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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 Triassic, and
Anisian), and Keuper (i.e. Upper Triassic). 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 series, the geological
setting, the sequence stratigraphy correlation and a comparison with the German series. In the second part we

present all the stops of the field excursion.
l. - Introduction

The Triassic of the Paris 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 Triassic, 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 eastern part of the Paris
Basin. The outcrops are discontinuous and it is sometimes very difficult 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 comparison with outcrop data. By studying the complete set of wells in
the Paris Basin, we can carry out correlations and propose paleogeographic reconstruction 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
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lead to misinterpretation. Similarly, a density log coupled with a photo-electric factor log is required to
distinguish between dolomitic and anhydritic shales. Neutron-porosity, density and photo-electric factor logs,
used with high-resolution logs (dipmeter or Formation Microscanner) are necessary (1) to determine

sedimentary facies, (2) to calibrate cores and outcrops with well logs and (3) to obtain correlations.

Argiles de Levaliols
Rhaetian
Grés rhetiens
Maries it Argiles banvides dolomitiques
superieures Argiles do Ghanvilla
Dolomis da Baaumon!
- Mames Irisdes [, .o\ cises mermediares
@ |Marnes maysniiss
2 | irisées Grés a rgsaaux
A
» Couches & esihdries
Marnes irisées Formation salitére
inférieures — e —
Couches & pseudamorphoses
Dolomig-imite do fa Letienkohia
Argiles de la Lettenkohie
Lettenkhole
Dolamie infarieure de Ja Lettenkehie . -
Table 1: Terminology used in the eastern part
|| Coemmiiodmus of the Paris Basin (after Courel et al., 1980
Calkcawe & ceralilas.
Upper Muschelkalk
Calcaire 2 entroques
=
g Couches blanches
o Middte Muschelkalk = | —— -
.E Groupe de I'anhydrite Couches grises
g Couchas rouges
= 3
Dolomie & Myaphonia orbicutans
Lower Muschelk Compl
Gress coquilkier
Upper Buntsandstein Sidsd Vorzia
Couches intermédiaires
£
8 Zone lmite violelte
7] o e e ]
'g Conglomérat principal
[} B R
% Middle Buntsandstein Grés vosgian
‘g Conglomérat inférieur
Lower Buntsandstein Grés d'Annweller Grés ds Senones

The analysis of around 700 wells in the Paris basin has allowed (1) to define pre-Triassic topography,
(2) to propose sequence stratigraphy correlations of the Triassic series and a comparison with data from other
west-European basins {Bourquin and Guillocheau, 1993, 1996: Bourquin et al., 1998, 2006), (3) to
characterize two major discontinuities (Hardegsen and Eo-Cimmerian unconformities) induced by long
wavelength deformation, (4) realize isopach and lithological maps to reconstruct the 3D evolution of the
basin cycle by cycle and to investigate the influence of tectonic movements (Bourquin et al., 1997,

Guillocheau et al., 2000), (5) to estimate the influence of deformation, eustasy and sediment supply in the
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Keuper stratigraphic record from 3D accommodation variation analysis (Bourguin et al., 2002) (6) to
reconstruct paleocnvionmental maps and climate simulations to investigate the impact of climate on
continental sediment preservation (Péron et al, 2005). Like this, recent study (Bourquin et al., 2006) allows
to recognize the Hardegdsen unconformity and redefine the three major cycles of Guillocheau (1991): the
Scythian, Anisian-Carnian, and Carnian-Liassic cycles (Fig. L.1).
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Figure L1: Lithostratigraphic column, sedimentary environment variations and biostratigraphic data of the
Triassic succession in the eastern part of the Paris Basin based on the Francheville well. See Fig. 1.1 for
location. After, Bourquin and Durand, 2007.

Il. - The Buntsandstein
These results are mainly published in the paper of Bourquin et al. (2006)

11.1. - Geological setting
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During the Early Triassic, the Paris and Bresse-Jura basins formed the western end of the Germanic
Basin. In the Vosges (Fig. IL1), the Lower Buntsandstein units (Senones Sandstones or Anweiller
Sandstones) can be attributed to the Uppermost Permian, i.e. Zechstein equivalents (Durand et al., 1994).
Whereas in the major’ part of the Germanic basin the ‘Buntsandstein Group’ is separated from the
Rotliegends by the typical-Zechstein carbonate-evaporite facies (Uppermost Permian), in France the latter
are completely lacking. This is why the French geologists place the base of their ‘Buntsandstein’ at the level
of a major unconformity between fanglomerate prone deposits, localised in relatively restricted basins, and
widespread fluvial deposits (Courel et al. 1980). Such a concept of ‘Buntsandstein’ prevailed in South
Germany until the adoption of a unified lithostratigraphic scale (Richter-Bernburg, 1974). Thus, in the
French sedimentary basins, deposits referred to as ‘Buntsandstein” can be attributed either to Permian or to
Triassic (Durand, 2006). Actually, the ‘Lower Buntsandstein’ of the Vosges (Senones Sandstone and

Anweiller Sandstone) can be attributed to the Upper Permian, i.e. Zechstein equivalents (Durand et al.,
1994).
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Figure IL1: (A) Location of the studied area and the Bockenem well (Bo) and {B) Location of studied wells and
lower Triassic transect. B: Bertray1; G: Granville 109; M: Montplonel; F: Franchevillel; L: Loreltes, §:

Sauley; J: Johansweiller; SSF: Soultz-sous-Foréts, K: Kraichgau; E: Emberménil. After Bourquin et al.,
2006.

Therefore, the Middle and Upper Buntsandstein units are attributed mainly to the Lower Triassic.
These facies are characterized by fluvial deposits that make up the following formations (Fig. 11.2), from
base to top (Courel et al,, 1980): ‘Conglomérat basal’, ‘Grés vosgiens', ‘Conglomérat principal’, ‘Couches
intermédiaires’, and ‘Grés & Voltzia’. The ‘Couches intermédiaires’ Formation is commonly separated from
the ‘Conglomérat principal’ by the ‘Zone limite violette’ Formation that is characterized by the first
occurrence of Triassic soils in this area. The bed-load fluvial systems of ‘Conglomérat basal’, ‘Grés
vosgiens’ and ‘Conglomérat principal’ are attributed to braided type networks developed in an anid climatic
environment, as indicated by the occurrence of reworked and in situ acolian sand dunes and wind worn
pebbles (Durand, 1972, 1978; Durand et al., 1994). The bed-load fluvial deposits of the ‘Couches
intermédiaires’ correspond to low sinuosity rivers with transverse bars (Durand, 1978), and are associated

with hydromorphic paleosols (Durand 1978; Durand and Meyer, 1982). The ‘Grés & Voltzia' shows an
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evolution from low sinuosity fluvial systems in the ‘Grés a meules’, with weak marine influence, to the
fluvio-marine environment of the ‘Gr2s argileux’ (Gall, 1971; Durand, 1978, Courel et al., 1980; Durand et
al., 1994), The only biostratigraphic evidence in this Buntsandstein series concemns the ‘Grés 2 Voltzia®,
where macrofauna and palynoflora allow the attribution of a Lower to Middle Anisian age according to
location (Durand and Jurain, 1969; Gall, 1971). Paleocurrent directions obtained from fluvial facies indicate

a mainly eastward flow (Durand, 1978).
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Figure IL2: Lithostratigraphic column, sedimentary environment variations, major and minor stratigraphic
cycles for the Lower Triassic succession in the eastern part of the Paris Basin based on Emberménil well
(after Bourquin et al., 2006).

The terminology used for the Buntsandstein formations in the Palatinate is not the same as that applied
in the Paris Basin, The equivalent of the *Grés vosgiens’ Formation is divided into three units, which are,
from base to top: the Trifels, Rehberg, and Karlstal formations. These three units are characterized by

increasing clay content.
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Recent study from well-log data for the Triassic west of the Black Forest (Paris Basin, Rhine Graben
and Bresse-Jura Basin) allows us to propose correlations and define the stratigraphic context of the Lower
Triassic units (Bourquin et al., 2006).

I.2. — High-resolution sequence stratigraphy correlation of the Lower Triassic from well-
log analysis

The Lower Triassic crops out only in the western part of the Paris Basin, in the Vosges Massif and in
the Black Forest. The outcrops are discontinuous and if the basal unit (with Permian-Triassic boundary) or
uppermost unit (‘Conglomérat principal’) are not present, it is almost impossible to determine the
stratigraphic position.

The results of the correlations the 580 wells studied in the Paris basin and Rhine Grabben are
summarized on a NE-SW section between the Rhine Graben (Soultz-sous-Foréts well) and the area south of
Orléans (Figs. [1.1B, 11.3, 11.4).

The transect (Figs. I1.3, [1.4) and the maps allow us to quantify the 3D evolution of the Triassic series
and to characterize (1) the geometries of sedimentation units infilling the basement topography, (2) the
general onlapping of these series, (3) the retrogradational pattern of the playa deposits, (4) the progradation
of the ‘Conglomérat principal’ Formation, (5) the diachronism of the Middle Buntsandstein formations
(Trifels, Rehberg, Karstal, ‘Conglomerat basal’, and ‘Conglomérat principal’ formations, Figs. 11.3, 11.4).
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Figure I1.3: (A) WSW-ENE :_:orre!at‘mns of Lower Triassic stratigraphic cycles, between the south of Orléans
(Bertray well): and the mae Basin (Soultz-sous-Foréts well) in the western part of the Germanic Basin. (B)
Transect location. See figure IL1B for more details. After Bourquin et al., 2006.
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Figure I1.4: A) Geometries and lithology of the Lower Triassic stratigraphic cycles, along the transect between
the area south of Orléans (Bertray well) and the Rhine Basin (Soultz-sous-Foréts well) deduced from well-
log analysis: (1) Geomelries from Variscan basement or pre-Triassic deposits to the Hardegsen
unconformity, (2) Geometries from the Hardegsen unconformity to the basal anhydrite bed of the “Couches
grises” Formation defined in the eastern part of the Paris Basin (middle part of the Middle Muschelkalk. (B)
Transect location. See figure [1.IB for more details, After Bourquin et al,, 2006.

11.2.1. - Middle Buntsandstein cycles

The Middle Buntsandstein formations (‘Conglomérat basal’, ‘Grés vosgiens’ and ‘Conglomérat
principal’) exhibit one major cycle divided into four minor cycles (noted Bl to B4, Figs. IL1C).

The correlations reveal the onlap of the Triassic sedimentation onto the basement (Figs. 11.3 and 11.4).
The bed-load fluvial sediments, attributed to braided rivers, came from the west: present-day Armorican
Magsif (Durand, 1978:; Durand et al., 1994) and progressively filled in the topographic depression.
Floodplain deposits are rare and characterized by clay layers a few centimetres thick. The conglomerate
deposits are mainly located in the western part of the sedimentation area. The four minor stratigraphic cycles
(B1 to B4) can be correlated across the Paris Basin up to the Rhine Graben in the east, showing that the
‘Conglomérat basal” Formation is diachronous.

The B1, cycle corresponds, in the Vosges Massif outcrops and Emberménil well, to the deposits of the
‘Conglomérat basal’ Formation (Figs. [1.3 and IL4). This cycle is characterized by the vertical passage of
fluvial conglomerates into floodplain deposits. In more distal parts of the basin, the conglomerates grade
castwards into sandstones.

The B2 and B3 cycles (Figs. 11.3 and I1.4), are intra — ‘Grés vosgiens’ Formation, and record the
evolution of fluvial sandstones to floodplain deposits, the basal conglomerate facies being located in the

westernmost area. From cycles Bl to B3, we observe a general backstepping of conglomerate facies.
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The isopach maps drawn up for each cycle (Figs. IL5 and I1.6A) indicate the basement-sedimentation
area boundary, as well as the location of conglomerate facies through time and space. The more proximal

facies are located to the west. These maps show the general backstepping of conglomerate facies and their
lateral eastward evolution to sandstone deposits (Figs IL5A, I1.5B and I1.6A).
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Figure I1.5: Isopach maps with superimposed lithology (%
o_f conglomerate) for stratigraphic cycles Bl and B2 (see
Figs. 1.2, 11.3, I1.4), constructed from well-log data and
outcrops information. After Bourquin et al., 2006.

Figure 11.6: Isopach maps with superimposed lithology (%
of conglomerate) for the B3 (A) and B4 (B) stratigraphic
cycles (see Figs. 112, 1.3, 114}, constructed from well-

120g data and outcrops information After Bourquin et al.,
006.

The B4 cycle shows fluvial sandstones overlain by a maximum flooding episod and then prograding

conglomerates (Figs. 1.3 and 143, These conglomerates migrate basinwards and grade laterally into
sandstones. In the Vosges Massif outcrops and Embermeénil well, these conglomerates correspond to the
Conglomérat principal’ Formation. The lithogical map of this cycle (Fig. IL6B) shows that the

conglomerates spread across the basin. The ‘Canglomérat principal’ Formation rarely occurs at outcrop north
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of the Vasges Massif, near the German Frontier, where it is eroded. In outcrop, the *Conglomérat basal” and
of the ‘Conglomérat principal’ display same petrographic materials, notably Silurian and Proterozoic
graphitic cherts that are derived from the Armorican Massif (Durand et al., 1994; Dabard, 2000), implying
same provenance. The transition between the ‘Greés vosgiens” and the ‘Conglomérat principal’ reflects only a
progressive increasing in gravel content and then an acceleration of the prograding phase. The base of the
‘Conglomérat principal’ is diachronous: conglomeratic facies are younger in the western part of the basin
(Cycle B4, Fig. I1.4).

Geometrically, the correlations (Figs. I1.3 and 11.4) reveal the landward migration of the silty-clay
facies (attributed to playa deposits of the Karlstal Formation) into a retrogradation trend, until the maxinmum
flooding surface of the cycle B3, and then a progradational trend of sandstone and conglomerate deposits of
the ‘Conglomérat principal” Formation. This evolution characterizes a major cycle, where the period of the
stratigraphic base-level rise is represented by the cycle Bl to B3 and the period of the stratigraphic base-level
fall by the cycle B4 (Figs. I1.3 and I1.4). This cycle is located above the Permian and below the Anisian, thus
it is called the Scythian cycle.

The top of cycle B4 is marked by a major discontinuity, above a sedimentary break. This episode can
be correlated with the forming of the *“Zone Limite Violette” that crops out in many parts of Lorraine (Fig.
11.2). The ‘Zone Limite Violette' overlies the ‘Conglomérat principal’ Formation and contains paleosols
(dolocretes and silcretes), providing evidence for very low sedimentation rates (Durand and Meyer, 1982). In
north Lorraine, the ‘Zone Lumite Viglette’ and even the “Conglomérat principal’ are locally eroded. This is
indicated locally by the occurrence of a conglomerate containing ‘Conglomérat principal” pebbles mixed
with pedogenic carbonate and cornelian pebbles reworked from the *Zone Limite Violette’. This unit, known
as ‘Karneolkonglomerat® in the Palatinate (Reis and von Ammon, 1903), corresponds to the ‘Conglomérat de
Bitche’ defined in northern Lorraine (Ménillet et al.,, 1989). In addition, well-log data allow to recognize
locally conglomerate facies above the discontinuity (e.g. Saulcy and Johansweiller, Figs. 11.2, 114). The
erosional surface corresponds to the ‘Hardegsen unconformity’ expressed in many parts of the Germanic
basin (Durand et al., 1994).

11.2.2. Upper Buntsandstein cycles

The lithostratigraphic succession comprising the Upper Buntsandstein formations (‘Couches
intermédiaires” and ‘Grés & Voltzia') the Lower Muschelkalk (‘Grés coquillier’, ‘Complexe de Volmunster',
and ‘Dolomie & Myophoria orbicularis’), and the lower part of the Middle Muschelkalk (‘Couches rouges’
Formation) corresponds to three minor cycles (noted BS to B7, Fig. I1.2). They belong to the lower part of
the major Anisian-Carnian cycle.

The sandstone facies of the Upper Buntsandstein correspond to low sinuosity fluvial channels
(Durand, 1978; Durand et al., 1994). The well-log data allow a quantification of sandstones, floodplain
and/or lake deposits and sabkha lithofacies and the expression of the genetic units in these depositional

environments.
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The well-log analyses allow to characterize the occurrence of a new depositional area in the western
part of the Paris Basin (Figs. IL.3 and I1.4). Its sediments seem to be contemporaneous with those located
above the discontinuity in the eastern part of the basin, where the three cycles can be correlated.

In the Lorraine outcrop area and in the Emberménil borehole,

the two first cycles above the
discontinuity (B5, B6) correspond to the

‘Couches intermédiaires’ Formation (Fig. 11.2). They show an
evolution from sandstone to clay facies (Figs. I1.3 and 11.4) attributed, by comparison with outcrops data, to

low sinuosity fluvial channel sandstones to well-developed lake or floodplain fine deposits (Durand, 1978;
Durand and Meyer,

1982). The facies map of these cycles (Fig. H.7A) shows the distribution of the
sandstone and clay deposits. This distribution could express the location and orientation of the low sinuosity

river and floodplain environments during the considered period.
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Figure I1.7: Paleoenvironmental maps of the Upper
Buntsandstein stratigraphic cycles, drawn up from
well-log data and outcrop information (geological
maps, scale 1/50 000, and Durand, 1978): (A)
Paleoenvionmental map of the BS and B6 minor
stratigraphic  cycles (“Couches  intermédiaires”
Formation at Emberménil well see Figs. I1.2, 11.3,
11.4), (B) Palecenvionmental map of the lower part
ol the B7 minor stratigraphic cycle (“Grés 3
Voltzia” Formation at Emberménil well, see Figs.
112, 11.3, 11.4), and (C) Palecenvionmental map of
the upper part of the B7 minor stratigraphic cycle
("Grés coquillés” to “Couches rouges” formations
at Emberménil well, Figs. 12, 113, I14). After
Bourquin et al., 2006.
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Cycle B7 corresponds to the ‘Grés & Voltzia” Formation up to “Couches foug.cs’ Formation of Lorraine
outerops and Emberménil well (Fig. 11.2). This cycle shows a different expression in the es:Lsrern and- western
parts of the basin. Indeed, the correlations demonstrate that the Upper Buntsandstein formations are
diachronous (Figs. I1.2 and 11.8), as previously established by biostratigraphic data across the outcrop area
(Durand and Jurain, 1969; Gall, 1971). For example, the ‘Grés & Voltzia® are located in the lower part of
cycle B7 in the Johansweiller well, but in the upper pact of this cycle farther eastwards (Flg_. 11.8). Moseover,
these correlations point out the lateral evolution from dolomitic and anhydritic clays, attributed to shallow
marine and sabkha facies, in the eastern edge of the studied arca (Gall, 1971; Durand, 1978; Courel et al.,
1980, Durand ¢t al., 1994), to sandsiones in the west. Geometrically, the transect revca?s the landwa.rd
migration - i.e to the west - of dolomitic clay facies (marine deposits) in a major relrc?g.radatmn.a] trend (Fig.
[1.3). The upper part of the cycle B7 is characterized by first occurrence of anhydrlt-lc dcposlns (]a1.1dwtard
equivalent of dolomitic facies observed in the Soultz-sous-Foréts well) overlying prcvn')us marine facies 1f1 a
retrogradation trend. Two detailed facies maps are drawn up for this c¢ycle, one in its lf)wcr part, which
correspond to the ‘Grés & Voltzia' Formation of Lorraine outerops and Emberménil well (Figs. 11.2 and l[."i}:
and the other in its upper part which correspond to the Lower Muschelkalk formations and ‘Couchejs rouges
Formation of Losraine outerops and Emberménit well. These two maps show the westward migraflon of thvc
paleoenvironments and the geographic distribution of the two facies of the ‘Grés a Voltzia’ (Grés a Meules’:
sandstone facies, Fig. 11.7B, and ‘Gres argileux’: silty clay facies, Fig. IL.7B). The fluvial systems are
localized r‘:'nainly along the basin border (previous basement area) and evolved basinwards into shallow
marine deposits (Fig. [L.7B,C).
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Figure I18: E-W correlations of the Upper Buntsandstein stratigraphic cycles showing the diachronous nature of
the formations. See location Fig. 1.1B. After Bourquin et al., 2006.

11.3. — Comparison with other parts of the German Basin
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The comparison with the central Germanic Basin cycles (Fig. I1.9) is carried out by correlating the
Soultz-sous-Foréts (Péron, 2004) and Kraichgau 1002 wells and then the combined well-logs for Bockenem
1 and Bockenem A 100 (Fig. 3 of Aigner and Bachmann, 1992).
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Figure I1.9: Correlation be.twcen _the Rhipe Graben (Soultz-sous-Foréts well) and the Palatinate (Kraichgau
1002 well), and comparison with stratigraphic cycles defined in the central German Basin (Bockenem, 50

l:['n lSEzgééHannuver\ from Aigner and Bachmann, 1992). See Figs. L1A and B for location. After Bourquin
al., o

The correlations with the Kraichgau well, located between the Black Forest and the Odenwald, allow
us to identify the Middle Buntsandstein cycles defined in the Paris Basin. However, an additional
stratigraphic cycle is present at the base of the Lower Triassic successions in this part of the Germanic Basin.
This cycle is artributed to the Induan by magnetostratigraphy (Junghans et al., 2002).

A comparison with the combined Bockenem wells (Aigner and Bachmann, 1992) demonstrates that.

sequence 1, as defined in the Germanic Basin (Calvirde and Bernburg formations), would appear to have no

equivalent in the Paris Basin where only erosion and/or sediment transport occur at that time, The cycles B1,
B2 and B3, corresponding to the lower part of the major cycle defined in the Paris Basin, could be equivalent
to sequence 2 (Volpriehausen Formation), and cycle B4 to the upper part of Volpriechausen Formation. The
individual sequences observed in the Germanic Basin are characterized by an evolution from Puvial

sandstones to playa-lake deposits. The maximum flooding episode of the major stratigraphic cycle defined in
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the Paris Basin appears equivalent to the mfs of sequence 2 (i.e. Volpriechausen), where more or less marine
fauna is present in the central part of the Germanic Basin (Richter-Bernburg, 1974, Roman, 2004). In
Lorraine, the top of the cycle B4 is marked by a major sedimentary break period of by-pass with first
development of paleosols (i.e. ‘Zone limite violette’, Miiller, 1954; Ortlam, 1967, Gall et al., 1977). This
episode could be equivalent of Detfurth and Hardegsen formations, where the evidence of biological activity
(ichnites, rhizolites, palynomorphs) not allows a correlation with the arid condition of the ‘Conglomérat
principal’ Formation. Similary, the discontinuity observed in the Paris Basin corresponds to the Hardegsen
unconformity, representing one of the most pronounced extensional tectonic event observed in the German
Triassic (Trusheim, 1961, 1963; Wolburg, 1968; Réhling, 1991).

In the German Basin, the base of the Solling Formation corresponds to the erosional episode of the
Hardegsen 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
becomes progressively younger to the west, accompanied by a decrease in thickness. In this study, this
formation appears to be missing due to non-deposition or erosion. The Solling sandstones preserved in the
basin could be equivalent to an episode of sediment by-pass at the basin margin.

The Rot Formation, corresponding to evaporitic marine and sabkha deposits, represents the first
occurrence of halite deposition in the Germanic Basin. It could be equivalent to the BS cycle. The cycles B6

and B7 could be equivalent to the first cycle of the Muschelkalk in the central Germanic Basin.
1.4. — Conclusion and perspectives

The early Triassic can be separated into two phases. The first phase, during the Scythian, is
characterized by braided fluvial systems evolving laterally into lake deposits toward the central part of the
Germanic Basin. At this time, the basin is a huge basin depression with only few marine connections in the
eastern part, The stratigraphic cycles reflect relative lake-level fluctuation that could be attributed to
sediment supply and/or lake level variation in an arid context. The second phase occurs after a major
sedimentary break (planation surface and pedogenesis) followed by the formation of the Hardegsen
unconformity. This surface is tectonically deformed, leading to the creation of a new sedimentation area to
the west of the basin. Above this unconformity, the fluvial sedimentation, attributed to the Anisian, shows an
enhanced development of floodplains (with preservation of paleosol) associated with lacustrine environment.
The fluvial systems are connected with a shallow sea in communication with the Tethys Ocean. In this
context, the stratigraphic cycles are induced by variations in relative sea level and/or sediment supply. The
fluvial deposits are preserved in an exoreic basin.

In the dry climatic regime of the Lower Triassic (van der Zwan and Spaak, 1992), the first cycles
could be attributed to lake and sediment supply variations in an arid environment. During the Olenckian, the
river catchment areas are mainly located in the present-day Armorican Massif, and the paleccurrents are
generally oriented towards the NNE (Fig. I1.10). The facies association are essentially composed of stacked
channel-fill facies with very few flood plain deposits (<3%) and without paleosols. Channels fills are
sometimes associated with acolian deposits. In more distal areas of the Germanic Basin, the sedimentation

corresponds to ephemeral playa lakes or aeolian deposits (Clemmensen, 1979, Clemmensen and Tirsgaard
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preservation 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 investigate the relationships
between sedimentation and climate, studies are in progress to simulate Early Triassic climates. Moreover,
sedimentological studies on cores and outcrops are being carried out to quantify the ephemeral character of

the fluvial system and quantify the occurrence of acolian deposits.
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Figure I1.10: 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 paleoecnvironmental reconstructions 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 stratigraphic data can be used to check the results of climate simulation against
geological data (Fig. IL.11, I[.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. I1.10). 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.



The Triassic of NE France: continental environments and major unconformities. Publ. ASF, n°62. 63 pages.

B MEJIN ANNUAL PRECIPITATION tmmiday)

MEAN ANNUAL SURFACE TEMPERATURE (°C)

) 20~ igay

-10 © foi
R [ENEET o SR (B ey ——=agll |- Frlei)
1 4 5 25 5 95 F o

Figure I1.11: Climate simulations for the Early Triassic (Olenekian), assuming low relief of the mountain range
separating the continents of Laurussia and Gondwana. After Péron et al., 2005.
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Figure I1.12: 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 I1.11 for the location. After Péron et al., 2005.

Moreover the lack of typically Early Triassic fossils can be explained not only by slow recovery after
the Permian-Triassic biologic crisis (Lépez-Gémez et al., 2005), but also by a true stratigraphic break during

the Early Triassic, i.e. Induan, and/or by climatic conditions that were unfavourable for the development of



i iassi g i i i rmities. Publ. ASF, n°62. 63 pages.
The Triassic of NE France: continental environments and major unconformities. Publ. ASF, n°62. 63 pages. The Triassic of NE Fraace: continental environments and major unconformitie.

Triassic arid episode could have a global origin as suggested by recent studies on early Triassic ammonoids 3 anhydritic coastal sabkha

(Brayard er al., 2006). Furthermore, it should be noticed that even in South Africa, last research provides 1 dolomitic toastal sabkina
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alluvial plain or coastal sabkha with
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evidence of a vegetated landscape during the earliest Triassic, and conversely of an aphytic interval from that
time up to the Middle Triassic (Gastaldo er al., 2005).
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dolomites and clays of the Lettenkhole. The age of this unit is well established in the eastern part of the Paris
Basin (Fig. I.1): the Middle Lettenkohle is Upper Ladinan (Kozur, 1972; Adloff et al., 1984) and the

‘Dolomie limite’ is Lower Carnian (Kozur, 1972). These strata are equivalent to the Lettenkeuper deposits of

the German Basin (Gall et al., 1977). The Lettenkohle, which crops out in the eastern part of the Paris Basin,
is composed of dolomitic-claystones and dolomites overlain by an anhydrite bed. It was deposited in a
restricted marine environment (Courel et al., 1980; Duringer and Doubinger, 1985). The upper part of the
Lettenkohle ‘stage’ is characterized by lagoonal-marine facies (Ainardi, 1988), followed by more marine

dolomitic claystones which accumulated during maximum water depth.
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the Triassic basins of western Europe, where halite deposits may be several hundred metres thick. This major

Triassic evaporite ‘crisis” corresponds to the ‘Unterer-Gipskeuper’ (Grabfeld Formation) in the Germany. 23
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The ‘Marnes irisées moyennes’ are composed of three formations: the ‘Grés i roseaux’, the *Argiles
bariolées intermédiaires’ and the ‘Dolomie de Beaumont’ formations (Table 1 and Fig. L.1).

In the Germanic Basin, evaporite sedimentation was suddenly interrupted by the spread of fluvial
deposits forming the most consistent lithostratigraphic marker of the entire basin: the ‘Schilfsandstein’
(Dittrich, 1989) and ‘Gres a roseaux” of northeast France (Fig. 1.1). This unit is dated as Middle Carnian
(Julian) (Kannegieser and Kozur, 1972; Kozur, 1993) and must have been deposited during a relatively short
time (Hahn, 1984), Correlative units have been identified in several other basins: ‘ Arden Sandstone’ in Great
Britain (Warrington et al., 1980), *Arcniscas de Manuel’ of the Valencia Basin in Spain (Orti-Cabo, 1982),
‘Grés & Equisetum mytharum’ of the Briangonnais. Simms and Ruffel (1990), assumed stuch consistency
represents a climatic event of global scale providing, in the absence of biostratigraphic data, a valuable
chronostratigraphic marker. The “Gres & Roseaux” formation is characterized by alluvial plain deposits with
anastomosed and meandering channels (Palain, 1966; Courel et al,, 1980). The “Grés i roseaux’ Fm grades
vertically into the clayey coastal sabkha deposits of the *Argiles bariolées 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 base of the ‘Marnes irisées supéricures’ consists of anhydritic red
clays deposited in a coastal-sabkha environment: *Argiles de Chanville’ Formation. They are overlain by

variegated dolomite-clay, playa deposits: ‘Argiles bariolées dolomitiques’ Formation (Table 1 and Fig. L),

11.1.3. - Rhaetian

The Rhaetian are characterized by restricted marine sandstone deposits of the ‘Grés rhétiens'
Formation which displays some limited open marine influences. The occurrence of marine littoral fauna
(pelecypods and gastropods) is attributed to the Rhaetian transgression (Al Khatib, 1976, Shuurmann, 1977,
Gunatilaka, 1989); intercalations of black shales yield in many places marine microfossils (Rauscher et al.,

1995). The sandstones are overlain by the continental deposits of the red ‘Argiles de Levallois’ (Al Khatib,
1976; Roche, 1994).

1.2 - High resolution sequence stratigraphy from welllog analysis

By high-resolution sequence stratigraphy based on well-logs and core data from 300 wells across the
basin, the correlation between basin-centre evaporites with basin-margin clastics allow to precise the
evolution of the basin (Bourquin and Guillocheau, 1993; 1996) correlated. Five minor stratigraphic cycles in
the Keuper, each having an average duration of 2-10 Ma (Figs. 1111, I11.2), have been defined:

(1) the Lettenkohle minor cycle or Ladinian-lower Carnian Cycle,

(2) the "Marnes irisées inférieures” minor cycle or Lower Carnian Cycle,

(3) the ‘Grés a roseaux’ - ‘Dolomie de Beaumont’ - base of the *“Marnes irisées supérieures” minor
cycle or Carnian Cycle,

(4) the Jower ‘Marnes irisées supérieures’ minor cycle or Norian Cycle,

(5) separated by the Eo-Cimmerian unconformity from

(5) the upper ‘Marnes irisées supérieures’ - Rhaetian minor cycle or Norian-Rhaetian Cycle.
24
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Figure I11.2: Lithostratigraphy, sedimentary environment variations and rank of different A/S s[rz.ltigraphic
eyeles in two wells characteristic of the eastern and western Paris Basin {after, Bourquin and Guillocheau,
1996, modified). See Fig. [11.1 for location. After Bourquin and Guillocheau, 1996.

Cycles (1) and (2) belong to the progradational hemi-cycle of the Scythian-Carnian major cycle, while
cycles (3), (4) and (5) belong to the retrogradational hemi-cycle of the Carnian-Liassic major cycle. These
cycles are summarised in two sections: one from East Lo West (Fig. 111.1a) and the other from North to South
(Fig. [Il.1b). In another study, detailed isopach maps of each of the five minor cycles are used to analyse the
3D evolution of the basin during this period (Bourquin et ak., 1997). These maps show that local tectonie
activity has influenced the preservation of the evaporitic and fluvial deposits. The major base-level cycles
record variations in the tate of subsidence in time and space. The maximum rate of subsidence for the
Scythian-Carnian cycle occurred in the east of the Paris Basin. During the Carnian-Liassic cyche, the areas of
greatest subsidence shifted northwestwards. The shift marked the appearance of an independent Paris Basin
which was no longer simply the western margin of the German Basin. This shift can be ascribed to large-

scale wavelength tectonic deformation and produced an intra-"Marnes irisées supérieures’ truncation.

i11.2.1. Lettenkohle minor cycle or Ladinian - lower Carnian Cycle

The Lettenkohle, which crops out in the eastern part of the Paris Basin, occur throughout the cast and
grade laterally into siliciclastic sediments in the extreme northeast only. The Lettenkohle Formation grades
westwards into the fluvial sediments of the Donnemarie Sandstones, to the west of the Saint-Martin-de-
Bossenay Fault (Figs. L1, [I1.2), Within these strata, are bioturbated claystones with occasional dolomitic
or anhydritic nodules, which record short term transgressions to 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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111.2.2."Marnes irisées inférieures’ minor cycle or Lower Carmian Cycle

In the east of the basin, this cycle is made up of evaporitic coastal sabkha deposits. The *Mames
irisées inférieures” minor cycle starts with the anhydritic coastal sabkha deposits of the ‘Couches a
pseudomorphoses’ (Anhydritic Shales Formation, Bourquin and Guillocheau, 1996), These grade vertically
into the halitic coastal sabkha environments of the ‘Formation salifere’ (Figs. 111, 11.2). The upper
boundary of the Anhydritic Shales Formation, defined in the east of the basin, is a diachronous facies
boundary between anhydritic and halitic coastal sabkha deposits of the ‘Formation salifere’ {Fig. IiI.1a). The
halitic coastal sabkha deposits grade laterally into an anhydritic coastal sabkha environment. The evaporite
deposits grade westwards into the fluvial deposits of the Donnemarie Sandstones which are overlain by
anhydritic coastal sabkha deposits of the *‘Argiles intermédiaires” Formation. The coastal evaporite deposits
migrate westwards, or landwards, while the Donnemarie Sandstone fluvial sediments step landwards in a
transgressive pattern (Fig. I11.3a). Vertical aggradation predominates towards the top of the salt formation,
with lateral transitions into anhydritic-shale coastal sabkha facies.

During this cycle, faulting greatly influenced evaporite sedimentation and cycle geomelries by
creating space where halite could accumulate. The N-S section (Fig. III1.1b) and the maps (Fig. [I1.3) show
that the salt series were abruptly limited by the E-W Viitel Fault, inherited from the Hercynian, to the south
and by the Ardennes, or unpublished E-W fault, to the north where they graded into anhydritic environments.
The reactivation of E-W faults, inherited from the Hercynian, controlled the extent of halite to the north and
south by creating a ‘corridor” where subsidence was greater. The NE-SW and NW-SE faults controlied salt
deposits within this corridor. The westward shift of the areas of subsidence was associated with the migration
of faulting to the west, which enhanced the migration of salt series bounded by the Saint-Martin-de-

Bossenay Fault.
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Figure IT1.3: (A) Maps of the retrogradational phase of the Lower Carnian cycle._from base to top of the
Anhydritic Shales Formation, defined in the eastern part of the basin (denoted a, Fig. H‘l.n, (B) N_laps 9? the
retrogradational phase of the Lower Carnian cycle, from the base of the "Formation salifére", defm-ed in the
East of the hasin, to the maximum flooding surface within the "Formation salifere™. (denoted b. Fig. II_I.]).
(C) Maps of progradational phase of the Lower Carnian cycle from the maximum flooding surface within
the "Formation salifére” to the top of the "Formation salifere®. See Figs. 111 and II1.2 for key After
Bourquin et al., 2002,
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A non-erosional valley-shaped structure was formed by local flexure where the Saint-Martin-de-
Bossenay and Bray Faults converged. This valley was filled by lenticular fluvial sediments (Sainte-Colombe-
Voulzie Sandstones, Fig. I11.1,) with a basal onlap. The Sainte-Colombe-Voulzie Sandstones are part of this
base-level fall cycle (Bourquin and Guillocheau, 1996). A separate map of these sandstone deposits (Fig.
M1.4) has been made to show their location.

PROGRADATIONAL PHASE OF THE LOWER CARNIAN CYCLE
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Figure IML.4: Maps of the Sainte-Colombe-Voulzie Sandstones (progradational phase of the Lower Carnian

cycle) showing the location of this sandstone formation. See Figs. TILY and 111.2 for key. After Bourquin et
al., 2002.

I11.2.3. ‘Gres & roseaux’ - 'Dolomie de Beaumont' - base of the ‘Marnes irisées supérieures’
minor cycle or Carmian Cycle

This cycle started with the alluvial plain deposits (Palain, 1966; Courel et al., 1980), which
accumulated during a period of base-level rise (Bourquin and Guillocheau, 1993 Bourquin and Guillocheau,
1996, Figs. 1.1, 111.2). Southwest of the Bray Fault these deposits grade into the anhydritic coastal sabkha of
the ‘Argiles intermédiaires’ Formation (Fig. ITL.1). The maximum accumulation of the ‘Grés & roseaux’ is
located in the areas of greatest subsidence bounded by faults: one in the northwestern part (north of the Bray
Fault), as for the Sainte-Colombe-Voulzie Sandstone deposits (Fig. I11.4) and one east of basin (Fig. LILSA),

The *Gres & roseaux’ grade vertically into the lake deposits with marine influence of the ‘Dolomie de
Beaumont® (Figs. I11.1, I11.2). The base-level fall is represented by dolomitic coastal sabkha deposits, which
accurred throughout the castern part of the basin. Further west, the anhydritic coastal sabkha sediments,
which top dolomite deposits, are thicker (Fig. IIL5B). Still fusther west, the base-level fall ended with the
basal part of the fluvial Chaunoy Sandstones. During the base-level fall (Fig. I1.5B), the depocentres were
located in the west of the basin, and the areas of greatest subsidence north of the Bray Fault,

From this time (Fig. 1.1, the areas of greatest subsidence were located in the northwest of the basin
and resulted from a westward shift of the Paris Basin depocenter which began with the Sainte-

Colombe-
Voulzie deposits. There was a marked decline in fault activity in the east.
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RETROGRADATIONAL PHASE OF THE CARNIAN CYCLE
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Figure IT1.5: (A) Maps of retrogradational phase of the Carnian cycle. (B) Maps of progradational phase of the
Carnian cycle. See Figs. L1 and ITL.2 for key. After Bourguin et al., 2002,
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111.2.4. Lower ‘Marnes irisées supérieures’ minor cycle or Norian Cycle

In the east and centre of the Paris Basin, the base of the ‘Marnes irisées supérieures’ consists of
anhydritic coastal sabkha deposits (called ‘Argiles de Chanville” on outcrops). Landward, in the extreme
western part of the basin, the deposits consist of alluvial fan deposits of Chaunoy Sandstones (Figs. 1.1 and
III.1) exhibiting dolomitic palaeosals which are mainly well developed at the 1op {Bourquin et al., 1993,
1998). The alluvial fan axis is oriented WSW-ENE and the terrigenous sediments were introduced from the
WSW. To the east, these alluvia) fan deposits pass progressively at their base into fan delta deposits in a
lacustrine environment, and are overlain by a braided fluvial system.

This minor cycle is characterized in the west by a base-level rise in the Chaunoy Sandstones. The
maximum of the base-level rise is characterized by extensive flooding of the alluvial fan by lacustrine
sediments. It is overlain by braided channel deposits or fluvio-lacustrine deposits. To the east, the base-level
rise is recorded within the anhydritic coastal sabkha sediments (Figs. [IL.1, 111.2). The base-level fall trend,
characterized in the central part of the basin by numerous well developped anhydritic strata, ends with an

erosional 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 quantities of sediments
accumulated (Fig. II1.6). South of the Bray Fault, the areas of highest fuvial deposit accumulation were

bounded by N-§ faults. Eastwards, the depositional environment consisted of anhydritic coastal sabkha, and

the areas of high subsidence were located in the north.

RETROGRADATIONAL PHASE OF THE NORIAN CYCLE
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Figure m.ﬁ: (A) Maps-()f retrogradational phase of the Norian cycle. (B) Maps of progradational phase of the
Norian cycle. See Figs. II1.1 and I11.2 for key. After Bourquin et al., 2002.

l1l.2.5. Eo-Cimmerian unconformity

A stratigraphic discontinuity is observed within the ‘Marnes irisées supérienres’ in the Paris Basin

(Bourquin and Guillocheau, 1993; Bourquin and Guillocheau, 1996). In the east and southeast of the basin

(Figs. II1.1, I11.2), this discontinuity is an angular unconformity within the coastal evaporites of the
irisées supérienres’

‘Marnes
- It separates the underlying anhydritic from the overlying dolomitic coastal playa strata.

In the castern part of the basin, erosion associated with this unconformity has removed much or al] of the
underlying minor base-level cycle deposits (Figs. [L.1, 1.2). Because of this truncation, no deposits were

preserved to the southeast during the base-level rise (Fig. IL.6A) or to the east during the base-level fall (Fig.
1I1.6B).
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{11.2.6. Upper ‘Marnes irisées supérieures’ - Rhaetian minor cycle or Norian-Rhastian Cycle

This cycle started in the east with dolomitic playa deposits grading upwards into the restricted marine
deposits of the Rhaetian Sandstones which display some limited open marine influences within a
transgressive trend (Figs. IIL1, IIL2). The base-level fall is recorded in the upper part of the Rhaectian,
characterized by the continental deposits of the ‘Argiles de Levallois’. Because of the intra-"Marnes irisées
supérieures’ stratigraphic discontinuity, this minor cycle lies directly upon the ‘Grés 4 roseaux’ - *Dolomie
de Beaumont’ minor cycle in the east (Fig. I11.2). Further west, the dolomitic coastal sabkha deposits grade
laterally into alluvial plain sediments with fluvio-lacustrine sandstones (‘Grés d'Egrenay’, ‘Grés de Boissy’,
‘Gres d'Etrechy’) where no classical Rhaetian facies are recognized (Fig. 111.7).

E-W correlations show that the ‘Rhaetian’ lower boundary is a diachronous facies boundary between a
coastal sabkha and a restricted marine environment within a base-level rise (Bourquin and Guillocheau,
1993; Bourquin and Guillocheau, 1996, Figs. IIL.1). In the southeast of the basin, the Rhaetian Sandstones

may have eroded the ‘Marnes irisées supérieures’ deposits locally.

RETROGAADATIONAL PHASE OF THE NORIAN.AHAE TIAN CYCLE
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Figure I11.7: (A) Maps of retrogradational phase of the Norian-Rhaetian cycle (denoted d, Fig. I1L.1). (B) Maps
of the base of the Rhaetian sandstones for the wells located in the eastem part of the basin to the top of the
Triassic (end of retrogradational phase and progradational phase of the Norian-Rhaetian cycle (denoted e,
Fig. [IL.1). See Figs. L1 and 1112 for key. Afier Bourquin et al., 2002,
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I1L.3. -Comparison with the German Basin

The coastal onlap curve of the German Keuper (Aigaer and Bachmann. 1992) exhibits many
similarities with the sequence evolution of the Paris Basin (Fig. L1 8). But the Triassic succession is more
complete in the German Basin and more cycles are abserved within the Ladinian and the Norian-Rhaetian.
The Lettenkohle contains only one minor base-level ¢ycle in the Paris Basin, whereas the equivalent
Lettenkeuper lithostratigraphic unit contains two cycles in the German Basin. Aigner and Bachmann assume
that the ‘Schilfsandstein’ deposits represente a lowstand systems tract and record a base-level fall period.
Then, the ‘Saint-Colombe-Voulzie Sandstones” alone could be equivalent of the ‘Schilfsandstein’ and the
‘Gres & roseaux,’ marking the base level rise in the Paris Basin, could be the lateral equivalent of the ‘Dunkle
Mergel’ or eventually of the upper part of the ‘Schilfsandstein’. The maximum flooding within the ‘Dolomie
de Beaumont' is an equivalent of the “Hauptsteinmergel’ (Aigner and Bachmann, 1992), No biostratigraphic
data exist above the ‘Grés 4 roseaux,’ and the intra-"Marnes irisées supéricures” truncation in the Paris Basin
disturbs the sequence record. Consequently it is difficult to be certain of the correlations of two minor base-
level eycles in the Paris Basin with the three cycles in the German Basin, The major difference between these
two basins during the Keuper deposition is that the ‘Marnes irisées inférieures” minor cycle (retrogradation
and progradation) does not have the same expression in the German Basin: the equivalent of the ‘Unterer

Gipskeuper’ will be preserved in a progradational phase.
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Figure ITL.8: (A) Comparison of the stratigraphic records between German Basin (Aigner and Bachmann, 1992),
Bresse-Jura Basin (Dromart et al., 1994, modified after oral communication) and Paris Basin. HSM:
Hauptsteinmergel After Bourquin and Guillocheau., 1996.

In the Paris basin we observed an intra-Norian discontinuity (intra-’Marnes irisées supérieures’
Formation, Figs. 11,1 and HI2). This discontinuity has been also recognized in the Bresse-Jura Basin

(Dromart et al., 1994), in the German Basin (erosional truncation of the Stubensandstein), in the Barent Sea,
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in the Dolomites (Aigner and Bachmann, 1992), and in the Netherlands (Geluk, 1998). This discontinuity
could be attributed to the Eo-Cimmerian unconformity that occurred during the Early-Cimmerian phase,
expression of a pronounced extensional tectonic event related to the disintegration of Pangea with numerous
short pulses (Wolburg, 1969; Ziegler, 1990; Kockel, 1995). Moreover, the quantification of the Eo-
Cimmerian movements in NW-Germany, by Frisch and Kockel (1999) suggest that the end of the extension
is coeval with the Norian unconformity (Steinmergelkeuper unconformity, Arp et al., 2005) and not of the
early Rhaetian unconformity. In the Paris Basin, the Rhactian-unconformity is only observed on outcrops in
the eastern part of the Paris Basin. This Eo-Cimmerian disconformity can be interpreted as a change of the

intraplate stress in response to the early closing phases of the Black Sea back-arc Basin (Ziegler, 1990).
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IDax 1 — Fridax, 26‘09.2003

Stop 1.1 - Haut-Barr Middle Buntsandstein
(‘Grés vosgien’ and ‘Conglomérat principal’ Fms)

i AR it

Figure IV.1: Haut-Barr outcrops (see p. 5 for location): Middle Bumtsandstein (*Grés vosgien’ and
‘Conglorérat principal’ Fms) located south (noted A Tig. 1V.2)

Facies association: Braided rivers

The fluvial sandstone facies association the most commonly observed in the ‘Grés vosgiens’
Formation (Fig. 1.1), is characterized by a vertical arrangement, 2 to 5 m thick and with lateral extent in
excess of about ten metres, of mainly through cross-bedded sandstones (dm to m scale) passing upwards to
planar cross-stratification (Figs. IV.1 and 1V.3). These sandstones are composed of sub to well rounded
grains of quartz (80 to 95 %) and feldspar, more ore less coarse (locally very coarse at the bottomset), In
places the vertical passage up into migrating current ripples (facies Sr) marks the end of channel infilling.
These channel deposits are characterized by bed-load dominated sediments and the migration of 3D, and
more rarely 2D, dunes and barforms. Unimodal paleocurrent indicators, oriented to the NNE, suggest the

channels display a low sinuosity, Within these deposits, clay facies can be observed as discontinuous cm 10
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dm-thick layers, with frequent mud-cracks that, laterally, either grade into intraformational breccias or are
totally eroded by sandstones. They are interpreted as deposition from settling in topographic hollows, located
at the bottomset, after the cessation of migration of fluvial barforms (Fig. LV 2), during periods of either low
water level or aridity. The floodplain deposits associated with these channel deposits are characterized by
laminated silstones, or fine sandstones, along with red mudstones. These deposits are thinly layered (a few
cm to up to 40 ¢m in thickness), and very sandy, with some weak bioturbations in places. They are composed
of interbedded fluvial overbank, aeolian, and flooded interdunc deposits (overbank-interdunes). This facies
association, characteristic of arid environments, 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 root traces, and the occurrence of aeolian deposits associated
within the floodplain provide evidence of an arid climate. Moreover, the channels underwent periods of
cessation in their activity that could indicate the ephemeral character of some watercourses, During flood

periods, the formation of ponds allowed the ephemeral development of subaqueous life (bioturbated facies).

The fluvial conglomerate facies association of the ‘Conglomerat principal’ Formation shows vertical
arrangements of trough cross-bedded, and rarely planar cross-bedded, gravel to coarse sandstone lenses (dm
lo m scale) that does not exceed 3 m in thickness. This facies contain abundant very rounded gravels,
sometimes of dm size, of extremely mature (exclusively siliceous) composition: quartz, quartzite, lydite.
Paleocurrent measurements indicate unimodal directions, oriented to the NNE, that characterize low
sinuosity channels. These channel deposits seem to be not markedly different from those described below.
However, the lack of channel-fill ends (facies Sr), as well as the predominance of conglomeratic facies,
suggest a period of transit and/or granulometric segregation. At outcrop, this formation has a maximum
thickness of 20 m, and shows a great lateral extent towards the east (Durand, 1974; Bourquin et al., 2006).

At other outcrops, the arid climate prevailing in the sedimentation area is demonstrated by the
presence of many wind-worn pebbles and cobbles (ventifacts), not only concentrated in the conglomeratic

layers, but also scattered here and there throughout the ‘Grés vosgiens’ Formation. (Durand, 1972; Durand ef
al., 1994).

Figure IV2: A modern analogue for the origin of clay lenses. and intraclasts, within channel deposits of the ‘Gres

vosgien’ Fm. : elliptical scours downstream of a bar in the Rio Grande near El Paso (Texas). (After Harms and
Fahnestock, 1965),
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Figure TV 3: Sedimentological log of *Grés vosgien’ and ‘Conglomérat prinicpal’ of the Haut Barr outcrop
(after Guillocheau et al., 2002)

Landscape reconstruction for the early Triassic (Middle Buntsandstein)

The facies descriptions allow us to characterize these deposits as resulting from braided rivers within
ant arid alluvial plain without vegetation (Fig, IV 4). The fluvial channels seem to be very wide, and they z.:re
divided during low-water stages into numerous distributaries separated by temporary islands with acol'lan
deposits (see Stop 1.3) and ephemeral ponds that allowed only a very limited development of subaquatic life.
Moreover, many distributaries display periods of inactivity that reflect their cphemeral character. The
‘Conglomérat principal’ Formation does not exceed a thickness of 20 m at outcrops in the Vosges, and
shows a great extension to the east and the south. The ‘Conglomérat principal’ Formation rarely occurs'al
outcrop north of the Vosges Massif, near the German boundary. There, it is truncated by a major
discontinuity referred to as the ‘Hardegsen unconformity” (Stop 2.6, 3.1), which even cuts locally into the
‘Grés vosgiens’ (Bourquin et al., 2006). This unconformity expresses onc of the most pronounced

extensional tectonic events observed in the German Triassic (Trusheim, 1961, 1963; Wolburg, 1968;

Rohling, 1991).
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Etop 1.2 - Niderviller (Metzger quarry): Upper Buntsandstein (‘Grés a Voltzia’ Fm) ]
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Facies association: Single-channel low sinuosity rivers

(

In this quarry (Fig. IV 5, see p. 5 location), the two members of

BUNDSANDSTEIN SUPERIEUR

the 'Greés & Voltzia’ Fm. are exposed: the ‘Grds 4 meules’ and the

0
% ‘Gres argileux'. The facies association of the ‘Grés & meules’ Mb.
4 E (Fig. IV.6) is characterized by fine to very finc sandstones with high
I\
:4___..- - E content of feldspar. They forms lenticular bodies (1,5 to 3 m thick)
_\-1 B 6 showing the following vertical arrangement, from base to top:
]"; - basal intraformational breccia with clay and/or dolomite
clasts which sometimes contains bivalves,
= - parallel lamination, with parting lineation = primary current
i Mégarides " . & i
feo ] lineation (upper flow-regime plane beds) (Fig. [V.7),
SN 2
|4 e - rarely trough cross-bedding of low angle and plurimetre
e 5
ﬂ =) long wavelength,
s
7 = i o —_—
] b R - ripple cross lamination,
1 % I% - decantation clays beds.
TL—‘{ “‘“"':?- Such a facies association could characterize a single flood event.
9 o
L o o G The *Grés argileux’ Member is characterized by the same
Terriers.
. : sandstones, but in thinner and wider lenses (overbank splays)
*’}%’f“s separated by thick clay layers deposited on floodplain or in pond

) . with some marine influence. Paleocurrent directions for these two
Figure IV.6: Sedimentological log of

‘Grées A Voltzia®  of  the members indicate low-sinuosity to straight channels respectively

Adamswiller Quarry (after i :
Guillochea et al., 2002) (Durand, 1978) mainly oriented to the NE.
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Figure TV.7: Parting lineation (linéation de délit =
siructure madrée) in fine sandstone of the
‘Grés a Voltzia® Fm.: internal structure of

upper flow-regime plane beds. Very useful tool

Landscape reconstruction for the Anisian (Upper Buntsandstein)

In this quarry, we observed the ‘Grés 2 Voltzia® Formation with an evolution from low sinuosity

fluvial systems in the ‘Grés & meules’, to the fluvio-marine environment of the ‘Grés argileux’, with weak

marine influence. At regional scale, outerops yield macrofauna and palynoflora allowing to ascribe the ‘Grés
4 Voltzia’ Fm. to the Lower Anisian in the north of the Lorraine region, but to the Middle Anisian in the
south (Durand and Jurain, 1969: Gall, 1971). The ‘Grés 3 voltzia® Formation

shows an evolution from a low
sinuosity fluvial system in the

‘Gres a meules’, with floodplain including more or less brackish ponds, ta the

fluvio-marine environment of the ‘Gres argilewx’. Except fauna, no indication of marine environment is

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

arrival of marine flooding in ponds by occasional break of a beach bar (Durand, 1978).
The well-log correlations (Chapter 1)

allow to reconstruct the paleogeography of this Triassic period
(Fig. I1.7). The

‘Grés 4 Voltzia® Formation corresponds to a coastal fluvial environment with more or less
marine influence according to location (Fig. IV .8). This formation is diachronous (Fig. 11.8) and evolves

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

basinward, it is the lateral equivalent of Lower Muschelkalk facies of the Germanic basin (Fig. I1.9).

ANISIAN

! Lower Triassic outcrops
Fluvial sandstones
E=] silty ciay fluvial tacies

Shallow marine facies COASTAL FLUVIAL SYSTEMS
— Qnlap CONTROL BY RELAVIVE
Studied well fogs SEA LEVEL VARIATIONS

Figure IV 8: During the Anisian, the fluvial systems are connected to the Tethys sea. After Péron et al., 2005.
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Stop 1.3 - Raon-I'Etape (Céte de Beauregard): Middle Buntsandstein
(‘Conglomérat inférieur’ Fm and ‘Grés vosgien’ Fm, with aeolian facies)

At this outerop (Fig. IV.9), we can observe the
‘Conglomérat de base’ Formation, resting on the 'Gres
de Senones' Fm. (‘Buntsandstein inférieur', Permian}),
and overlain by the ‘Grés vosgien’ Formation where

aeolian dune facies are preserved.

Figure IV.9: Location of the outcrop of Raon 1'Etape

Facies association: braided rivers and aeolian dunes
Braided rivers
The lowermost fluvial conglomerate facies association is located at the base of the Lower Triassic,
characterizing the ‘Conglomérat basal’ Formation. This formation, well observed on well-logs, overlies the
basement and is located in the western part of the basin. Ii is diachronous and represents the landward
equivalent of the ‘Grés vosgiens’ Formation (Bourquin et al., 2006). At outcrop, this formation displa.ys the
same fluvial facies association as described above in the ‘Conglomerat principal’ Formation, but with the
development of trough cross-bedding and a typical abundance of the fine gravel fraction (granules), as in the
"Eck'sche Konglomerat' of Schwarzwald. Pebbles are generally less rounded, and some rhyolite, granite and
gneiss add to the classical quartz, quartzites and lydites. The presence of many wind-wom gravels
(ventifacts) attests an arid depositional area (Durand ef af., 1994).
This formation corresponds to more proximal braided-river deposits that evolves in the space

(laterally, i.e. eastwards) and the time (vertically) into braided river of the ‘Grés vosgiens’ (Fig. IV 3).

Aeolian dunes and interdunes

Two aeolian facies associations can be observed in the Lower Triassic succession of the western part
of the Germanic Basin. Only one is exposed at this stop.

At Cote de Beauregard, the association of sandflow strata, grainfall laminations and subcritically
climbing translatent strata (SCTS) s interpreted as deposit of migrating aeolian dunes, and the predominance
of the latter type characterizes the basal part of a large dune (Fig. 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 tens of metres thick (Clemmensen & Abrahamsen, 1983; Durand et al., 1994). The analysis of
this dune system (Durand, 1987) allows reconstituting a linear dune (seif) trending ENE-WSW, built by

seasonal winds from NE (regular) and SSE (stormy).
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The second facies association is composed of a vertical pattern of fine sand, with low to

very-low
angle mm-scale lamination, and fine crude and irregular horizontal, mm-scale lamination, of fine well sorted
sand, sometimes coarse. Within these laminations, thin horizontal layers of quartz granules can be observed,
(Fig. IV.11b). This association is characteristic of high wind velocities and wet episodes. It could be
attributed to lateral dune deposits, and represents dry interdune environments. Alternatively, such deposits
could represent aeolian sand sheets within wet environments,

Wwhere wind regime conditions and/or sand
986: Trewin, 1993),

supply prevent the development of dunes (Kocurek & Nielson, 1

Fluvial

Aeolian
dunes

ar; adhesion ripples and waty,
A subaquatic truncation (Mood surface),

-

av: avalanche (erain flowy strata.

EL acolian truneation [deflaton -"Stokes*- surface),
FI Fluvial channel deposits,

el. grainfall laminac,

Id: wel interdune deposits,

mi: mass-flow depesits,

S

subcritically elimbing trunslaen strate facolian ripple deposits).
Figure IV.10: Aeolian dune facies observed within the 'Grés vosgien' Formation. {modified after Durand et al., 1994),
A) General skeich of the ou terop, B) Nearly along-strike section through aeolian tabular set, C

) Close-up of vertical
section into the adhesion-wart level.

Landscape reconstruction for the early Triassic (Middle Buntsandstein): See Stop 1.
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Stop 1.4 - Relanges (quarry along D164 road): Middle Buntsandstein
(‘Conglomérat principal’ and ‘Zone limite violette’ Fms)

At this outerop (see p. 5 for location), the *Conglomerat principal’ can be seen resting directly on the

: . i s pon TV

practically unweathered Variscan basement (migmatites). It is overlain by the ‘Zone limite violette (ZL .)

Formation (Fig. 1.1, IV.11, IV.12, and 1V.13) which is characterized by the first development of Triassic
orms - LEIV.11, 1V.A2,

palacosols, here with dolomite nodules, chalcedonic crust (camelian), and carly diagenetic (vertic?)

deformations.
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Figure IV.13: Mean lengh of the ten largest clast on outcrops of the’ Conglomérat

principal’ in the souther Vosges (Durand, 1978)
Figure IV.12: Sedimentological

log of the ZLV near Relanges
(Durand and Meyer 1982)
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Stop 1.5 - Crainvilliers (gullies in forest): Eo-Cimmerian unconformity
(‘Argiles bariolées dolomitiques’ Fm / ‘Gras a roseaux’ Fm)

In this small valley (location on Fig. IV. 14) is exposed the Eo-Cimmerian unconformity (Fig. IV.16).
There, the ‘Argiles bariolées dolomitiques’ Formation, deposited in a playa environment, overlays directly
the alluvial facies of the *Grés 2 roseaux’ Formation (see Fig. L.1), but in the vicinity (at a few hundred

meters) the ‘Dolomie de Beaumont’ is preserved in its full thickness (about 8 m).
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Figure I'V.14: Location of the outerop of Crainvilliers

At the outcrop scale, erosional phases are recorded by the occurrence of one or two discontinuous
layers (a few cm thick) of basal sedimenticlastic arenites, made up of claystone sand grains (and some coarse
quartz) bounded by dolomite cement. This special facies was reworked in its turn, in the form of large
intraclasts (Fig. 1V.15). For the interpretation of the stromatalite bed within the ‘Argiles bariolées
dolomitiques’ Formation, see Arp et al. (2005).

Sedimenticlastic
arenite clast

Figure IV.13: Complex intraclast at the base of the paleovalley fill of Crainvilliers,
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Figure 1V.16: Sedimentological log of the Crainville outcrop with detailed view of the Eo-Cimmerian
unconformity

The *Argiles de Chanville’ Fm were probably never deposited in this area because of the NW tilt of
the basin (See Chapter I1I and Figs. [1L.1, [I1.2). Some confusions oceur in this part of the basin, it seems that
on some geological maps the dolomite beds of the ‘Argiles bariolées dolomitiques’ Formation have been
attributed to the ‘Dolomie de Beaumont®, In fact, the Eo-Cimmerian unconformity has never been observed

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

Chanville” was noted.
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Stop 1.6 - La Neuveville-sous-Chatenois (old quarry):
Upper Keuper (‘Grés rhétiens’ F m)

This stop (location on Fig. IV.17) shows the ‘Grés rhétiens’ deposited in restricted marine

environment with some tidal influences. Near Gironcourt-sur-Vraine, S km to the NE, similar facies are
overlain by black shales more than 1 metre thick (Fig. IV.18).
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Figure IV.17: Location of the outcrop of La Neuville-
sous-Chatenois
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Figure IV.18: Detailed outcrop of the ‘Gres rhétiens’

Fm located at Gironcourt/Vraine (near ille-sous-
iy (near La Neuville-sous
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Stop 1.7 - Florémont (N57-E23 road cuttings):
Middie Keuper (‘Marnes irisées moyennes’ and ‘Marnes irisées supérieures’ Fms,
with Eo-Cimmerian unconformity)

In the first part of the outcrop (noted 1.7a, Fig. 1V.19), the three units of the 'Marnes irisées moyennes'
can be sampled: 'Grés a roseaux', 'Argiles bariolées intermédiaires’ and 'Dolomie de Beaumont' formations.

At the second point (noted 1.7b, Fig. IV.16), the Eo-Cimmerian unconformity (Fig. I11.1) can be
observed, from the other side of the main road, between the anhydrite sebkha deposits of the *Argiles de
Chanville’ Fm and the dolomite playa deposits of the *Argiles bariolées dolomitiques’ Fm (Fig. IV.17). The
basal dolomite bed of the latter is, as in many other places in south Lorraine, the only one displaying many

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

in the 'Grés a roseaux'

NW

Figare IV 20: Panorama of Florémont outcrop showing the Eo-Cimmerian unconformity between the ‘Argiles de
Chanvilel and the ‘Argiles bariolées dolomitiques’ formations.
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[Stop 1.8 - Xirocourt (S.R.D.E. quarry): Middie Keuper (

‘Dolomie de Beaumont' Fm]T

-Ehneuvevilie 3) yain

Figure IV.21: Location of Xirocourt quarry

In this quarry (Fig. IV.21), the *Dolomie de Beaumont® can be seen in its whole thickness (about 8 m)

between the 'Argiles bariolées intermédiaires’ and the ‘Argiles de Chanvilles' (see Fig. [.1). The ‘Dolomie de

Beaumont’ is characterized by homogeneous microcrystalline dolostone layers with sometimes:

- very thin lenses with marine fossils (Cosratoria goldfussi andlor vestita
very scarce ophiurids),

. gastropods or

- current structures,
- small sulfate dissolution cavities.

This facies was deposited in a lacustrine environment (‘Coorong type’). The presence of current

structures, and the occasional introduction of exotic shells as well as marine water, attest high-

hydrodynamics events within the calm environment, which can be attributed to storms
In this outcrop the deformations of dolostone fayers induced by (recent) salt dissolution in the *Marnes

irisées inférieures’ are spectacular (Fig. IV 22). The *Argiles de Chanville’

. that overlie the dolostones, are
affected too.
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lDaz 2 — Saturdax, 27.09.2008'

Stop 2.1 - Saint-Hubert (old quarries and road cut):
Upper Keuper (‘Grés rhétiens’ Fm)

This locality allows to study two pasticular facies of the *Grés rhétiens™ Formation.

e | S
gy

T o Ly —
o

Figure TV.23: Location of the outcrop of Saint-
Hubert

The first one crops out in old quarries (noted 2.1a, Fig. IV 23) with a thickness of about 10 m, and
constitutes three superposed units of homogeneous sandstone, with some rare stratification. This could be
attributed to shoreface or offshore tidal bars.

In the second outcrop (noted 2.1b, Fig. 1V.23), tidal rhaetian sandstones arc incised by a little channel
filled with well rounded siliceous pebbles (white quartz and dark 'cherts) and platy black clay intraclasts

(Fig. [V.24). This structure could be attributed to a storm channel, which carried out the detrital material

from the coastal plain. Probably coeval deltaic deposits were described at Kédange, 8 km to the north
(Hendricks (1982)

/ g ¥ & o 7 4 P ; e, A
Figure TV.24; Outcrop of Saint Hubert (noted 2.1b, Fig. IV .23) and d
are incised by a little channel filled.

erailed view of tidal rhastian sandstones
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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 de

Beaumont’ Fm but occur above the *Argiles de Chanville® Formation, which are well developed (Figs. II1.1,

II1.2).

Figure IV.25: Outcrop of Hombourt-Budange showing a pinching out of the 'Dolomie de Beaumont' Fm in the
region of Thionville
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Stop 2.3 - Kemplich (old gypsum quarry): Middle Keuper
(‘Marnes irisées supérieures’ Fm, with Eo-Cimmerian unconformity)

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. [V.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-Cimmerian 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 Paris Basin, where thicker anhydrite formation occur.
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Figure IV.26: Old gypsum quarry of Kemplich. A) Location of the Eo-Cimmerian Unconformity within the



The Triassic of NE France: eontinental environments and major unconformities. Publ. ASF, n°62.63 pages.

Stop 2.4 - Saint-Avold (N3 road cutting): Middle Buntsandstein
(‘Conglomérat principal’ and ‘Zone limite violette’ Fms)

The basal contact of the 'Conglomérat principal' on the 'Grés vosgien' (Karlstal facies) is, as usual,
very even (Fig. IV.27). Like at Relanges (Stop 14), the conglomerate is overlain by the ‘Zone limite

violette’ (ZLV) Formation which contains dolomite nodules and carnelian.

Figure 1V.27: Outcrop of Saint Avold (see p. 5 for location).

Stop 2.5 - Sankt-Arnual (cliffs in Stiftswald):
Upper Buntsandstein (‘Couches intermédiaires’ Fm.)

This outerop (location on Fig. IV.28) of the *Couches intermédiaires’ Formation has been described by
Dachroth (1972) (Fig. 1V.29). This formation overlain the ‘Grés vosgien® (Karlstal facies, Fig. 11.9). The
cliffs shows several levels with paleosols ('violet zones') which display nearly the same chasacteristic than
the "Zone limite violette’, but carnelian is lacking. The sandstones (that contains at lot of feldspar) and
conglomeratic facies where mainly deposited as 3D and 2D megaripples forming longitadinal and transversal
bars. The paleocurrents are mainly oriented to the NE. The depositional environment is attributed to low
sinuosity rivers, within a semi-arid to sub-humid environment (temporary lakes or ponds) like attests the
presence of hydromorphic sols. Even if some paleosols have the same expression as the ‘Zone limite
violette’, this formation seems not to be present in these outcrops
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Figure 1V.28: Location of the outcrops of Sankt-Arnual (Germany) and Grosbliederstroff.

{34
a2y = Muschelsandstein
==

e
| <vs  =Wensteinzone

UPPER BUNTSANDSTEIN

at
= SANKT-ARNUAL
Voltzi dstein -
gt : = Zwschenabnlicher VS After
Pregig sl W. Dachroth
g¥ i (1972)
{ —[ = feinklastische Z5
‘ P )
Zwischenchichten  © =
10m | =] “Mittlere Felsenweg” Profile :

| 7 = Kameolkonglomerat

= Fossiter Beden mit
1T dolomitigierten Wurzeln
¢ s
(2 o=
Mittlere
Bunisandstein

= 7 (Feisenweg)
SamUstEn mA
Colomtiotuetenen

in det Schichiung

= umgelagerte Material
= fossiler Boden

= Karlstal Schichten

Manainandaies
et T

Figure IV.29: Sedimentological logm‘he “Couches intermédiaires’” Formation in Sankt-Arnual outcrop (after

Dachroth (1972).
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QDLUP £.0 - SJrospNeaersurom (No |1 roaa cuting):

Hardegsen unconformity (between Middle and Upper Buntsandstein)

The Hardegsen unconformity (Figs. 1.2, 11.3, I1.4) is well marked in this outcrop (Fig. IV.28). The
‘Grés vosgien’ Formation is truncated by channel like structures filled with conglomerate facies (Fig. IV.30).
This conglomerate facies is attributed 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 ‘Grés vosgien’ separated by the Hardegsen
unconformity. The two formations can be casily distinguished by the systematic presence of micas,
numerous (and sometimes very coarse) feldspars and subangular quartz grains in the ‘Couches

intermédiaires’ Fm.

¥ Y Conglomarat de Bitch
%" = "‘5--.

Figure IV.30: Outcrop of Grosbliederstroff and detailed view of the channel like structures filled with
conglomerate facies which truncated the ‘Grés vosgien” Formation

lDaz 3 — Sundaz, 28.09.2003'

Stop 3.1 - Bitche (N62 road): Hardegsen unconformity
(between Middle and Upper Buntsandstein)

In this outcrop (location on Fig. IV.31), the ‘Grés vosgien’ Fm is directly overlain by the ‘Couches
intermédiaires’ Fm (Fig. 1V.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

formations. A very different interpretation (Fig. IV .33) was proposed by Bock et al. (2001).
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Figure IV.31: Location of rhe two outcrops of Bitche
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Stop 3.2 - Bitche (Citadel): Middle Buntsandstein
(Karlstal facies of the ‘Grés vosgien’ Fm)

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

m our observations. VG|

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

i

Figure I'V.34: Outcrops of Bitche Cidatel.

Facies association: Fluvio-aeolian overbank environments
This facies association is observed in the upper ‘Grés vosgiens’ Formation, so-called the Karlstal
Formation in Palatinate (Fig. I1.9). This association is very sandy and characterized by vertical pattern, from
the base to top (defined on the cores of the Soultz-sous-Foréts 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 form fining-upward sequences ranging in thickness
from dm up to 5 m, with frequent mud-crack structures at their top. Locally, acolian facies can be
interbedded within these deposits. The first facies, interpreted as fluvial sheet flood deposit evolves vertically
into wave-ripple 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-

aeolian overbank environments.
57



The Triassic of NE France: continental environments and major unconformities. Publ. ASF, n°62. 63 pages.

Stop 3.2 - Bitche (Citadel): Middle Buntsandstein
(Karlstal facies of the ‘Grés vosgien’ Fm)

Along this outcrop ( location Fig. VI.31), the Karlstal facies of the ‘Grés vosgien’ Formation are well

exposed (Fig. VI1.34). These facies are characterized by fluvial and aeolian deposits.
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Figure I'V.34: Outcrops of Bitche Cidatel.

Facies association: Fluvio-aeolian overbank environments

This facies association is observed in the upper ‘Grés vosgiens’ Formation, so-called the Karlstal
Formation in Palatinate (Fig. [1.9). This association is very sandy and characterized by vertical pattern, from
the base to top (defined on the cores of the Soultz-sous-Foréts 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 form fining-upward sequences ranging in thickness
from dm up to 5 m, with frequent mud-crack structures at their top. Locally, aeolian facies can be
interbedded within these deposits. The first facies, interpreted as fluvial sheet flood deposit evolves vertically
into wave-ripple 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-
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Stop 3.3 - Niedersteinbach (forest trail): Permian
{‘French Lower Buntsandstein’ (‘Grés d'Annweiler’ Fm.) on Rotliegends)

At this outcrop (see p. 5 for location), just at the western end of Niedersteinbach village, the 'French
Lowers Buntsandstein' is represented by the *Grés d” Annweiler’. In the region of the eponyme locality, north
of Wissembourg, the basal part of the formation yielded a marine malacofauna typical of the Zechstein [ ;

thus the 'French Lower Buntsandstein' is Permian in age. The lithofacies are very similar to those of the
‘Couches intermédiaires’.

Stop 3.4 - Fleckenstein Castle:
‘Grés d'Annweiler’ Fm. and Trifels facies of the ‘Grés vosgien’ Fm

The lowermest fluvial conglomerate facies association is located at the base of the Lower Triassic,
characterizing the *Conglomérat basal’ Formation. This formation, well observed on well-logs, overlies the
basement and is located in the western part of the basin. It is diachronous and represents the landward
equivalent of the ‘Grés vosgiens’ Formation (See stop 1.3), It corresponds to more proximal braided-river

deposits, that evolve in space (laterally, i.e. eastwards) and time (vertically) into braided river of the ‘Grés
vosgiens' Formation.

In this outerop (Fig. IV 36, see p. 5 for location), the ‘Gras vasgiens' Formation shows typical fluvial

facies (see Stop 1.1) and in its upper part acolian deposits (Fig. IV.35) well preserved between two fluvial
depositional units (see stop 1.3 for facies description).

Figure IV.35: Detailed view of the aeolian deposits well preserved between to fluvial episodes of the ‘Ges vosgien’
Fm
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