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Abstract 

A new description and sampling campaign of the Sancerre-Couy core has been achieved to 

reconstruct the evolution of the depositional environments of the Permian and Triassic series 

and the palynological evolution of the Permian to Lower Jurassic series. High-resolution 

sequence stratigraphy of the Permian and Triassic series of the Paris Basin, based on well-log 
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analysis, is used to determine seven progradational-retrogradational cycles in the Permian and 

twelve cycles in the Triassic. Out of the 54 samples collected from the Sancerre-Couy-1 core, 

only 23 were palynologically productive. Based on the taxonomic composition, four 

palynological assemblages are distinguished, three of which have been described in previous 

studies. These three classical palynological assemblages of the Sancerre-Couy-1 core are 

documented in detail for the first time in this present study. The description of the new 

assemblage and its correlation can be used to reassess the previously assigned ages: 

assemblage SC-1 is late Ladinian in age, SC-2 is of the Ladinian-Carnian transition, SC-3 is 

early Carnian in age, and SC-4 is of late Rhaetian age whereas it had previously been assigned 

a Hettangian age. 

 

Keywords 

Palynostratigraphy; Depositional environment; Middle-Upper Triassic; Ladinian; Carnian; 

Rhaetian 

 

 

1. Introduction 

Late Carboniferous (Stephanian) to Permian basins cropping out in and around the present-

day French Variscan basement were initiated during the latest extensional stages of the 

Variscan orogeny (Echtler and Malavieille, 1990; Burg et al., 1994; Praeg, 2004; Fig. 1(A)). 

These basins are also identified in the subsurface beneath the Meso-Cenozoic sedimentary 

cover of the Paris Basin, but without any clear tectono-sedimentary framework (Mascle, 

1990; Perrodon and Zabek, 1990; Delmas et al., 2002). More recently, the geometry and 
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structural evolution of the Stephano-Permian basins located in the south-western part of the 

Paris Basin have been studied using seismic data (Beccaletto et al., 2015). However, the lack 

of core data means that it was neither possible to provide a precise description of the 

depositional environment and age assessment nor their sedimentary succession. The Triassic 

deposits then overly the Permian deposits through an angular unconformity, as seen in the 

western part of the Germanic Basin (i.e., more or less at the place of the present-day Paris 

Basin; Bourquin et al., 2006). 

The Sancerre-Couy-1 core was drilled in 1986 in the south-western part of the Paris Basin, 30 

km west of the city of Bourges (Chantraine et al., 1992; Figs. 1(B), 2). The primary target of 

this scientific well was the study of the PBMA (Paris Basin Magnetic Anomaly), a major 

magnetic anomaly situated in the basement of the Paris Basin; unfortunately, the deep source 

rock of the PBMA was not reached. The Sancerre-Couy-1 core cut through a preserved 

Permian to Jurassic sedimentary succession. So far, only scarce data have been published 

from this well regarding the Permian (Orszag-Sperber et al., 1992) or Triassic sedimentary 

evolution (Adloff et al., 1992). This paper presents the results of a new description and 

sampling campaign carried out to restudy the Sancerre-Couy-1 core. We specify precise 

changes in the depositional environment of the Permian to Early Jurassic succession and 

characterise the palynological content. 

 

2. Geological setting 

2.1. Paris Basin 

The Paris Basin, located in northern France, is a low subsidence Meso-Cenozoic intracratonic 

sedimentary basin set up on a Variscan substratum that includes late Carboniferous-Permian 

basins (Fig. 1). The latter were identified using subsurface geophysics and well data; 
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generally speaking, there is no consensus with regard to their extension and geological 

evolution (Mégnien, 1980; Mascle, 1990; Perrodon and Zabeck, 1990; Autran et al., 1994; 

Guillocheau et al., 2000). A recent study describes the palaeogeographic extent of the 

Stephano-Permian basins beneath the Mesozoic series in the south-western Paris Basin and 

delineates how the sediments were deposited during two successive tectonic phases 

(Beccaletto et al., 2015). However, the lack of high-resolution core data in the Paris Basin 

makes it difficult to provide a precise description of the depositional environment and to date 

the Palaeozoic sedimentary deposits. 

South-east of the Sancerre-Couy core, several isolated (late Carboniferous-Permian sub-

basins also outcrop over the deformed magmatic and metamorphic rocks of the French Massif 

Central (Aumance, Autun, Decize-La Machine, Blanzy-Le Creusot, Fig. 1(B); Marteau, 1983; 

Vallé, 1986; Paquette and Feys, 1989; Roger et al., 2010). Recently, new accurate CA-ID-

TIMS U-Pb zircon ages recorded from tonsteins have been used to date the Gzelian-Permian 

transition in the Autun sub-basin (Pellenard et al., 2017). 

Within the Paris Basin, the Triassic succession progressively onlaps on the pre-Triassic 

unconformity (Bourquin et al., 2006). During the Early and Middle Triassic, the Paris Basin 

corresponds to the western part of the Germanic Basin (Bourquin et al., 2011) and become an 

independent basin from the middle Carnian (Late Triassic) onward (Bourquin and 

Guillocheau, 1993, 1996). The Triassic evolution of the Paris Basin is well known based on 

sequence stratigraphy correlations using well-log, core and outcrop data. These have been 

used to reconstruct isopach and palaeoenvironmental maps (Bourquin et al., 1995, 2002, 

2011). However, biostratigraphic ages of the sedimentary succession are very scarce and 

documented primarily from outcrop data in the eastern part of the basin. 
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2.2. The Sancerre-Couy-1 well 

The Sancerre-Couy-1 well was cored and well-logged in the southwestern part of the Paris 

Basin (Fig. 1(B)). The fully cored well starts in the Callovian sediments outcropping in this 

part of the basin. The base of the core reached the amphibolite basement at a depth of 3500 m. 

The basement, composed of metamorphic rocks and starting at a depth of 941.65 m, is 

overlain by the Palaeozoic sedimentary series (Lorenz et al., 1987). The latter is composed of 

volcanoclastic deposits until a depth of 925.35 m, attributed to the Stephanian (Chantraine et 

al., 1992). Trachyandesites sampled at the bottom of the Stephanian unit yield an Ar-Ar age 

of 301 Ma (Costa and Maluski, 1988). The core is deposited at the BRGM in Orleans, France. 

The Stephanian volcaniclastic unit is overlain by Permian fluvio-lacustrine deposits with an 

angular discordance (Lorenz et al., 1987). These sediments are attributed to the late Permian 

based on the presence of several Darwinulacea ostracods (Orszag-Sperber et al., 1992). 

The Permian sediments are overlain by the Triassic succession (from 809.8 m to 559.6 m 

deep). Courel et al. (1990) distinguishes the following Triassic formations: fluvial deposits at 

the base (‘Grès argileux de base’ Fm.), a shallow lagoon-marine deposits with tidal influences 

(‘Grès infra-anhydritique’ Fm.) and evaporitic deposits (‘Argile à anhydrite’ Fm., ‘Grès 

supra-anhydritique’ Fm., and ‘Argile de Chalain’ Fm.) (Fig. 2). Sporomorph assemblages 

indicate a late Ladinian to Carnian age for the basal part of the Argile à anhydrite Fm. (Adloff 

et al., 1987, 1992). In comparison with the Massif Central area, Courel et al. (1990) consider 

the Grès infra-anhydritique Fm. as the maximum coastal onlap onto the late Variscan 

palaeoreliefs. 

The first levels, considered as Jurassic (559.6 m; Fig. 2), are composed of coarse sandstones, 

with coal fragments and bivalves, progressively overlain by carbonate deposits around 542 m 

(Lorenz, 1992; Fig. 2). These sandstone and carbonate deposits were attributed to the 
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Hettangian, without any biostratigraphic constraint. Gély and Lorenz (1991) identified the 

Hettangian–Sinemurian boundary (at 508.20 m) based on the lithostratigraphy and by 

correlating the logging tools throughout the Paris Basin. Only the occurrence of bioclastic 

limestone with Gryphaea, starting at a depth of 508.2 m, suggests the Sinemurian stage 

(Lorenz, 1992). 

 

3. Material and methods 

The Sancerre-Couy-1 core was used to establish a detailed sedimentological log from the 

basement (925.35 m) up to the supposed Hettangian interval (553 m; Chanteraine et al., 1992; 

Lorenz, 1992) at a 1:50 scale. Fifty-four samples (PC-01 to PC-54) were collected from the 

Sancerre-Couy-1 core; the levels with the most organic matter and finest grain size for 

palynological studies were selected. Twenty-three of the 54 collected samples are productive. 

Samples were processed in the laboratory of the Geosciences Department at the University of 

Vigo in Spain, using standard palynological HCl-HF-HCl techniques. The samples were 

processed by first adding HCl and HF to remove the carbonate and silicate minerals. A 

dispersing agent was subsequently added to facilitate filtering. The residue was mounted on a 

glass slide and observed under a Nikon Bio-Rad confocal microscope at the CACTI Labs at 

the University of Vigo. 

 

4. Depositional environment of the Permian and Triassic series and palynological analysis 

4.1. The Permian alluvial fan to shallow lake series 

In the Sancerre-Couy-1 core, the Permian sediments are mainly composed of siltstones with 

sandstones and few conglomerates (Table 1). The base of the series, from 925 to 894 m, is 
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mainly composed of conglomerates and sandstones with interbedded fine-grained facies. The 

conglomerates, which mainly display an erosive base, are constituted of very poorly sorted 

gravel to cobble-size quartz, feldspar, and silty, sandy and volcanic clasts. They are composed 

of massive matrix- (silt to sand) or clast-supported facies (Gmm and Gmc facies, respectively; 

Table 1) typical of debris or a hyper-concentrated flow process (Postma, 1990; Miall, 1996). 

In several cases, the conglomerates are clast-supported with either horizontal bedding (Gh 

facies; Table 1) or planar cross-stratification (Gp facies; Table 1), typical of a streamflow 

process (Postma, 1990; Miall, 1996). The sandstones are composed of massive fine to 

medium grains (Sm facies) that are sometimes bioturbated (Smb facies; Table 1), which is 

typical for subaerial hyper-concentrated density flows or subaqueous high-density turbidity 

currents (Lowe, 1982; Mulder and Alexander, 2001). Features of a tractive current such as 

current ripples (Sr facies; Table 1) or trough cross-stratification (St facies; Table 1) are 

observed. These indicate streamflow processes (Postma, 1990; Miall, 1996). This facies 

association corresponds to an alluvial-fan environment (Blair and McPherson, 1994) that is 

dominated by debris flows (sediment gravity flows and catastrophic fluid gravity flows). It is 

possible to distinguish a proximal alluvial fan facies association composed of a gravity flow 

process (Gmm, Gmc, and Sm facies) and a distal alluvial fan facies association with the 

development of streamflow processes (Gp, Gh, Sr, Sm, and St facies). The predominantly 

fine-grained sediments consist of massive or laminated silts (F facies) or are composed of a 

heterolithic facies (Fl facies; Table 1), which are sometimes bioturbated (Fb and Flb facies, 

monospecific for the Scoyenia type). Sometimes massive or finely laminated dolomite (Dm 

facies; Table 1) or oolitic facies (Fo facies; Table 1) are associated with fine-grained facies, 

indicating a constant water level, sometimes with high energy. Some cm-scale levels with 

dolomite nodules may indicate the development of palaeosols (Dn facies; Table 1). The fine-

grained facies association is typical of floodplains (F and Fl facies) or shallow lakes (Fb, Flb, 
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Fo, and Dm facies). Consequently, the lower part of the Permian succession of the Sancerre-

Couy-1 core shows three retrogradational-progradational sequences (noted PI, PII and PIII; 

Fig. 3). These sequences are characterised by an increasing lacustrine influence with 

decreasing alluvial fan deposits towards the top (from PI to PIII). The retrogradational trend is 

marked by alluvial fan deposits, which evolve vertically to distal alluvial fans or floodplain 

and shallow lake environments. The progradational trend is marked by a change from lake to 

floodplain environments sometimes with palaeosol development. 

From 894 to 811 m, the Permian succession is characterised by the dominance of the above 

described fine-grained facies. Thin sandstone beds (cm to dm in thickness) are intercalated 

into the fine-grained facies. They occur as massive beds (Sm facies; Table 1) with horizontal 

lamination (Sh facies; Table 1), current (Sr facies; Table 1) or wave ripples (Sw facies; Table 

1), and even with trough cross-stratification in rare cases (St facies; Table 1). They are 

frequently bioturbated (Smb and Srb facies; Table 1). This facies association is typical of 

subaqueous environments with frequent episodes of fluvial input, i.e., a shallow lake 

environment in semi-arid climate conditions as evidenced by carbonate facies (Dm and Fn 

facies; Table 1; Hasiotis, 2006; Hasiotis et al., 2007). Consequently, four retrogradational-

progradational sequences (denoted as PIV to PVII; Fig. 3) are observed, with well-developed 

progradational trends towards proximal lacustrine depositional environments except for 

sequence PV, where the progradational trend ends with a floodplain, a distal alluvial fan 

environment, and probably a palaeosol (Fn facies; Table 1). 

The Permian series shows a general trend from alluvial fan to shallow lake deposits. 

Unfortunately, all relevant palynological samples are barren (PC-01 to PC-05; Fig. 3). 

 

4.2. The fluvio-lacustrine and sebkha Triassic series 
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4.2.1. Depositional environment and retrogradational-progradational cycles 

The Triassic series studied here is composed of siliciclastic and anhydritic materials with very 

few dolomitic deposits (Fig. 4). The lower part, from 811 to 792 m, is composed of 

conglomerates and sandstones with few silty levels (Fl facies; Table 1) that are primarily 

bioturbated (monospecific for the Scoyenia type Flb facies; Table 1). The conglomerates are 

composed of poorly-sorted gravel to pebbles, either massive matrix-supported (coarse sand) 

or clast-supported (Gmm and Gmc facies, respectively; Table 1), sometimes with cross-

bedding stratification (Gtp facies; Table 1). The sandstones are fine- to coarse-grained, either 

massive (Sm facies; Table 1) or displaying horizontal (Sh facies; Table 1) or cross-bedding 

stratification (St and Stp facies; Table 1), and are sometimes intensely bioturbated 

(monospecific for the Scoyenia type Sb, Shb, and Stb facies; Table 1). Locally, dolomite 

nodules may indicate the development of palaeosols (Dn facies). These deposits are mainly 

organised in normally graded sequences from conglomerates to fine bioturbated siltstones (cm 

to dm in thickness), typical of braided alluvial fan deposits within a shallow lake environment 

(Bourquin et al., 1998). The sediments of this depositional environment develop up-section 

into either silt and clay dominated facies (F facies; Table 1), and sometimes bioturbated (Fb 

facies; Table 1) or heterolithic facies (Fl and Flb facies; Table 1). The latter are composed of 

silt and clay with few very fine- to fine-grained sandstone beds (mm to cm in thickness), with 

currents and more rarely oscillatory ripples (Fl facies) that are frequently bioturbated (Flb 

facies). Clays may contain some anhydrite nodules (Fa facies; Table1). The depositional 

environment is attributed to a shallow lake environment with few fluvial inputs, which 

increases progressively from 780 to 733 m. This first sequence (denoted as TI; Fig. 4) records 

a retrogradational trend with an evolution from a braided alluvial fan within a shallow lake 

environment, where the maximum retrogradation is located close to 780 m. The 

progradational trend is marked by an increase in sediment supply that ends with a distal 
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alluvial fan deposit within a playa lake, as evidenced by the presence of a higher frequency of 

anhydrite intervals (A and Fa facies; Table 1). 

From 732 to 720 m, the second sequence (denoted as TII; Fig. 4) only displays a 

retrogradational trend from a braided alluvial fan (Gmc, Gt, Gh, St, Sb, and Flb facies 

association) to silty clay deposits (F facies) that are sometimes bioturbated (Fb facies) and 

include anhydrite nodule levels (A and Fa facies). These fine-grained facies, with cm-scale 

beds of anhydritic nodules and few siliciclastic inputs, are typical of anhydrite sebkha 

(Bourquin and Guillocheau, 1993, 1996).  

From 720 to 692 m, the overlying siliciclastic deposits are finer and thinner, reflecting more 

distal fan-delta deposits (sand sheet, Fl, Sr, St, Fl, and Flb facies association). They are 

associated with anhydrite sebkha deposits (A facies association) with increased black silty 

clays contents (F facies), rich in palynomorphs (until 705 m). This facies association reflects 

two sequences (denoted TIII and TIV; Fig. 4) that record a retrogradational and 

progradational trend where the maximum flooding episode is marked by black silty clays. 

The fifth sequence (denoted as TV; Fig. 4) starts with few sand sheet deposits within a playa 

lake (Flb facies, with current and oscillatory ripples, associated with anhydritic nodules, A 

facies). The maximum flooding event is also marked by black clay. The progradational trend 

characterises an increase in the anhydritic level content associated with red clay, and ends 

with a well-developed, 1 m-thick anhydritic bed. 

The sixth sequence (denoted as TVI; Fig. 4) displays red clay and anhydritic nodules that are 

increasingly less developed toward the top, attesting to a retrogradational trend. The 

progradational trend shows a fluvial sand sheet within playa-lake environment (Flb and Shb 

facies). 

The seventh to eleventh sequences (denoted as TVII to TXII; Fig. 4) mainly record the 
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retrogradational trend from a distal braided alluvial fan (Gmm, Gh, St, Stb, Sh, and Shb facies 

association) and/or a fluvial sand sheet (Sh, Shb, Flb, and St facies association) within a 

shallow lake to lake environment (Flb and F facies association). The maximum flooding 

episodes are marked by massive bioturbated silty clays. However, the eleventh sequence 

records a well-developed progradational trend within a floodplain environment where 

dolomitic nodules attributed to dolocretes indicate the development of palaeosols (Fn and Dn 

facies). 

 

4.2.2. Palynological analysis of the Triassic series 

The first four samples (PC-06 to PC-09; Figs. 4, 5) collected in the Triassic levels did not 

yield any palynomorphs. The 23 productive samples are grouped into four palynological 

assemblages based on their taxonomical composition, three of which were described in 

previous studies: SC-1 is studied as the “second assemblage” in Adloff et al. (1987) and 

Courel et al. (1990), SC-2 as the “first assemblage” in Adloff et al. (1987), and SC-4 is 

studied in Lorenz et al. (1987). In addition, a new association (SC-3) is described from 

samples PC-39, PC-40 and PC-41. The studies mentioned above show preliminary species 

lists without any pictures. The present study allowed us not only to confirm the majority of 

the previous identifications, but also to identify a new palynological assemblage 

stratigraphically well constrained to the 698.45-697.45 m interval, and to reinterpret the 

559.25-553 m levels previously attributed to the Hettangian (Early Jurassic; Fig. 5). 

We identified the following taxa in the first palynological assemblage (SC-1: samples PC-10 

to PC-17; Figs. 6, 7): Alisporites grauvogeli Klaus, 1964, Alisporites opii Daugherty, 1941, 

Brachysaccus neomundanus (Leschik) Mädler, 1964, Calamospora tener (Leschik) Mädler, 

1964, Camerosporites secatus Leschik, 1956, Chordasporites singulichorda Klaus, 1960, 
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Duplicisporites granulatus (Leschik) Scheuring, 1970, Illinites chitonoides Klaus, 1964, 

Microcachryidites doubingeri Klaus, 1964, Ovalipollis pseudoalatus (Thiergart) Schuurman, 

1976, Paracirculina scurrilis Scheuring, 1970, Porcellispora longdonensis (Clarke) 

Scheuring, 1970 emend. Morbey, 1975, Praecirculina granifer (Leschik) Klaus, 1960, 

Quadraeculina anellaeformis Maljavkina, 1949, Samaropollenites speciosus Goubin, 1965, 

Staurosaccites quadrifidus Dolby, 1976, Triadispora epigona Klaus, 1964, Triadispora 

falcata Klaus, 1964, Triadispora plicata Klaus, 1964, Triadispora staplinii (Jansonius) Klaus, 

1964, Triadispora suspecta Scheuring, 1970, Triadispora verrucata (Schulz) Scheuring, 

1970, Alisporites sp., Calamospora sp., Chordasporites sp., Cycadopites sp., and 

Duplicisporites sp.  

The second palynological assemblage (SC-2: samples PC-27 to PC-38; Fig. 8) consists of: 

Alisporites grauvogeli Klaus, 1964, Aratrisporites granulatus Klaus, 1960, Camerosporites 

secatus Leschik, 1956, Duplicisporites granulatus (Leschik) Scheuring, 1970, 

Microcachryidites doubingeri Klaus, 1964, Ovalipollis pseudoalatus (Thiergart) Schuurman, 

1976, Paracirculina scurrilis Scheuring, 1970, Paracirculina quadruplices Scheuring, 1970, 

Patinasporites densus Leschik, 1955, Porcellispora longdonensis (Clarke) Scheuring, 1970 

emend. Morbey, 1975, Praecirculina granifer (Leschik) Klaus, 1960, Quadraeculina 

anellaeformis Maljavkina, 1949, Samaropollenites speciosus Goubin, 1965, Vallasporites 

ignacii Leschik, 1956, Alisporites sp., and Duplicisporites sp.  

The new palynological assemblage (SC-3: samples PC-39 to PC-41; Figs. 9, 10) yields an 

assemblage characterised by: Alisporites grauvogeli Klaus, 1964, Alisporites opii Daugherty, 

1941, Anapiculalisporites spiniger (Leschik) Reinhardt, 1962, Aulisporites astigmosus 

(Leschik) Klaus, 1960, Brodispora striata Clarke, 1965, Calamospora tener (Leschik) 

Mädler, 1964, Camerosporites secatus Leschik, 1956, Cibotiumspora juriensis (Balme) 

Filatoff, 1975, Cingulizonates cf. rhaeticus (Rheinhardt) Schulz, 1967, Deltoidospora toralis 
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(Leschik) Lund, 1977, Dictyophyllidites mortonii (de Jersey) Playford et Dettmann, 1965, 

Duplicisporites granulatus (Leschik) Scheuring, 1970, Gordonispora fossulata (Balme, 1970) 

Van Der Eem, 1983, Kraeuselisporites lituus (Leschik) Scheuring, 1974, Lagenella martini 

(Leschik) Klaus, 1960, Leptolepidites proxigranulatus (Brenner) Dörhöfer, 1979, 

Lycopodiacidites kuepperi Klaus, 1960, Lycopodiacidites rhaeticus Schulz, 1967, 

Nevesisporites vallatus de Jersey et Paten, 1964, Ovalipollis pseudoalatus (Thiergart) 

Schuurman, 1976, Paracirculina quadruplices Scheuring, 1970, Patinasporites densus 

Leschik, 1955, Praecirculina granifer (Leschik) Klaus, 1960, Schizaeoisporites worsleyi 

Bjærke et Manum, 1977, Striatella seebergensis Mädler, 1964, Striatella scanica (Nilsson) 

Filatoff et Price, 1988, Striatoabieites aytugii (Visscher) Scheuring, 1970, Todisporites 

cinctus (Maljavkina) Orlowska-Zwolinska, 1971, Vallasporites ignacii Leschik, 1956, 

Vitreisporites pallidus (Reissinger) Nilsson, 1958, Alisporites sp., Aratrisporites sp., 

Calamospora sp., Cycadopites sp., Duplicisporites sp., Ephedripites sp., Todisporites sp., and 

Verrucosisporites sp.  

 

4.3. New stratigraphic attribution to the green sandstones 

Starting from 559 m, the distal alluvial fan deposits are well developed with Sh facies 

underlain by mud clast and coal fragments. This stratigraphic interval is characterised by 

another retrogradational trend and has been attributed to the Lower Liassic without any 

biostratigraphic constraint. Only the occurrence of a bioclastic limestone with Gryphaea, 

starting at a depth of 508.2 m, suggests the Sinemurian stage, because of the regional 

appearance of this fossil (Lorenz, 1992).  

The following taxa were identified for the palynological assemblage SC-4 (Samples PC-46 to 

PC-54; Fig. 11): Aratrisporites paraspinosus Klaus, 1960, Carnisporites spiniger (Leschik) 
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Morbey, 1975, Classopollis meyeriana (Klaus) de Jersey, 1973, Classopollis torosus 

(Reissinger) Balme, 1957, Convolutispora klukiforma (Nilsson) Schulz, 1967, Dapcodinium 

priscum Evitt, 1961, Granulatisporites infirmus (Balme) Cornet et Traverse, 1975, 

Kraeuselisporites reissingeri (Harris) Morbey, 1975, Kyrtomisporis speciosus Mädler, 1964, 

Ovalipollis pseudoalatus (Thiergart) Schuurman, 1976, Paracirculina scurrilis Scheuring, 

1970, Patinasporites densus Leschik, 1955, Plaesiodictyon mosellanum Wille, 1970, 

Rhaetogonyaulax rhaetica (Sarjeant) Loeblich et Loeblich, 1968, Taurocusporites verrucatus 

Schulz, 1967, Uvaesporites argenteaeformis (Bolkhovitina) Schulz, 1967, Cibotiumspora sp., 

Cycadopites sp., Deltoidospora sp., Michrystridium sp., Psophosphaera sp., Uvaesporites sp., 

and Verrucosisporites sp. 

 

5. Discussion 

The Sancerre-Couy core can be used to describe the depositional environment of the Permian 

to Jurassic series. The Permian succession is divided into seven progradational-

retrogradational cycles, showing a general evolution from alluvial fan to shallow lake deposits 

(Fig. 3). Unfortunately, all relevant palynological samples were barren and cannot specify the 

age of this series, which is considered as Permian (Orszag-Sperber et al., 1992). The Permian 

succession probably corresponds to the upper Permian based on a seismic line correlation 

showing similar series further west (Beccaletto et al., 2015). 

The Triassic cycles defined from the sedimentary evolution (Fig. 3) have been compared with 

those of Bourquin et al. (2002) defined from previously published well-log data and sequence 

stratigraphy (Fig. 12). The SC-1, SC-2 and SC-3 associations correspond to the end of the 

progradation trend of the major Anisian-Carnian cycle (Bourquin et al., 2006). The SC-1 and 

SC-2 association (Fig. 3) corresponds to the Ladinian-lower Carnian cycle (Fig. 12), which is 
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the lateral equivalent of the Erfurt Fm. in the eastern part of the Paris Basin (Bourquin et al., 

2002). The SC-2 and SC-3 associations (Fig. 3) belong to the minor lower-Carnian cycle (Fig. 

12), which is a lateral equivalent of the ‘Marnes irisées inférieures’ Fm. in the eastern part of 

the basin (Bourquin et al., 2002). 

The SC-1 assemblage is Longobardian in age (late Ladinian) due to the presence of 

Camerosporites secatus, Duplicisporites granulatus, Microcachryidites doubingeri, 

Ovalipollis pseudoalalus, Paracirculina scurrilis, Porcelispora longdonensis, Triadispora 

epigona, Triadispora plicata, Triadispora staplinii, and Triadispora falcata. The assemblage 

presented in our study is equivalent to the “second assemblage” of Adloff et al. (1987). Their 

assemblage listed the following sporomorphs over the 712.60-710.05 m interval (unspecified 

levels): Triadispora aurea, Triadispora suspecta, Triadispora staplinii, Microcachryidites 

fastidioides, Pytiosporites sp., Alisporites sp., Ovalipollis pseudoalatus, Ovalipollis cultus, 

and Duplicisporites granulatus. Courel et al. (1990, 1992) add Leiotriletes sp. and 

Porcellispora longdonensis to this list of taxa, and the assemblage was assigned to the late 

Ladinian due to a correlation with the palynological associations described from the 

Mâconnais Region, France (Adloff and Doubinger, 1979), Jura Department, France (Adloff et 

al., 1984), Largentière Basin, Ardèche, France (Doubinger and Adloff, 1977), and the Monte 

San Giorgio, Southern Alps, Switzerland (Scheuring, 1978). The SC-1 assemblage 

corresponds in age to the Camerosporites secatus-Enzonalasporites vigens phase (Van der 

Eem, 1983), the Heliosaccus dimorphus zone from Orłowska-Zwolińska (1983, 1985, 1988) 

and Kürschner and Herngreen (2010), and the TrS-F Zone (Protrachyceras archelaus-

Frankites regoledanus Zone) from Hochuli et al. (2015). 

The SC-2 assemblage is dated as Longobardian-Cordevolian transition to early Carnian 

(Ladinian-Carnian transition) in age due to the presence of Ladinian-Carnian sporomorphs 

such as Camerosporites secatus, Duplicisporites granulatus, Ovalipollis pseudoalatus, 
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Microcachryidites doubingeri, Porcellispora longdonensis, and the occurrence of the typical 

Carnian taxa Paracirculina quadruplicis, Patinasporites densus and Vallasporites ignacii. 

The late Ladinian-Carnian period is characterised by a rapid diversification of Circumpollen 

taxa such as Camerosporites secatus, Duplicisporites granulatus and Praecirculina granifer, 

in association with the appearance of Patinasporites densus, Samaropollenites speciosus, and 

Vallasporites ignacii (Schuurman’s phase I; Visscher and Krystyn, 1978; Visscher and 

Brugman, 1981; Van der Eem, 1983; Brugman et al., 1994; Roghi, 2004; Cirilli, 2010; 

Kürschner and Herngreen, 2010). The first appearance of Patinasporites densus corresponds 

to the base of the early Carnian Enzonalasporites vigens-Patinasporites densus phase of Van 

der Eem (1983) and is associated with the first appearance of Vallasporites ignacii (Visscher 

and Brugman, 1981; Van der Eem, 1983; Fisher and Dunay, 1984; Blendinger, 1988; Hochuli 

et al., 1989; Hochuli and Frank, 2000; Roghi, 2004; Cirilli, 2010; Kürschner and Herngreen, 

2010). SC-2 corresponds to the “first assemblage” of Adloff et al. (1987), collected from the 

699.45-697.45 m interval (unspecified levels), and composed of Ovalipollis pseudoalatus, 

Vallasporites ignacii, Camerosporites secatus, Paracirculina quadruplicis, and 

Patinasporites densus. Adloff et al. (1987) compare their assemblage with the Jura borehole 

assemblages (association A5; Adloff et al., 1984) and the ammonite levels of the Austrian 

Alps (Dunay and Fisher, 1978), attributing it a Carnian age. 

The SC-3 assemblage is Cordevolian in age due to the co-occurrence of Aulisporites 

astigmosus and Lagenella martini – with a range restricted to the Cordevolian-early Tuvalian 

– together with typical late Ladinian-Carnian palynomorphs such as Camerosporites secatus 

and Duplicisporites granulatus, and the Carnian taxa Anapiculatisporites spiniger, 

Brodispora striata, Cibotiumspora juriensis, Kraeuselisporites lituus, Lycopodiacidites 

kuepperi, Paracirculina quadruplicis, Patinasporites densus, and Vallasporites ignacii. 

Lagenella martinii is known from an ammonoid-controlled succession of the Raibl Group, 
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Southern Alps, and has been recorded in Europe starting from the Cordevolian (Van der Eem, 

1983) and from the Cordevolian to the early Tuvalian (Visscher and Brugman, 1981; Litwin 

et al., 1991; Hochuli and Frank, 2000; Roghi, 2004; Medhi et al., 2009; Roghi et al., 2010). 

Additionally, Aulisporites astigmosus is characteristic of the early Carnian palynological 

assemblages (Dunay and Fisher, 1978; Orłowska-Zwolińska, 1983; Hochuli, 1998; 

Fijałkowska-Mader, 1999; Kirichkova and Kulikova, 2005; Medhi et al., 2009, Fijałkowska-

Mader, 1999). The co-occurrence of Lagenella martinii and Aulisporites astigmosus have 

been described from the Dupliciporites continuus assemblage of the Conzen and Tor Fm. 

(Roghi, 2004), as well as the early Carnian Tr3 (Black Dolostones) and Tr4 (Middle Gypsum) 

units of the Rheouis Fm. (Medhi et al., 2009). The association is also comparable with those 

of the Astigmosus zone, described in Poland (Orłowska-Zwolińska, 1983; Fijałkowska-

Mader, 1999) and from European epicontinental areas (Dunay and Fisher, 1978; Brugman, 

1983; Medhi et al., 2009). Moreover, this association is present in many other parts of Europe 

related with the Carnian Pluvial Event which determined a humid climatic perturbation over a 

large area of the Northern Hemisphere (Roghi et al., 2010).  

The SC-4 assemblage is late Rhaetian in age due to the presence of Carnisporites spiniger, 

Classopollis meyeriana, Convolutispora klukiforma, Kraeuselisporites (= Heliosporites) 

reissingeri, Ovalipollis pseudoalatus and Taurocusporites verrucatus, as well as the 

dinoflagellates Dapcodinium priscum and Rhaetogonyalax rhaetica. Taxonomically, this 

assemblage is similar to the one shown in the upper part of the Lower Member (middle 

Rhaetian) in the Rhaetian Fm. of the Lodève Basin, France (Courtinat and Piriou, 2002). It 

resembles the RG Subzone (Rhaetian) in the Kendelbachgraben section, Austria (Morbey and 

Neves, 1974), and the B association (upper part of the early Rhaetian) from Adloff and 

Doubinger (1982). Assemblage SC-4 is located at stratigraphical levels (559-553 m) 

equivalent to the base of the 555.8-515.80 m interval studied in Lorenz et al. (1978) as 
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homogeneous residue. Their work yielded a rich assemblage including Classopollis spp., 

Heliosporites reissingeri, Deltoidospora toralis, Taurocusporites verrucatus, Alisporites 

robustus, and Dapcodinium priscum. To propose an age, they use the debatable “criterion of 

absence” with the palynomorphs Ovalipollis pseudoalatus, Rhaetipollis germanicus, and 

Cerebropollenites pseudomassulae, inferring that these samples are found in the basal part of 

the Hettangian. However, Taugourdeau (in Lorenz et al., 1987) provides evidence for the 

possibility of carrying out a more precise study as Rhaetian material may be found at the 

bottom of this interval. Later, Lorenz (1992) discarded this hypothesis and shortened the 

palynological interval to 555.25-542.55 m.  

The high prevalence of Classopollis spp. together with Carnisporites spiniger, Deltoidospora 

spp., Kraeuselisporites (= Heliosporites) reissingeri, and Ovalipollis pseudoalatus, together 

with the occurrence of the dinoflagellates Dapcodinium priscum and Rhaetogonyalax 

rhaetica, is observed in the SAB3 zone from the upper part of the Lilstock Fm., St. Audrie’s 

Bay (Bonis et al., 2010; Lindström 2016; Lindström et al., 2017). The SAB3 zone (Bonis et 

al., 2010) is considered to represent the “recovery flora” during the end-Triassic event 

(Lindström, 2016). The last appearance of Ovalipollis pseudoalatus together with the first 

appearance of Kraeuselisporites (= Heliosporites) reissingeri in some parts of Europe 

(Hochalplgraben, Austria: Bonis et al., 2009; St Audrie’s Bay, United Kingdom: Bonis et al., 

2010; Kuhjoch, Austria: Hillebrandt et al., 2013; Stenlille, Denmark: Lindström, 2016; 

Lindström et al., 2017) may be characteristic of this late Rhaetian event. 

The coexistence of the microplankton Dapcodinium priscum and Rhaetogonyalax rhaetica 

has been also recorded in other studies: in the Kendelbachgraben section, Austria (Rhaetian 

age; Morbey and Neves, 1974), the Brigadier Fm. in the North West Shelf of Australia 

(Backhouse et al., 2002), the Rhaetian Fm. of the Lodève Basin, France (middle Rhaetian; 

Courtinat and Piriou, 2002), the Northern Calcareous Alps, Austria (latest Rhaetian in 
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Kürschner et al., 2007; late Rhaetian and lowermost Jurassic in Bonis et al., 2009).  

A retrogradational cycle at the end of the Triassic series is mentioned in other works such as 

Bonis et al. (2010), Lindström (2016), and Lindström et al. (2017). The palynomorph-based 

late Rhaetian age is characterised by a regressive event in the Lilstock Fm. (St. Audrie's Bay, 

United Kingdom; Bonis et al., 2010), grey siltstone interval (Stenlille, Denmark; Lindström, 

2016), Triletes beds (Rødby, Denmark: Lund, 1977; Mingolsheim, Germany: Van de 

Schootbrugge et al., 2008; Mariental, Germany: Heunisch et al., 2010; Schandelah, Germany: 

Lindström et al., 2015), and Schattwald beds (Kuhjoch, Northern Calcareous Alps, Austria; 

Hillebrandt et al., 2013).  

Until now, the Rhaetian-Hettangian boundary could not be precisely established in the 

Sancerre-Couy-1 core as there have been no new paleontological data. Taking into account 

that Gely and Lorenz (1991) located the Hettangian-Sinemurian boundary at 508.20 m, and 

assuming that the age is late Rhaetian at 553 m, the Rhaetian-Hettangian limit should be 

located in the lower part of the interval between 553 and 508.2 m. However, based on well-

log correlation data, the Triassic-Jurassic boundary has been located at 548.5 m (Fig. 2); these 

sandstone deposits, attributed to the Rhaetian, were previously described in Hamon and 

Merzeraud (2005). 

 

6. Conclusions 

Based on a core analysis, high-resolution sequence stratigraphy of the Permian and Triassic 

series of the southwestern Paris Basin is used to distinguish seven progradational-

retrogradational cycles for the Permian and twelve cycles for the Triassic. For the first time, 

the classical palynological assemblages defined for the Sancerre-Couy-1 core have been 

found, re-studied and illustrated. The associations are clearly more complete than those 
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presented by Courel et al. (1990) and Lorenz (1992). The new records allow: (i) a better 

definition of the age of two assemblages (lower and upper, equivalent to PC-1 and PC-2); (ii) 

the definition of a new palynostratigraphic assemblage (PC-3), belonging to the 698.45-

697.45 m interval; and (iii) the reinterpretation of the 559.25-553 m levels (PC-4; Lorenz et 

al. 1992) previously attributed to the Hettangian (Early Jurassic). 

The different ages attributed for some cycles in our study confirm the hypothesis given in 

Bourquin et al. (2002). The PC-1, PC-2 and PC-3 palynological associations correspond to the 

end of the progradation trend for the major Anisian-Carnian cycle (Bourquin et al., 2006). The 

PC-1 and PC-2 association corresponds to the Ladinian-lower Carnian cycle, which is the 

lateral equivalent of the Erfurt Fm. in the eastern part of the Paris Basin (Bourquin et al., 

2002). The PC-2 and PC-3 association corresponds to the minor lower-Carnian cycle, which 

is a lateral equivalent of the ‘Marnes irisées inférieures’ Fm. in the eastern part of the basin 

(Bourquin et al., 2002). The PC-4 assemblage suggests a late Rhaetian age and corresponds to 

the SAB3 zone which is considered to represent the “recovery flora” during the end-Triassic 

event (Lindström, 2016). Consequently, the Rhaetian-Hettangian boundary in the Sancerre-

Couy-1 core should be located in the lower part of the interval between 553 and 508.2 m 

based on the paleontological data. Based on well-log correlations, the Triassic-Liassic 

boundary has been located at 548.5 m.  

Finally, these sedimentological and palynological high-resolution results from the Sancerre-

Couy core establish a new reference section for the Permian to Triassic deposits of the Paris 

Basin. The present work will be of great help in further correlations with neighbouring 

Permian and Triassic outcrops or core-free borehole. 
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Figure 1 A. Triassic and Permian outcrops and geological background in France, taken from 

the 1:1,000,000 geological map of France (BRGM, 2003). B. Location map of the Sancerre-

Couy well. 
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Figure 2 Simplified sedimentary column of the Permian-Triassic-lower Jurassic deposits from 

the Sancerre-Couy core. 
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Figure 3 Sedimentological section, depositional environment evolution and stratigraphic 

cycles for the Sancere-Couy core during the Permian. 
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Figure 4 Sedimentological section, depositional environment evolution and stratigraphic 

cycles for the Sancere-Couy core during the Triassic. 
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Figure 5 Stratigraphic distribution of the palynological taxa in the study interval. Sample (1): 

second assemblage from Adloff et al. (1987) and Courel et al. (1990); sample (2): first 

assemblage from Adloff et al. (1987); sample (3): assemblage from Lorenz et al. (1987). 
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Figure 6 SC-1 palynological assemblage. 1. Triadispora falcata Klaus, 1964. 2. Triadispora 

staplinii (Jansonius) Klaus, 1964. 3. Triadispora suspecta Scheuring, 1970. 4. Triadispora 

verrucata (Schulz) Scheuring, 1970. 5. Triadispora plicata Klaus, 1964. 6. Alisporites 

grauvogeli Klaus, 1964. 7. Alisporites opii Daugherty, 1941. 8. Triadispora epigona Klaus, 

1964. 9. Illinites chitonoides Klaus, 1964. 10. Ovalipollis pseudoalatus (Thiergart) 

Schuurman, 1976. 11. Staurosaccites quadrifidus Dolby, 1976. Scale bar: 10 µm. 
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Figure 7 SC-1 palynological assemblage. 1. Microcachryidites doubingeri Klaus, 1964. 2. 

Chordasporites singulichorda Klaus, 1960. 3. Quadraeculina anellaeformis Maljavkina, 

1949. 4. Samaropollenites speciosus Goubin, 1965. 5. Brachysaccus neomundanus (Leschik) 

Mädler, 1964. 6. Camerosporites secatus Leschik, 1956. 7. Porcellispora longdonensis 

(Clarke) Scheuring, 1970 emend. Morbey, 1975. 8. Duplicisporites granulatus (Leschik) 

Scheuring, 1970. 9. Duplicisporites sp. 10. Paracirculina scurrilis Scheuring, 1970. 11. 
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Calamospora tener (Leschik) Mädler, 1964. 12. Praecirculina granifer (Leschik) Klaus, 

1960. 13, 14. Cycadopites sp. Scale bar: 10 µm. 

 

Figure 8 SC-2 palynological assemblage. 1. Alisporites grauvogeli Klaus, 1964. 2. 

Samaropollenites speciosus Goubin, 1965. 3. Aratrisporites granulatus Klaus, 1960. 4. 

Paracirculina quadruplices Scheuring, 1970. 5. Microcachryidites doubingeri Klaus, 1964. 6. 

Duplicisporites granulatus (Leschik) Scheuring, 1970. 7. Duplicisporites sp. 8. 
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Camerosporites secatus Leschik, 1956. 9. Porcellispora longdonensis (Clarke) Scheuring, 

1970 emend. Morbey, 1975. 10. Praecirculina granifer (Leschik) Klaus, 1960. 11. 

Paracirculina scurrilis Scheuring, 1970. 12. Patinasporites densus Leschik, 1955. 13. 

Vallasporites ignacii Leschik, 1956. 14. Quadraeculina anellaeformis Maljavkina, 1949. 15. 

Ovalipollis pseudoalatus (Thiergart) Schuurman, 1976. Scale bar: 10 µm. 

 

Figure 9 SC-3 palynological assemblage. 1. Alisporites grauvogeli Klaus, 1964. 2. Alisporites 



Page 41 of 51

Acc
ep

te
d 

M
an

us
cr

ip
t

opii Daugherty, 1941. 3. Striatoabieites aytugii (Visscher) Scheuring, 1970. 4. Vitreisporites 

pallidus (Reissinger) Nilsson, 1958. 5. Paracirculina quadruplices Scheuring, 1970. 6. 

Duplicisporites granulatus (Leschik) Scheuring, 1970. 7. Vallasporites ignacii Leschik, 1956. 

8. Aulisporites astigmosus (Leschik) Klaus, 1960. 9. Camerosporites secatus Leschik, 1956. 

10. Calamospora tener (Leschik) Mädler, 1964. 11. Patinasporites densus Leschik, 1955. 12. 

Ovalipollis pseudoalatus (Thiergart) Schuurman, 1976. 13. Striatella seebergensis Mädler, 

1964. 14. Striatella scanica (Nilsson) Filatoff et Price, 1988. 15. Kraeuselisporites lituus 

(Leschik) Scheuring, 1974. 16. Praecirculina granifer (Leschik) Klaus, 1960. Scale bar: 10 

µm. 
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Figure 10 SC-3 palynological assemblage. 1. Todisporites cinctus (Maljavkina) Orlowska-

Zwolinska, 1971. 2. Deltoidospora toralis (Leschik) Lund, 1977. 3. Dictyophyllidites 

mortonii (de Jersey) Playford et Dettmann, 1965. 4. Cibotiumspora juriensis (Balme) Filatoff, 

1975. 5. Gordonispora fossulata (Balme 1970) Van Der Eem, 1983. 6. Nevesisporites vallatus 

de Jersey et Paten, 1964. 7. Lycopodiacidites kuepperi Klaus, 1960. 8, 9. Brodispora striata 

Clarke, 1965. 10. Lagenella martini (Leschik) Klaus, 1960. 11. Ephedripites sp. 12. 
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Verrucosisporites sp. 13. Schizaeoisporites worsleyi Bjærke et Manum, 1977. 14. 

Cingulizonates sp. cf. Cingulizonates rhaeticus (Rheinhardt) Schulz, 1967. 15. 

Lycopodiacidites rhaeticus Schulz, 1967. 16. Leptolepidites proxigranulatus (Brenner) 

Dörhöfer, 1979. 17. Anapiculalisporites spiniger (Leschik) Reinhardt, 1962. 18, 19. 

Cycadopites sp. Scale bar: 10 µm. 
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Figure 11 SC-4 palynological assemblage. 1. Granulatisporites infirmus (Balme) Cornet et 

Traverse, 1975. 2. Kyrtomisporis speciosus Mädler, 1964. 3. Cibotiumspora sp. 4. 

Deltoidospora sp. 5. Carnisporites spiniger (Leschik) Morbey, 1975. 6. Uvaesporites 

argenteaeformis (Bolkhovitina) Schulz, 1967. 7. Kraeuselisporites reissingeri (Harris) 
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Morbey, 1975. 8. Verrucosisporites sp. 9. Taurocusporites verrucatus Schulz, 1967. 10. 

Paracirculina scurrilis Scheuring, 1970. 11. Patinasporites densus Leschik, 1955. 12. 

Classopollis torosus (Reissinger) Balme, 1957. 13. Classopollis meyeriana (Klaus) de Jersey, 

1973. 14. Ovalipollis pseudoalatus (Thiergart) Schuurman, 1976. 15. Convolutispora 

klukiforma (Nilsson) Schulz, 1967. 16. Rhaetogonyaulax rhaetica (Sarjeant) Loeblich et 

Loeblich, 1968. 17. Dapcodinium priscum Evitt, 1961. 18. Plaesiodictyon mosellanum Wille, 

1970. 19. Psophosphaera sp. 20. Michrystridium sp. 21. Aratrisporites paraspinosus Klaus, 

1960. Scale bars: 10 µm 1-20), 20 µm (21). 
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Figure 12 Comparison of the stratigraphic cycles between results of the present study and 
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previous studies based on well-log data. 

 

 

Table 1 Facies description and interpretation of the Permian and Triassic series in the 

Sancere-Couy core. 

Facies 

Code 

Lithology Sedimentary structure Depositional process 

Fine facies 

F Silt or silty clay, red to 

black  

Massive or laminated Deposition from 

suspension 

Fb Silt or silty clay, red to 

black 

Massive or laminated 

bioturbated,  

Deposition from 

suspension within a 

permanent water body 

allowing reworking by 

biological activity 

Fl Heterolithic facies 

composed of silt or silty 

clay interbedded with cm 

to dm-thick beds of sand 

Massive or laminated 

silt or silt-clay 

interbedded with ripple 

cross-laminated, 

horizontally laminated 

or massive sand 

Deposition from 

suspension alternating 

with overbanks or 

waning floods  

Flb Heterolithic facies 

composed of silt or silty 

Massive or laminated, 

interbedded with ripple 

Deposition from 

suspension alternating 
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composed of silt or silty 

clay interbedded with cm 

to dm-thick beds of sand 

interbedded with ripple 

cross-laminated, 

horizontally laminated 

or massive sand, 

bioturbated, sometimes 

with oscillatory ripples 

suspension alternating 

with overbanks, waning 

floods or turbidity 

currents within a 

permanent water body 

allowing reworking by 

biological activity 

Fo Silt or silty clay, with 

oolithe 

Massive  High energy, margin lake 

 

Sandstone facies 

Sr Fine to medium sand Ripple cross-

laminations  

Current ripples, lower 

part of the lower flow 

regime (Miall, 1978) 

Srb Fine to medium sand Ripple cross-

laminations, bioturbated 

Tractive current 

reworking by biological 

activity 

Sw Fine to medium sand Oscillatory ripples Deposition or reworking 

by waves 

Sm Fine to coarse sand 

with sometimes 

scattered gravels 

Massive, sharp basal 

and top boundaries, 

sometimes Normally-

graded 

Subaerial 

hyperconcentrated 

density flow or 

subaqueous high-density 

turbidity current (Lowe, 
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1982; Mulder & 

Alexander, 2001); rapid 

suspension fallout 

(Postma, 1990) 

Smb Fine to coarse sand  Massive, progressive or 

sharp basal and top 

boundaries 

Subaqueous high-density 

turbidity current (Lowe, 

1982; Mulder & 

Alexander, 2001); rapid 

suspension fallout 

(Postma, 1990), 

reworking by biological 

activity 

Sh Fine to coarse sand, 

well to poorly sorted, 

sometimes with mud 

clasts or chips 

underlining the 

stratification or 

scattered gravels 

Planar or sub-planar 

laminations, current 

lineations, sharp basal 

and top boundaries 

Tractive current, upper 

flow regime (Miall, 

1978) 

St Medium to coarse sand Through cross-

stratifications, sharp or 

erosive basal boundary 

Tractive current, upper 

part of the lower flow 

regime, 3D megaripple 

migration (Miall, 1978) 
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Conglomerate facies 

Gmm Angular to sub-

rounded gravels to 

pebbles (up to 3 cm), 

very poorly sorted, 

matrix-supported 

Massive, ungraded or 

with a normal grading to 

the top, erosive basal 

boundary  

Debris flow (Postma, 

1990; Miall, 1996) 

Gmc Angular to sub-

rounded gravels to 

pebbles (up to 4 cm), 

very poorly sorted, 

clast-supported 

Massive, ungraded or 

normal or reverse-

graded, erosive basal 

boundary 

Debris flow (Postma, 

1990; Miall, 1996) or 

hyperconcentrated flows 

(Svendsen et al., 2003) 

Gh Angular to sub-

rounded gravels to 

pebbles, very poorly 

sorted 

Horizontal to sub-

horizontal stratifications, 

erosive or sharp basal 

boundary, sharp top 

boundary 

Traction carpets driven 

by streamflow (Postma, 

1990), upper flow 

regime (Miall, 1978) 

Gp Angular to sub-

rounded gravels to 

pebbles, very poorly 

sorted 

Planar cross 

stratifications, erosive 

basal boundary, sharp 

top boundary 

Traction carpets driven 

by streamflow (Postma, 

1990), upper flow 

regime (Miall, 1978) 

   

Facies Code Lithology Depositional process 
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Dolomitic and anhydrite facies 

A Anhydrite Sebkha 

Fa Silt or silty clay, with anhydrite nodules Sebkha 

Fn Silt or silty clay, with dolomite nodules Dolocrete 

Dn Nodular bed of dolomite within silts Dolocrete 

Dm Massive, sometimes finely laminated dolostone  Shallow lake lake 

Ds Massive, sometimes finely laminated dolomite 

with microbial laminations 

Stromatolitic bed, 

marginal-shallow lake 

 

 

 

 


