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Outcrop locations 
 

 

 

 
 

 

1 – Uzer (La Prade)         2 – Col de l’Arénier          3 – Ucel (Le Sartre)         4 – Sanilhac SW (Blase) 

5 – Chassagnes (D285)    6 – Chassagnes (Panorama towards Les Assions)    7 – Presentation of the Geoparc 

8 – Vernon (Les Tétines) 
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Stratigraphic column 

 

 

Summary of the different 

nomenclatures of the Ardèche 

margin (Poli, 1997). 

I - Formation détritique de 

base 

II – Formation argilo-

carbonatée médiane 

III – Formation bariolée 

supérieure 

 

 

Poli. E. (1997) Stratigraphie 

séquentielle haute-résolution, 

modèles de dépôt et géométrie 2D-

3D des séquences triasiques de la 

marge téthysienne ardéchoise. PhD, 

Sciences Terre Univ. Bourgogne 

Lacune du Trias inférieur (“Scythien”) 
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DAY 1: Saturday, September 11th 2021 
 

Stop 1 & 2 - The Ardèche palaeomargin of the South-East Basin of France 
 

Introduction 
 

During the 1990s, the French Ministry of Research decided to support a program dedicated to increasing 

geological knowledge and thus providing a better understanding of our subsoil (Deep Geology of France 

program). It was the time when countries like the United States, the USSR, Germany, and France (and 

many others) believed that new hypotheses arising from the interpretation of geophysical data had to be 

proven by the implementation of deep boreholes. 

A call for tenders was launched to select different geological targets. Among them, the confirmation that 

the Ardèche was at the beginning of the Mesozoic, a margin of an huge and thick basin, located on a 

thinned continental crust, at the edge of an ocean: the Ligurian Ocean. 

 

The Ardèche Project was therefore initiated to understand the structure and to reconstruct the evolution of 

the Ardèche palaeomargin of the South-East Basin of France from the Stephanian (upper Pennsylvanian) 

to the end of the Mesozoic in order to study fluid palaeocirculations and diagenetic processes through the 

Triassic sandstone and Liassic carbonate reservoirs, between the basin (South-East Basin) and its margin, 

where a great number of ore deposits were located (Fig. 1). 

 

A        B 

  

Figure 1. The South-East Basin and the Ardèche paleomargin (   )replaced in Norian (A) and Sinemurian 

(B) paleogeographic maps (Dercourt et al., 2000) 

 

The research incorporates the results of seismic and gravity investigations (Fig. 2), existing borehole data 

and studies of sedimentology, biostratigraphy, sequence stratigraphy and structural geology.  

Three seismic lines were shot and two boreholes were drilled in order to demonstrate the margin activity 

(Figs. 2, 3): 

- Balazuc (BA1) who intersect all the sedimentary column from the Upper Carboniferous to the 

lower Kimmeridgian deposits (1,669 m). 

- Morte-Mérie (MM1) who started in the Bathonian limestones and ended in the Upper 

Carboniferous deposits (690 m) 
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Figure 2. Location of the GPF Ardèche studied area (Bonijoly et al., 1996). 

- 

 
Figure 3. Seismic sections crossing the Ardèche palaeomargin (Bonijoly et al., 1996) 
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The acquisition and processing of three seismic reflection profiles, the drilling of two scientific boreholes 

(BA1 and MM1), and subsequent structural modelling, with the use of cross-section balancing techniques 

applied to both the depth-migrated seismic and geological sections, provide new geometrical constraints 

which lead to the following proposal for the geodynamic evolution of the margin:  

 

(1) Late Palaeozoic extension with the development of high-angle basement faults, asymmetrical 

Permian half-grabens, (pre-extension) sedimentary cover (Fig. 4A). 

 
Fig. 4A: see legend bellow 

 

(2) During the Middle Triassic, a pre-rift stage with the creation of small fault blocks and, in the Late 

Triassic, the formation of a meridian flexure (Fig. 4B). 

 
Fig. 4B: see legend below 

 

(3) Early Jurassic (late Liassic)  to Middle Jurassic of a major detachment in the Carboniferous coal 

measures, leading to complete decoupling of the Mesozoic sedimentary cover from the basement 

(Fig. 4C). This episode of extension, coeval with the opening of Tethys, can be related to a phase 

of episodic rifting between the late Sinemurian and the late Bathonian (i.e. during 30 Myr). 

 
Fig. 4C: see legend below 

 

(4) Late Jurassic to Early Cretaceous thermal subsidence, with regional downwarping of the 

basement towards the east (Fig. 4D). 
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Figure 4 A to D: Geodynamic evolution of Ardèche paleomargin (Bonijoly et al., 1996)  

 

 
 

 

(5) After the Late Cretaceous (the period of maximum burial), Pyrenean and Alpine deformation in 

the south and east, causing progressive uplift of the Ardèche palaeomargin, as much as two 

kilometres of Mesozoic deposits subsequently being eroded from the section during the 

Cenozoic. 

 

 

 

Stop 1: La Prade  
 

Location of the cross-section X = 805129.93, Y = 6380348.46 (Lambert 93) – Locality: La Prade (Fig. 5). 

 

  
 

Figure 5. Geological map extracted from INFOTERRE with the location of Balazuc and Morte Mérie 

wells (https://infoterre.brgm.fr/) 

Bathonian: alternation of 

limestones and marls 

Carixian: sandy, entrochal 

limestones 

Hettangian: hemipelagic 

limestones (dolomitization) MM1 borehole (980 m) 

BA1 borehole (1.729 m) 

m (1.729 m) 

4D: see legend below 

 

https://infoterre.brgm.fr/
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During the trip, we will stop on the top of the Uzer tilted block and we will see the following deposits: 

- The tilted block is made of hemipelagic limestones, Sinemurian in age: dark massive limestones 

with cherts at the basal part of the cross-section, entrochal biocalcarenites and sublithographic 

limestones and finally alternation of grey limestones and marls at the top.  

- The top of the block was eroded from Sinemurian to Aalenian times. Sometimes, some deposits 

are preserved as we will see with few detrital (quartz) and entrochal limestones, Carixian or 

Domerian in age. 

- All the structure is sealed by deposits Bathonian in age: alternation of beige limestones and marls. 

 

1.5 kilometres from the outcrop (Fig. 6), the Balazuc drilling intersected more than 350 m of deposits 

corresponding to the same period (upper Sinemurian to Bajocian = 22 Myr)  

 

 
 

Figure 6. Geological cross-section of the Ardèche palaeomargin along the Uzer-Valvignières transect 

(Razin et al., 1996) 

 

Stop 2: Col de l’Arénier 
 

The outcrop located at Col de l’Arénier (Fig. 7) shows: 

- At the basis, an upward-fining succession of graded arkosic sandstones. This a typical facies of 

Upper Triassic sandstones (Keuper). 

- These sandstones are covered with sandy limestones, often with a breccia aspect, which include 

biogenic debris and some fine limestone shingles. These limestones are supposed to be of 

Rhaetian age. 

- Superimposed on the previous layer, an alternation of limestones and marls is typical of upper 

Bathonian deposits. 
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Figure 7. Location of the“Col de l’Arénier”outcrop: X = 819423,00, Y = 6404345,62 (Lambert 93) 

extracted from INFOTERRE (https://infoterre.brgm.fr/) 

 

This outcrop illustrates the lack of deposits during all the Lower Jurassic on the top of the Ardèche tilted 

block, i.e. 32 Myr! According to S. Elmi (oral communication), in some places, it is possible to recognize 

sandy crinoidal limestones with shingles of Hettangian or Sinemurian limestones that seems to   

demonstrate the position of the block was maintained during all the period under the water surface. There 

is no evidence of continental alteration. 

 

It is important to keep in mind that during these 32 Myr with no deposits on the Ardèche tilted block, 

2,100 m of sediments are recognize in the Valvignières borehole, 22 km westward (see fig. 1 for the 

location of the Valvignières borehole) 
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Stop 3 & 4 -Middle-Late Triassic reptiles footprints near Aubenas and 
Sanilhac 
 

Introduction 
 

In the stratigraphic series of Ardèche, two geological units yield most Triassic vertebrate tracks: the “Grès 

du Roubreau” representing the Middle Triassic (Anisian/Ladinian), and the “Formation Bariolée d’Ucel” 

documenting the Upper Triassic (Carnian/Norian). The former is dominated by conglomerates and 

sandstones, whereas the latter is characterized by sandstones, microconglomerates and occasional argillite 

layers. These continental units have a fluvial origin and they yield a remarkable ichnological heritage of 

reptilian footprints (Gand et al., 2007). To date, 15 tracksites and nearly 1,000 individual tracks have been 

inventoried within the Geopark limits and its immediate surroundings (Fara et al., 2021). We will visit 

two representative track-bearing sites that illustrate typical Middle and Late Triassic ichnological 

associations: Blaze and Ucel (Fig. 8). Beyond richness and abundance, this ichnological patrimony is also 

outstanding as it documents major episodes in the macroevolution of Triassic reptiles, most notably the 

rise of dinosaurs (reptiles belonging to the bird lineage) at the expense of pseudosuchians (reptiles 

belonging to the crocodilian lineage) after the Carnian. In addition, many of these Triassic tracks are 

unique because of the coarseness of the sedimentary rocks hosting them.  

 

 

 
 

Figure 8. Geological context of two selected vertebrate track-bearing localities in Ardèche: Blaze 

(Middle Triassic) and Ucel (Upper Triassic). Their respective ichnoassemblages document the major 

macroevolutionary change in dominance that occurred during the Carnian for pseudosuchians and 

dinosaurs. Modified from Fara et al. (2021), with a simplified geological map modified from Szewczyk et 

al. (2020). 
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Stop 3: The Late Triassic track-bearing Geosite of Ucel, near Aubenas 
 

The locality named Le Sartre is located in the town of Ucel, near Aubenas. It stands out as being the first 

recognized ichnological geosite in Ardèche (Fig. 9). More than 300 reptilian imprints are preserved in a 

remarkably coarse-grained sedimentary layer corresponding to a medium- to coarse-grained quartzarenite 

that is microconglomeratic locally. This unusual occurrence challenges prevailing preservation models 

and it highlights the diversity of taphonomic pathways leading to ichnoassemblages (Szewczyk et al. 

2020). The tracks at Le Sartre ichnosite are found in an upward-fining succession that formed during the 

abandonment of a fluvial channel.  

 

 
 

Figure 9. Sedimentological setting of the Le Sartre outcrop. A) View of the track-bearing surface and 

upper layers (Unit2). B) Stratigraphic succession under the track-bearing surface (Unit 1). C) 

Lithological log of the outcrop defining Units 1 and 2 (see arrowhead in B for position). 

Figure from Szewczyk et al. (2020). 

 

Undertracks (imprints resulting from the deformation of the sedimentary layers below the walking 

surface) are more common and are found in coarse-grained beds only. True tracks (imprints left on the 

actual walking surface) or overtracks (imprints corresponding to a shallow sedimentary cover of true 

tracks after the latter formed) are very rare and associated exclusively with thin clay- and siltstones that 

were deposited after the channel was abandoned. Most of the tracks are transmitted undertracks formed in 

coarse-grained sands deformed with the clay and silt layers on which the dinosaurs walked. The 

ichnoassociation is dinosaur-dominated (Grallator, Otozoum) and rare pseudosuchian tracks 

(Brachychirotherium) also occur (Fig. 10). After four years of scientific investigations and recent 

extension/installation works, Le Sartre geosite was inaugurated in October 2020. It is the first equipped 

locality in France (and probably in Europe) to show Late Triassic dinosaur tracks and to be freely 

accessible to the public. 
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Figure 10. Left: Part of the Grallator-dominated track-bearing surface at Le Sartre geosite. Right: Close-

up showing the exceptional occurrence of well-defined footprint (undertrack) in a coarse-grained 

sediment. From Fara et al. (2021) and Szewczyk et al. (2020). 

 

Stop 4: Middle Triassic reptile footprints from Blaze, near Sanilhac 
 

The site of Blaze is located in the Roubreau Sandstone Formation, dated from the Anisian-Ladinian (Fig. 

11). It is a 60 x 40 m flat sandstone slab formed of several fine and coarser layers that present current 

ripples and desiccation cracks locally. To date, 55 pentadactyl and tridactyl vertebrate tracks have been 

recorded at this site. They mainly document Isochirotherium, an ichnotaxon that belongs to a large group 

of vertebrate tracks called “chirotherioid traces” because the footprints somehow resemble a hand. These 

traces are characterized by the fact that the footprints are usually much larger than the handprints 

(heteropody). Chirotherioid traces are surprisingly diverse and abundant in Middle Triassic sediments 

from the Geopark des Monts d’Ardèche and more than a dozen chirotherioid ichnospecies have been 

described from this region. The trackmakers were quadrupedal, erect-walking, crocodile-like archosaurs 

named pseudosuchians that were roaming the river banks and floodplains of Ardèche during the Middle 

Triassic. At Blaze, a few “Coelurosaurichnus” tracks made by dinosauriforms also occur. This site is still 

under study and a major field campaign is planned in 2021-2022. 

 

 
Figure 11. View of the site of Blaze and example of Isochirotherium footprint and handprint from this 

locality (from Szewczyk 2020, modified). 
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DAY 2: Sunday, September 12th 2021 
 

Stop 5 & 6: Sedimentological and rock physics integrated study 
 

Introduction 
 

The Chassagnes outcrop is located in the Les Vans valley, Ardèche. This section is characterized by the 

Late Triassic deposits, representing the last continental palaeoenvironments before the Lias marine 

transgression. These deposits are good analogues to the ones found in the Paris Basin, i.e. Chaunoy 

Sandstones (Late Triassic deposits located in the western part of the Paris Basin, e.g. Bourquin et al., 

1998), and that are studied for their geothermal potential. An integrated sedimentological, diagenesis and 

rock physics study has been carried out on this section alongside with two boreholes (Morte-Mérie and 

Balazuc) for subsurface data, to have a better understanding of the three-dimensional architecture of the 

deposits, diagenesis spatial distribution, and fluid path connection. 

 

Stop 5: Chassagnes outcrops 
 

The Late Triassic deposits are represented by the “Formation Bariolée d’Ucel”, a mostly sandstone-

dominated formation, with conglomerate levels and regular shaly layers (Fig. 12). The top of this 

formation is characterized by a heavy dolomitization. Several facies are recognized along the section, 

mostly derived from the work of Bourquin et al. (1998) on the Triassic formations of the Paris Basin, for 

consistency (Fig. 13). Those units deposited in continental sedimentary settings are of fluvial origin, 

deposited along an alluvial fan (Fig. 14). 

 

http://dx.doi.org/10.30486/gcr.2021.1912278.1045
https://doi.org/10.2110/palo.2020


 

 

16 

 
 

Figure 12. Upper Triassic deposits at the Chassagnes outcrop, associated to the “Formation Bariolée 

d’Ucel”. Facies association is presented in figure 13. 
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Figure 13. Facies association encountered at Chassagnes (modified and adapted from Bourquin et al., 

1998). 

 

 

 
Figure 14. A simple depositional model for the Ardèche palaeoenvironments is proposed, 

 adapted and modified from Bourquin et al. (1998). 
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At Chassagnes, we can trace the sedimentary dynamics of the fan through the stacking pattern of 

depositional cycles from the base to the top of the section. The autocyclic sequences include a 

conglomerate fining-upward to sandstone, topped by shaly layers interpreted as former palaeosols (Fig. 

12). Detailed observation on the thin sections is presented in Table 1. The base and the top of these 

sequences are bounded by erosional truncation induced by the deposition of the past and next cycle 

respectively (Fig. 15). 

 

 
 

Figure 15. Erosional truncation observed at Chassagnes, usually located at the top of a palaeosol. 

 

The dolomitization process appears to be linked to the pedogenetic activity, probably thanks to the 

development and formation of dolocretes (Cassado et al., 2014; Fig. 16). The dolomitization intensity is 

rising through the section, to reach a maximum intensity at the top of the outcrop, as the occurrence and 

stacking of palaesols increases. 

 

From a rock physics point of view, the Chassagnes section presents mostly low porosity and low 

permeability properties, at the exception of a few very specific levels, situated a few meters below the 

palaeosol layers (Fig. 12). Those porous and permeable units (up to 25% porosity and 100–1,000 mD 

respectively) are developed at the interface between the palaeosols and the dolomitized sandstones units 

where the initial depositional texture is highly altered. Consequently, the top of the section is marked by 

higher reservoir properties than the remainder of the section. This dolomitization is an early process here, 

and developed thanks to the water table fluctuation that widespread the magnesium during the dolocrete 

life span, as suggested by recent U/Pb datation of the dolomite crystals (~180 Ma to 200 Ma, work 

progress at Géosciences Rennes, collaboration with Marc Poujol). Such permeable levels are also 

observed in the subsurface section, especially in the Morte-Mérie section (MA1 borehole). We believe 

those levels remained porous during burial as those units present in the Balazuc section (BA1 borehole) 

have been completely silicified by fluids likely circulating along the deep faults in the basin, located near 

the BA1 section (Fig. 17, simplified from Regnet et al., in prep). 
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Table 1. Thin section observations of the Chassagnes outcrop: A & B are the Sm and Gm facies, C & D 

are FDn facies, E & F are the dolomite facies (Dh, Dn and GD/SD). G & H are an example of the 

massive nodular dolomite found in the section. 
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Figure 16. Sketch showing sequence of processes allowing dolomite formation  

in the distal fan deposits of the study area,  

 A) Root cavity containing clay cutans, silicified root structures, needle crystals, dolomicrite and coarse 

crystalline dolomite.   B) Showing the presence of dolomite dumbbells developed from the cell-walls.  

C) Lacustrine dolomicrite with amorphous silica and circumgranular cracks. D) Showing the dolomicrite 

spheroids and spheroidal fibrous-radial dolomite with transparent coarse crystalline dolomite cortex 

(from Casado et al., 2014). 
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Figure 17. Permeability measurements comparison between Chassagnes (CHA), Morte-Mérie borehole 

(MM) and Balazuc borehole (BA). Overall, the permeability values measured in the Balazuc borehole are 

lower than those measured in the Morte-Mérie borehole or at Chassagnes. 

 

Stop 6: Panorama towards the Butte des Assions 
 
High above the Chassagnes village, near the St. Eugène hermitage, the lookout to the north reveals the 

« Butte des Assions », a small positive topography which comprises Jurassic limestones  sitting atop the 

Triassic deposits.  We can also observe the irregular contact between the Upper Triassic deposits and the 

Upper Jurassic limestones, thanks to a NE-SW oriented fault. This fault is a major one in the region, and 

can be followed on several kilometres (Fig. 18). 
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Figure 18: 3D model of the panorama of the Butte des Assions with the layered satellite and local 

geological maps (1/50 000). 

 

 

Stop 7: Picnic and UNESCO Global Geopark of the Monts d'Ardèche 
presentation 
 

The Regional Natural Park of the Monts d'Ardèche obtained the designation of UNESCO Global Geopark 

in September 2014. At this point, it joined the network of 161 UNESCO Global Geoparks located in 44 

countries. It is the 5th designated Geopark, out of seven, in France. By standing at the interface between 

plutonic, metamorphic, volcanic and sedimentary rocks, it gathers outstanding geological structures and 

evidence of their use by people, notably mining and construction. Among its many commitments, the 

Monts d’Ardèche UNESCO Global Geopark is strengthening its involvement in scientific research and 

outreach to better understand and promote its geological and patrimonial heritage, including Permian and 

Triassic structures. Indeed, the limits of the Geopark circumscribe much of the regional Permian and 

Triassic sedimentary rocks that outcrop mainly along a NE-SW strip between the towns of Privas and Les 

Vans. 

Butte des Assions 
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Stop 8: Tétines de Vernon 
 

The angular unconformity between the Variscan basement and the Triassic subhorizontal conglomerates 

is very clear. The first sedimentary structures (crossbeds) can be observed in the conglomerate, as well as 

a lot of eroded clasts from the basement (Table 2). 

The surface of the sandstone formation shows a geological curiosity known as the “Tétines de Vernon” 

(Fig. 19), which result from differential erosion of early cemented cylindrical zones around tree-trunk 

bases. No plant material is preserved, but such an origin is evidenced by the presence below most of 

them, of a peculiar case of “vegetation-induced primary sedimentary structure” (arrow on Fig. 19E) : 

centroclinal cross-stratification (fig. 33 in Durand et al. 2011). 

 

 

 

 

 

 

 

 

 

 

Figure 19: Panorama of 

the Vernon site with the 

basement/Triassic contact 

(A & B), the Tétines de 

Vernon (C & E) and 

cross-bedding (D). 
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