic carbonate and evaporite succession in SE-France 

with the classic Upper Muschelkalk in SW-Germany and NE-France (Alsace, Lorraine) has been treated 

by French and German workers since more than 150 years. A good deal of this research was focused 

on biostratigraphic correlation and aimed at understanding Middle Triassic palaeogeography and at 

reconstructing scenarios of faunal migration within the northwestern Peri-Tethys realm.  

Lithofacies and the abundance of the brachiopod Coenothyris vulgaris and the crinoid Encrinus 

liliiformis in the fossiliferous carbonatic middle units gave evidence for correlation with the Upper 

Muschelkalk and the ñLettenkohleò (Lower Keuper) of NE-France and SW-Germany. Therefore, its 

subdivision was transferred to the Middle Triassic of SE-France (HAUG 1925, THÉOBALD 1952, RICOUR 

1962). The Upper Muschelkalk in the region of Toulon (Lagoubran) became especially well known 

because of excellent outcrops in vast limestone quarries that yielded complete sections. According to 

THÉOBALD (1952) the Middle Triassic of Toulon is approximately 100 m thick, comprising :  

¶ ca. 16 m of marls and red dolomitic sandstones that he correlated with the Wellenkalk,  

¶ ca. 30 m of limestones with silex nodules, and yellowish dolomitic marls, corresponding to the 
ñmarnes grises et marnes bariol®esò of the Middle Muschelkalk, 

¶ ca. 20 m of  gray and yellowish limestones plus additional ca. 20 m marls with terebratules 
(Coenothyris) and ceratites correlated with the Upper Muschelkalk, 

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

THÉOBALD (1952: 55) emphasizes that the Muschelkalk of SE-France does not contain any 

fossils that are unknown in the typical Germanic Muschelkalk of Lorraine and Germany. However, a first 

marine cycle ï the Lower Muschelkalk of Central Europe ï is not represented by marine sediments in 

SE-France. Detailed lists of macroinvertebrate and vertebrate fossils were added by CHARLES (1948) 

and CORROY (1933).  

Later, CARON (1967a,b), GLINTZBOECKEL & DURAND (1984) and BROCARD & PHILIP (1989a) 

established independent lithostratigraphic subdivisions of the marine Middle Triassic in SE-France, 

avoiding correlations with the Central European germanotype Muschelkalk. According to BROCARD 

(1991), the ñTrias carbonatéò of late Anisian through early Carnian age is subdivided in the units C, D, E, 

and F (Fig. 9). Downsection, the sandstones of Units A and B represent the ñTrias détritiqueò. The late 

Carnian and younger Triassic up to the marine Rhaetian is called ñTrias évaporitiqueò. For Muschelkalk 

and Lower Keuper stratigraphy in SW-Germany see figures 10 and 11. 

This informal subdivision is used in the following notes on common and important invertebrate 

fossils most of which were collected during a field trip in 1996 in the fossiliferous Unit F (for locality data 

and profiles see CARON 1965c, 1967b and BROCARD 1991). Unfortunately, the large limestone quarries  
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of Lagoubran, which are nowadays situated within the outskirts of Toulon, are covered with buildings or 

vegetation or used for deposition or incineration of rubbish.     

 

Depositional environment              

According to BROCARD (1991), the shallow marine carbonates and marls were deposited on two 

successive homoclinal ramps settled in a semi-enclosed area, partly surrounded by structural highs. 

Due to relative sea level fluctuations the connection to the open sea was changing. The earlier ramp is 

characterized by tide-controlled packstones and wackestones with small sized gastropods, bivalves, 

ophiuroid sclerites, and ostracods (Unit D). After a barren evaporitic interval (Unit E) with volcanic ash 

beds near its top, the second ramp (Unit F) was formed. Storm controlled sediments with Placunopsis- 

and Crinoid-bioherms and abundant brachiopods indicate a change of similarly restricted and more 

open marine environments.  

Fauna  

The macrofauna of Units A ï D is relatively poor compared to that of Unit F. BROCARD (1991) 

provides detailed faunistic data including microfauna for the measured sections. None of the faunal 

elements allows statements about the chronostratigraphic position of these units or about paleobio-

geographic relations with the Germanic Basin. Unit E is unfossiliferous. For these reasons, the focus is 

laid on the fossiliferous Unit F that yielded the ceratites and other typical Muschelkalk macrofauna. 

Micropalaeontological data of importance for chronostratigraphic correlation are reported from the 

literature, mostly from BROCARD (1991).  

Ceratites 

Internal moulds (Steinkerns) of germanotype ceratites from South-East France were mentioned 

for the first time by PHILIPPI (1901, 1905) and identified with the south-alpine Ceratites tornquisti. In his 

description of Ceratites toulonensis, RIEDEL (1916) emphasized that the lateral nodes of his specimens 

Fig. 9 ï  Stratigraphy of the Trias carbonaté of Provence.  
 From BROCARD (1991). 

 



15 

are positioned above the mid of the flank. Accordingly, WENGER (1957) diagnosed his new subgenus 

Austroceratites as follows: Germanotype ceratites with lateral nodes above mid of the flank. Simple ribs 

are developed by gradual shifting of the lateral nodes close to the external margin, and original marginal 

nodes disappearing. Ceratites (Austroceratites) toulonensis RIEDEL, 1916 is diagnosed as follows: 

Juvenile sculpture dichotomous. During growth, lateral nodes gradually confluent with the umbilical 

margin by a shallow fold. Lateral nodes shifting to an external position maintaining this fold that finally 

forms the adult rib. Original marginal nodes forming an edge that disappears towards the body chamber. 

The size is less than 12 cm.  

 

 
Fig. 10 ï Stratigraphy of the Upper Muschelkalk in SW-Germany. From HAGDORN (2004). 
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Fig. 11 ï Stratigraphy of the Lower Keuper in SW-Germany. 

URLICHS (1997) described additional specimens of C. (A.) toulonensis (Fig. 12 a-e) and added a 

specimen from Lagoubran that he assigned to C. cf. laevigatus (Fig. 12 f), a ceratite appearing in 

Germany in the enodis zone above the Cycloidesbank. In his discussion of the relations of 

Mediterranean and Germanic ceratites, he concluded that the ceratite-bearing layers of the Muschelkalk 

in SE-France (Unit F) have to be correlated with the Central European enodis-Zone (early Ladinian). 

This is corroborated by the presence of the conodont Budurovignathus truempyi and by two 

Germanonautilus (Fig. 19 g): G. bidorsatus and G. suevicus, in these beds. In the German Muschelkalk, 

G. bidorsatus disappears in the postspinosus Zone, and its descendant, G. suevicus, appears in the 

enodis zone (MUNDLOS & URLICHS 1984). URLICHS (1997) also discussed the relation with C. (Alloc.) 

schmidi from the Lower Keuper Grenzdolomit of Central Germany (MÜLLER 1969, 1973). Because the 

lateral nodes of this ceratite are positioned below the midline of the flanks he excludes a relation to this 

late Ladinian ceratite.  
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Fig. 12 ð Ceratites.  a-e Ceratites (Austroceratites) toulonensis RIEDEL, 1916 (from URLICHS 1997).  a Body chamber, from 
lateral and from ventral; Lagoubran; Lab. Géol. Univ. Marseille; height 8,5 cm.  b Phragmocone, from lateral and from 
ventral; St. Jean-du-Var; Lab. Géol. Univ. Marseille; height 6 cm.   c Adult individual from lateral; Lagoubran; Lab. Géol. 
Univ. Marseille; height 10,5 cm.  d  Fragment of phragmocone from lateral; La Roquebrussanne; Muschelkalkmuseum 
Ingelfingen (MHI); height 7,8 cm.  e Body chamber, from lateral; La Roquebrussanne; MHI; height 8,6 cm.  f Ceratites 
(Gymnoc.) cf. laevigatus PHILIPPI, 1901 (from URLICHS 1997) from lateral; La Blanque near Tourves; Lab. Géol. Univ. 
Marseille; height 8,2 cm.  


