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Abstract

Geological sections of the shallow-water, carbonate-dominated sedimentary system of the Late Jurassic Reuchenette Formation

in northwestern Switzerland have been studied between the southern Jura Mountains and the Tabular Jura. The largest sections

show a characteristic cyclic stacking pattern. Up to now, the age of these sediments (including the type-section) linking the Boreal

and Tethyan realms, was biostratigraphically poorly constrained.

In the Tabular Jura five 3rd order sequences can be assigned to the Planula- to Eudoxus-Zone (Late Oxfordian to Late

Kimmeridgian) using index-fossils (ammonites and ostracodes; [Jank M., 2004, New insights into the development of the Late

Jurassic Reuchenette Formation of NW Switzerland (Late Oxfordian to Late Kimmeridgian, Jura Mountains). Dissertationen aus

dem Geologisch-Paläontologischen Institut der Universität Basel, 32, 121 pp.]). This time control and several new outcrops, in

combination with mineralostratigraphical and lithological marker beds, allow the correlation and dating of the thickest sections of

the Reuchenette Formation and thus serve to improve the previously estimated ages of their sequence boundaries.

The variability of stacking pattern and facies between sections also reveals distinctive changes in facies evolution, related to

Late Palaeozoic basement structures and synsedimentary subsidence. These structures acted as important controlling factors for the

sediment distribution of the Reuchenette Formation besides the sea level fluctuations. The interplay of sea level changes and

synsedimentary subsidence is outlined by lateral thickness variations and shifting depositional environments.

A close examination of these changes also sheds much light on the nature of platform topography in the transition area between

the Paris Basin in the north and the Tethys in the south, or more generally between the Boreal and Tethyan realms. During the

Planula- to Divisum-time-intervals the study area was a flat platform with a more or less uniform facies distribution, which

connected the above-mentioned realms. During the Divisum-to Acanthicum-time-intervals this platform changed into a pronounced

basin-and-swell morpoholgy, with specific depositional environments and bseparatedQ the Paris Basin from the Tethys.
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1. Introduction

The sequence boundaries of the Kimmeridgian sedi-

ments in northern and northwestern Switzerland were

poorly defined because of the lack of index-fossils or

condensation (e.g., Gygi et al., 1998). Especially the

rarity of index-fossils within the thick shallow-water

platform sediments of the Reuchenette Formation in

northwestern Switzerland — including the type-section

in the quarry La Reuchenette near Péry BE (No. 23 in

Fig. 1) — has led to numerous differing suggestions of

how to correlate the strata and to estimate their age

(e.g., Thurmann, 1832; Greppin, 1870; Thalmann,

1966; Chevallier, 1989; Meyer, 1989; Gygi, 2000a).

Even recent studies based on sequence-, cyclo- and

mineralo-stratigraphy rely on only a few (if any)

high-resolution biostratigraphical markers (Gygi and

Persoz, 1986; Gygi, 1995; Mouchet, 1995, 1998;

Gygi et al., 1998; Meyer, 2000a,b; Colombié, 2002).

Unfortunately, most of these markers occur in quite

distant or very small exposures, restricting their bios-

tratigraphical use. Consequently, up to now the bios-

tratigraphical data for the platform sediments of the

Reuchenette Formation were too few to establish a

solid high-resolution framework.

Recently, the construction work of the Transjurane

motorway in the Ajoie-Region produced new outcrops
Fig. 1. Major geological units and Swiss c
with a considerable number of index-fossils and

allowed establishing a biostratigraphically-dated refer-

ence-section for most of the Reuchenette Formation

(Jank, 2004). New outcrops (Contournement de Glove-

lier and Moulin de Séprais; No. 19 and 20 in Fig. 1) in

combination with already available litho-, mineralo-

and sequence-stratigraphical data now allow to close

the gap between the reference-section and the more

distant large sections (including the type-section).

It is the purpose of this paper (1) to correlate the

biostratigraphically dated spliced sections of the Ajoie-

Region with the type-section of the Reuchenette For-

mation and other large outcrops in order, (2) to improve

the dating and correlation of already established se-

quence boundaries (Gygi et al., 1998; Gygi, 2000a;

Colombié, 2002), and (3) to analyse the platform to-

pography, sea level fluctuations and synsedimentary

subsidence and evaluate their palaeogeographical

implications for selected, now well constrained, time

intervals.

2. Geological background

The study area is located between the Ajoie-Region

(Tabular Jura) and the southern Jura Mountains (Folded

Jura) in northwestern Switzerland (Fig. 1). The sedi-

ments of the Reuchenette Formation were partly eroded
oordinates of sections and outcrops.
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Fig. 1 (continued).
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during the Late Mesozoic and Early Tertiary and are

covered by Tertiary deposits; it is unknown how much

sediment has been eroded. The Twannbach Formation,
which follows the Reuchenette Formation in the south-

ern Jura Mountains, is not visible in the Ajoie-Region

(Fig. 2).
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Fig. 2. Litho- and biostratigraphical scheme for the Reuchenette Formation, based on data from Meyer (1990, 1993), Gygi (2000a) and Jank

(2004).The associated thickness-relation in the Ajoie- (Kt. Jura) and Solothurn-Region are not to scale (difference about 100m; compare Introduction).
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During the Late Jurassic, the study area was covered

by a shallow epicontinental sea between the Tethys in

the south and the Paris Basin in the north and northwest

(Fig. 3). The climate was subtropical at this time (e.g.,

Frakes et al., 1992) and the sediments accumulated

under sub- to supratidal, open to restricted conditions

on a shallow carbonate platform (Mouchet, 1995, 1998;

Colombié, 2002; Jank, 2004).

3. Methods

Twenty-nine outcrops of the Reuchenette Formation

were investigated for their lithological, sedimentologi-

cal, palaeontological, mineralostratigraphical, se-

quence-stratigraphical and facies record. Special

attention was paid to signs of emersion, sequence

boundaries, biostratigraphical markers and significant

lithological changes. Nine sections (No. 2, 9, 12, 13,

15, 19, 20, 22 and 23 in Fig. 1) illustrate the correlation

of the type-locality La Reuchenette (=R) in the south-
ern Jura Mountains with the biostratigraphically dated

composite-section (=A) of the Ajoie-Region along a

NW–SE transect A–R.

The given biostratigraphical frame and descriptions

of the ammonites found in the Ajoie-Region are

given in Jank (2004) and Schweigert et al. (in prep-

aration) and illustrated in Fig. 4. Gygi and Persoz

(1986) and Gygi (1995, 2000a, 2003) gave further

information about index-fossils found in the Reuchen-

ette Formation.

The sediments in the Ajoie-Region (Jank, 2004), at

Contournement de Glovelier and Moulin de Séprais are

assigned to ten lithological intervals. The other sections

(No. 21 to 29 in Fig. 1) are not further subdivided; La

Reuchenette and Gorges de Pichoux are compiled after

Thalmann (1966), Gygi (1982, 2000a,b), Gygi and

Persoz (1986), Mouchet (1995, 1998), Colombié

(2002) and own field observations (Fig. 5).

The investigated sections were sequence-stratigra-

phically subdivided by Gygi et al. (1998), Gygi
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Fig. 3. Kimmeridgian paleogeographical map (Divisum- and Acanthicum-Zone). Compiled after Ziegler (1990), Meyer and Lockley (1996), Marty

et al. (2003), Diedrich (2004) and this study.
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(2000a), Colombié (2002) and Jank (2004). The char-

acteristics and the compilation of the sequence-strati-

graphical interpretations of Gygi et al. (1998), Gygi

(2000a), Colombié (2002) and Jank (2004) are given in

Figs. 5 and 6. However, a detailed documentation and

discussion of this interpretation would be beyond the

scope of this paper. The cycles display 3rd order sea

level cycles (Jank, 2004) sensu Van Wagoner et al.

(1988) and Vail et al. (1991). With respect to termi-

nology, numbering of cycles and systems tracts is

related to the underlying sequence boundary, for in-

stance, TST3= transgressive systems tract following

sequence boundary SB3. They are named after Jank

(2004; see Discussion).

Additionally, for selected time intervals, the distri-

bution of thickness and facies was used to reconstruct

platform topography and to decipher the spatial rela-

tion to Late Palaeozoic structures in the basement.

Thickness maxima of distal facies probably represent
depressions; subtle variations in facies and thickness

are suggestive of a syndepositionally formed relief

(e.g., Wetzel and Allia, 2000; Wetzel et al., 2003).

Calculation of decompaction is based on Moore

(1989), Goldhammer (1997) and Matyszkiewicz

(1999). The palinspastic restoration is based on the

studies of Laubscher (1965) and Philippe et al.

(1996). Tectonic shortening is greatest along the

southern foot of the Jura Mountains and decreases

gradually towards the unfolded Tabular Jura in the

north and east of the study area (e.g., Laubscher,

1965).

4. Results

Lithology, facies and mineralostratigraphy provided

markers to correlate the largest outcrops of the Reu-

chenette Formation and they allowed reconstructing the

evolution of the platform.
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Fig. 4. Biostratigraphical frame based on ammonites. Zonation of the Kimmeridgian sensu gallico after Hantzpergue et al. (1997). Tethyan Domain

is used sensu Domaine Téthysien, Province subméditerraneénne; Boreal Domain is used sensu Domaine Boréal, Province subboréale. All

ammonites were collected in situ, except Aspidoceras cf. acanthicum (OPPEL) (Gygi, 1995). Biostratigraphical reach and localities: 1: Lithaco-

sphinctes cf. janus (CHOFFAT); Platynota-Zone (according to Schweigert, pers. comm.) or Perisphinctidae indet.; 6Early Kimmeridgian

(according to Gygi, pers. comm.); L’Alombre aux Vaches. Physodoceras circumspinosum (OPPEL); Late Oxfordian to Early Kimmeridgian

(Planula- and Platynota-Zone) (according to Hantzpergue, pers. comm.); excavation pit near Fontenais. Rasenia borealis SPATH; Divisum-Zone;

Coeuve. Prorasenia sp.; Divisum-Zone; Vâ tche Tchâ. Aspidoceras cf. acanthicum (OPPEL); Divisum- to Acanthicum-Zone; L’Alombre aux

Vaches. Orthaspidoceras schilleri (OPPEL); Acanthicum-Zone, Lallierianum-Sub-Zone, Schilleri-Horizon; La Combe, Roches de Mars and Sur

Combe Ronde. Aspidoceras cf. longispinum (SOWERBY); lowermost Eudoxus-Zone; La Combe. Aspidoceras caletanum (OPPEL); Eudoxus-

Zone, Caletanum-Sub-Zone, Caletanum-Horizon; La Combe and Sur Combe Ronde.
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4.1. NW–SE transect A–R — correlations between the

type-locality (R) and the Ajoie-Region (A)

The stratigraphical order of the sections was

achieved by a combination of lithological and sedimen-

tological correlations. These correlations are based on

the following marker beds (Figs. 5 and 7).

4.1.1. Lower boundary of the Reuchenette Formation

In the Ajoie-Region the shallow-water limestones of

the Reuchenette Formation rest on the Courgenay For-

mation, in the southern and central Jura Mountains on

the Balsthal Formation (Fig. 2). The top of the Balsthal

Formation (i.e. Verena Member sensu Desor and

Gressly, 1859; in Gygi, 2000b) grades laterally into

the Courgenay Formation (i.e. Porrentruy sensu Gygi

1995) (Gygi, 2000a).

Thalmann (1966) defined the Reuchenette Forma-

tion in the quarry of La Reuchenette near Péry BE as a

monotonous succession of bedded limestones with few

and thin marl intercalations. The base of the Reuchen-

ette Formation is marked by an uneven erosion surface

(Thalmann, 1966) overlain by a massive 18 m thick

limestone unit (Gygi and Persoz, 1986). Locally a

horizon with blackened lithoclasts is developed in the
basal lower part. The lower 8 m of this massive unit are

composed of oo- to oncolitic carbonates. The upper 10

m are primarily mudstones with local patches of oolitic

wackestone. Above this massive limestone unit, well-

bedded mudstones and peloidal wacke- to grainstones

with two bands of fenestrate stromatolites occur (Gygi,

1982, 2000a; Colombié, 2002). The boundary between

the massive unit and well-bedded limestones is con-

spicuous and it can be easily observed, whereas the

horizon with blackened lithoclasts is restricted to a

small part of La Reuchenette (Gygi and Persoz,

1986). This sharp lithological contrast is developed

between the underlying members and the Reuchenette

Formation in (almost) all sections in the Ajoie-Region

and southern and central Jura Mountains (Gygi,

2000a,b; Fig. 7). For this reason, Gygi and Persoz

(1986) and Gygi (2000a,b) defined the boundary be-

tween the Reuchenette Formation and the underlying

Porrentruy and Verena Member at the base of the well-

bedded limestones.

This boundary is visible in the Ajoie-Region and at

Contournement de Glovelier (Fig. 8) where the Porren-

truy Member is composed of smoothly fracturing, mas-

sive-layered, white, calcarenitic to micritic, chalky

limestones with Nerinean gastropods, small oncoids
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Fig. 5. NW–SE transect A–R. For additional legend see Fig. 8. La Reuchenette (REU) compiled after Thalmann (1966), Gygi (1982, 2000a,b), Gygi

and Persoz (1986), Mouchet (1995, 1998) and Colombié (2002). Gorges de Pichoux (PIX) compiled after Gygi (2000a,b) and Colombié (2002).

Contournement de Glovelier (GLO) based on Tschudin (2001) and this study. L’Alombre aux Vaches (VAB) 1–8 based on Gygi (1995) and

Mouchet (1995, 1998). La Rasse (RAS) based on Gygi (2000a).
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Fig. 5 (continued).
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Fig. 6. Facies and facies characteristics of the systems tracts of the Reuchenette Formation (compiled after Gygi et al., 1998; Colombié, 2002; Jank,

2004). LST: lowstand systems tract, TST: transgressive systems tract, HST: highstand systems tract, SB: sequence boundary, ts: transgressive

surface; mfs: maximum flooding surface.
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Fig. 7. Reach of marker beds along transect A–R. Palinspastic restoration after Laubscher (1965) and Philippe et al. (1996). Position of the basement

structures after various sources (see Allenbach, 2001; Wetzel and Allia, 2003; Ustaszewski et al., 2005 and references therein). NSPT: North-Swiss

Permo-Carboniferous Trough (=western prolongation of the Constance–Frick Trough).
and coated intraclasts (Gygi, 2000a; Jank, 2004). The

latter two occasionally display brownish rims. At Con-

tournement de Glovelier, the Porrentruy Member fol-

lows the Verena Member (developed as lensoidal cross-

bedded oolites; not figured in this study) above a minor

tectonic contact and illustrates the lateral facies change

mentioned earlier on. At La Reuchenette (between

cycles 4 and 5 of Colombié, 2002) and Gorges de

Pichoux the lithological change at the lower boundary

of the Reuchenette Formation sensu Gygi and Persoz

(1986) and Gygi (2000a,b) is developed as described

above (Fig. 5). This lithological boundary coincides

with sequence boundary SB1.

4.1.2. White limestones within the Thalassinoides

Limestones

Between the Ajoie-Region and Contournement de

Glovelier the Reuchenette Formation starts with the

Thalassinoides Limestones (sensu Jank, 2004); monot-

onous, thick- to massive-layered, well-bedded, biotur-

bated, grey, micritic limestones containing some

bioclasts and reddish-brown or greyish, coarse-grained

pseudo-oolites (mainly rounded intraclasts and peloids)

within pockets, patches and strings in a micritic matrix.

Thin- to thick-bedded layers commonly show abundant

Thalassinoides and iron impregnated bed surfaces and

fracture conchoidally The burrows are often filled with

coarse-grained, rounded intraclasts and peloids (pseu-

do-oolites). About 7 to 9 m below the boundary to the
bNautilidenschichtenQ (right beneath SB2; Jank, 2004)

a set of two several metres thick, white, massive lime-

stones, which are intercalated in the grey Thalassi-

noides Limestones (Fig. 9), can be followed between

the Ajoie-Region and Contournement de Glovelier

(Figs. 5 and 7).

4.1.3. bNautilidenschichtenQ
The bNautilidenschichtenQ (sensu Jank, 2004) are

thick- to massive-layered, strongly bioturbated, marly

limestones and limestones with a weakly internal nod-

ular bedding. The lower part tends to exhibit bmarl-

limestone alternationsQ when weathered; calcarenitic,

probably storm-influenced marly limestones alternate

with bioturbated marly micritic background sediment.

Some bored and biogenically encrusted local hard-

grounds are intercalated. The bNautilidenschichtenQ
occur as such between the Ajoie-Region and Gorges

de Pichoux (Fig. 7). The lower boundary of this marker

interval is illustrated as transgressive surface ts2. A

conspicuous reddish brown, proximal intraclastic

wacke- to packstone storm-lag layer (Fig. 10), at the

base of the bNautilidenschichtenQ, is well traceable in

the Ajoie-Region (Jank, 2004).

4.1.4. Banné Marls and mineralostratigraphical hori-

zon D1

The sections in the Ajoie-Region, at Moulin de

Séprais, Contournement de Glovelier and Gorges de
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Fig. 8. Section Contournement de Glovelier. The marine benthos is not illustrated (details in Tschudin, 2001).
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Fig. 8 (continued).



ARTICLE IN PRESS
M. Jank et al. / Sedimentary Geology xx (2006) xxx–xxx 13

Fig. 9. Lower part of the quarry La Rasse with conspicuous grey-white color pattern.
Moutier can be exactly correlated using the lower

boundary of the Banné Marls (Fig. 7; ts3 in Fig. 5).

The Banné Marls (=Banné Member sensu Marçou,

1848; in Gygi, 2000a,b) comprise grey, thin- to thick-

layered, slightly nodular marlstones, calcarenitic marls

and marly limestones with a rich fauna of bivalves

associated with some brachiopods, nautilids, echinoids,

vertebrate remains, Thalassinoides and very rare

ammonites. Shelly and calcarenitic horizons, reworked

and winnowed by storms, are intercalated and often

separate the beds. At Contournement de Glovelier and

Moulin de Séprais the thickness of the Banné Marls is

reduced compared to their thickness in the Ajoie-Re-

gion. In the central and southern Jura Mountains the
Banné Marls are represented in a different facies as in

the Ajoie-Region. For example, in the Gorges de Mou-

tier (Fig. 11) only a thin fossiliferous (calcareous) layer,

correlative to the base of the Banné Marls in Contour-

nement de Glovelier, has been identified at the top of

the section. In the Gorges de Pichoux, Gorges de Court

and La Reuchenette the level corresponding to the

Banné Marls is made up of slightly marly, fossil-rich

limestones. Mouchet’s (1995, 1998) mineralostratigra-

phical horizon D1, defined by a clear peak in the

kaolinite content, occurs within the sediments of low-

stand systems tract LST3 just below the Banné Marls; it

has been recognised in L’Alombre aux Vaches (Ajoie-

Region) and La Reuchenette (Fig. 7). The sediments
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Fig. 10. Storm-lag deposit at the base of the bNautilidenschichtenQ.
Bottom side of intraclastic pack to grainstone layer with cast Thalas-

sinoides (positive hypichnia) deposited as tempestite, indicating ero-

sion followed by lag deposition. The occurrence of this storm sheet is

restricted to the Ajoie-Region and might already indicate a slightly

developed depression. (scale: coin63 cm; bed COE-260, Coeuve).
around D1 are well correlatable in terms of lithology as

well as sequence-stratigraphical development (see

below).

D1 is on top or within very shallow subtidal to

supratidal sediments with comprehensive emersion fea-

tures and it is followed by the Banné Marls or slightly

marly limestones with a rich, fully marine macrofauna.

In the Banné Marls exposed in the motorway tunnel of

the Banné Hill (next to No. 1 in Fig. 1; D. Marty, pers.

comm.), Moulin de Séprais (bed SEP-180, Fig. 11) and

at La Reuchenette (in cycles 19 and 20 of Colombié,

2002) coaly plant remains also support this interpreta-

tion (see Fig. 5).

4.1.5. bNorthernQ Virgula Marls

In the Ajoie-Region the Nerinean Limestones

(sensu Jank, 2004) follow the Banné Marls. The top

of this limestone interval (lower part of TST4) is

composed of greenish-weathering, glauconitic, calcar-

enitic limestones, which show characteristic, strongly

bored and biogenically encrusted, regional hard-

grounds with cephalopods on top. They are followed

by the bnorthernQ Virgula Marls (=Virgula Marls of

Laubscher, 1963; upper part of TST 4), which contain

a rich fauna of bivalves and cephalopods, but small

oysters (Nanogyra virgula) dominate. Vertebrate

remains are common (e.g., turtles, crocodile teeth,

pycnodont teeth). These Virgula Marls are glauconitic,

dark-grey and thin-layered. They are overlain by the

Coral Limestones interval (sensu Jank, 2004; lower

part of HST4). The latter starts with some metres of

thin-layered, grey, micritic limestones at the base,

overlain by the Coral Limestones bsensu strictoQ; a

massive unit composed of thin- to thick-layered,

white, chalky, micritic limestones (with re-crystallized
corals and conspicuous red-brown shelled rhynchonel-

lid brachiopods).

At Contournement de Glovelier the top of the Ner-

inean Limestones is assigned to a conspicuous crumbly

and platy, almost fossil-free, marly limestone (bed

GLO-239; Fig. 5), which is not comparable at all

with the strongly glauconitic bnorthernQ Virgula

Marls. The composition of the crumbly and platy

limestone is comparable to crumbly and platy lime-

stones just a few metres below the bnorthernQ Virgula
Marls in La Combe (Ajoie-Region; bed CHV-170; Fig.

5). At Contournement de Glovelier the Nerinean-bear-

ing Limestones are overlain by slightly coral-bearing,

coarse-grained, massive layered, white limestones,

which are comparable to the Coral Limestones in

the Ajoie-Region; the bnorthernQ Virgula Marls are

not identified. These Marls were probably never de-

posited at Contournement de Glovelier, Gorges de

Pichoux or La Reuchenette because there is no sign

of erosion at the top of the Nerinean Limestones or

the base of the Coral Limestones nor in the Coral

Limestones, which might indicate that the Virgula

Marls were removed.

Indeed the bsouthernQ Virgula Marls (=Virgula

Marls of Thalmann, 1966) of the central and southern

Jura Mountains (Gorges de Pichoux, La Reuchenette)

probably correlate with each other (Colombié, 2002;

Figs. 5 and 7) but they are younger than the bnorthernQ
Virgula Marls (Gygi et al., 1998; Jank, 2004).

The bnorthernQ Virgula Marls are exactly correlat-

able between the closely spaced sections at La Combe,

Roches des Mars and Sur Combe Ronde (Nos. 2, 10

and 11 in Fig. 1) and also with the Marnes à Virgula

inferieur in the region of Montbéliard west of the Ajoie-

Region (Contini and Hantzpergue, 1973; Chevallier,

1989). The vertical facies changes above and below

these Virgula Marls are also correlative to each other

(Jank, 2004).

4.2. Platform topography

Along the NW–SE transect the lateral variation in

thickness and lithofacies, facies and associated deposi-

tional conditions provide information about platform

morphology and extent of the depositional environ-

ments. This allows reconstructing the development of

the platform for selected time intervals.

4.2.1. Planula- to Divisum-Zone time interval

The sediments between sequence boundary SB1 and

lowstand systems tract LST3 document depositional

environments shifting between shallow subtidal open
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Fig. 11. Sections Gorges de Moutier and Moulin de Séprais. For legend see Fig. 8.
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Fig. 11 (continued).
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marine platform conditions below the fair weather

wave-base and high-energy conditions in tidal flat

areas (Gygi et al., 1998; Gygi, 2000a; Colombié,

2002; Jank, 2004). Shelly lime muds (bioclastic lime-

stones) and muddy lime sands (peloidal limestones)

with intercalated storm deposits dominate. Laterally

depositional environments do not vary significantly.

Nevertheless, the different lateral extent of some marker

beds (Fig. 7) and a slightly thinning towards the south

(Fig. 5) are suggestive of a gently NW dipping open

(unprotected) carbonate platform (Fig. 12), which was

often affected by storms (Jank, 2004). Subtle variations
Fig. 12. Schematic platform topography for selected time intervals and/or fac

(R). Arrow indicates positions of enhanced synsedimentary subsidence. Pali

Position of the basement structures after various sources (see Allenbach, 20

therein). NSPT: North-Swiss Permo-Carboniferous Trough (=western prolo
in thickness, lithology and facies (e.g., the limited

occurrence of the proximal storm-lag sheet at the base

of the bNautilidenschichtenQ) point to a weak basin-

and-swell morphology. For instance during LST2 (Pla-

tynota-Zone) a weak topographic rise in the northern

Ajoie-Region might be indicated by the simultaneous

occurrence of stromatolites at Coeuve (No. 4 in Fig. 1),

a tidal channel at Le Banné (No. 1 in Fig. 1) and very

shallow subtidal deposits in the central part of the

Ajoie-Region. This deduction is supported by the fact

that during lowstand systems tracts LST1 and 2 the

Ajoie-Region and Contournement de Glovelier did not
ies between the Ajoie-Region (A) and the type-locality La Reuchenette

nspastic restoration after Laubscher (1965) and Philippe et al. (1996).

01; Wetzel and Allia, 2003; Ustaszewski et al., 2005 and references

ngation of the Constance–Frick Trough), HT: Hermrigen Trough.
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emerge in contrast to Gorges de Pichoux and La Reu-

chenette (see Fig. 5).

4.2.2. Divisum- to Eudoxus-Zone time interval

A significant palaeoenvironmental change occurred

following the ts3-sea-level-rise in the Divisum-Zone. On
Fig. 13. Thicknesses of the Banné Marls and their lateral equivalents plotte

bWest of the Ajoie-RegionQ (left arrow) is from literature and based on a th

restoration after Laubscher (1965) and Philippe et al. (1996). Map of the base

Allia, 2003; Ustaszewski et al., 2005 and references therein). CF: Caquerel
a part of the platform in the vicinity of the transect the

Banné Marls accumulated during this transgression

(TST3) under normal-marine conditions. The Banné

Marls are thickest in the Ajoie-Region (Fig. 13) and

west of it (where they are called Marnes à Ptérocères

sensu Contini and Hantzpergue, 1973 or Marnes de
t above Palaeozoic basement structures. The thickness distribution for

ickness-distribution map. Exact coordinates do not exist. Palinspastic

ment structures after various sources (see Allenbach, 2001; Wetzel and

le fault, RF: Rheinish fault, WF: Werra fault.
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Rang sensu Chevallier, 1989). The significant decrease

in thickness and the transition into calcareous fossilif-

erous sediments towards the southeast seems to reflect

the palaeotopography. Amalgamation of marl layers to

the southeast would explain the reduced thickness to the

south and southeast but not the decrease in marl content.

It is more likely that the Banné Marl deposition oc-

curred preferentially in deep, calmer waters in the

northwest and that they pinch out at the basin margin

in the southeast where deposition of clastic fines was

obstructed by increased water energy (Ruf et al., 2005).

Therefore a protected, normal-marine depositional en-

vironment is postulated for the Banné Marls (Jank,

2004; Chevallier, 1989), probably in an intra-platform

bight. The thinning of the Banné Marls to the southeast

(partly) points to the spatial delimitation of this bight

and suggests a (submarine) swell in the south (Fig. 12).

When a sea level fall affects a structured morphol-

ogy, different areas emerge at different times (e.g.,

Strasser et al., 1999) and hence, in the case of a

small-scale basin-and-swell topography different facies

occur at the same level simultaneously. During the
Fig. 14. Rhizolith–Rhizomorphs* (a) (diameter62.5 mm) found in a crumb

239). This (almost) fossil-free crumbly and platy limestone (b) appears quite

is comparable with modern marsh deposits, for example from the Mont-Sa

crumbly and platy structure and the lack of fossils allow one to interpret this m

as fossilized roots of plants. They probably come from Gymnosperms (Coni

be almost certainly ruled out because they have a completely different struct

very near the coast. Some seedferns were mangrove plants, but only a

Araucariaceae and Cheirolepidiaceae), but others were upland vegetation;

J.H.A.van Konijnenburg-van Cittert).
Acanthicum-Zone such a morphology is indicated by

restricted, very shallow sub- to supratidal deposits

associated with significant hydrodynamical, sedimen-

tological and faunal modifications (as for example tidal

channels, coaly plants, crocodile teeth, turtles, ptero-

saur remains, stromatolites, dinosaur foot prints, birds

eyes, mud cracks and rhizoliths, etc; Fig. 14) occurring

at different levels in the sediments of HST3 and LST4

in different sections (compare Figs. 5, 8 and 11).

Nevertheless the sediments (Nerinean Limestones and

lateral equivalents) that accumulated after the Banné

Marls almost completely filled the accommodation

space (levelling of the topography) and this facies

migrated basinward (at least direction northwest with

respect to the Banné Marls).

In the Late Acanthicum-Zone, around the onset of

TST4, the platform recovered and subtidal, very mas-

sive layered deposits dominate across the platform

during the Late Eudoxus-Zone (HST4), suggesting a

prominent gain in accommodation space (Colombié,

2002; Jank, 2004). Consequently, with respect to the

situation in the southeast, the occurrence of bnorthernQ
ly and platy limestone (b) at Contournement de Glovelier (bed GLO-

abruptly above emerged stromatolites with mud cracks (not visible). It

int-Michel estuary, France (c) (Tessier, 1998). The rhizomorphs, the

arsh deposit as palaeosol as well. Note: *Rhizomorphs are interpreted

fers, Seedferns, Cycads, etc.). Equisetaleans and fern rhizomorphs can

ure. Cycads, Ginkgos, etc. usually grew in delta plains, but not really

few; and some conifers were probably coastal plants (like some

and some Taxodiaceae were quite often marsh plants (pers. comm.
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Fig. 15. Nanogyra virgula (DEFRANCE) in the Virgula Marls of

Sur Combe Ronde — N. virgula lived on soft sediment in calm

offshore basins (for example as verified in the Boreal realm of

western France; Fürsich and Oschmann, 1986a,b). (scale: coin6
2.5 cm).
Virgula Marls restricted to the Ajoie-Region and the

region west to it (Contini and Hantzpergue, 1973;

Chevallier, 1989), point to a second significant

palaeoenvironmental change, i.e., the formation of a

second (but probably smaller) intra-platform bight in

the northwest as displayed in Fig. 12. The postulated

protected, normal marine depositional environment for

the bnorthernQ Virgula Marls (e.g., Jank, 2004; Fig. 15)

supports the development of such a bight.

5. Discussion

5.1. Sequence-stratigraphy and age-assignments

Obviously the marker-correlations along the NW–

SE transect are confirmed by the vertical changes of

facies and inferred sequence-stratigraphy. However the

sequence boundaries of the investigations of Gygi et al.

(1998), Gygi (2000a), Colombié (2002) and Jank

(2004) occasionally markedly differ in age (Fig. 16).

Jank (2004) assign the sequence boundaries SB1 and

2 to the Planula- and Platynota-Zone; SB3 to SB5 to the

Boreal sequence boundaries Kim3 to Kim5 of Hard-

enbol et al. (1998). Gygi et al. (1998) and Gygi

(2000a) assigned K1 around the boundary between

the Platynota- and Hypselocyclum-Zone (Fig. 16).

K2 is placed in the Divisum-Zone (K3 bat, or near,

the base of the Eudoxus-ZoneQ; Gygi et al., 1998;

Gygi, 2000a). Colombié (2002) assigns the sequence

boundaries in Gorges de Pichoux, Gorges de Court and

La Reuchenette to the Tethyan sequence boundaries

Kim1 to Kim5 of Hardenbol et al. (1998) (Fig. 6).

Based on the new biostratigraphical data of Jank
(2004) and Schweigert et al. (in preparation), Colom-

bié et al. (2004) proposed replacing the tethyan Kim4

at La Reuchenette, Gorges de Pichoux and Gorges de

Court by the Boreal Kim4 of Hardenbol et al. (1998)

and introduced a Boreal age-assignment. The marker

correlations and the age-assignments of Jank (2004),

which are proved by biostratigraphical markers, sub-

stantiate the latest proposed age assignments of

Colombié et al. (2004).

Consequently, based on this study, it seams reason-

able to assign the corresponding sequence boundaries

(K1 to 3 and Kim1 to 4) of Gygi et al. (1998), Gygi

(2000a) and Colombié (2002) to the same age as Jank

(2004). That means SB1, K1, Kim1 in Gorges de

Pichoux and Kim2 in La Reuchenette are assigned to

the Planula-Zone (Late Oxfordian); SB2, K2 and Kim2

in Gorges de Pichoux and the sequence boundary be-

tween cycle 9 and 10 in La Reuchenette to the Platy-

nota-Zone (Early Kimmeridgian); SB3, K2 in the

Ajoie-Region, K3 and Kim3 in Gorges de Pichoux

and Kim3 in La Reuchenette to Boreal Kim3 (Divi-

sum-Zone) of Hardenbol et al. (1998) and SB4 and

Kim4 to Boreal Kim4 (Acanthicum-Zone) of Harden-

bol et al. (1998). Gygi’s K3 (2000a) in Chemin Paulin

probably correlates with SB4.

The presumed sequence-stratigraphical correlations

(Fig. 5), upsection the Divisum-Zone (D1/ts3), are

based on the fact that a prominent gain in accommo-

dation space (HST4 in the Ajoie-Region and sediments

above bTethyanQ Kim4 in the southern Jura Mountains)

is documented about 50 m above D1 in the Ajoie-

Region, at Contournement de Glovelier, Gorges de

Pichoux, Gorges de Court (No. 24 in Fig. 1) and La

Reuchenette (Colombié, 2002; Jank, 2004).

5.2. Influence of Late Palaeozoic basement structures

and sea level changes on sedimentation and palaeo-

geography

The lithological and mineralostratigraphical correla-

tions between the sections are in agreement with the

sequence-stratigraphy and the biostratigraphical data.

Nevertheless surplus accommodation space must have

been provided syndepositionally, because the thickness

of the Reuchenette Formation clearly exceeds the de-

positional water depth (Jank, 2004). Therefore the

question arises, how the lateral thickness changes,

the isolated occurrences of some lithologies and the

(occasionally conspicuous) lateral facies changes

might have been controlled (besides by sea level fluc-

tuations)? To answer this question, comparisons with

Late Palaeozoic basement structures are useful to il-
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lustrate the reasons for such lateral changes, if changes

in accommodation space and the palaeogeographical

situation are considered.

In recent years a series of Late Palaeozoic (Permo-

Carboniferous) E-W-striking troughs and highs has

been identified in the basement underlying the Jura

Mountains and Molasse Basin (Matter, 1987; Diebold,

1988; Diebold and Noack, 1997; Ustaszewski et al.,

2005). Other studies have shown the effects of these

troughs and highs on Mesozoic sedimentation (Wetzel

et al., 1993; Burkhalter, 1996; Pittet, 1996). Addition-

ally, facies and thickness variations of Mesozoic sedi-

ments in the Jura Mountains in Switzerland have shown

that depo-centres were related to synsedimentary reac-

tivation of basement structures (Gonzalez, 1996; Wetzel

and Allia, 2000, 2003; Allenbach, 2002; Wetzel et al.,

2003). This study suggests that these Late Palaeozoic
Fig. 16. Comparison of sequence boundaries in terms of correlations a
structures also acted as an important factor affecting the

sediments of the Reuchenette Formation.

For example the influence of the North-Swiss

Permo-Carboniferous Trough NSPT (=Constance–

Frick Trough and its western prolongation) and the

Burgundy Trough is indicated by the reduced thickness

of the Banné Marls above the palaeohigh south of the

NSPT and the increased thickness across the NSPT and

the transition area into the Burgundy Basin (Fig. 13).

The slightly increasing thickness of the sediments ac-

cumulated during the Planula- to Divisum-Zone in the

same direction points to the same depo-centre (NSPT

and Burgundy Trough).

The absence of the Banné Marls, and virgula-bearing

marls and the reduced thickness of the Reuchenette

Formation in the region around Solothurn and Balsthal

compared to the sediments between the Ajoie-Region
nd ages. Stippled line is the base of the Reuchenette Formation.
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Fig. 16 (continued).
and La Reuchenette (variation up to 100 m; Meyer,

1993; Figs. 13, 17) are probably evidence for an uplifted

area bounded to the west by the NNE–SSW-striking

Rhenish Lineament and its neighbouring faults.

The different not time-equivalent Virgula Marls at La

Reuchenette and in the Ajoie-Region (i.e., bsouthernQ
and bnorthernQ Virgula Marls) also occur across Palaeo-

zoic troughs (Hermrigen Trough and NSPT; Fig. 17).

During the Planula- to Divisum-Zone the influence of

the northern trough shoulder of the NSPT and the

palaeohigh between the NSPT and Hermrigen Trough

were not prominent. The swells above these highs were

presumably topographically insignificant because the

lateral discontinuity of some marker beds and minor

variations in facies only point to a weak basin-and-

swell morphology, during low sea level as well (Fig. 12).

Several probably submarine swells in the north-

west, above the E–W– to ENE–WSW-striking Late

Palaeozoic highs between the Burgundy Trough and

the NSPT and their southwestern prolongation (com-

pare Fig. 17), would support the development of

a depositional environment necessary to accumulate

the Banné Marls during TST3. A swell above the

palaeohigh between the NSPT and Hermrigen Trough
is interpreted as the southern delimitation of the

Banné Marls.

Therefore the study area is considered, depending on

the sea level stage, as the flooded or emergent NE–SW

striking barrier or overlap area between the Boreal and

Tethyan realms (e.g., Hantzpergue, 1985, 1993; Mou-

chet, 1995, 1998) composed of a detached carbonate

platform with more or less strongly developed intra-

platform basins and swells. The subtle lateral variations

in lithology and facies during the Planula- to Divisum-

Zone and the conspicuous lateral variations in facies and

thickness during the Divisum- to Eudoxus-Zone point to

synsedimentary subsidence across the NSPT and prob-

ably Burgundy Trough (Fig. 18). During low sea level

stand (especially during LST3 and 4) the emerged

swells might have been a part of the proposed connec-

tion between the London-Brabant Massif and the Cen-

tral Massif, which have been crossed by dinosaurs

(Meyer and Lockley, 1996; Diedrich, 2004; Fig. 2).

6. Conclusions

Lithology, marker beds, facies, bio- and sequence-

stratigraphy allow defining intervals useful for litholog-
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Fig. 17. Thicknesses of the Reuchenette Formation plottet above Palaeozoic basement structures. Thickness increases west of the Rhenish Fault

(RF) and Caquerelle Fault (CF). The different Virgula Marls occur in the Ajoie-Region (localities CHV, RDM, SCR) and west of it in the region of

Montbéliard (star; Contini and Hantzpergue, 1973; Chevallier, 1989), and La Reuchenette (REU) above the Late Palaeozoic troughs. Palinspastic

restoration of sections after Laubscher (1965) and Philippe et al. (1996). Map of the basement structures after various sources (see Allenbach, 2001;

Wetzel and Allia, 2003; Ustaszewski et al., 2005 and references therein). WF: Werra Fault. For codes of localities see Fig. 1.
ical and sequence-stratigraphical correlations over large

distances. This study provides biostratigraphically

dated interpretation of the development of the platform

topography, at the transition between the Boreal and

Tethyan realms.

(1) At least three markers (the lithological change at

the base of the Reuchenette Formation, Banné

Marls and mineralostratigraphical horizon D1)

provide a direct correlation of the type-section

of the Reuchenette Formation in the southern

Jura Mountains with the biostratigraphically

well dated spliced section in the Ajoie-Region.

This correlation also represents a new litholog-

ical frame for the Reuchenette Formation be-

cause this is for the first time the thickest

sections of the Reuchenette Formation can be

placed in a high-resolution biostratigraphical

frame. Several minor marker beds support this

correlation and provide useful additional data for

more precise correlation between the shorter

section.
There are no significant marker beds and biostrati-

graphical markers in the top part of the sections in

the Gorges de Pichoux and La Reuchenette, which

might confirm the sequence-stratigraphical corre-

lations between the Ajoie-Region, Contournement

de Glovelier and these sections. Nevertheless, a

gain in accommodation space (indicated by thick

bedded sediments), biostratigraphically assigned

to the Late Eudoxus-Zone, can be used for an

approximated correlation.

(2) The vertical facies development, and the position

and the number of sequence boundaries support

the marker bed correlations.

(3) The base of the Reuchenette Formation lies within

the Planula-Zone (Late Oxfordian). The marker

bed correlations allow refining and improving for-

mer age-assignments of the sequence boundaries.

The five sequence boundaries (SB1 to 5) can be

assigned to the Planula-, Platynota-, Divisum-,

Acanthicum and uppermost Eudoxus-Zone,

whereas sequence boundaries SB3 to 5 addition-

ally can be attributed to the Boreal sequence
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Fig. 18. Schematic decompacted NW–SE section across the study area between the Ajoie-Region (A) and the type-locality La Reuchenette (R) for

selected time intervals. Across the North-Swiss Permo-Carboniferous Trough (NSPT) thickness significantly increases. Note that the section was

drawn by interpolating between outcrops. Tentative sea level curve after Jank (2004). Approximated decompaction factors: marl �3, limestone �2

(based on Moore, 1989; Goldhammer, 1997; Matyszkiewicz, 1999). Palinspastic restoration after Laubscher (1965) and Philippe et al. (1996).
boundaries Kim3 to 5 of Hardenbol et al. (1998) as

well.

(4) As the thickness of the investigated sediments

clearly exceeds the depositional water depth,

surplus accommodation space was provided by

synsedimentary differential subsidence. The reac-

tivation of structures that formed during the Late

Palaeozoic in the basement, significantly affected

the deposition of the sediments of the Reuchenette

Formation. The interplay of sea level changes and

synsedimentary subsidence above these structures

is documented by the lateral facies pattern and the

associated platform topography.

w?>The Rhenish Lineament and associated faults

probably played a role during the Planula- to

Eudoxus-Zone(?andevenlonger) in termsofdiffer-

ential synsedimentary subsidence. Evidence might

begivenbytheconspicuousthicknessvariationofthe

Reuchenette Formation parallel to the strike of the

LatePalaeozoicstructures.
(5) During the Planula- to Divisum-Zone the platform

topography along a NW–SE transect from the

Ajoie-Region to the southern Jura Mountains is

considered as having been rather flat because the

depositional environments were not deeper Dthan

shallow subtidal. The facies distribution was rela-

tively uniformwithin the individual systems tracts,

especially within the highstands. Nevertheless,

the deposits on this low relief topography were

highly susceptible to sea level changes and even

low-amplitude sea level changes resulted in wide-

spread and nearly synchronous exposure or flood-

ing. Variations in lithology and facies suggest a

weak basin-and-swell morphology. These varia-

tions are also suggestive for a syndepositionally

formed relief. The influence of the local syndepo-

sitional differential subsidence on sedimentation is

of minor importance.

During the Divisum- and Acanthicum-Zone a

prominent basin-and-swell morphology with
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intra-platform basins developed. This morphology

is probably related to enhanced synsedimentary

subsidence across Late Palaeozoic basement struc-

tures, and lower sea level and probably bseparatedQ
the Paris Basin from the Tethys.
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Verlag, Basel, Switzerland, pp. 59–63.

Diedrich, C., 2004. Dinosaurier im Wiehengebrige. Fossilien 3,

180–185.

Frakes, L.A., Francis, J.E., Syktus, J.I., 1992. Climate Modes of the

Phanerozoic; The History of the Earth’s Climate Over the Past 600

Million Years. Cambridge Univ Press, Cambridge, United King-

dom. 274 pp.
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quelques districts adjacent. Matériaux Pour la Carte Géologique.

Suisse 8, 1–357.

Gygi, R.A., 1982. Sedimentation und Facies des Späten Jura im
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Strasser, A., Pittet, B., Hillgärtner, H., Pasquier, J.B., 1999. Deposi-

tional sequences in shallow carbonate-dominated sedimentary

systems; concepts for a high-resolution analysis. Sedimentary

Geology 128 (3–4), 201–221.

Tessier, B., 1998. Tidal cycles; annual versus semi-lunar records. In:

Alexander, C.R., Davis, R.A., Henry, V.J. (Eds.), Tidalites; Pro-

cesses and Products. Special Publication, vol. 61. SEPM, Tulsa,

OK, United States, pp. 69–74.

Thalmann, H., 1966. Gliederung und Fazies des obersten Malm (Reu-

chenette- und Twannbachformation) im südlichen Berner und
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