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The contiental Triassic of North-eastern France 

The aim of this field trip is the study of the continental deposits and major discontinuities observed 

within the Triassic at outcrops. It focuses on Buntsandstein (i.e. Upper Permian, Lower Tnasçic, and 

Anisian), and Keuper (i.e. Upper Tnassic). The marine Upper Muschelkalk paleo-environments will not be 

tackled herein; the coeval continental deposits, being located in the western part of the basin, can be studied 

only by subsurface data. 

This guide book is based on data presented in 2006 during an international excursion organized within 

the context of the "Pan-European correlation of the epicontinental Triassic" program (Bourquin and Durand, 

2007). 

In this document, we present in a first part, for the Buntsandstein and Keuper senes, the geological 

setting, the sequence stratigraphy correlation and a companson with the German series. In the second part we 

present al1 the stops of the field excursion. 

1. - Introduction 

The Triassic of the Pans Basin was deposited in an intracratonic peri-Tethyan basin (Perrodon & 

Zabek, 1990) and its succession is characterized by (Dubois and Umbach, 1974; Courel et al., 1980): (i) 

fluvial and playa deposits during the Early Triassic, i.e. Buntsandstein facies, (ii) evaporite and marine 

deposits during the Middle Triassic, i.e. Muschelkalk facies and (iii) mainly evaporite and fluvial deposits 

during the Late Triassic, i.e. Keuper facies. During the Early and Middle Tnassic, the Paris and Bresse-Jura 

basins formed the western end of the Germanic Basin. The Paris Basin only existed as an independent basin 

from the Middle Carnian onwards (Bourquin and Guillocheau, 1993,1996). 

The terminology used in the eastern part of the Paris Basin is indicated in the Table 1. 

The study of the Paris Basin was focused until the years 1990 on outcrops data. The development of 

sequence stratigraphy concept allowed to propose a sequential analysis of the Mesozoic formations of the 

Paris Basin from outcrop data (Guillocheau, 1991). Like this, this author describes during the Triassic three 

major stratigraphic cycles. However, the study of the Triassic outcrops does not allow to understand the 

evolution of the Paris Basin without the help of correlations with the central and western part, which display 

proximal facies (sandstone and clay). In fact, the Triassic crops out only in the eastem part of the Paris 

Basin. The outcrops are discontinuous and it is sometimes very diftïcult to determine the stratigraphic 

position. Only well-log data can provide a continuous record. 

The numerous well-log and core data in the Paris Basin allow to realize correlations from western and 

eastern part of the basin, and make a companson with outcrop data. By studying the complete set of wells in 

the Pans Basin, we can cany out correlations and propose paleogeographic reconstmction for the Triassic. In 

subsurface studies, it is essential to use complete sets of log data to identify and correlate genetic sequences, 

especially in continental environments (Bourquin et al., 1990, 1993). For example, sandstones that include 

large amounts of radioactive minerals (potash feldspar, heavy minerals, etc.) may produce high gamma-ray 

values similar to those obtained from clays. Consequently, the use of gamma-ray and sonic logs alone may 



lead to misinterpretation. Similariy, a density log coupled with a photo-electtic factor log is required to 

distinguish between dolomitic and anhydritic shales. Neutron-porasity, density and photo-electtic factor logs, 

used with high-resolution logs (dipmeter or Formation Microscanne0 arr n e c e s s q  (1) to determine 

~edimentary facies, (2) to calibrate cores and outcmps with well lagr and (3) to obtain correlations. 

Table 1: Teminology uscd in Uie eastem pan 
of the Paris Basin (sfier Coure1 el al.. 1980 

Keuper stratigraphie record from 3D accommodation variation analysis (Bourquin et al.. 2002) (6) to 

wonsuuct paleoenvionmental maps and climate simulations to investigate the impact of climate on 

contincntal sedimenl preservation (PCmn et al. 2005). Like this, recent study (Bouquin et al., 2006) allaws 

to recognize the Hardegdsen unconfomity and redefine the three major cycles of Guillocheau (1991): the 

Scythian, Anisian-Cmian, and Camian-Liassie cycles (Fig. 1.1). 
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The analysii of amund 700 wells in the Paris basin hsr. allowed (1) to define pre-Tnassic topography, I II. -The Buntsandstein 
(2) 10 pmpose sequence stratigraphy correlations of the Ttiassic series and a comparison with data fmm other 

west-Eumpean hasins (Bourquin and Guillocheau, 1993. 1996; Bouquin et al., 1998, 2006). (3) ta 

characterire two major discontinuities (Hardegsen and Eo-Cimmenan unconfomities) induced by long 

wavelength defomtion.  (4) realize isopach and lithological maps to reconstmct the 3D cvolution of the 

ba in  cycle by cycle and ta investigate the influence of tectonic movements (Bourquin et al., 1997, 

Guillocheau et al.. 2000). ( 5 )  10 estimate the influence of defoimation, eustasy and sediment supply in the 

These results are mainly puhlished in the paper of Bourquin et al. (2006) 

11.1. - Geological setting 
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During the Early Triariassic, the Paris and Bresse-Jura basins farmed the western end of the Oemanic 

Basin. In the Vosges (Fig. U.1). the Lower Buntsandstsin unie (Senones Sandstones or Anweiller 

Sandstones) can be athibuted 10 the Uppermost Pemian. i.e. Zechstein equivalents (Durand et al., 1994). 

Whereas in the major'part of the Gennanic basin the 'Buntsandstein Gmup' is separated fmm the 

Rotliegends by the typical-Zechstein carbonatbevaporite facies (Uppermost Pemian), in France the latter 

are completely lacking. This ir why the French geologists place the base of their 'Bunüsndstein' at the level 

of a major unconfomity between fanglomerate pronc deposits, localised in relatively restncted basins, and 

widespread fluvial deposiü (Courel et al. 1980). Such a concept of 'Buntsandstein' prevailed in South 

Gemsny until the adoption of a unificd lithostntigraphic scale (Richter-Bernburg. 1974). Thur. in the 

French sedimentaiy basins, deposits referrcd ta as 'Buntsandstein' can be attributed either to Pemian or to 

Tnassic (Durand, 2006). Actuaily, the 'Lawer Buntsandstein' of the Vosges (Senones Sandstone and 

Anweiller Sandstone) can be attributed to the Upper Permian, i.e. Zechstein equivalents (Durand et ai., 

1994). 
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Figure U.1: (A) Location of the snidied are= und the Bockcnem well (Ba) and (B) Location of smdied wells and 

lower Triassic &ansect. B: BerIrayl: G: Granville 109; M: Montplonel; F: Çranchevillel: L: Lorettesl, S: 
Suulcy; J: lohansweiller: SSF: SoulIZ-sous-For&, K: Kruichgau: E: Ernbermenil. Afra Bouquin et al., 
2006. 

Therefore, the Middle and Upper Buntsandstein units are attributed mainly to the Lower Triassic. 

Thcse facies are characterized by fluvial deposits that make up the following formations (Rg. 11.2). fmm 

base to top (Courel et al.. 1980): 'Conglomht basal', 'Grès vosgiens', 'Conglomérat principal', 'Couches 

intermediaires', and 'Grès à Voltzia'. The 'Couches intermédiaires' Formation is commonly separated from 

the 'Conglomérat principal' by the 'Zone limite violette' Formation that is charactenzed by the fin1 

occurrence of Triassic soils in this ma. The bed-load fluvial systems of 'Conglam6nt basal'. 'G&s 

vosgiens' and 'Conglomérat principal' are attibuted to braided typo networks developed in an azid dimatic 

environment. ss indicated by the occurrence of reworked and in siru aeolian sand dunes and wind worn 

pebbles (Durand, 1972, 1978: Durand et al., 1994). n i e  bed-laad fluvial deposits of the 'Couches 

intermédiaires' correspond to low sinuosity rivers with transverse bars (hirand, 1978). and are associated 

with hydromotphic paleosols (Durand 1978: Durand and Meyer. 1982). The 'Grès à Valtzia' shows an 

cvolution from low sinuosity fluvial systems in the 'Grès à meules'. with weak marine influence, to the 

fluvio-marine environment of the 'Grès argileun' (Gall, 1971: Durand. 197% Courel et al., 1980; Dorand et 

al., 1994). The only biartrarigraphic evidence in this Buntsandstein neries concems the '@ès & Voltzia', 

where macrofauna and palynoflara allos, the ~t t ibut ion of a h w e r  to Middle Anisian ege according ta 

location (Durend and Jurain. 1969; Gall, 1971). Paleocuirent directions obtained from fluvial facies indicate 

a mainly eastward flow (Durand. 1978). 
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Figure n.2 Lithos<ratigraphic column, sedimcnLvy environmeni variations. major and minor stra6graphic 
cycles for rhc Lawcr Triassie succession in the easrern part of the Pais Basin based on Embemenil neIl 
(after Bouquin et al., 2006). 

The teminology used foi the Buntsandstein formations in the Palatinale is no1 the same as that applied 

in the Pans Basin. The equivalent of the 'Grès vosgiens' h m a t i a n  is divided inIo three unitr, which are. 

fmm base to top: the Trifels. Rehberg. and Karlstal formations. Thesc three units are chanctenred by 

increasingclay content. 



Recent study fmm well-log data f w  the Triassic West of the Black Forest (Pans Basin, Rhine Graben 

and Bresse-Jura Basin! allows us ta p rome  conelations and define the stratigraphie contexl of the Lower 

Triassic "nits (Bouquin et aI.,2006). 

11.2. - High-resolution sequence stratigraphy correlation of the Lower Triassic f rom well- 

l og  analysls 

The Lower Triassic cmps out only in  the western pan of the Paris Basin. in the Vosges Massif and in 

the Black Forest. The outcmps are discontinuaus and if the basal unit (with Permian-Triassic boundaiy) or 

uppemost unit ('Conglomérat principal') are not prosent, it is almast impossible to detemine the 

stmtigraphic position. 

The results of the correlations the 580 Wells studied in the Pans basin and Rhine Grabben are 

summarized on a NE-SW section betwecn the Rhine Gmben (Soule-sous-Forêts wdl) and the area south of 

Orléans (Figs. II.IB. U.3, U.4). 

The transecl (Figs. U3,11.4) and the maps allow us Io quantify the 3D evolution of the Triassic series 

and to characterize (1) the geomeVies of sedimentation uniu infiuing the basement topography, (2) the 

general onlapping of these senes. (3) the retrogradational pattern of the piaya deposits, (4) the progradation 

of the 'Conglomérat principal' Formation, (5) the diachmnism of the Middk Buntsandstein formations 

(Trifels, Rehberg. Karstal, 'Conglomerat basal', and 'Conglomérat pincipal' formations, Figs. Ill, 11.4). 
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unconformity, (2) Geometries fmm the Hardcgscn vnconfomity 10 the basal mhyd~ite bed of the ''Couches 
grises" Formation defined in the eastcm part of the Paris Basin (middle part of the Middle Muscheikalk. (8) 
Transeet lacetion. Seeiigun U.lB for more&Inils.Afrer Bouquin et al..2006. 

ll.2.1. - Mddle Bunfsandsfein cycles 

The Middle Buntsandstein formations ('Conglomérat basal', 'Grès vosgiens' and 'Conglom6rat 

principai') enhibit one major eyclc divided into four minor cycles (noted B I  Io B4, Figs. U.lC). 

The correlations reveal the onlap of the Triassic sedimentation onto the basemenl (Figs. n.3 and 11.4). 

The bed-load fluvial sedimenls, attributed to braided nven, came fmm the west: present-day Armorican 

Massif (hirand, 1978; Durand et al.. 1994) and pmgressively filled in  the lopographic depression. 

Floodplain deposits are rm and chamcterized by Clay layen a fcw centimetres thick. The conglomerate 

deporits m mainly located in the western pan of the sedimentation ma. The four minor swtigraphie cycles 

(BI to 84) can be correlated acmis the Pais  Basin up 10 the Rhine Graben in  the east. showing thar the 

'Conglom6cot basal' Formation is diachronous. 

The B I .  cycle corresponds. in the Vosges Massif outcmps and Emberménil well, to the dcpnsits of the 

'Conglomérat basal. Formation (Figs. 11.3 and n.4) This cycle is characterized by the vcnical passage of 

fluvial conglamerates in10 iioodplain deposits. In more distnl pans o f  the hasin, the conglomcrates grade 

eastwards into sandstones. 

The B2 and B3 cycles (Figs. U.3 and U.4). are intra - 'Grès vosgiens' Formation, and record the 

evolution of f lwial sandsrones to fioodplain deposits. the basal conglomerate facies being located in the 

wvsternmost area. Fmm cycles B I  to 83. we observe a general backstepping of canglomcrate facies. 



The isopach maps drawn up for each cycle (Figs. U.5 and U.6A) indicate the basement-sedimentafion 

area boundary, as well as the location of conglomeate facies through rime and space. The more proximal 

facies ae located to the west. These maps show the general hackstqpping of eonglomerate facies and their 

lateral eastward evolution ta sandstone deposiu (Figs U5A, U.5B and U.6A). 

Figure 115: Isopach maps with super impd  Litholagy (% 
of wnglomerate) for stratigwhic cycles BI and BZ (see 
Figs. U.2. ü.3.11.4). conrmicled fmm well-log dam and 
outcmpr infannatiin. Afkr Bourquin et al.. 2006. 

Figure nb: lsopach maps with superimposed liihology (% 
of wnglomeratej for the 8 3  (A) and B4 (Bj straiigraphic 
cycles (ses Figs. n.2. 11.3. U.4). construefed from well- 
log data and ourcmps infornalion Aftcr Bourquin et al.. 
2006. 

The 8 4  cycle shows fluvial nandstones overlain by a maximum flooding episod and then progrîding 

conglomerates (Figs. U.3 and 11.4). niese conglomerates migrate basinwardr and grade laterally into 

sandstones. In the Vosges Massif outcmps and Embeménil well, these conglomerates corresp"d to the 

'Conglomdrat principal' Fomation. The lithogical map of this cycle (Fig. II.6B) shows that the 

conglomerates spread across fhe busin. The 'Conglomérat principal. F m a t i o n  rarely occm at outcrop nnnh 
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of rhe Vosges Massif. ncar the Geman Fmntier, where it is eroded. In outcmp. the 'Conglomérat basal' and .~ 

of the 'Conglomérat phcipal '  display same pctmgraphic materials, notably Siluian and Praterazoic 

graphitic chcns that are detived fmrn the Amorican Massif (Durand et al., 1994: Dabard. 2000). implying 

sarne provenance. The uansition hetween the 'Grès vosgiens' and the 'Conglomérat principal' reflects only a 

progressive increasing in grave1 content and then an acceleration of the pmgrrding phase. The base of thc 

'Conglomérat principal' is diachronous: mnglomeratiî facies are younger in the western pan of the basin 

(Cycle B4, Fig.11.4). 

Geomet"eally, the conelations (Figs. 11.3 and U.4) mveai the landwsrd migration of the silty-clay 

facies iattributed to plvya deposits of the Karlstal Formation) into a retrogradation trend, until the maximum 

Aooding surface of the cycle 83. and then a progradational trcnd of sandstone and conglomerate depodts of 

the 'Conglomérat principal' Formation. This evolution characterizes a major cycle, where the pcriod of the 

strzrigraphie base-level "se is represented hy the cycle BI to B3 and the pctiod of the süatipraphic hase-levrl 

fd l  bv the cycle 8 4  (Figs. U.3 and 11.4). This cycle is located ablve the Permian and below the Anisian, thur 

it is cslled the Scythion cycle. 

The top of cycle 8 4  is rnarked hy a major discontinuily, above a sed imenw break. This episade can 

be correlxed with the fomiing of the 'Zone Limite Violdte' thst cmps out in many pans of Lorraine (Fig. 

U.2). The 'Zone Limite Violette' ovedies thc 'Conglamdrat principal' Fomation and contains paleorols 

(dolocretes and silcretes). providing evidence for vciy low sedimentalion rates (Durand and Meyer, 1982). In 

north Lorraine, the '7nne Limite Violate' and even the 'Conglomérat principal' are locally eroded. This is 

indicated locally by the ocnurence of a eonglomerate eontaining 'Conglomérat p"neipiil' pebblcs mixed 

with ~edogenic carbonate and carnelisn pebbles reworked from the 'Zone Limite Violette'. This unit. known 

as 'Kameolkanglomerat' in the Palainate (Reis and von Ammon, 1903). mnesponds to the 'Conglomérat de 

Bitche' defined in nonhern Lorraine (Médllet et al., 1989). In addition, well-log data allow to recognize 

locally conglomerate facies above the disçontinuity ( t g .  Saulcy and Johansweiller, Figs. U 2 ,  11.4). The 

emsional surface mnesponds to the 'Hardegsen uneonfomity' erpreîsed in many parts of the Germanie 

hasin (Durand et d.. 1994). 

11.2.2. Upper Bunfsandsfein cycles 

The lithostratigaphic succession mmptising the Upper Buntsandstein formations ('Couches 

intermédiaires' and 'Grès à Voltzia') the Lover Muschelkalk ( 'Grès coquillier', 'Complexe de Volmunster'. 

and 'Dolomie à Myophotia orbicularis'j. and the lowcr part of the Middle Musfhelkalk ('Couches rongea' 

Fomation) conesponds to three minor cycles (noted B5 to B7, Fig. 11.2). They belong to the lower pan of 

the major Anisian-Camian cycle. 

The sandstone facies of the Upper Buntsandstein comspand to low sinuority fluvial channcls 

(Durand. 1978; Durand et al., 1994). The well-log data allow a quantification of sandstones, floodplain 

andlor laLe depasits and sabkha lithofacies and tho expression of the genetic units in these depositional 

envimnments. 
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7he well-log analyses allow m characterize the occunence of a new depositional area in the western 

p m  of the Paris Basin (Figs. U.3 and U.4). Its sediments seem to be contemporaneaus with those located 

above the discontinuity in the eastem pan of the basin, whcre the t h m  cycles c m  be correlated. 

In the Lorraine oulcmp area and in the Embméni l  borehole. the two flnt cycles above the 

discontinuity (85, 86) comspond to the 'Couches intermédiaires' F a m t i a n  (Fig. U.2). They show an 

evolution h m  sandstone ta clay facies (Figs. I I 3  and ü.4) attributed. by comparison with outcmps dam, ta 

low sinuosity fluvial channel randstones to well-developed lake or floodplain tine deposits (Durand, 1978: 

Durand and Meyer, 1982). The facies map of these cycles (Fig. U.7A) shows the distribution of the 

sandstone and clay deposits. This diseibutian eould express the location and orientation of the low sinuosity 

river and flwdplain envimnments during the considered wrind 

Figure U.7: Paleoenvironmentnl mnps of Uie Upper 
Buntsandstein skarigraphic cycles, drawn up f r a n  
weli-log data and outcmp information (geological 
maps, scale 1/50 MX). and Durand. 1978): (A) 
Paleaenvionmcnial map of the BS and 86 minor 
suaiigraphic cycbs ("Coucha intermédiaims" 
Fotmathn a* Embcménil well see Figs. 112, 11.3, 
11.4). (8) Paleaenvionmental map of the lawer part 
of the Bl minar stratigraphie cycle ("Grès à 
Volizia" Forniaiion at Embemenil well, see Figs. 
n.2, U.3.ll.4). and (Cl Pnleoînvionmcnral map of 
the upper part of the 8 7  minor stratigraphie cycle 
("GrPs wquillés" to "Couches rouges" formations 
at EmbermAnil well, Figs. U 2 .  11.3, 11.4). After 
Bouquin et al.,2006. 

Cycle 8 7  corresponds ta the 'Grès à Voltria' Formation up Io 'Couches rouges' Fornation of Lomine 

outcraps and ndbermcnil well (Fig. 11.2). This cycle shows a different expression in the eastern and western 

of the basin. Indeed, the correlations demonstrate that the Upper Buntsandstein formations are 

diachronous (Figs. 11.2 and 11.8). as previously established by biostcatigraphic data across the outcrop area 

(Durand and Jurain, 1969: Gall, 1971). For example. the 'Grès à Voltzia' are localed in the lower part of 

cycle R7 in the Johansweillcr well, but in the upper part of this cycle farther eastwards (Fiig. 118). Momver, 

these comlations point out the lateral evolution fmm dolomitic and anhydritic clays. attributed to shallow 

marine and sabkha facies, in the eastem edge of the sudicd area (Gall, 1971; Durand. 1978: Courel et al.. 

1980, Durand çt al., 1994). to  sandstones in th8 wcsl. Geornetrieally, the transecl reveals the landward 

migration - i.e to the west - o f  dolamitic clay facies (marine deposits) in a major retrogradational trend (Fig. 

IL3). The uppcr part of the cycle 8 7  is characterized by f int  occurrence of anhydritic deposits (landward 

cquivalent of dolomitic facies observed in the Soultz-sous-Forêts well) overlying previous marine facies in a 

retrogradation trend. Two detailed facies maps are dmwn up for this cycle, one in its lowîr pan, which 

correspond to the 'Grès Woltzia' Formation of Lorraine outcrops and Embeménil well (Figs. 11.2 and 11.7). 

and the other in ils upper p m  which correspond ta the Lower Muschelkalk fornations and 'Couches muges' 

Formation of Lorraine outcrops and Emberménil well.Tnese Iwo maps show the westward migration of the 

paleoenvimnments and the geographic distribution of the two facies of the 'Gres à Voltzia' (Gres à Meules': 

sandstone facies, Fig. 11.78, and 'Grès argileux': silty clay facies, Fig. II.78). The fluvial systems are 

localired mainly along the basin border (previous basernent area) and cvolvcd basinwards into shalloiv 

marine depasits Wig. II.7B, C). 

W E 
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Figmre na: E ~ W  correlations of #he Upper Bunwsndstein suatigraphic cycles showing the diachronous nature of 

the fomations.See IocationFig. l.lB.After Bouquin et al.. 2006. 

11.3. - Cornparison with other  paris of the German  Basin 
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The camparison with the central Gemanic Basin cycles (Fig. 11.9) is cmicd out by correlating the 

Soultz-sous-Forêu (Pemn. 2004) and Kraichgau l m 2  Wells and then the combined well-logs for Bockenem 

1 and Rockenem Al00 (Fig. 3 of Aigner and Bachmann, 1992). 

Figure 11.9: Correlrtion between Ihs Rhine Graben (Soule-sous-Po&. well) and the Paladnate (Kcaishgau 
LOO2 well). md cornparison with süatigraphic cycles defioed in dte central Oerman Basin (Bockenem. M 
km SE of Hannover, fmm Aigrver and Bnchmann. 1992). See Figs. l.lA and B for location. Aftn. Bourquin 
et al.. 2W6. 

The wnelations with the Kraichgau well. lacated between the Black Forest and the Odenwald, allow 

us ta identify the Middle Buntsandstein cycles defined in the Pans Basin. However, an additional 

stratigraphie cycle is present at the base of the Lower Triassic successions in this pan of the Germsoic Basin. 

This cycle is attributed to the lnduan by magnetosfntigraphy (lunghans et al., 2002). 

A camparison with the combinai Bockenem wells (Aigner and Bachmann, 1992) demanstrates that. 

sequena: 1, as defined in the Gemanic Basin (Calvorde and Bernburg formations), would appear to have no 

equivalent in the Paris Basin where only emsion andior aediment transport occttr at that time. The ~yclcs  B I ,  

8 2  and B3,comsponding to the lower pan of the major cycle defined in the Paris Basin,could beequ~va le~ t  

to sequence 2 (l'olpriehausen Formation), and cycle 8 4  to the upper part of Volpriehausen Fomation. The 

individual sequences observed in the Germsnic Basin are characterizcd by an evolution Fram fluvial 

sandstones to playa-lake deposits. The maximum flooding episode of the major stratignphic cycle defined in 

the Paris Basin appean equivalcnt to the mfs of squence 2 (Le. Volpriehausen). wherc more or less marine 

fauna is preseot in the cenlral pan of the Germanic Basin (Richter-Bernburg. 1974, Roman. 2004). In 

Lorraine. the top of the cycle B4 is mzked by a major redimentary break period of by-pass with flnt 

development of palearols (i.e. 'Zone limite violette'. Milller, 1954: ORlam, 1967; Gall et al., 1977). This 

episaie could be equivalent of Detfurth and Hardegsen formations, where the ovidence of biological activity 

(ichnites, rhizalites. palynomorphs) not allaws a comlatioo with the and condition of the 'Conglomérat 

principal' Formation. Similary. the discontinuity observed in the Pans Basin corresponds to the Hardegsen 

unconformity, representing one of the most pronaunced extensional tectonic event observed in thc German 

Tnassic (Tnisheim. 1961, 1963: Walburg, 1968; Rohling, 1991). 

In the German Basin, the base of the Solling Fornation comsponds to the erosional episade of the 

Hardegnen unconformity, during which 100 m of Middle Buntsandstein deposits could be locally eroded 

(Aigner and Bachmann. 1992). Moreover Geluk (1998) shows that the base of the Solling Formation 

hecomes progressively younger to the west, acompanied by s decreaïe in thickness. In this study. this 

formation appem to be missing due to non-deposition or emsion. Tne Solling sandstones prercrved in the 

basin could be equivalent ta an episode of sediment by-pass at the basin margin. 

The Rot F o m t i o n ,  coresponding to evaporitic marine and sabkhs deposits, represents thc first 

occurrence of halite deposition in the Gtmanic Basin. It îould be epuivalent to me 8 5  cyde. The cycles 8 6  

and 8 7  could he quivalent to the first cycle of the Muschelkalk in the central Germanic Basin. 

11.4. -Conclusion and perspectives 

The early Tnassic can be separated into two phases. The f int  phase. during the Scythian, is 

chmtcr i reà  by braided fluvial systems cvolving laferally inIo lake deposits toward the central part of the 

Gemanic Basin. At this time, the basin is a huge basin depression with only few manne connections in the 

eastem pan. The stratigraphic cycles reflect relative lake-level fluctuation that could he attnbuted ta 

sediment supply andior lake level variation in an arid context. The second phase occurr after a major 

sedimentary break (planation surface and pedogenesis) followed by the formation of the Hardegsen 

uncanfomity. This surface is tectanically deformed. leading ta the c m i o n  of a new sedimentrtion are8 to 

the west of the basin. Ahove this uneonfornity,the fluvial sedimentation, attcibuted to the Anisian, shows an 

enhanced development of flwdplains (with preservation of palcarol) associated with lacustrine environment. 

The fluvial systemn sre connected with a shallow sea in communication with the Tethys Ocean. In this 

content, the stratigraphic cycles are induccd by variations in relative sea level andior sediment supply. The 

fluvial deporits are preserved in an enoreic basin. 

In the dry climatic regime of the Loiver Triassic (van der Zivan and Spaak, 1992). the f int  cycles 

could be atrnbuted to lake and sediment supply variations in an a i d  envimoment. During the Oienekian. the 

rivcr catchment areas are mainly laeated in the present-day Armorican Massif, and the paleocurents are 

ganerally oriented towards the NNE (Fig. Il.lO). The facies association are essentially composed of rtacked 

channel-fiIl facies with very few flood plain deposiu (<3%) and withwt paleosols. Channels hlls are 

sometimes assaciated with aeolian deposits. In more disml areas of the Germanic Basin, the sedimentation 

correspond% to ephemeral playa lakes or aeolian deposits (Clcmmnsen, 1979, Clemmensen and Tirsgaard 
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presewation of fluvial systems. According to one hypothesis, the siliciclastic sediment supply from the 

Hercynian- (Variscan) mountain was constant, and thus the cycles result solely from lake level fluctuations. 

The lake levels could be controlled by monsoonal activity, under the influence of sea-level fluctuations (van 

der Zwan and Spaak, 1992). Alternatively, the basin was situated in an arid environment and the variation of 

the sediment supply was controlled by precipitation in the mountain ranges. To investigatc thc relationships 

between sedimentation and climate, studies are in progress to simulate Early Triassic climates. Moreover, 

sedimentological studies on cores and outcrops are being canied out to quantify the ephemeral character of 

the fluvial system and quantify the occurrence of aeolian deposits. 

0 .. 
E W A W  EWVIROIINENTS FLUVUL SV- 

m .-- p i,WTO,, . .,,,,, 
I .lm- 1 wusracuero*rorw . 
:2 .,mm 

. O =  
= rL-R'Asm-aii . Lmriiurrinaivta 
> Y-UUIT 

A 

Figure U.10: Palaeogeographic maps for Scythian (245 Ma). (A) Global paleogeographic map representing a 
synthesis of different reconstructions. (B) detailed palaeogeographic map of the West-Tethys domain. After 
Péron et al.. 2005. 

In other respects, recent studies from paleoenvironmental reconstmctions allow us to simulate climate 

conditions during the Olenekian period (Péron et al., 2005). The present study is focused on Western Europe, 

where sedimentological and stntigraphic data can be used to check the results of climate simulation against 

geological data (Fig. 11.1 l,I1.12). The main result is that climatic conditions in the sedimentary basins were 

very arid, while the sediment and water supply came from the adjacent relief (Fig. 11.10). Although these arid 

conditions prevailed at the European scale, seasonal changes are inferred in North Africa, showing 

alternating periods of aridity and precipitation. In this context, we can readily explain the presence of acolian 

features (dunes or ventifacts) at a large scale. 
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Figure IL11: Climafe simulations for the Early Triassic (Olenekian), assumbg Iow relief of the mbuntain range 
separnting the continents of Laumssia a d  Gondwana. After P6mn et al., 2005. 
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Figure II.12: Detail of West-Tethys climate simulations during the Early Triassic (Olenekian), assuming a low- 
relief scenario and for each season: (A) summer, (B) autumn, (C) winter (austral summer), and (D) spring 
(austral autumn). See figure 11.1 I for the location. After Piron et al., 2005. 

Moreover the lack of typically Exly  Triassic fossils can be explained not only by slow recovery after 

ie Permian-Triassic biologic crisis (Lopez-G6mez et al., 200.5). but also by a true stratigraphie break during 

the Early Triassic, i.e. Induan, andlor by climatic conditions that were unfavourable for the development of 
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Triassic arid episode could have a global origin as suggested by Went  sNdies on early Triassic ammonoids 

(Braynrd et al., 2006). Furthemore. it should be noticed that even in South Aftica, last rereanh pmvides 

evidenee of a vegetated landscape during the earliest Triassic, and çonversely of an sphytic interval from that 

time up to the Middle Tiiassic (Gastaldo el al., 2W5). 

III. The Keuper 

Thexresults are mainly publirhed in the piipers of Bounluin and Guillocheau (1996) and Bourquin et 

al. (2002) 

1II.l. - Geological seiting 

Classically. two anas of sedimentation have been disiinguished in the Keuper of the Pans Basin. 

niese are an eastern orea consisting essenfially of halitic or anhydritic coastal sabkha deposits and a western 

area dominated by fluvial deposits (Dubois ond Umbach, 1974: Courel et al., 1980; Maray et al.. 1989). nie 

Saint-Martin de  Bossenay fault divides thcse two areas (Bourquin and Guillocheau. 1993. 1996: Fig. lïI.1). 

The Norian as never bcen dated in the eastern Paris Basin. 

111.1.1. - Leiienkhole 

In the eastern part of the Pxis Basin, the first facics amihured Io the Keuper are choracterized by 

dolomites and clayr of the Lettenkhole. The age of b i s  unit is well established in theeastem pan of the Pans 

Basin (Fig. 1.1): the Middle Lettenkohle is Upper Ladinan (Korur. 1972; Adloff et al., 1984) and the 

'Dolomie limite' is Lower Carnian (Kozur, 1972). These strata are equivalent Io the Lettenkeuper depositr of 
the German Basin (Gall et al., 1977). The ktttcnkohle, which crops out in the eastern pan of the Paris Basin, 

is composed of daIomitic-claystones and dolomites overlain by an anhydnte bed. It was deposited in a 

mnricted marine environment (Courel et al.. 1980; Duringer and Doubinger. 1985). The uppor pan of the 

Lenenkohle 'stage' is charanerized by lagoonal-marine facies (Ainsrdi. 1988). fallowed by more marine 

dolomitic clay~tones which accumulated during maximum water depth. 

111.1.2. -Marnes irises (n Keupersensu gallico 8) 

Tne 'Marnes irisées' Group is divided in three parts: the 'Marnes irisees infkrieures'. 'Marnes irisées 

moyennes' and the 'Marnes in& supérieures' (Table 1 andFig. 1.1). 

In the east of the Paris Basia. the 'Marnes irisées inferieures' are made up of evaporite coastal sabkha 

deposits (Fig. 1.1): the 'Couches à pseudomorphmes' (anhydritic shales), 'Formation salifère' (halite and 

shale) and 'Couches à estheries.' The base of the 'Fornation saiime' in Lorraine is dated as Lower Carnian 

(Kozur. 1972: Geisler et al.. 1978). These cvaporite series oecurred at remarkably simila times thmughaut 

the Triasric basins of western Europl. wherc halite deposits may be several hundred metres thick. This major 

Triassic evaporite 'crisis' cornponds to the 'Unterer-Gipskeuper' (Grabfeld Formation) in the Germany 
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mgurr m.1: ~ ~ u p e r  uscwest ~ir~iigraphic cycle geometrier, belween Nancy and south-west Paris FRV: 
Franchoville. TF: Tmis Fontaines. lAY. Ianury. CHt7: Chaunoy 17. (b) Knipa nonh-sou6 suarigraph'ic 
~ycles gcomehcs. beiween the Ardenncs and Burgundy. VD: Vaudeville, U V :  Lezeuilie. LDM: 
Lmhmonf, SMBLI: Saint Mimin de Bossenay 17. FDB: Fontenay de Bosseiy. EST: Estouy. After 
Bouiquin andGuillocheau. 1996,modifisd in Rouquin et al.,2W2. 
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Tbe ' M m e s  irisées moyennes' are composed of three formations: the 'Grès à mseaux'. the 'Argiles 

buIolées internédiairos' and the 'Dolomie de Beaumont' formations (Table 1 and Fig. 1.1). 

In the Germanic Basin. evaporite sedimentation was suddenly intempted by the spread of fluvial 

deposits foming the most consistent lithostratigraphie marker of the eotire hasin: the 'Schilfsandstein' 

(Ditmch. 1989) and 'Grès à mseaun' of nonheast France (Fig. 1.1). This unit is dafed as Middle C m i a n  

(Julian) (Kannegieser and Kozur, 1972; Kozur, 1993) and must have been deposited during a relatively shon 

time (Hahn, 1984).ComIelative "nits have beni identiRed in several ather basins: 'Arden Sandstone' in Great 

Britain (Warrington et al.. 1980). 'AreniScas de Manuel' of the Valencia Basin in Spain (Orti-Cabo, 1982). 

'Gres à Equisetum mylharum' of the Briançonnais. Simms and Ruffel (19901, assumed such consistency 

represents a climatic event of global scale pmviding. in the absence of hiostratigraphic data. a valuable 

chronoshxtigraphic marker. The 'Grès ?S Roseaux' formation is characterized by alluvial plain dcposits with 

anastomosed and meandering channels (Palain, 196k Courel et al., 1980). Tbe 'Gres a roseaux' Fm grades 

vcnically into the clayey masta1 sahkha deposits of the 'Argiles bariolçes intermédiaires' and then into the 

lacustrine deposits of the 'Dolomie de Beaumont' within some marine influence (tempestites). 

In the east of the Paris Basin, the baso of the 'Marnes Msées supérieures' consists of anhydritic red 

clays deposited in s coastal-sabkha environment 'Argiles de Chanville' Formation. They are overlsin by 

variegatcd dolomite-clay, plays deposits: 'Argiles bariolées dolomitiques' F o m t i o n  (Table 1 and Fig. 1.1). 

111.1.3. - Rhaetian 

The Rhaetian are characterized by resfricted marine sandstane deposits of the ' 3 s  rhçtiens' 

Fanat ion which displays some limited open marine influences. The occurrence of marine littaal feuna 

(pelecypods and gastropods) is attrihuted to the Rhaetian transgression (AI Khatib, 1976; S h u m a n n ,  1977, 

Gunatilaka, 1989); intercalations of black shales yield in many places marine micmfossils (Kauscher et al., 

1995). The sandstones are overlain by the continental deposits of the red 'Argiles de Levallois' (Al Khatib, 

1976; Roche, 1994). 

11.2. - High resolut ion s e q u e n c e  s trat igraphy from welUog ana lys l s  

By high-resolution seqnence svstigraphy hased on well-logs and core data from 3ûü wells acmsr the 

basin, the c01Telation between basin-centre evaporites with bitsin-murgin clastics allow to precise the 

evolution of the basin (Bourquin and FuiIlacheau. 1993: 1996) correlated. Five minor stmtigraphic cycles in 

the Keuper,each having anaverageduration of 2-10 Ma (Figs. UI.l ,III.2), have been defined: 

(1) the Lettenkahle ninor cycle or Ladinian-lawer Carnian Cycle, 

(2) the 'Mames irisees inférieures' minor cycle or Lower C m i a n  Cycle, 

(3) the 'Grès à mseaun' - 'Dolomie de  Beaumont' -base of the ' M m e s  irisées supérieures' minor 

cycle or C m i a n  Cycle, 

(4) the lower ' M m e s  Irisées supérieures' minor cycle or Nonan Cycle, 

(5) sepaiated by the Ea-Cimmerinn unconfarmity h m  

( 5 )  the upper 'Marnes irisées superioures' - Rhsetian minor cycle or Norian-Khhsetian Cycle. 
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Cycles (1) and (2) belong to the progradational hemi-cycle of the Scythian-Camian majar cycle. while 

cyclw (3). (4) and (5) helong ta the retrogradational hemizyclc of the Cmian-Liassic major cycle. These 

cydes are summarisod in two sections: one fiom East to West (Fig. 1ll.la) and the other fmm Nonh ta South 

(Fig. 1ll.lb). In another stody. detailcd isopsch maps of each of the five minor cycles are used to analyse the 

3D evolution of the basin during this poriod (Bourquin et al.. 1997). These maps show that local tectonic 

aaivity has influenced the preservation of the evaporitic and k i a l  deposits. The major buse-level cycles 

record variation9 in the rato of subsidene in time and space. The maximum rate of subsidence for the 

Scythiari-Camian cyde occurred in the eariof the Paris Basin. Dunng theCamian-Liassic cycle, the areas of 

greatesr subsidence shifted northwestwards. The rhifl m k e d  the appearance of an independent Paris Basin 

which was no longer ~ i m p l ~  the western margin of the Germa" Basin. This shift can be ascribed to large- 

scaie wavelength tectonic deformation and pmduced an inna-'Mames irisées supérieures' d un cation. 

111.2.1. Leffenkohie minor cycle or Ladinian - lower Carnian Cycle 

The Lettenkohle, whicb cmps out in the eastern pan of the Pans Basin, wcur thmughout the east and 

grade laterally inm siliciclastic sediments in the exseme nonheast only. The Lettenkohle Formation grades 

westwards inta the fluvial sediments of the Donnemarie Sandstanes, to the west of the Saint-Maninde- 

Bossenay Fault (Figs. U1.1,fl1.2). Witbin these sirata. are bioturbated claystones with occasional dolomitic 

or anhydritic nodules, which record shon term transgressions Io the west. These are the most marine facies of 

this area and are correlated with the maximum flooding deposits of the Lettenkohle. 
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/ii.Z.Z.'Marnes irisees inférieures' minor cycle or Lower Csmian Cycle 

In the east of the basin. this cycle is made up of evaporitic coastai sabkha depasits. % 'Marnes 

irisees inférieas'  minor cycle stans with the anhydritic coastal sabkha deposits of the 'Couches à 

pseudomorphoses' (Anhydritic Shales Fonnation, Bouquin and Ouillocheau, 1996). These grade vcrtically 

into Uie halitic coastal sabkha envimnments of the 'Formation sali&' (Figs. Ul.1, 111.2). The upper 

boundary of the Anhydritic Shales Forormation, defincd in the east of the basin, is a diachronous facies 

boundary between anhydritic and halitic caastai sabkha deposits of the 'Fomatiw, salifi~e' (Fig. Ul.la).The 

haiitic coastsl sabkha deposits grade lateally into an anhydritic coasfal sabkha envimnmed. The evaporite 

deposits grade westwanis into the fluvial deposits of the Donnernarie Sandstones which are overlain by 

anhydtitic coastal sabkha deposiü of the 'Argiles intermédiaires' Formation. The coastai evaporite deposits 

migrate westwwds, or landwards. while the Donnemarie Sandstane fluvial sediments step landwards in a 

msgressive pattern (Ag. U1.3a). Venicai aggradation predominates towards the top of the salt formation, 

with lateral Vansitions inta anhydritic-shale coastal sabkha facies. 

During this cycle, faulting greatly influenced evaporite sedimentation and cycle geometnes by 

creating s p a n  where hnlite could accumulate. The N-S section (Fig. UI.lb) and the maps (Fig. UI3) show 

that the salt series were abmptly limited hy the E-W Vittel Fault, inhented h m  the Hercynian, to the south 

and by the Ardennes,orunpublished BW fauit, Io the nonh where lhey graded into anhydritic envimnmcntr. 

The mctivation of E-W faults. inhaited h m  the Hercynian. controllcd the extent of halite to the nonh and 

sourh by creafing a 'comdor' where subsidence was greater. The NESW and NW-SE fauill conuoiled salt 

deposih within this corridor. The westwwd shiti of the areas of subsidence was assaciated with the migration 

Of faulting to the west, which cnhanced the migration of sait series baunded by the Saint-Mmin.de. 

Bossenay Fault. 

Flgurn m3: (A) Maps of the rcüogrsdutional phase of the Lowei Carnian cycle. from b s e  w top of the 
~ ~ h ~ d ~ i t l ~  Shales Fomatbn.defined in the eaotm pan of the basin (denoid a. Fig. U1.i). (B) Maps of the 
~ ~ t ~ ~ ~ ~ a d a t i ~ ~ s l  phase of the Loiver Cnrnirn cycle. from the base of the '"Fornation sali*", defined in the 
East of the basin. w the maximum flooding surface within the "Fmmation salifèèe". (denoted b.Fig. 111.1). 
(C) Maps of pmgradaiional phase of the Lawer Carnian cycle from the maximum flouding surface within 
the "~~rmation salifère" fo the top of the "Fmaiion snlifkre". S e  Figs 111.1 and 111.2 for key After 
Bourquin et al.. 2032. 
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A non-erosianal valley-shaped srnichire was formed hy local flaure where the Saint-Maninde- 

Bossenay and Bray Faults converged. This Valley wos filled by lenticular fluvial sediments (Sainte-Colomk- 

Vaulzie Sandstones, Fig. UI.1.) with a basal onlap. nie Sainte-Colombe-Voulrie Sandstones am paR of this 

hase-level faIl cycle (Baurquin and Guillocheau, 1996). A separare mup of these sandstone depasits (Fig. 

111.4) has b e n  made to show their location. 

P - D M I I L I U S E O T T I î  L O W S A U ~ U U X  CICL. 

Figure md: Maps of the Sainte-Colombe-VoulriC Sandstones (progradational phase of the Lower Camian 
cycle) showing the location of this slndsrone fornation. See Figs 1n.l nnd TU2 for key. After Bourquin et 
al.. 2002. 

111.2.3. 'Gres 9 roseaux' - 'Dolomie de Beaumont. - base of the 'Marnes irisees supérieures' 

minor cycle or Camian Cycle 

This cycle staned with the alluvial plain deposits (Palain, 1966; Caire1 et al.. 1980). which 

accumulated during aperind of base-lcvel rise (Bourquin and Guillwheau, 1993; Bouquin and Guillocheau, 

1996. Figs. 1.1. IU.2). Southwest of the Bray Fault these deposits grade into the anhydritic coastal ssbkha of 

the 'Argiles intermediaires' Formation (Fig. I1I.I). Thnie maximum accumulation of the 'Grès à roseaux' is 

located in the areas of grestest mbsidence bounded hy faults: one in the northwestem pan (nonh of the Bray 

Fault), as for the Sainte-Colombe-Voulzie Sandstone deposits (Fig. lU.4) and one east of basin (Fig. l U . 5 ~ ) .  

The 'Grès à roseaux' grade vertically into the Lake deposits with marine influence of the .Dolomie de 

Beaumont' (Figs. U1.1.1U.2). The base-level fall is represented by dolomitic coastal sabkha deposits. which 

occurred throughout the eastern pan of the basin. Funher west, the anhydritic coastal sabkha scdiments, 

which top dolomite deposits. are thickcr (Fig. iiISB). Still fïxther west, Uie base-level faIl end& with the 

basal part of the fluvial Chaunoy Sandstones. Dunng the hase-level fall (Fig. UISB), the depwentres were 

loeated in the westof the hasin,and the r e a s  of greatest subsidcnce narth of the Bray Fault. 

Fmm this Lime (Fig. 111.1). the areas of gieatest subsidence werc located in the nonhwest of the basin 

and resulted h m  a westward shift of the Paris Basin depoantcr which began with the Sainte-Colombe- 

Voulzie deposits. There was amarked decline in fault activity in the east. 

Figure Ris: (A) Msps of ieuogradational phase of the Cmiaii cycle. (BI Maps of progradational phase of Uie 
Cuninn cycle,See Figs. 111.1 Jnd IE.2 fw kcy. After Bouiquin el s1.,2002. 

111.2.4. Lower 'Marnes irisées supérieures' minor cycle or Norlan Cycle 

In the east and centre of the Paris Basin. the hase of the 'Marnes insees supérieures' consists of 

anhydntic mastal sabkha deposits (called 'Argiles de Chanville' on outcmps). Landward, in the extreme 

western pan of the hasin, the deposirn eonsist of alluvial fan deposits of Chaunoy Sandstones (Figs. I I  and 

m.1) eihibiting dolomitic palaeosols which are mainly well developed al the top (Bourquin et al., 1993, 

1998). The alluvial fan anis is oriented WSW-ENE and the terrigenous sedimentr were introduced fmm the 

WSW. To the east, these alluvial fan deponits pass pmgressively at their base into fan delta deposits in a 

lacusnine environment,and are overlain by a braided fluvial system. 

This minor cycle is eharactwired in the west by a hase-level rise in the Chaunoy Sandstones. The 

maximum of the base-level rise is c h a m t e r i d  by extensive flooding of the alluvial fan by lacustrine 

suliments. lt  is overlain hy hraided channel deposifs or fluvio-lacustrine deposits. To the east. the hase-level 

r i s  is recorded within the anhydritic coastal sabkha sediments (Figs. lll.l.Ill.2). The base-level fall trend, 

charac tend  in the central part of the basin by numemus well developped anhydritic rtrata, ends with an 

emsional discontinuity. 
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In the northwest of the basin. the reactivation of the Bray Fault and the Villers Fault, inherited from 

the Hercynian, influenced the fluvial deposits by creating tilted blocks where large quantitics of sediments 

accumulated (Fig. üi.6). South of the Bray Fault. the areas of highest fluvial deposit accumulation were 

bounded by N-S faults. Eastwards. the depositional envimnment consisted of anhydntic çoastal sabkha, and 

the areas d high subsidence were located in the north. 
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Kgore m.6: (A) Maps of relmgradational phase of the Norian cycle. (BI Maps af progradational p h ~  of the 
Norian cyde. Ser Figs.1ll.l andlll2for key.Afer Bouquin et al.. 2002. 

111.2.5. Eo-Cirnmerian unconforrnify 

A stratigraphic discontinuity is observed within the 'Mamcs irisées supérieures' in the Pans Basin 

(Bourquin and Guillacheau, 1993: Bourquin and Guillocheau, 1996). ln the east and southeast of the basin 

(Figs. IU.I.IU.2). this discontinuity is an angular unconfomiity within the coastal evaporites of the 'Mmes  
indes supérieures'. 1% separates the undeclying anhydntic from the overlying dolomitic coastal playa stiata. 

In the eastem p m  of the basin. erosion associated with this unconfomity has removed much or al1 of the 

underlying minor base-level cycle deposits (Figs. U1.I. LU.2). Because of this Inincation. no deposits were 

preserved to the southeast during the base-level "se (Fig. ïü.6A) or fo the east during the base-level fall (Fig. 

1U.6B). 

111.2.6. Upper 'Marnes irisées supérieures' - Rhaetian minor cycle or Norian-Rhaetian Cycle 

This cycle started in the east with dolomitic playa deposits grading upwards inta the restricted marino 

deposits of the RhaeUan Sandstones which display some limited open marine influences within a 

transgncssive trend (Figs. 111.1, 111.2). The base-level fôll is recorded in the uppcr part of the Rhaetian, 

characterized by the continental deposits of the 'Argiles de hvallois'. Becaust of the inua-'Marnes irisees 

supérieures' strstigraphic discontinuity. this minor cycle lies directly upon the 'Grès à roseaux' - 'Dolomie 

de Beaumont' minor cycle in the east (Fig. llL2). Further west, the dolomitic caastal sabkha deporits grade 

laterally into alluvial plain sediments with fluvio-lacustrine sandstones ('Grès d'Egrenay', 'Grés de Boissy'. 

'Grès d'Emchy') where no classical Rhactian facies are recognized (Fig. 111.7). 

E-W orrelations show that the 'Rhaetian' lower boundary is adiaclimnous facies boundary hetween 8 

caastal sabkha and a rcrtricted marine environment within a base-level "se (Raurquin and Guillocheau, 

1993: Bourquin and Guillocheau, 1996, Figs. 1II.l). In the southeast of the basin, the Rhaetian Sandstones 

may have emded the 'Marnes irisées sup6"eures' dcposits lucally. 
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FiwreIn.7: (A) Maps of rctrogradational phasc of the Norian-Rhactian cycle (denoted d. Pig. 1Il.l). (9) Maps 
of the base of the Rhnetian sandstones for the wells located in me eariern pan of the basin io the top of the 
Triassic (end of retogradational phase and progradational phase of Ihe Norian-Rhaetian cycle (denoted e, 
Pig. m.1) sce Figs.li1.l &ndIIi.Z for key. Afnr Bourquin et al..2W2. 
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111.3. C o m p a r i s o n  with the German Basln 

The mastal onlap cuwe of the German Keuper (Aignw and Bachmann. 1992) crhibits many 

similaritier with the sequenee evolution of the Pmis Basin (Fig. 111.8). But the Triassic succession is more 

complete in the Gennan Basin and more cycles are a b s a i e d  within the Ladinian and the Norian-Rhaetian. 

The Lenenkohie contains only one minor base-levei cycle in the Pans Basin, whereas the equivalent 

Lenenkeuper lithostratigraphic unit contains two cycles in the Germen Basin. Aigner and Bachmann assume 

that the 'Schilfsandstein' deposits represente a iowstand systems tract and record a base-level fall period. 

Then. the 'Saint-Colombe-Vauide Sandstows' alone could be equivaient of the 'Schilfsandstein' and the 

'Grès àroseaux,' rnarking the base level rise in the Paris Basin,could be the laterai equivalent of the .Dunkle 

Mergel' or eventually of Ihe upper part ofthe 'Schilfsandstein'. The maximum flooding within the 'Dolomie 

de Beaumont' is an equivaient of the 'Hauptsteinmergel' (Aigner and Bachmann, 1992). No biasmtigraphic 

data exist above the 'Grès àioseaux,' and the inha-'Marnes irisées supérieures' truncation in the Paris Basin 

disturbs the sequenceraord. Consequently it is difficult ta be certain of the carrelations of nvo minor base- 

level cydes in the Pmis Basin with the three cycles in the German Basin. The majordifference between these 

two basins during the Keuper deposition ir that the 'Marnes irisCes inférieures' minar cycle (remgradation 

ami pmgmdatinn) does no1 have the same expression in the Geman Basin: the equivalent of the 'Unterer 

Gipskeuper' will be preserved in a progradational phase. 

Figure 1118 A i  Üimgar!wn i>r uir \ i r j t i<rqhic r~nir .1:  b r i ~ r c n  Ceiinan Hnrin ( A i ~ n c r  mil Hnchnaann. 1992,, 
H ~ c I < c - J u ~  Bari. 1I)ruinm n B I .  ILV:, rn<,<liiied aftcr orrl i>inrnui.iraiiot., .nJ l'xi. B ~ r i n  H I L I  
Ilruperr.inmrrgel .+.!lcr h<>.r.luin rnu(iu~llucl,cnu . IG9i 

In the Pais basin we observed an intra-Nonan discontinuity (intra-'Mames irisees sup6rieuns' 

Formation, Figs. U1.l and iiI.2). ï h i s  discontinuity has been also recognized in the Bresse-Jura Basin 

(Dmmanet al., 1994). in the Geman Basin (emsionai mncation of the Stuhensandstein), in the Barent Sea, 
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in the Dolomites (Aigner and Bachmann, 1992). und in the Netherlands (Geluk, 1998) This discontinuity 

could be aftributed to the Eo-Cimmenan unconfarmity that occurred during the Early-Cimmerian phase. 

expression of a pronounced entensional tectonic event related to the disintegration of Pangea with nume~ous 

short puises (Wolburg, 1969: Ziegler, 1990; Kockel. 1995). Moreover, the quantification of the Eo- 

Cimmerian rnovementr in NW-Gemany, by Frisch and Kockel(l999) suggert Lhat the end of the extension 

is caeval with the Norian unconfonnity (Steinmergclkeuper unconformity, Arp et al., 2005) and not of the 

ealy Rhaetian unmnformity. ln the Pmis Rasin. the Rhaetian-unconfonnity is oniy observed on outcropr in 

the castern part of the Pans Basin. This EL-Cirnmcrian disconfomity can be intffpreied as a change of the 

inhaplate sfress in response to the early closing phases of the Black Sea baek-arc Basin (Z~eglcr, 1990). 



Day 1 - Friday, 26.09.200 

Stop 1.1 - Haut -Bar r  Midd le  B u n t s a n d s t e i n  

( ' G r è s  v o s g i e n '  and 'Conglomérat pr inc ipa l '  F m s )  

Figure iV.1: Haut-Ban outcriips lree p. 5 for location): Middle 
'conglodratprinc<pur F ~ S )  locntcd south inoted A  YI^. 1v.2) 

Fac ies  associat ion:  Braided rivers 

The flui.ial sandsioiie facies associnrion the most commonly observed in the 'Grés vosgiens' 

Formation (Fig. 1.1). is characterized by a verticai mnngement, 2 to 5 m thick and with laterai entent in 

excess of abwt ten mares. of rnainly through cross-bedded sandstones (dm ta m scaie) pasring upwards to 

pl- cross-seaufication (Figs. IV.] and IV.3). These sandstones a% composcd of sub to well iounded 

grains of quartz (80 ta 95 8) and Leidspar. more ore less coarse (locally very couse at Che bottomset). l n  

places the vertical passage up inta migrating curent ripples (facies Sr) marks the end of channel infiliing. 

Thue  channel deposits are charactcized by bed-laad dominated sedimens and the migration of 3D, and 

mom tarely ZD, du"%$ and barfoms. Unimodal paieocumnt indicators, otiented to the NNE, suggest the 

channels display a iow sinuosity. Within these deposits, Clay facies can be obsewed as discontinuous cm to 
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dm-thick layers, with frequent mudsracks that. laterally, either grade into inhaformational breccias or are 

tatally emded by sandstoncs. They an interpreted as deposition from settling in topographic hollows, located 

et the bottomset, aRer the cessation of migration of fluvial b a r f o m  (Eig. lV.2). during periods of either low 

water level or %idity. The floodplain deposits associated with these ehannel deposits are chmcterired by 

laminated silstones, or fine sandstones, along with mi mudstones. These deposits are tbinly layered (a few 

cm to up to 40 cm in thickness). and very sandy, with some weak biamrbations in places. niey are composed 

of interbedded fluvial overbank, aeolian. and flwded interdune deposits (overbank-interdunes). This facies 

association, characteristic of and envimnments, replaces classic floodplain facies (Langford &Chan, 1989). 

The occurrence of 3D dunes and barforms, as well as the unimodal paleocurrents and scarcity of floodplain 

deposits. indicate braided channels. The lack of mot traces, and the occuirence of aeolian deposits associated 

within the floodplain pmvide evidence of an %id climate. Monover, the channels underwent penods of 

cessation in their activity that could indicate the ephemeral character of some watcrcauïies. During flood 

periods, the Somation of ponds allawed the ephemeral development of subaqueous life (biamrbated facies). 

ïïtefluuial conglornerare facies ossociarion of the 'Conglamerat principal' Famation shows vertical 

airangements of tmugh cmsr-bcdded, and r m l y  plana1 cross-bedded, grave1 to coarse sandstone lenscs (dm 

to m scale) that daes not exceed 3 m in thickness. This facies contain abundant vcry munded gravels, 

sametimes of dm size, of ennemely matore (exclusively siliceour) composition: quanz, quartzite, lydite. 

Paleacurrent measurements indicate unimodal directions. ariented to the NNE. that charactetize low 

sinuosity channels. These channel deposits seem to be nat markedly different hom thase descnbed below. 

However, the lack af channel-fiIl ends (facies Sr), as well as the predorninance of conglomeratic facies, 

suggest a period of transit andior panulomet~ic segregation. At outcrop, this formation has n maximum 

thickness of 20 m. and shows agreat lateral extent towards the east (Durand. 1974; Bourquin et nl.,2W6). 

At other outmps,  the arid climate prevailing in the sedimentation area is demonstrated by the 

presence of many wind-wom pebbles and cobbles (ventifacts), not only concenuated in the conglomeratic 

layen. but also scattered hcrc and there throughout the '-8 vosgiens' Formation. (Dwand, 1972; Durand er 

al., 1994). 

Figure N2: A modem analogue for the arigin of clny lenses, and inhaclusts, within channcl deposits of the ' W s  

vosgien' Fm. : elliptical scours downsream of a bar in the Rio Grande near El Paso (Tcras). (After Hmms and 

Fahnestack. 1965). 

Landscape  reconstruct ion for t h e  early Triassic  (Middle Buntsandstein)  

Thc facies descriptions allow us to characterize these deposits as resulting from braided riven within 

an arid alluvial plain without vegetation (Fig. IV.4). The fluvial channels seem to be very wide. and they are 

divided during low-water stages into numemus distnbutanes separafed by tempomry irlands with aeolian 

deposits (see Stop 1.3) and ephememl ~ o n d s  that allowed only a very limited dcvelopment of subnquatic life. 

Moreover. many distributanes display periods of inactivity that reflect their ephemeral character. The 

'Conglomérat principal' Formion  does not erceed a thickness of 20 m at outcrops in the Vosges. and 

shows a great extension to the east and the south. The 'Conglomérat principal' Fornation rarely occun et 

outcmp north of the Vosges Massif, near the Geman boundary. Thcre, it is Uuncated by a major 

d i scan t in~ i t~  referred to as the 'Hardegren unconformity' (Stop 2.6, 3.l), which even w t s  loeally into the 

'Grès vosgiens' (Bourquin et al., 2006). This unconfomily expresses one of thc most pronounce* 

extensional tectonic events observed in the Geman Triassic (Tnisheim. 1961, 1963: Wolburg, 1968; 

RBling; 1991). 



LARGE SAND-SHEET RNERS IN AND ENDOREIC ILASIN 
(AEOI.I,\N &vD PLAYAI. OLENEKIAN 

Figure (A) Early Tnmsic ~abeogeographic map of soumer" 
of the cemian ~~~i~ with supenmposed 

Palaeoenvironmentfi and fluvial sysrcms. (BI Paeioenvimnnienta~ re~onsmetian of ,he part of the 
Gemanic Basin. After Bourquin et a1.,2006. 

TDa Triiiiii OJNE linnia: c a n ~ ~ n m l r ~ ~ ! r o n m r n u  irndnaiorinmnfom~e~. PuM U F .  nV2.6Jpopes. 

Stop 1.2 - Nidenrilier (Metzger quarry): Upper Buntsandstein ('Gres à Voltria' Fm) 

Figure Nb: Sedimnitological log of 
'Gr&? & Voltzia' of the 
Adamswillci Quany (after 
Ouillocheau et al., 2W2) 

FigureIV5: Outcropaf me 'Grès iVoltzin'of IhcNiderviller quariy 

Facies association: Single-channel low sinuasity nvem 

In this quany (Fig. IV.5. see p. 5 location). the two mcmben of 

the 'Gres à Voltzia' Fm. are exposed: the 'Grès à meules' and the 

'Grès argileux'. The facies association of the 'Grès k meules' Mb. 

(Fig IV.6) is charactcrized hy fine to very fine sandstones with hish 

content of feldspar. They f o m s  lenticular bodies ( 1 5  to 3 m thick) 

showing the following vertical arrangement. fmm hase to top: 

- basal intrafomational breccia with clay andlor dolomite 

clasts which sometimes contains bivalves, 

- parallcl lamination. with parting lineation = primary current 

lineation iupper flow-regime plane heds) (Pig. IV.7). 

- rarely tmugh cmss-bedding of low angle and plurimetre 

long wsvelength, 

- ripple cross lumination, 

- decantation clays beds. 

Such a facies association couldcharanerire asinglo flood event. 

The 'Grès argileux' Member is characterized hy the same 

sandstones. but in thinnet and wider lcnses (overbank splays) 

separated by thick clay layen deposited on flaadplain or in pond 

with some marine influence. Paleocurnent directions for these two 

members indicate low-sinuosity to straight channels respectively 

(Durand, 1978) mainly orientcd ta the NE. 



ANISIAN 
"8-1 rauerrnassia ~ulaops 

@ çhab", msrimfac,~  C ~ ~ S r f i m . W I A L  S Y S W  
C û ~ O L  BY RELATnre 
SEA LEVEL VARIATIONS 



Figum IV.? Pariing linvtion (iineorim de dtfit = 

smclurc mndrle) in fine sandsmne OF U ~ C  

'Grès B VolIzia' Fm.: internai smicnire of 

OPPer flow-regime plane beds. Very useful tool 

Landscape  reconstruct ion fo r  t h e  Anlsian (Upper Buntsandstein)  

In this quarry. we observed the 'Grès 3 Voltria' Formation with an evolution h m  law sinuosity 

fluvial systems in the 'Grès à meules', to the fluvio-marine envimnmcnt of the 'Grès argileux', with weak 

marine influence. At regional scale, outcrops yield macrofauna and palynoflom allowing to aseribe the 'Grès 

à Volteia' Fm. ta the Lawer Anisian in the north of the Lamine region, but to the Middle Anisian in the 

south (Durand and Jurain. 1969: M. 1971). The 'Grhs 3 voltzia' Formation shows an evolution h m  a law 

sinuosity fluvial system in the 'Grès à meules', with floodplain including more or less hrackish ponds, to the 

fluvio-marine environment of the 'Grès argileux'. Except fmna, no indication of marine envimnment is 

recorded in these deposits. The marine shelis, found in places within the 'Grès argileux' are related to the 

anival of marine flooding in ponds hy occasional break of a beach bar (Durand. 1978). 

The well-log correlations (Chapter II) allow to reconstnict the paleogeography of this Triassic period 

(Rg. 11.7). nie 'Grès à Voltria' Famietion corresponds to a coastal fluvial environment with more or less 

marine influence according to location (Fig. IV.8). This formation is diachronous (Ag. 11.8) and evolves 

either into fluvial envimnment (landward) or to marine deposits (hasinward). Laterally, to the east, i.e. 

basinward, it is the lateral equivalent of Lawer Muschelkalk facies ofthe Gemanic basin (Fig. 11.9). 

'W 
shshaimmannsfocie. COASTAL FI.IIVIALSYSTEMS 

-0niari CONTROLBY RELATIVE 
. Svidied uell log5 SEA LEVEL. VARIATIONS 

Figurr  Ni?: Duting the Anisian. fhe fluvial systems are mnnected Io fhe Tethys sea. After Pfmn et al.. ZWS 
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Stop 1.3 - Raon- f 'E tape  ( C ô t e  d e  B e a u r e g a r d ) :  Midd le  B u n t s a n d s t e i n  
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At this wtcmp (Fi%. IV.9). we can observe the 

'Conglomerat de hase' Formation, resting on the '@ès 

dc Senones' Fm. CBuntrandstcin inferieur', Permian), 

and overlain by the 'Grès vosgien' Formation whore 

aeolian dune facies are presewed. 

Figure N9: Location of the outcrop of Rnon I'Etnp l 
Fac ies  associat ion:  bralded rivers a n d  aeolian d u n e s  

Braided rivers 

The lowormost fluvial conglomeratc facies association is located at the base of the Lawer Triussic, 

charactenzing the 'Conglomérat basal' Formation. This formation. well ohserved on well-logs. oveilies the 

basement and ir located in the western psn of the basin. II is diachmnous and represents the landward 

equivsient of the 'Grès vosgiens' Formation (Baurquin et al., 2006). At outcmp. this formation displays the 

same fluvial facies association as descnbed above in the 'Conglomer3t principal' Formation, but with the 

development of tmugh cross-bedding and a typical ahundance of the fine gravcl fraction (granules). as in the 

'Ecwsche Konglomerat' of Schwarrwald. Pehhler are generally less rounded, and some rhyolite, granite and 

gneiss ndd to Ule clasçical quanz, quanzites and lydites. The pmsence of many wind-wam gravels 

(ventifacts) attests an arid depositional area (Durand et al.. 1994). 

This formation corresponds to more pmnimal braided-river deposits that CVO~VES in the space 

(lateally. i a .  eastwards) and thetirne (vertically) into braided "ver of the 'Grès vosgiens' (Fig. IV.3). 

Aeolian dunes and interdunes 

Two aeolian facies associations can he observed in the Lower Triassic succession of the western pan 

of the Germanic Basin. Only one is enposed at this stop. 

At Cdte de Beauregard, the association of sandflow strala, grainfall laminations and subc"tica1ly 

climbing translatent strata (SCTS) is interpreted as dcposit of migrating aeolian dunes. and the predominance 

of the latter type charactenzes the basal p m  of n large dune (Rg. IV.10). Each set never exceeds 1 5  m in 

thickness, but can attain a length about 1 km and a width of a few hundred metres that characterizes large 

dunes several ~ n s  of metres thick (Clemmensen & Ahrahamsen. 1983: hirand et al., 1994). The analysis of 

this du.e system (Durand, 1987) allows reconstituting a linear dune (seif) uending ENE-WSW. built by 

seasonal winds fmm NE(regular) and SSE (stomy). 
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Stop 1.4 - Refanges (quarry along Dl64 road):  Middle  Buntsandstein 
(<Conglomérat principal '  a n d  'Zone limite violette' Fms) 

At this outcrop (see p. 5 for location), the 'Conglomerat principal' can be sec" resting directly on the 

practically unweathered Vanscan basement (migmatites). lt  is overlain by the 'Zone limite violette' (Z1.V) 

Fornation (Fig. 1.1. IV.11, IV.12, and IV.13) which is characterized by the fiist devclopment of Tfiassic 

palaeasols. here with dolomite nodules, chalcedonie cmst (camelian), and early diagenetic (venic?) 

defomations. 
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Fibure N.12: Sedimenrological 
log of fhe ZLV near Relanger 
(Durand and Meyer 1982) 

, m-" 

IV.'3: Mean of the ien larges, clast on outciops of c~~~~~~~~~ 
principa!' in the sovther vosges  DU^^,,,^. 1978) 



Stop 1.5 - Crainvilliers (gullies in forest): Eoçimmerian unconformiSr 

('Argiles bariolées dolomitiques' Fm 1 'Gds Bs roseaux' Fm) 

In this small valley (location on Fig. 1V.14) is exposed the Eo-Cimerian unconfmigv (Rg. IV.16). 

There, the 'Argiles bariol6es dolomitiques' Formetion, deposited in a playa envimnment. averlays directly 

the alluvial facies of the 'Grès h roseaux' Formation (sec Fig. LI), but in thc vicinity (at a few hundred 

meten) the 'Dolomie de Beaumont' is presemd in its full thickness (about 8 m). 

At the outcrop scale, emsional phases are recorded by the occurrence of one or two discontinuous 

layen (a few cm thlck) of basal sedimenticlastic arenites. made up of claystone Sand grains (and some eoane 

quand bunded by dolomite cernent. This special fwies was reworked in ifs tum, in the fomi of large 

inhaclasts (Rg. 1V.15). For the interpretstion of the smmatolite bed witbin the 'Argiles bariolees 

dolomitiques' Formation. see Arp et al. (2005). 

l 

, l 
Figure IV.15: Compler inTraclast at Uie base of the paleovalley 611 of Ccainvilliers 

Figure 1V.16: Sçiiini~nfoliigical log OC the Crainville outcrop ivirh deiailed view of the Ea-Cirnmerian 
u"'0"f"""ity 

Tiue 'Argiles de Chanville' Pm were pmbably never depositeà in this are8 because of the NW tilt of 

the basin (See Cbaptcr III and Fïgs. IE.l.Ul2). Some confusions oecur in this part of the basin, it s e m s  t h a  

on some geological maps the dolomite beds of the 'Argiles bariolCcs dolomitiques' Formation have k e n  

attributeà to the 'Dolomie do Beaumont'. l n  fact, the Eo-Cimrnerinn unconformity has never bcen obçerved 

before Our well-log correlation (Bourquin and Guillocheau, 1993, 1996). Only the lack of 'Argiles de 

Chanville' was noted. 



Stop 1.6 -La Neuveville-sousShatenois (old quarry): 

Upper Keuper ('Gr& rhdtiens' Fm) 

m i s  Stop (location an Fig. IV.17) shows ihe 'G&s rhétiens' depsitcd in resu,eted manne 
environment with some tidal influences. Near Gimncoun-sur-vraine, 5 km to the NE, similar facies 
ovedain by hlack shalos more than 1 metre thick (Fig. IV.18). 

Flgure IV.17: Location of the outcmp of Ln ~ e u v i l l ~ .  
sou~Chafenois 

~eTtiars~cofNEFranre:mn~menillenu<mnm~n#smdnuip~unconformltirr.Pi,b<.1SK n.62.63pors. 

Stop 1.7 - Florémont (N57-E23 road cuttings): 
Middle Keuper ('Marnes irisdes moyennes' and 'Marnes irisées supérieures' Fms, 

with EoSimmerian unconformity) 

In the first parI of the outcrap (noted 1.7a. Fig. IV.191, the three unis  of thc 'Marnes irisées moyennes' 

can he sampled: 'Grès à roseaux', 'Argiles bariolées intermédiaires' and 'Dolomie de Beaumont' formations. 

At the second p i n t  (noted 1.7b. Fig. 1V.16). the Eo-Cimrnerian unconformity (Fig. U1.I) can be 

observcd. fmm the other side of the main road, hetwcen the anhydnte sebkha deposits of the 'Argiles de 

Chanville' Fm and the dolomite playa deposits of the 'Argiles buiolees dolomitiques' Fm (Fig. IV.17). nie 

basal dolomite bed of the latter is, as in many other places in sauth Lorraine, the only one displaying many 

quartz sand grains, about 1 mm in diameter and orange-to-pink coloured. niey are corner than those found 

in the 'Grès à mseaun' 

Figure IV.19: Location of the outmp of Flodmont 

Figure I V 2 0 :  I'anonma o i  Florémont ouiciop shoiuing rhr Lii-Cimmerian unconformil). bçiweeii tlie . ~ ~ ~ ~ i ~ ~  de 
Chanvilei and the 'Argiles bariolees dolomitiques' forinaiions. 



Figure IV.21: Location of Xiiocourt qusW 

In this quany (Fig. IV.21). the 'Dalamie de Beaumont' c m  bc seen in ifs wholc thickness (about 8 m), 

between the'Argiles banol6es intermédiaires' and the 'Argiles de Chanvilles' (see Fig. l.t).The 'Dolomie de 

Beaumont' is charactenzed by homogenwus micmcrystalline dalostone layen with sometimes: 

- very thin lenses with marine fossils (Costarorio goldfusai andior vesriia. gasvopods or 

very s c a m  ophiunds). 

- c-nt SmCtUreS, 

- small sulfatadissoluti~n cavities. 

This facies was deposited in a lacustrine envimament ('Coorong type.). me presenee ,,f 

S'JKfures, and the occasionai intmduction of exotie ~he l l s  as well as marine ,.,ater, anest high. 

hydmdynamics events within the calm environment, which ean be Wnbuted to storms. 

In this outcmp the defornations of dolostone layers induced by (recent) salt dissolution in the 'Mames 
irisees infëneures' are spectacular (Fie. lV.22). nie 'Argiles de Chanville', that ovedie the dolostones, me 

affected Loo. 

Figure IV.22: Detail vi=w of the deiorniatxiiia of doiomirr 1aye.s ,nducr,j by sa11 distolufion in the , M ~ ~ ~  
irisées inf6tieurrs' (Xvocoiirr quq)  

l ~ a ~  2 - Saturday, 27.09.2008 

Stop 2.1 -SaintHubert (old quanies and road cut): 

Upper Keuper ('Ores rhéîiens' Fm) 

This locality allnws to study two particular facies of the 'Orks rhbticns' Formation 

Figure N23: Location of the outcrop of Saint- 

Hubert 

nie tint one çmps out in old qumies (noted 2.1s. Fig. IV.23) with a thickness of about 10 m. and 

eonstitutes three suparposed units of homogenwus sandstone, with some rare stratification. This could be 

amibuted to shoreîsce or offshore tidal ban. 

In the second outcrop (noted 2.lb. Fig. IV.231, tidal rhaetian randstones are incised by a little channel 

tilled with well munded siliceous pebbles (white quartz and dark 'chens') and platy blsck clay intraclasts 

(Fig. IV.24). This ~ m c ~ r e  could be anributed to a etonn channel, which cmied out the detntal material 

fmm the cosstal plain. Robably coeval deltaic deposits were deseribed at Kedange. 8 km Io the n o N  

(Hendricks (1982) 



Stop 2.2 - Hombourg-Budange (D978 road cutting): Middle Keuper 

('Dolomie de Beaumont' Fm, marginal facies) 

This stop (see p. 5 for location), which exposes a particular facies of the 'Dolomie de Beaumont' 

Formation, makes possible to realize that the disappearance of the 'Dolomie de Beaumont' in the region of 

Thionville corresponds to a primary pinching out (Fig. IV.25). Laterally to the north, only two discontinuous 

dolomitic levels crop out within red clays. This marginal facies characterizes the northward ending of playa- 

lake deposits. In this part of the basin the Eo-Cimmerian unconformity doesn't eroded the 'Dolomie d 

Beaumont' Fm but occur above the 'Argiles de Chanville' Formation, which are well developed (Figs. 111.1, 

111.2). 

riguic i v  4s: uurcrop or nornoourt-Budange showing n pinching out of the 'Dolomie de Beaumont' Fm in the 
region of Thionville 



- .  ~ ~- 

The Triassic of NE France: co~!fi~~enlaleftviroitmeiifs mrd~ruijor iinconfomiries. Pttbl. M F .  #1°62. 63puges. 

1 
Stop 2.3 - Kemplich (old gypsum quarry): Middle Keuper 

('Marnes irisées supérieures' Fm, with EoCimmerian unconformity) I 
In this stop (see p. 5 for location), the Eo-Cimmerian Unconformity eroded a gypsum bed that could 

be equivalent to the 'Heldburg Gyps' of Germany (Fig. IV.26A). The numerous paleodolines (Fig. 1V.26B) 

recently discovered in the region SE of Thionville could be formed as a result of the lowering of water table 

coeval with the genesis of the Eo-Cimmeri,an Uncoformity. 

Between the SE part of the basin to the NE the 'Argiles de Chanvilles' Fm is more and more 

developed, but less than in the central part of the Pans Basin, where thicker anhydrite formation occur. 

Figure N26: Old gypsum quarry of Kemplich. A) Location of the Eo-Cimmerian Unconformity within the 
. .  . . . 



Stop 2.4 -Saint-Avold (N3 road cutting): Middle Buntsandstein 

('Conglomérat principal' and 'Zone limite violette' Fms) 

nie basal contact of the 'Conglom6ral principal' on the 'Gr& vosgien' (Xarlstsl facies) is. as usval, 

very even (Fig. IV.27). Like at Relanges (Stop 1.4). the conglomerate is overlain by the 'Zone limite 

violette' (ZLV) Formation which contains dolomite nodules and camelian. 

Figure IV27: Outcrop iif Saii i I  Avnld (sïc p. 5 for locution) 

r Stop 2.5 - Sanktdrnual (cliffs in Stiftswald): 1 
Upper Buntsandstein ('Couches intermédiaires' Fm.) 

ïhis outcrop (location on Fig. IV.28) of the 'Couches intermédiaires' Formation has been dcscribed by 

Dachmth (191?) (Fig. 1V.29). This formation overlain the 'Grès vosgien' (Kadstal facies, Fig. 11.9). The 

cliffs shows several levels with paleosols (Iviolet zones') which display nearly the same characteristic than 

the 'Zone limile violette', but camelian is lacking. The sandstones (thst contains at lot of feldspar) and 

conglomeratic facies wheie mainly deposited as 3D and 2D megarippler forming longinidinal and transversal 

bars. The paleacurrents are rnainly oriented to rhe NE. The depositional mvimnment is auributed to low 

sinuosity rivers, within a semi-arid to sub-humid environment (temporary lakes or ponds) like attests the 

presence of hydrornorphic sols. Even if some paleosolr have the samc expression as the 'Zone limite 

violene', this formation seems not ta be present in these autcropr 
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FTgure 1V38: Location of the outerops of Sankt-Arnlial (Germany) and Gmsbliedeïrtmff 

c ,  
= " -. = Muschelsands(eL 

7 
UPPER BUNTSANDSTEIN 

SANKT-ARNUAL 

"Mittlere Felsenweg" Profile : 



I 
OLUP L.O - urosuileaersrrorr (NO I roaa curring): 

Hardegsen unconfonnity (between Middle and Upper Buntsandstein) 1 
The Hardegsen unconformity (Figs. 11.2, 11.3. 11.4) is well marked in this outcrop (Fig. IV.28). The 

'Grès vosgien' Formation is truncated by channel like structures filled with conglomerate facies (Fig. IV.30). : 
This conglomerate facies is attnbuted to the 'Conglomérat de Bitche', very different of the 'Conglomérat 

principal'; it contains 'Conglomérat principal' pebbles mixed with pedogenic carbonate and carnelian 

pebbles reworked from the 'Zone Limite Violette'. In some places this conglomerate is completely lacking, 

and the 'Couches intermédiaires' Fm rests directly above the 'Grès vosgien' separated by the Hardegsen 

unconformity. The two formations can be easily distinguished by the systematic presence of micas, 

numerous (and sometimes very coarse) feldspars and subangular quartz grains iii the 'Couches 

intermédiaires' Fm. 

l 

Figure IVJO: Outcmp of Grosbliederstroff and detailed view of the channel like structures filled with 
conglomerate facies which tmncated the 'Grès vosgien' Formation 

lClay 3 - Sunday, 28.09.2008 

Stop 3.1 - Bitche (N62 road): Hardegsen unconformity 

(between Middle and Upper Buntsandstein) 

In this outcrop (location on Fig. IV.31). the 'Grès vosgien' Fm is directly overlain by the 'Couches i 
1 

intermédiaires' Fm (Fig. lV.32) which displays several pedogenic horizons ('violet zones') like at the stop , 
2.5. The Hardegsen Unconformity, with a wide channel-like shape, can be observed between these two 1 
formations. A very different intetpretation (Fig. IV .33) was proposed by Bock et al. (2001). 



Tlrc Tn'nssrc of NE F m c e .  eonriirenrnl erti,iro,t»irnrs nnd t~iojor urr&&~@s. Pub/. ASF. i1W2.63 pases 

Figure N31: Location of rhe two outcrops of Bitche 

ENE 



Couches 
intermédiaires 

Hardegsen 

unconf~omit~ 

Grès vosgiens 

(From this study) 

N33: S e d i m m t ~  log of Bitche (stop 3.1) by Bock et al. ( 2 ~ 1 )  which differs from ,,bseWations, VGI 
VGZ art paleosol key-beds defined by Mnller (1954) 

Figure IV34:  Outcr<ips of Hitchc Cidatcl 

The rrhrs3r oJNE Frnnce: m!,rhrnfalrnvimnnrnn mdnuihr unmnfirmoj~s. PM m~i. nv2.a1 pi>grr. 
'1 
l 

Stop 3.2 - B i t c h e  (Citadel): Midd le  B u n t s a n d s t e i n  

Fac ies  a s soc ia t ion :  Fluvio-aeolian overbank  env i ronments  

This facies association is observed in the upper 'Gr.?r vosgiens' Fornation. so-called the Karlstal 

Formation in Palatinate (Fig. U.9). This association is very sandy and charscterized by vertical pattern, from 

the base to top (defined on the cozs of the Soultz-saus-Forets well): 

- planar laminated sands containing cm-thick coame sand layers, 
- cm-thick planar laminations of fine to medium sand. that samctimes grade upward into 

oseillatory ripples 

- laminated silstanes, or fine sandstones, along with red mudstones, snmetirnes bioturbated. 

These facies can be more or less biatuibated. They f o m  fining-upward sequences ranging in thickness 

h m  dm up ta 5 m. with frequent mud-crack structures at their top. Locally, acolian facies can be 

interbedded within these deposits. The f i t  facies, interpreted as fluvial sheet flood depasit evolves venically 

into wave-nppie facier; that suggest flood currents entering a subaqueaus environment, a hypoihesis 

supponed by the occurrence of bioturbation. The interbedded aeolian sand sheets, sometimes bioturbated, 

and mudsrack structures indicate frequent subaerial exPosure. The occuircnce of sheet flood deposits, 

aeolian sand-sheets and mudmcks in tine-grained sediments point to an ephemeral hydrologicaliy-closcd 

laLe formed under and condition (Rogem and Astin. 1991). This facies association characterizes nuvia- 

aeolisn overbank envimnments. 
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(Kar l s t a l  f a c i e s  o f  the 'Grès v o s g i e n '  Fm) 
! 

Along this outcrop ( location Fig. V1.31). the Karlstal facies of the 'GrOs vosgien' Formation are wcll 1 

exposed (Fig. VI.34). These facies are charsctenred bv fluvial and aenlian dennciir 



nie Trius~ic of NE Fmire: ro~frinenrnl efit,ironiiienrs ailr1111apr t~mori/ormifies. Pttbl. ASF, ta W. 63 pages. 

I Stop 3.2 - Bitche (Citadel): Middle Buntsandstein 1 
I (Karlstal facies of the 'Grès vosgien' Fm) 

Along this outcrop ( location Fig. VI.31). the Karlstal facies of the 'Grès vosgien' Formation are well 

exposed (Fig. V1.34). These facies are characterized by fluvial and aeolian deposits. 

, . 

. w and' 
.," .. , 

deposjts * a- 

Figure IV34: Outcrops of Bitche Cidatel. 

Facies association: Fluvioaeolian overbank environments 

This facies association is obsewed in the upper 'Grès vosgiens' Formation, so-called the Karlstal 

Formation in Palatinate (Fig. 11.9). This association is very sandy and characterized by vertical pattern, from 

the base to top (defined on the cores of the Soultz-sous-Forêts well): 

- planar laminated sands containing cm-thick coarse sand layers, 
- cm-thick planar laminations of fine to medium sand, that sometimes grade upward into 

oscillatory ripples 

- laminated silstones, or fine sandstones, along with red mudstones, sometimes bioturbated. 

These facies can be more or less bioturbated. They fonn fining-upward sequences ranging in thickness 

from dm up to 5 m. with frequent mud-crack stmctures at their top. Locally, aeolian facies can be 

interbedded within these deposits. The first facies, interpreted as fluvial sheet flood deposit evolves veriically 

into wave-npple facies that suggest flood currents entering a subaqueous environment, a hypothesis 

supported by the occurrence of bioturbation. The interbedded aeolian sand sheets, sometimes bioturbated. 

and mud-crack structures indicate frequent subaerial exposure. The occurrence of sheet flood deposits, 

aeolian sand-sheets and mudcracks in fine-grained sediments point to an ephemeral hydrologically-closed 

lake formed under arid condition (Rogers and Astin, 1991). This facies association characterizes fluvio- 



Stop 3.4 - Fleckenstein Castle: 

'Grès d'Annweiler' Fm. and Trifels facies of the 'Glès vosgien' Fm l 

Stop 3.3 - Niedersteinbach (forest trail): Permian 1 ('French LOWei Buntsandstein' ('Grès d'Annweilef Fm.) on Rotliegends) 

At this outcrnp (see p. 5 for location), just at the western end of Niedersteinbach village, the 'French 

h w e r  Buntsandstein' is represented by the 'Grès d'Annweiler'. In the region of the eponyme locality. nonh 

of Wissembourg, the basal part af the fornation yielded a m d n e  malacofauna typical of the Zechstein 1 ; 

thus the 'French Lawer Buntsandstein' is Pcrmian in agc. The lithofacies are very similar to those of the 

'Couches intermédiaires'. 

The LoIverrnost fluvial mnglornerate facies association is located at the base of the Lowcr Tnassic, 

characteriring the 'Conglomérat basal' Formation. This formation, well ohserved on well-logs, ovediei the 

basernent and is located in the western pan of the basin. It is diachronous and represents the landward 

equivalent of the 'Grès vosgiens' Formation (See stop 1.3). lt conesponds to more proximal braided-river 
deposits, that evolve in space (laterally, i . ~ .  eustwards) and tirne (vertically) into braided river of the 'Grès 

vosgiens' Formation. 

In this outerop (Fig. lV.36, se= p. 5 for location), the 'Grès vosgiens' Formation shows typical fluvial 

facies (see Stop 1.1) and in ils upper part amlian deposils (Fig. IV.35) well presenied beween two fluvial 

depositionai units (see stop 1.3 for facies description). 

Figure W35: Deraiied virw of the aeoiiïn dcposits well prcsrrvr efweeii rn "via episo es o f  the .Ces i,usgiei>. 
Fm 
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