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The Autun Permian Basin: the Historical Autunian stratotype 
 
Key words: Guide-book, Permian (Autunian = Cisuralian: Asselian-Lower Ghzelian), Autun basin, Historical 

Stratotype, Stratigraphy, environnements, Fauna, Macro/Microflora. 

 

Mots clés : Livret-guide, Permien inférieur (Autunian = Cisuralien: Assélien-Sakmarien inférieur), Bassin d'Autun, 

Stratotype historique de l'Autunien, Stratigraphie, Faune, Macro et Microflore. 

 

Abstract.The Autunian basin is situated in the Morvan massif in the northwest of the Massif Central. It occupies a 

surface area of 250 km 2 and the total thickness of its sediments is close to 1,200 m in the centre of the basin. It is bounded 

to the south by a prominent N 030° lineament that gave rise to the basin then dislocated during the Autunian by radial N 

030° faults which caused the progressive westward subsidence of blocks and the displacement of sedimentation. The 

sections across the basin show the southern location of the syncline axis and the major trends of the sedimentation: such as 

coarse material of the southem and eastern borders passing to lacustrine or bituminous shales northward and westward. The 

whole section of the Autunian stratotype (Rey 1997) has been divided into four formations: Igornay, Muse, Surmoulin and 

Millery formations (Autun Group). The coarse detrital sedimentation of the basal Autunian gradually passes upwards to 

calcareous and argillaceous mudstones in which bituminous beds are often interbedded. The stratigraphic boundaries and 

the content of the Autunian stratotype has long been a subject of debate. The paper presents a biostratigraphic synthesis 

mainly based on flora and microflora contents which precise locate the boundary between Stephanian and Autunian and 

allow to give an Asselian-Lower Sakmarian age to the Autunian Stratotype . Otherwise the stratotype upper limit is not 

fixed owing to the gap occuring between the Autunian and the Triassic. The field excursion has been planed to visit, 

following the stratigraphie sequence, the major fossiliferous beds that have yielded flora and microflora from the upper 

Stephanian to the upper Autunian. It will be complemented by a visit to the rich fauna and flora collections kept in the 

Autun Museum. 

 

Résumé. Le Permien du bassin d'Autun constitue le stratotype historique de l'Autunien (sensu Rey 1997) défini par 

Mayer-Aymar en 1881. L'intérêt de cette série de référence est rehaussé par le riche contenu faunistique et floristique de ses 

sédiments. Il est situé dans le Morvan, au nord-est du Massif Central où il occupe une surface de 250 km 2. Il est séparé du 

socle granitique et métamorphique viséen par un système de failles nord-sud et est-ouest qui ont joué un rôle très important 

au Tardi-Hercynien. La série autunienne repose sur le Stéphanien bassin d'Epinac. Epaisse de 1200 m au centre du bassin, 

elle a été divisée en quatre formations qui sont, de la base au sommet, successivement les formations d'Igornay, de Muse, 

Surmoulin et de Millery, rassemblées dans le "Groupe d'Autun" (Gand & de la Comble 1992). L'ensemble 

gréso-conglomératique et pélitique à la base passe progressivement à des argilites carbonatées à nombreuses passées de 

"schistes bitumineux" (= argilites/siltites carbonnées). Les derniers niveaux à boghead, dans le centre du bassin, passent 

dans la zone de Curgy à des arkoses et à des conglomérats rubéfiés qui étaient considérés autrefois comme appartenant au 

"Saxonien". Mais la flore qu'ils contiennent est d'âge "autunien". Une réinterprétation récente des faunes et surtout des 

flores (dont une synthèse est donnée ici) a permis de préciser pour le bassin: la limite du Stéphanien et de l'Autunien, la 

stratigraphie de l'Autunien, son âge: Assélien-Sakmarien inférieur ainsi que la paléogéographie des dépôts tout au long de 

la série. Il a été aussi mis en évidence un gradient est-ouest, grano-écroissant dans le bassin qui correspond au passage 

progressif, depuis la base de l'Autunien, des faciès fluviatiles, aux faciès palustres à charbon et aux faciès lacustres et 

bitumineux du centre et de l'ouest du bassin. C'est en suivant cette évolution que l'excursion conduira le stratigraphe depuis 

les faciès détritiques de l'Est, jusqu'au faciès lacustre du centre en passant par les nombreux niveaux à microflore identifiés 

dans les horizons bitumineux de ce bassin. 

 

INTRODUCTION 

 

The Autun Basin occupies a particularly important place among the Permian basins of France, since its 

sedimentary fill constitutes the historical stratotype for the Autunian. It is the only one of its type in France for 

this geological period and is universally known as a reference succession for the continental Permian. It 

furthermore possesses a particularly rich fossil content that has, for decades, attracted the attention of 

generations of stratigraphers. The purpose of this excursion is to present, in its regional dynamic setting, the 

sequence of formations that constitute the Autunian, with their sedimentological and palaeontological contents. 

Particular attention will he paid to the boundaries of the stratotypes and to the stratigraphie arguments that 

enable correlation with the corresponding continental series in Western Europe, in particular the flora and 

microflora, for which the most recent information has been brought together and compiled. 
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The field excursion will be complemented by a visit to the collections of fauna, flora and reference drill-

hole cores kept in the Autun Natural Museum of Natural Sciences. 

 

DESCRIPTION OF THE BASIN 
 

1) LOCATION AND PHYSIOGRAPHY 

 

The Autun Basin is situated in the Morvan massif, in the northwest of the Massif Central (fig. 1). It is 

elliptical in shape and forms a depression in the surrounding granitic and volcano-sedimentary terrain, 

occupying a surface area of 250 km 2, 30 km E-W by 15 km N-S. The average altitude of the basin is 320 m, the 

eastern part having the greatest relief. Stephanian deposits at the eastern extremity, and Permian deposits in the 

rest of the basin are commonly masked by a thin layer of Pliocene-Holocène cover. A relict butte of Triassic-

Jurassic in the centre of the basin rises to 458 m. 

 

                                
 
                       Fig. 1. The Autun basin situation in the north-east border of the Massif Central 

 

 

2) GEOLOGICAL SETTING 

a) Structural framework 

The Autun Basin forms part of the Morvan "Devonian-Early Carboniferous" group. It is bounded to the 

south by the Westphalian granitic and metamorphic basement, and along its arcuate northern boundary by 

Visean rhyolitic tuffs and ignimbrites. The axis of the syncline, which is asymmetrical, lies close to its southern 

margin, which is marked by a prominent N 080° lineament, the Autun Fault. Strike-slip movement occurred 

along this fault during the E-W Stephanian compression that gave rise to the Epinac coal basin, and the fault 

was reactivated during the extensional phase that prevailed during the Autunian (Lower Cisuralian), with 

normal movement resulting in the formation of a half-graben and the deposition of Permian basin-fill sediments 

that considerably overlapped the boundaries of the smaller Stephanian basin. During the Permian, a second 

system of dislocations, with radial faults perpendicular to the southern border of the basin, caused the 

progressive westward subsidence of blocks and the corresponding westward displacement of sedimentation. 

These faults were again reactivated during the Alpine orogenesis, with accentuation of the synclinal 

structure of the basin and substantial strike-slip offset of the Autunian beds across the Millery, Ternin and Curgy 

faults, with strong folding in the area of Chambois and Varolles (Gros, 1981; Castaing, 1982). 
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                                       Fig. 2. Geological map of the Autun basin 
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b) Mapping 

Three Permo-Carboniferous units have been mapped between the crystalline basement to the south and 

the volcano-sedimentary rocks to the north; these are the Stephanian, the grey lower Autunian and the grey or 

red upper Autunian. A large part of the Permian is covered by Plio-Pleistocene deposits. In the centre of the 

basin a relict butte of Anisian-Sinemurian overlies the red upper Autunian known as the "Curgy facies". The 

Stephanian is represented only in the extreme west of the basin in the Epinac and Mont-Pelé areas. 

The Autunian with its bituminous intervals outcrops in concentric zones from the edges into the centre of 

the basin, which lies between Margenne and Curgy. The southern border of the basin, marked by a fault line, is 

an elevated area that acted as a source of coarse detritus for the basin throughout the period of deposition of the 

Autunian. 

In the Curgy area, the grey facies of the upper Autunian passes to red, oxidized arkoses that form Curgy 

hill. 

 

c) Sections across the basin 

Surface mapping has been complemented by drill holes sunk during exploration for bituminous shales 

and coal seams, and by a number of geophysical profiles. The basin takes the form of a kidney-shaped, 

asymmetrical syncline, the deepest part of which lies close to its southern margin. It has been affected by normal 

faults striking N 150° and N 030° that extend partly into the basement, near its eastern and western ends. The 

most important of these, such as the Varolles Fault, have influenced the deposition of the bituminous beds. A 

third fault system, trending E-W, bounds the basin to its south. 

The distribution of the sedimentary deposits in the basin hows a northward gradient. In the south, coarse 

material derived from the elevated border zone was deposited in the Autun-Pauvray-Veuvrottes area. This 

passes northward into deposits of quiet, restricted la-custrine or palustrine environments that allowed the re-

peated deposition of bituminous shales. The basinal deposits die out northward upon the Culm (Lower 

Carboniferous), which, in view of the absence of significant detrital deposits in the north, must have been highly 

peneplaned. It appears, nevertheless, from the thinning of the organic beds and their poor quality (high ash 

content and low grade organic material) that the present limit of the Autunian was not far from the edge of the 

basin. 

 

d) Sedimentology 

One of the principal characteristics of this succession is the abundance of carbonaceous mudstones with 

bituminous beds (bituminous shales), in fifteen main intervals 1-5 m thick, to which can be added the Margenne 

boghead (algal coal), containing 50% organic material through 0.3 m thickness (Falke, 1958; Marteau et al., 

1982). The hydrocarbon contents of the beds range from 40 to 150 kg!t (400 kg!t for the boghead) and the 

organic carbon contents from 5 to 25% (Marteau et al, 1982; Châteauneuf and Becq-Giraudon, 1990). These 

argillaceous and carbonaceous deposits, locally carbonate-bearing, result from the slow accumulation of fine 

detrital material with which is mixed organic material, mainly of algal but also of lignitic origin, in a calm, 

restricted lacustrine environment, fairly central in position. 

Carbonate beds are uncommon and thin, from a few centimetres to 0, 2 m thick, and dominantly 

dolomitic. They correspond to climatic conditions, probably drier than normal, during which detrital input and 

the proliferation of algae were strongly reduced. 

The coarse detrital deposits locally reach considerable thicknesses, more than 80 m for the Chambois 

conglomeratic sandstones, and several tens of metres for the Creusefond conglomerates. They are alluvial fan 

deposits the lithologicai composition of which is directly related to that of the source area-pebbles of Visean 

greenstones on the northern margins, and granite-gneiss on the southern margin. The latter in places reach 

northern areas in the extension of Curgy hill, which was fairly constantly a zone of basin-margin deposition area 

during the Autunian. Reddened levels in these coarse deposits are confined to the arkoses and conglomerates of 

the southern margin around Veuvrotte-Creusefond and Curgy. 

Mention may be made of highly continuous, uniform light grey, beige and greenish argillaceous beds 

centimetres to decimetres thick that were used as marker beds by the old miners. These "gores" or "tonsteins" 

are almost certainly deposits of volcanic ash, in places mixed with detrital or organic material, representing the 

most obvious manifestations within the Autun basin of the volcanic activity of this period (Elsass-Damon, 1977; 

Paquette, 1980). 
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                                              Fig. 3. Cross-Sections in the Autun basin 
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                              Figure 4. Stratigraphic scale of the Autun and Epinac basins 

 

3) STRATIGRAPHIC SETTING 

a) Previous work 

The mining of coal and bituminous shale has, since the 19th century (1840-44), attracted the attention of 

numerous geologists, and, equally from this time, controversy concerning its age has surrounded the succession. 

The term "Autunian" was coined by Mayer-Aymar (1881), and the Autunian stage was defined by Munier-

Chalmas and Lapparent (1893). The boundaries of the stage have subsequently been the subject of debate and 

conflicting interpretations that will not be entered into here, mention only being made of the principal 
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contributors to the debate, i.e. Delafond (1889), Pruvost (1942), Falke and Feys (1965), Doubinger (1968, 1969, 

1970, 1974, 1980) and Elsass-Demon (1977). 

It is clear then that the lower and upper boundaries of the Autunian are difficult to define. This is because 

exploration and mining in the basin have never provided complete or continuous sections, and the sequences are 

rather uniform and lack distinctive stratigraphie markers. 

The passage zone between the Stephanian and Autunian that has given rise to controversy includes the 

Mont-Pelé sandstones and conglomerates, the Moloy coal measures and the Igornay formation. Now, from  

 

b) Biostratigraphic synthesis 

Although the basal Autunian is fossiliferous, neither fauna nor flora possesses features distinguishing it 

clearly from that of the underlying Stephanian of Epinac and Mont-Pelé containing: 

 

Macroflora (fig. 5, 8) 

 

 
 

A transitional flora including coal measure species such as Alethopteris grandini, Callipteridium 

pteridium, Odontopteris brardi, Pecopteris cyathea and more typically Autunian forms such as Taeniopteris 

multinervis, Walchia piniformis and different species of Rhachiphyllum, Autunia and Lodevia (ex. Callipteris). 

Beginning in the Igornay formation, the abundance of Autunia conferta, of various species of Walchia, 

and of Enestiodendron filiciformis, Taeniopteris multinervis, Odontopteris dufrenoyi, Odontopteris 

subcrenulata, Rhachiphyllum lyratifolia, Autunia naumanni, Rhachiphyllum jutieri, pellati, Lodevia 

bibractensis, marks the arrival of undoubtedly Autunian flora and the virtual disappearance of earlier flora. 

 

Aside the abundant antunian macroflora, it was also found a silicified flora belongs to Igornay Fm (zone 

2), Muse Fm (zone 3) and Surmoulin and Millery Fm (zone 4). They are above all composed by Psaronius, 

Cordaixylon, Dadoxylon and Scleromedulloxyllon. It is a mixture of Filicals, Pteridospermals, Cordaitals and 

Coniferals.  
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Microflora 

 

The microflora is also abundant, in both the Stephanian and the Autunian. The Figure 9 shows the 

quantitative distribution of the main elements of the microflora (pteridophyte, monosaccate or pteridosperm 

spores, conifers and Vittatina or primitive Ephedra shows that the wet pteridophyte flora of the Carboniferous 

persists throughout the Permian in the bordering swamps at the margins of the Autunian lacustrine domain 

(Farjanel in Marteau, 1983). 

 

 

                            
 

Five palynological zones have thus been distinguished : 

- Zone 1. Dominated by spores (80-98%) characterizing the Stephanian (at Mont-Pelé and the old Epinac 

mine), but including the marginal deposits at the base of the Autunian (Moloy, Les Pelletiers). 

 

- Zone 2. Corresponds to the Igornay formation and the argillaceous deposits of the basal Autunian. This 

is a transional zone that still includes a high proportion of spores (20-40%), but in which a very rapid increase 

occurs in the monosaccate pollen content (60-80%), while a bisaccate population appears and Vittatina are 

present. 

 

- Zone 3. The total spore content does not exceed 10% of the microflora, the pollen content increasing 

correspondingly. This is the base of the Muse formation and the clearly characterized Autunian. 

 

- Zone 4. This zone is marked by an increase in the proportion of striated bisaccates and an even greater 

increase in the Vittatina, up to as much as 20%. This marks the top of the lower Autunian. 

 

- Zone 5. Most of the few samples collected above the bituminous bed at the base of the Surmoulin 

formation contain an impoverished microflora. This zone needs to be more closely studied, remaining for the 

present poorly characterized. 

 

This review brings out the predominance of spores in the coaly and coarse marginal detrital samples of 

the Stephanian and the base of the Autunian, contrasting with the predominance of monosaccates, bisaccates 

and Vittatina in the lacustrine deposits of the Autunian. A marked increase in the total spore content is evident 

where the lithology indicates an environment more marginal than central. 
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This relation between the environments of development of hygrophyte and xerotrope vegetations and the 

detrital and phytogenic depositional environments, especially marked for the lower Autunian, is represented in 

the composite palaeogeographic scheme reconstructed in figure 12. 

The detailed qualitative composition of the spore and pollen spectra in figures 10 and 11 shows a 

continuous distribution of monolete spores from the Stephanian to the upper Autunian. However, the diversity 

of species represented in the genera Laevigatosporites, Punctatosporites, Thymospora and Spinosporites 

decreases markedly above the Igornay formation. The genus Columinisporites on the other hand is more 

abundant in the upper Autunian. Most of the genera of trilete spores, such as Calamospora, Punctatisporites, 

Verrucosisporites, Apiculatisporites, Triquitrites, etc., also decrease in specific abundance above the Lally 

bituminous bed. The species best represented in the Autunian are Leiotriletes adnatus, Punctatisporites pun 

ctatus, Cyclogranisporites aureus, Verrucosisporites elegans, V. verrucosus, Lophotriletes microsaetosus, 

Convolutispora peppersi, Lycospora pusillapunctata, Lundbladispona simoni and Polymorphisporites ornatus. 

 

The saccate pollens, which become abundant from the base of the Igornay formation (base of Zone 2) are 

represented by both mono- and disaccates. 

Within the monosaccate associations, the genus Florinites, which was dominant in the Stephanian of 

Epinac and Mont-Pelé, is replaced by the genera Wilsonites, Nuskoisporites, Cordaites and in particular 

Potonieisporites. In the lower Autunian, the most abundant species are Wilsonites vesocatus, Potonieisporites 

novicus, P. bhardwaji, P. simplex and Cordaitina Bractea, whereas in the upper Autunian the association 

Güthoerlisporites magnificus, Wilsonites vesicatus, Nuskoisporites dulhuntyi, Potonieisporites novices, P. 

bhardwaji and Mosulipollenites sp. Predominates. 

The disaccate pollens, almost entirely lacking in the Stephanian, where only rare Vesicaspora have been 

seen, are present in proportions ranging from 4 to 30% at different levels from the Igornay shales upwards, at 

first by smooth and then, from the base of the Surmoulin formation, by striated disaccates (Stratiti group). In the 

upper Autunian, the latter may constitute as much as 15-20% of the microflora. 

The most abundant species at Autun are Vesicaspora wilsonii, V. ovata, Pityosporites communis, 

Vitreisporites sp., Kosankeisporites elegans, Protohaploxypinus jacobii, P samoilovichi, Complexisporites 

polymorphus and Striatoabietites sp. 

The species more particularly limited to the upper Autunian are Limitisporites parvus, Gardenasporites 

cf. leonardi, Illinites unicus, J. tectus and Striatopodocarpidites cf. richteri. 

Lastly, plicate pollens, colpate or striated, of the Pteridosperms, Cycads and Ephedrals, already present in 

the Stephanian (essentially as the genus Vittatina), become common above the base of the Autunian and 

abundant in the upper Autunian. They are represented by the species Schopfipollenites ellipsoïdes, S. varius, 

Cheileidonites major; Cycadopites sp., Vittina costabilis, V vittifera, V ovalis, V zaueri and Aumancisporites 

thuringicus. 
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Fauna and microfauna (fig. 13 and 14) 

An abundant fauna of fish, the oldest forms of which, found near Veuvrottes, are similar to those of the 

Stephanian (Expleuracanthus), and the remains of which are found in the Autunian shales in the form of scales, 

bones and coprolites. The Autunian is marked by the explosion of palaeoniscids such as Aeduella 

(Paramblypterus) (Heyler 1969), followed by the appearance of stegocephalic amphibians (Gaudry 1888, 

Thevenin 1906, Heyler 1957, Steyer et al. 1998): "Actinodon" = Onchiodon (Werneburg & Steyer 1999), 

Branchiosaurus (Heyler 1957), Apateon (Werneburg 2001), Pelosaurus, Sauvarus (Thevenin 1910), and the 

reptiles: Stereorachis, Callibrachion and Haptodus (Gaudry 1888). They are also a few footprints (Heyler 

1984). 

This fauna is associated with insects (Heyler 1986, Gand & de la Comble 1992) and conchostracan 

crustaceans: (Estheria tenella, "Euestheria autunensis, Lioestheria lallyensis) (Kozur et al. 1981) and of 

syncarids: Nectotelson (Secretan 1972, Feys et al. 1984) and uronectids (Feys et al. 1984). 

 

e) Stratigraphic synthesis 

The biostratigraphic data given here are based in large part on the examination of samples from 

exploration drill holes sunk by BRGM between 1975 and 1982 for the bituminous shale and mining inventories 

of France. The information from these drill holes, complemented by that from geological mapping (Chèvremont 

et al 1999; Rémond e tal. 1999) and, in the northwest of the basin, from high resolution seismic prospecting, has 

made it possible to define the structure of the basin and the nature of the sedimentary bodies and to correlate the 

bituminous beds and the detrital deposits (Fig. 4). 

 

Thus, in the Mont-Pelé area, a series of sandstones and conglomerates of Stephanian age are associated 

with the folded Epinac coal measures succession. In the western part of the Mont-Pelé area, these deposits are 

overlain by subhorizontal conglomeratic sandstones within which are the Moloy coal measures. On the northern 

and southern borders of the basin, respectively at Pelletiers and at Pauvray, other detrital deposits containing 

coaly intervals have been recognised. These pass, in the centre of the basin, to varved carbonaceous shales 

containing an Autunian microflora. This infra- or basal Autunian formation, bearing a mixed Stephanian-

Autunian flora, depending on whether the depositional environment was palustrine or lacustrine, is commonly 

overlain and concealed by the Igornay formation. Structurally it belongs to the Autunian. 

 

The Igornay formation, the first term of the lower Autunian, is a succession of shale and sandstone that 

reaches thicknesses of as much as 300 m in the west. It outcrops extensively in the north of the basin, and 

includes the oldest bituminous bed in the Autunian. 

 

This is followed by the Muse formation, which comprises shales with a bituminous interval (the Lally 

bituminous bed), overlain by thick conglomeratic sand-stones (Lally sandstones in the west and Chambois sand-

stones in the east) which in the centre of the basin terminate with channel sandstones alternating with dolomitic 

mudstones, and, at the top, shales that include the Muse bituminous bed. 

 

The upper Autunian, deposited in the centre of the basin, begins with the Surmoulin bituminous bed, 

which is overlain by a thick series of grey mudstones with rare sandy and dolomitic intercalations. This is 

overlain by the Millery formation, which is composed of commonly varved dolomitic mudstones that include an 

interval containing ten bituminous beds, and terminates with the Margenne boghead coal. The Millery formation 

passes eastward to detrital deposits consisting of reddened granitic arkose (the Curgy arkoses) that at Etang 

Farm include a grey carbonaceous interval, dated as Autunian, that formerly was attributed to the Saxonian. 

Along the southern margin of the basin, these red arkoses form the upper part of a thick, undated detrital series 

extending from Ornez, west of Autun, to Veuvrotte in the east. The upper boundary of the stratotypic Autunian 

is thus not present in the Autun Basin. The total thickness of the Autunian is close to 1200 m in the centre of the 

basin. 
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4) AUTUN BITUMINOUS SHALES 

 

a. Geology, reserves and qualities 

The geological pile in Autun contain most of 20 bituminous horizons amongst Igornay, Muse, Surmoulin 

and Millery are the most producible. The Telots boghead is internationally known by its richness in 

Botryococcus algae. 

Each bituminous bed is characterized by argillaceaous and carbonaceous laminae, rich in organic matter 

and corresponds to the top of a decreasing sequence starting with conglomerate deposits and intermediary flood 

plain marls. 

The mining inventory devoted to the Autun reserves assessing, out of the exploited zones, was carried out 

by BRGM from 1979 to 1982 (Marteau 1982). More than 27 boreholes were sunk throughout the basin during 

three campaigns and coupled with surface sampling and organic matter analyses. All the data confirmed the 

presence of bituminous shales with 50kg HC/ton in the extension of the mined area at a depth less than 50 

meters from the surface. The corresponding reserves were estimated at 3, 5 Mt oil and rose 36 Mt HC between 

100 to 200 meters depth. But the corresponding improductive shales to remove and stock was estimated at 417 

Mt. The quality of the Autun oil is good. 

The Autun bituminous shales and boghead can be plotted in a Van Krevelen diagram and compared with 

some others organic rocks (Fig 15. 4) .They are clearly located in the area of type 1 organic matter in the 
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immature zone and therefore the appropriate terminology for Autun bituminous shales would be carbonaceous 

or organic shales. 

The figures 15, 2-3 illustrate the hydrocarbons composition of such horizons in Autun basin. The 

Hydrogen  versus Oxygen index values vary from 200 mg HC per organic carbon gram for Igornay shales to 

800 mg for Lally shales while Muse and Telots shales have similar values around 450 to 600.The pyrolysis 

temperatures maxima of the 4 beds are quite similar around 430 to 440 centigrade degrees. 

This study of the Autun shales organic matter testify the weak diagenesis and temperatures of the Autun 

sediments. That the reason why oil is not naturally exuded by the organic shales and have to be extracted by 

pyrolysis technologies. Such technical ways will be illustrated by the visit of the Bois des Miens and Saint 

Forgeot area (see below the corresponding stops) 

 

b. History of Bituminous shales exploitation and production (Chabard & Passaqui 2006, Passaqui 

2003, 2006-2007) 

The tests of oil extraction in Autun basin were initiated in 1824 and 4 years later the industrial pyrolysis 

started on Igornay site. The first exploration concession was granted in 1841 and as early as 1865, 21 

concessions were active, yielding 6700 tons of oil/year which were processed in 624 converters. Then the 

production was decreasing until 1957 when the last exploitation closed at les Telots 

The Autun landscape still shows today traces of the long time exploitation of the shales which has not 

been interrupted from 1830 to 1957. 

The utilization and valorization of such rocks were numerous and followed the advancement of the 

chemical industry. Thus paraffin wax and mineral oils have been extracted from the shales and used by the le 

Creusot Industry. But the main utilization of the product was the production of oil and gaz for all-night lights. 

Amongst the shales exploited in the basin, the boghed was particularly gas-prone and devoted since 1840 

to lamp-oil. Until 1865 the shale expoitaion was flourishing in Autun and decreased progressively when the 

Pennsylvanian oil was discoverd inthe USA. In 1865 most of the Autun Exploitation and factories will close or 

will be solded to the SLSB. This Company is supported by  a special grant of the French Industry Ministery 

since 1893 in order to reactive and modernize this local activity and as a consequence, the Ravelon and 

Margenne will be equipped of modern retorts and a new factory is erected on the Telots site. 

This site will concentrate all the activity of the basin up to 1939 when the Company is taken in hand by 

the Pechelbronn group. During the second war the Telots activity resume with 2000 units but is jeopardize by 

the mobilization of the workers. After the war, the activity decrease step by step in spite of an attempt to burn 

the shale in a central power-station and to deliver the energy to EDF and finally the Telots closed in 1957. 

After this date, the greatest part of the mining and industrial plants are dismantled. Today, local and 

regional authorities strive to preserve the rests of this industrial patrimony which belong to the history of Autun. 

 

 

B. CONCLUSIONS 

 

The above description shows that palaeobotany, palynology and palaeontology, either alone or together, 

are inadequate here to enable the boundary between the Stephanian and the Autunian to be precisely located, 

since ecological and sedimentological conditions remained similar throughout the Stephanian and early 

Autunian. For the Autun Basin, therefore, it is structural and palaeogeographical criteria that will enable this 

boundary to be fixed. The basal detrital, coal measure or argillaceous Autunian rests everywhere unconformably 

upon Stephanian formations that are folded and tilted eastward, probably reworking the Stephanian material, or, 

elsewhere in the basin, directly upon basement; its outcrop is, however, very limited. This series therefore 

belongs to the Autunian sedimentary cycle, the bituminous or varved, argillaceous or carbonaceous facies of 

which is characteristic. Following upon a Stephanian sedimentary cycle that took place under E-W 

compressional tectonic conditions over a much more restricted area, the sediments of this cycle were deposited 

in a subsiding basin under a N-S extensional tectonic regime. 

The uppermost part of this continental Lower Permian succession is probably incomplete since, as the 

basin regressed centripetally, its filling was completed before the episode of sedimentation of the red Saxonian 

deposits. It remains that the Autunian is a structural unit distinct from the Stephanian and covering a different 

area of sedimentation. The tectonic events that caused this discontinuity were not of the importance of the 

Asturian (preceding) or Saalian (subsequent) phases; they appear to be of more local importance, limited to the 
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Massif Central. It is nevertheless difficult to measure the time interval they occupied and to assess their 

contemporaneity. 
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Lastly, one of the distinctive features of the Autun Basin lies in the fact that, in spite of the post-Permian 

episodes of compression and extension by which it was affected, its present shape appears to correspond fairly 

closely to that which it would have had at its maximum extension, these episodes having in effect little 

deformed it. 
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OUTCROP-PRESENTATIONS 
 

 

 
 

                                                                   Fig. 16: the route 
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Stops 1a and 1b.  

* stop 1a. Epinac-Ressille area: Epinac and Autun basins: panorama, general structures and 

Triassic cover 
 

 
 

                                         Fig. 17. The Epinac-Autun basins landscape, from E-W 

 

- The Epinac-les-Mines Stephanian and Autun Permian (Autunian, Cisuralian) lanscape (ST = 

Stephanian, AU = Autunian, LI = Triassic and Liassic hills). 

From East to west, we see the Stephanian (= ST) on which was built the Epinac-les-Mines town. Herein is 

kept the Hottinguer head frame of a mine shaft. It was dug in 1860 at 600 m depth. It had a pneumatic 

functionally. The coal was discovered in 1754 on the east border, at Ressille (here where we are), and ran during 

192 years. The Epinac concession was closed in 1946. About 16 millions tonnes were produced from this place. 

The coal was used in the Epinac area for lime, pottery kilns, brickyards, glass-factories, power station 

(electricity) and also sold elsewhere thanks a railway. The latter was the fourth french railway opened in 1830. 

The carboniferous serie consits of 2 formations (Epinac Fm overlain by Mt-Pelée Fm), both dated from 

stephanian macroflora by Delafond (1889) and microflora/flora by Doubinger (1970, 1979). The mining works 

showed the syncline structure of the stephanian serie, covered by the Triassic "Grès inférieurs" Fm on the east 

border and by the Autunian serie for the west part (fig. 3. 3).  

 

The Autunian (AUT) basin is in continuity westward with this of Epinac. It begins by the Igornay Fm 

whose the base consists of conglomerates, sand and silstones in which are coal beds (more precisely "lignites 

bitumineux") (Chèvrement et al. 1999), a long time worked at Moloy, Pauvray and Veuvrottes. The whole 

defines the Molloy Member, 100-200 m thick, clearly discordant on the Stephanian serie. The Autunian serie is 

covered, in part, by the Triassic "Grès inférieurs" on its wertern and middle borders (Curgy village; LI = on fig. 

17). 

From East to West, the Autunian serie forms a syncline structure (fig. 3. 3). But from south to north, the 

sections (fig. 3, 1-2) show an asymmetrical syncline. This last structure is typical of an half-graben due to an E-

W lineament which was active during the Autunian depositions. 

 

- The Triassic "Grès inférieurs" Fm. 

At Ressille, this Fm, about 20 m thick, results of metric cross-bedded coarse-fine grained sandstones 

Members deposits. Locally, they are with conglomerates, the whole vertically alternating with rather rare cm 

plane bedding sandstones/siltones.  

This type of formation is known on the Massif Central east border, from north Burgundy to the Lyon 

country. It underlains key bed having yielded palynoflora and foraminifèrs as Upper Ladinian age. Some levels 

of the "Grès inférieurs" contain footprints of Lower Anisian - Upper Ladinian age. 
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Based on sedimentologic/petrographic studies, Courel (1970) assums that this Formation was deposited 

during the Middle Triassic transgression. He postulates the presence of very long and large playas as 

paleoenvironnement in which lived various Reptiles: Lepidosauria, Crurotarsi and Dinosauriformes. 

Periodically this large space was invaded by the "Muschelkalk sea". 

 

* Stop 1b. Epinac, former Fontaine-Bonnard mine shaft area: Stephanian organization, 

sedimentology and paleontology. 

 

 
 

 

                                      Figure 18. Stops 1a-1b in the Epinac basin East border  

 

We are in the former "la Fontaine-Bonnard et la Pompe" mine shaft substructures area. Here, the coal 

exploitation began in 1826. 

Herein the Stephanian serie is overlaid the metamorphic Dinantian basement [(fig. 19 from Mine 

(HBCM) archives] and begins by the Epinac Fm in which are coal measures. 

 

Near the former powder storeroom, the upper part of this basal Fm shows the stratigraphic organization of 

layers overlaying the main coal bed, 8-10 m thick.In this place good outcrops show the vertical succession of 

Sandstones/silstones with black argillaceous matrix yielding also coaly debris and macroflora remains. 

 

Note also a metric conglomeratic bed with heterometric pebbles and cobbles (L = 1 m) characterizing 

torrential transports. Their rock nature suggest that they come from the regional basement (visean volcanic 

rocks: tufs, rhyodacite, rhyolite, Tournaisian-Visean metamorphic silstones, "schistes tachetés, cornéennes", 

granites…). 
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                                                                           Figure 19 
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Stop 2. St-Léger-du-Bois, Igornay Formation, bituminous shales 

 

 
 

                Fig. 20. Black shales outcrop of St-Léger-du-Bois farm; scale = 1 m 

 

In the Saint-Léger-du-Bois area, on the Petit Moloy road and at the edge of the village, outcrop grey-

black shales, containing organic material with sandstone laminae and layers of siderite, dipping 70° S. They are 

part of the Igornay formation, lying between the Igornay bituminous Member and the Moloy coal measures 

Member. They have yielded an abundant microflora of Autunian affinity. 

 

The section located in the farm shows particular organization, from the base to the top (fig. 20):  

- Ar = organic black shales beds with flattened nodules 

- organic shales laminae in which are several siderite sand/siltstones layers (Gs). 

Elsass-Damon (1977) mentions apatite, goethite, Lepidocroite, and kaolinite in sideritic layers. 

 

According to Marteau (1983), in a more general way, black shales formely known as "schistes 

bitumineux" are massive or have fine laminite appearance. They are rich in carbon (around 20%) which 

originates from vegetal debris, spores an pollens accumulation in a clay, more or less calcareous. 

These rocks characterizes a large relatively distal lacustrine environment, sometimes emerged as 

indicated by dessication cracks and footprints (fig. 13. 8). 

Marteau (1983) distinguishes 2 different blackshale beddings connected with seasonal cycles:  

 

* The first, "facies varvés", result of millimetric black to grey siltstones/claystones layer and slend beige 

claystone layer vertical succession forming a finely thick binary bed ( = sequence = varve). 

- silt-claystones "varves" should be deposited in flooded shore lacustrine environment (laguno-lacustrine); 

the more distal environments receiving fluviatil materiel. 

- silt-claystones with carbonates / Claystones "varves" should be formed in border environment (laguno-

lacustrine) periodically emerged during dried seasons  

- claystones with few carbonates "varves" sould be deposited in more internal zones of the shallow 

lacustrine basin, where alga material is abundant. 

 

* The second "facies rubannés" due to a vertical succession of cm-dm sand-silstones, sometimes with 

carbonate and black organic claystones should be formed in the border environment (fluviatil/laguno-lacustrine) 

where spores/pollens and macroflora debris are common. 
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The deposition way of the bituminous blackshales could be as following. After compaction, 1 mm could 

represent 2 years and….by this way…the outcrop thichness seen in this farm could represent 3300 ans ! 

The figure below illustrates the Autun basin paleogeography during the Igornay Fm (bituminous shales) 

deposits (Marteau 1983) (fig. 21) 

 

 
 

Fig 21 

 

Stop 3. Chagnons quarry, Igornay Fm, Bituminous shales extraction area; Paleontology. 

 

 
 

                                                                             Fig. 22 

 

This quarry was opened to extract the bituminous shales whose organization and characteristics are 

similar as those seen previously in the farm of St-Léger-du Bois village.  

The oil shale concession of Saint-Leger-du-Bois was opened in 1846 and was intermittently active until 

1873.The exploitation will be taken again a few years later, starting from the old Saint-Georges and the Neuf 

mine shafts formerly used to extract coal. But because of different problems, the exploitation was suspended in 

1879. 

In some places, macroflora and conchostrans could be sampled (see fig. 8 and 13. 6-7). 
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Stop 4. Rigny Farm Quarry. Lally sandstones, Igornay formation. 

 

 
 

                                                                               Fig. 23 

 

A number of quarries have been opened between Lally and St-Léger-du-Bois, area in which are exposed 

sandstones with subordinate shale and conglomerate. They are typically fluviatile deposits in thick beds, cross-

bedded and in places lenticular. They strike NW-SE and dip 15° to the SW. Channeling is common and 

indicates unidirectional flow, averaging N 260°. Vegetal debris and mud pellets and flakes are common. These 

beds form a well-defined ridge north of the Drée extending from the Rigny area in the east to Champsigny in the 

west. 

The following figure 24 illustrates the Autun basin paleogeography during the Lally Member deposit (in 

Marteau 1983). 

 

 
 

                                                                              Fig. 24 
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Stop 5. Muse area, Muse formation, former site of bituminous extraction with industrial remains; 

paleontology, fauna  

 

* The former bituminous shales working; the Miens factory. 

- first working in Muse area 

From surveys carried out between 1860 to 1864, the Miens concession was conceded in 1864 on 486 

hectares. But the extraction was a long time sporadic so that the first underground workings appeared connected 

with the Muse fabrik. 

Close to this village, the exploitation of bituminous shales took place between 1883 to 1905. A 3 m 50 

thick layer is mined from a descending gallery. So that, in 1898, the company Chevigny and Miens extracted 
17.519 tons of black shales from which it was produced 8.322 hl of crude oil.  

The factory used French retorts. But for lack of a purification system, it must sell its crude and oil was 

purchased by a Lyon's society at low cost. As a consequence, the factory of Muse and the shales excavation 

stopped their activities in 1905. At that time, a little more than 300.000 tons of bituminous shales were 

extracted. Finally, the whole shales recognised lens was quite exploited. 

 

- second working in les Miens wood 

 

 
 

                                  Fig. 25. A mine entrance in the Muse Fm, Bois des Miens 

 

 
 

 

                                  Fig. 26. Pyrolysis and distillation Miens fabrik with a retort  
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After the first war (1914-1918), a new exploitation began in the Grands Miens area where we are. Opened 

in 1919, it was abandoned in 1922, after the bituminous shales quantity was recognised by a series of trenches 

and small shafts connected by a lateral 140 metres long gallery. The Mining work was encouraging because 

500.000 tons of bituminous shales was recognised.  

 

Now this little industrial site is interesting because it bears witness to the industrial past activity of the 

Autun basin. So, this site exhibit the only fixed retort known in the Autun basin in the fabrik around where are 

also a descending shaft, several recognition trenches and ruins of the small factory. 

 

- Coal mine of Autunian age 

 

The Miens area is furthermore interesting by its small coal seam exploitation which was active during the 

first mondial war. After the conflict, the « Société d’Etudes et de Recherches du Centre » carry out geological 

surveys to improve the reserves and qualities. Unfortunately, the seam thickness and the poor quality of the coal 

are not enough profitable and the project is forsaked after having extracted 6.000 tons and let underground 

50.000 to 60.000 tons of coal. 

 

 

                                         
 

Fig. 27 Coal mine entrance                      Fig 28. Inside: coal bed, 40 cm thick, in bituminous shales  

 

* Palaeontology 

The bituminous bed is exposed at the mouth of a mining gallery, and consists of alternating thin-bedded, 

hard, black mudstones and more fissile mudstones with undulatory partings. It is overlain by coarse-grained, 

shaly, micaceous sandstones. The fish-bearing interval is in the ditch at the base of the bituminous beds. Spores 

and pollen are abundant and well preserved. 
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Stop 6. Bed of the Arroux stream, Surmoulin shales, Surmoulin formation. 

 

            
        

  Fig. 29. Fossiliferous (F) site of Surmoulin                         Fig. 30. Elargement of the F site 

 

The Surmoulin bituminous layers, at the base of the Surmoulin Formation, outcrops rarely. The best of 

them is in the Arroux river bank, where shales of 2-3 m thickness are exposed. They are dark grey to black 

dolomitic mudstone with cross-bedding and cross-lamination, that in places pass to thin laminae. 

Mineralogically, in addition to varying amounts of dolomite, the mudstones consist of quartz and albite with 

subordinate chlorite, illite and 10-14 M interlayered clay minerals. The fauna (Aeduellidae) and microflora are 

abundant. 

 

Based on Marteau (1983), the lacustrine environment of the Autun basin is reduced during the Surmoulin 

and Millery Fm deposits as shown by the following figure .The Surmoulin deposits were on the northern border 

of the lake whose the opposite margin was very active, yielding conglomeratic sediments. 

 

 

 
 

                                                                                Fig. 31 
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Stop 7. Saint-Forgeot waste tip. Les Télots bituminous beds, Millery formation. 

 

* The former les Télots crushing and distillation fabrik  
 

 
 

Fig. 32. The Télots fabrik with the two slag heaps 

 

 

 
 

Fig. 33. Big crushing always visible 

 

The factory of Télots was created between 1907 and 1911, near a former one set up for the boghead 

processing. It included a descending, a bituminous shales extraction machine, a pyrolysis retort whole, for a 

large part still visible in the industrial ruines. So, the building of the Upper receipt still includes the rails of the 

inclined plan on which the extraction skips run, a hopper to control the shale schist, as well as breakers which 

broke rock fragments in order that the pyrogenation sould be the most complete. Also, still visible are the base 

of accumulators, built during the second war and the power station remains and some refinery ruines. 

But the two slag heaps constitute the greatest part of the industrial remains and are unique in Burgundy.  

Since the top of the heaps, one can see, the working cities, those of employees and engineers as well as, 

crushed lands which are the places where under-exploitations of the bituminous shales were carried out by 

striking.  
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* Paleontology 

An old waste tip near the screens of the former mine at Saint-Forgeot has been cleared in order to search 

for fossil fauna. This has exposed compact, commonly hard shales in one of the bituminous intervals that was 

mined here ; their precise stratigraphic position cannot be determined. The exposure nevertheless provided the 

opportunity to take a sample in the Millery formation, which contained an abundant fauna, with common 

estherid valves and branchiosaur remains (fig. 13. 4-5). 
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