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Abstract The Middle Berriasian deposits of the Jura
platform in Switzerland and France have already been well
studied in terms of high-resolution sequence stratigraphy
and different orders of depositional sequences (large-,
medium-, and small-scale) have been defined. The hierar-
chical stacking pattern of the sequences and the time span
represented by the investigated interval imply that sea-level
fluctuations in the Milankovitch frequency band as well as
differential subsidence caused the observed changes of
accommodation on the Jura platform. The present study
focuses on three small-scale sequences within the trans-
gressive interval of a large-scale sequence. The initial
flooding of the platform is marked by a facies change from
supra- and intertidal (Goldberg Formation) to shallow-
marine subtidal deposits (Pierre Chatel Formation).
Detailed logging and facies analysis of 11 sections allow
recognizing small environmental changes that define ele-
mentary sequences within the well-established small-scale
sequences and distinguishing between autocyclic and allo-
cyclic processes in sequence formation. It is concluded that
the small-scale sequences correspond to the 100-ka orbital
eccentricity cycle, while allocyclic elementary sequences
formed in tune with the 20-ka precession cycle. Based on
the correlation of elementary and small-scale sequences it
can be shown that the Jura platform has been flooded
stepwise by repeated transgressive pulses. Differential
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subsidence and pre-existing platform morphology further
controlled sediment accumulation and distribution during
the transgression. The combination of high-resolution
sequence stratigraphy and cyclostratigraphy then enables
the reconstruction of hypothetical palaeogeographic maps
in time increments of a few ten thousand years.
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Introduction

Berriasian sections on the Jura platform have been well
investigated in terms of high-resolution sequence- and
cyclostratigraphy (Strasser 1988; Waehry 1989; Strasser
1994; Pasquier 1995; Pasquier and Strasser 1997; Strasser
and Hillgirtner 1998; Hillgirtner 1999; Hillgirtner and
Strasser 2003; Strasser et al. 2004; Rameil 2005). This
study now focuses on the recognition and interpretation of
elementary sequences, the smallest building blocks of the
sedimentary record. The Middle Berriasian transgressive
interval has been chosen because, in combination with
subsidence, transgression creates accommodation space,
and the best chance to preserve sediments on shallow-
marine carbonate platforms and to obtain a relatively
complete sedimentary succession is during increasing
accommodation space.

According to the sequence-stratigraphic interpretations
of Pasquier and Strasser (1997) and Hillgértner (1999), the
investigated transgressive interval is part of a large-scale
sequence, which lies between sequence boundaries Be4 and
BeS5 as defined in the sequence-chronostratigraphic chart of
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Hardenbol et al. (1998). According to these studies, the
large-scale sequence is composed of medium-scale and
small-scale sequences. These sequences can be correlated
from section to section along the Jura platform without any
problems. The time interval represented by the sedimentary
rocks and the stacking pattern of the depositional sequences
between the large-scale sequence boundaries Be4 and Be5
reveal that sedimentation has at least partly been controlled
by orbital (Milankovitch) cycles (Pasquier and Strasser
1997; Strasser and Hillgédrtner 1998; Hillgirtner 1999;
Strasser et al. 2004). The medium-scale sequences corre-
spond to the long eccentricity cycle (400 ka) whereas small-
scale sequences have been deposited in tune with the short
eccentricity cycle (100 ka; Berger et al. 1989); however, the
interpretation of elementary sequences (the smallest units of
the sedimentary record where facies evolution indicates an
environmental cycle) is not straightforward. On shallow
carbonate platforms, allocyclic signals such as eustatic sea-
level fluctuations may be overruled by autocyclic processes
such as lateral migration of sediment bodies (Strasser 1991;
Hillgértner 1999). Autocyclic processes thus may create
sedimentary sequences similar to those formed by allocy-
clic control. Moreover, if low-amplitude sea-level changes
did not produce facies contrasts in subtidal environments
and thus were not recorded, or if subaerial exposure pre-
cluded sediment deposition (“missed beats” sensu
Goldhammer et al. 1990), the sequence- and cyclostrati-
graphic interpretation will be complicated.

Detailed facies analysis is, therefore, needed in order to
document the subtle facies changes observed on shallow
carbonate platforms. Such changes can at least partly be
related to relative sea-level changes and, hence, be inter-
preted in terms of sequence stratigraphy. Their diagnostic
intervals and surfaces (sequence boundaries, transgressive
surfaces and/or maximum floodings) can commonly be
correlated between the studied sections. The correlation over
long distances and the observed stacking pattern are used as
criteria to distinguish allo- from autocyclic sedimentary
successions. Autocyclic deposits are of local extension and,
therefore, cannot be correlated between sections. However,
intervals containing autocyclically formed depositional
sequences can at least be delimited at their base and top by
sequence-stratigraphic correlations of allocyclic deposits. It
is assumed that elementary sequences have been deposited in
tune with orbital precession cycles of 20 ka because, on
average, one small-scale sequence is composed of five ele-
mentary sequences (Strasser et al. 1999, 2004; Tresch 2007).

It is the goal of this study to monitor the Middle
Berriasian flooding of the Jura platform in time and space
with a time resolution of a few ten thousand years, with the
help of the high-resolution sequence-stratigraphic correla-
tion framework in combination with the cyclostratigraphic
interpretation. Additionally, the controlling factors that
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steered this flooding are evaluated. It will be shown that not
only eustatic sea-level fluctuations but also pre-existing
platform morphology, irregular sediment distribution, and
differential subsidence played important roles in the mak-
ing of the sedimentary record.

Geographic and palaeogeographic setting

The studied sections are all located in the central and
southern Jura Mountains of Switzerland and France
(Fig. 1). The Jura is a relatively young mountain chain
formed during a late Alpine phase (Miocene and Pliocene).
It mainly consists of Mesozoic sedimentary rocks, which
have been detached from their substratum along incom-
petent members of Triassic formations (e.g., Triimpy
1980). The studied sections are located in the “Folded
Jura”, which is characterized by a succession of anti- and
synclines with more or less NE-SW-oriented axes.

The predominantly shallow-marine sediments have been
deposited on a platform along a passive continental margin.
During the Berriasian, this platform was never far from
exposure with maximum water depths of a few tens of
meters (Hillgartner 1999). The Jura platform was located at
the northern margin of the Ligurian Tethys and made up the
central part of the North-Tethys platform (Fig. 2). It cor-
responds to the continuation of the southeastern part of the
Paris basin (Arnaud 1988). During the Berriasian, conti-
nental areas surrounded the Jura platform: to the north the
Rhenish-Bohemian Massif and to the west the Armorican
and the Central massifs (e.g., Ziegler 1988; Détraz and
Mojon 1989; Thierry and Barrier 2000; Guillocheau et al.
2000). Siliciclastics found on the Jura platform mainly
derived from these land areas. The Helvetic shelf represents
the western and southern continuation of the North-Tethys
platform, including the Delphino-Helvetic shelf to the
southwest (Détraz and Mojon 1989). This realm consists of
carbonates and siliciclastics derived from the northern
continental areas. The average subsidence rate of the North-
Tethyan margin generally increased from north (Jura plat-
form) to south (Helvetic shelf) and was in the range of 1-
7 m/100 ka (Wildi et al. 1989).

A well-dated basinal section of the Vocontian basin, the
Montclus section, has been integrated into the correlation
scheme in order to improve the biostratigraphic control on
the Jura platform. The Vocontian basin was the south-
western continuation of the Ligurian Tethys (Fig. 2). It was
delimited to the north and west by the Helvetic shelf, the
Jura platform, and the landmass of the Massif Central. This
basin has been filled with hemipelagic to pelagic sediments
(carbonates and siliciclastics) and intermittent biodetrital
influx from the surrounding platforms (e.g., Strohmenger
and Strasser 1993).
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Fig. 1 Location of the studied
sections in the central and
southern Jura Mountains
(Switzerland and France) and
the Vocontian basin (France)
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Lithostratigraphic and biostratigraphic framework

The lower part of the studied sections has commonly been
termed “Purbeckian”. This appellation refers to the cha-
racteristic succession of peritidal deposits (containing
charophytes, black pebbles, and locally evaporite pseudo-
morphs) resembling the “Purbeck Beds” sensu anglico
(e.g., Carozzi 1948; Hifeli 1966; Ainardi 1977; Strasser
1988). In order to avoid any confusion, this succession is
referred to as Goldberg Formation (Fig. 3) according to
the lithostratigraphic definition of Hifeli (1966). A suc-
cession of massive beds with shallow-marine facies marks

the Middle Berriasian transgressive interval overlying the
top of the Goldberg Formation. These characteristic beds
can easily be recognized in the field because of their
resistance to weathering. They belong to the Pierre Chatel
Formation according to the definition of Steinhauser and
Lombard (1969). The overlying Vions Formation (also
defined by Steinhauser and Lombard 1969) contains
mainly shallow-marine facies with some lacustrine and
palustrine intervals. Moreover, the sedimentary rocks of
the Vions Formation are characterized by a remarkable
increase of detrital quartz and clay (Pasquier 1995; Hill-
girtner 1999).
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Fig. 3 Comparison of the sequence-chronostratigraphic chart (Hard-
enbol et al. 1998) with the bio- and lithostratigraphy published for the
Jura platform

Dating of these formations is difficult because bio-
stratigraphically relevant fossils (e.g., ammonites) are rare
on the Jura platform. According to Clavel et al. (1986) and
Waehry (1989), the base of the Pierre Chatel Formation
lies in the Privasensis ammonite subzone (Fig. 3). The
limit between the Pierre Chatel Formation and the Vions
Formation lies in the Paramimounum ammonite subzone
(Clavel et al. 1986). The Vions Formation has been dated
by the benthic foraminifers Pavlovecina allobrogensis and
Pseudotextulariella courtionensis, which are attributed to
the Paramimounum ammonite subzone (Clavel et al. 1986).

In addition, the top of the Goldberg Formation and the
base of the Pierre Chatel Formation have been dated
by charophyte—ostracode assemblages (Mojon 2002).
Charophytes of the genus Hemiglobator have been widely
used for dating Berriasian sedimentary rocks (Mojon and
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Fig. 4 Best-fit correlation of the large-scale sequence between P
sequence boundaries Be4 and Be5 (according to Hardenbol et al.
1998) and its medium- and small-scale sequences of the Jura platform
and the Vocontian basin. While sediments accumulated in the basin
during lowstand conditions (LD), most of the Jura platform was
subjected to emersion. Note that the limits between ammonite
subzones and calpionellid zones are approximate. Charophyte
assemblages in parentheses are reworked. For legend of symbols
refer to Fig. 6

Strasser 1987; Martin-Closas and Serra-Kiel 1991; Riveline
et al. 1996). Berriasian deposits have also been dated by
ostracodes of the genus Cypridea (Anderson and Bazley
1971; Anderson 1985; Keen 1993; Horne 1995, 2002).
Mojon (2002) combined charophyte and ostracode biozo-
nations based on samples from sections of the Jura platform.
According to the biozonation of Mojon (2002), the top of
the Goldberg Formation is in the range of assemblage zones
M1b to M4. The base of the Pierre Chatel Formation lies in
assemblage zone M4 and in some sections contains
reworked species of assemblage zone M3 (Fig. 3).

Sequence- and cyclostratigraphic framework

Pasquier (1995), Hillgértner (1999), and Tresch (2007) have
published detailed sequence-stratigraphic correlations of
Berriasian sections from the Jura platform. As an example,
a correlation scheme for two platform sections (Rusel and
Chapeau de Gendarme) and a section from the Vocontian
basin (Montclus) is illustrated in Fig. 4. According to the
biostratigraphy and the high-resolution sequential frame-
work (Strasser and Hillgértner 1998; Hillgértner 1999;
Strasser et al. 2004) (Fig. 3), the transgressive surface at the
base of the Pierre Chatel Formation lies between two large-
scale sequence-boundary intervals, which correspond to the
sequence boundaries Be4 and Be5 of the sequence-chro-
nostratigraphic chart of Hardenbol et al. (1998).

The top of the Goldberg Formation has been interpreted
as sequence boundary Be4 (Strasser and Hillgirtner 1998;
Hillgirtner 1999; Strasser et al. 2004). This interval is
characterized by recurrent emersion horizons (containing,
e.g., birdseyes, desiccation cracks, karst surfaces). Addi-
tionally, the dating by charophyte—ostracode assemblages
(Mojon 2002) reveals that the upper part of the Goldberg
Formation lies in the range of sequence boundaries Be2 to
Be4 (Grandis to Privasensis ammonite subzones; Fig. 3).
This indicates prolonged emersion, non-deposition, and
condensation during this time interval. The base of the
Pierre Chatel Formation is marked by a sharp transgressive
surface (TS in Fig. 4). The facies evolution within this
formation indicates periodic deepening and shallowing of
depositional environments and/or suggests that the envi-
ronmental conditions changed from restricted marine to
open marine and back to restricted (Waehry 1989; Pasquier
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1995; Hillgértner 1999; Strasser et al. 2004; Tresch 2007).
The stratigraphic succession of depositional environments,
diagnostic surfaces, and the stacking pattern of beds
recorded in the investigated sections are organized hierar-
chically in several orders of depositional sequences. In
most cases, the identification of depositional sequences on
the level of medium- and small-scale sequences is easy due
to well-developed facies contrasts (Fig. 4). Changes in
carbonate productivity controlled by ecological factors and
sediment distribution through currents and waves certainly
influenced the sedimentary record, but the observed facies
evolution is best explained by changes in relative sea level.
The hierarchical stacking pattern of the sequences results
from the superposition of different amplitudes and fre-
quencies of sea-level fluctuations.

The thick transgressive deposits (TD) are characterized
by relatively restricted facies and repeated subaerial
exposure (karstification, e.g., Rusel section) in the platform
interior and by open-lagoonal deposits in more distal
platform positions (Tresch 2007). A transitional facies
succession is displayed in the Chapeau de Gendarme sec-
tion where relatively thin beds with restricted facies
dominate at the base of the Pierre Chatel Formation. They
gradually change to massive, open-lagoonal intervals in the
overlying beds (Fig. 4).

The large-scale maximum-flooding interval has been
used as datum for the lateral correlation of the sections.
Maximum floodings are well suited for correlations over
long distances because they have the best chance to
homogenize a morphological relief in shallow-marine set-
tings and, consequently, to be isochronous (Embry 2002;
Sandulli and Raspini 2004). However, the sedimentary
record of the large-scale maximum flooding of the Rusel
and Chapeau de Gendarme sections has probably been
truncated by Kkarstification at the top of the Pierre Chatel
Formation during the sea-level drop creating sequence
boundary Be5 (Fig. 4). In other sections, this maximum
flooding has been placed in the most open-marine facies.
The transition from the Pierre Chatel to the Vions Formation
is generally characterized by karst surfaces and/or palaeo-
sols (Pasquier 1995; Pasquier and Strasser 1997; Hillgértner
1999; Strasser et al. 2004), which reflect the low relative sea
level at sequence boundary Be5. Hence, the large-scale
highstand deposits (HD) are commonly strongly condensed
and/or eroded and have only been recorded in some sections
(e.g., Marchairuz section). As a consequence, the large-
scale sequence between the boundaries Be4 and Be5 dis-
plays an extremely asymmetric stacking pattern reflected by
thick transgressive and thin highstand deposits (Fig. 4).

In order to improve the biostratigraphic control on the
Jura platform, a section of the Vocontian basin, the
Montclus section, has been integrated into the correlation
framework (Fig. 4). This section is well dated by
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ammonites and calpionellids (Le Hégarat 1973; Jan du
Chéne et al. 1993; Pasquier 1995; Hillgértner 1999). The
entire sedimentary record is composed of a succession of
hemipelagic to pelagic marls and limestones. The
sequence-stratigraphic interpretation generally follows that
of Strasser et al. (2004).

The sequence-chronostratigraphic time-frame published
by Hardenbol et al. (1998) is used as reference in this study.
According to this, the large-scale sequence boundaries Be4
and Be5 are dated at 141.0 and at 139.3 Ma, respectively
(Fig. 3). The time comprised between these two sequence
boundaries is, therefore, in the range of 1.7 million years.
In the Montclus section, which is assumed to be more or
less complete, 16-20 small-scale sequences have been
identified between sequence boundaries Be4 and BeS5
(numbers vary according to interpretation: Pasquier and
Strasser 1997; Hillgirtner 1999; Strasser et al. 2004).
Dividing the 1.7 million years by 16 (numbers of small-
scale sequences), one small-scale sequence represents a
duration of 106 ka. This is close to the periodicity of the
short orbital eccentricity cycle (100 ka).

Different studies use the hierarchical stacking of depo-
sitional sequences as a criterion for the influence of orbital
forcing on deep- and shallow-marine carbonates (e.g.,
Goldhammer et al. 1990; Osleger and Read 1991;
Schwarzacher 1993; Sadler 1994; Lehmann et al. 1998;
Lehrmann and Goldhammer 1999; Raspini 2001; D’Ar-
genio et al. 2004). A consistent 4:1 relationship (bundling)
between small- and medium-scale sequences in the sedi-
mentary rocks of the Pierre Chatel and the Vions
Formations has been detected (e.g., Hillgirtner 1999;
Strasser et al. 2004). Consequently, and in accordance with
the biostratigraphic and sequence-chronostratigraphic tim-
ing, it is assumed that medium-scale sequences have been
deposited in tune with the long eccentricity cycle of 400 ka.
Small-scale sequences comprehend 3-6 elementary
sequences in the Middle to Late Berriasian of the Jura
platform (Pasquier 1995; Pasquier and Strasser 1997,
Hillgértner 1999; Strasser et al. 2004). On the average, five
elementary sequences build up one small-scale sequence on
the Jura platform. They most likely have been controlled by
relative sea-level fluctuations in tune with the precession
cycle. Shallowing-up sequences in Berriasian marginal-
marine deposits have also been related to orbital cycles in
the Dorset region of southern England (Anderson 2004a;
Tresch 2007) and in the Prebetic zone of southern Spain
(Jimenez de Cisnero and Vera 1993; Anderson 2004b).

Materials and methods

Eleven sections, which have already been well described
and dated in the literature, have been relogged on a
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decimetric scale in the field (Fig. 1). The focus is set on
four small-scale sequences and their elementary sequences
at the base of the Pierre Chatel Formation (small-scale
sequences 10-13 in Figs. 4, 7-10). A total of 114 section
meters has been logged and studied bed by bed. Weath-
ering profile, lithology, and sedimentary structures have
been determined in the field. Thin section analyses of 566
samples were carried out by light-optical microscope
investigations in order to determine depositional facies
(Tresch 2007). Etched slabs have been used to analyze
larger constituents (e.g., oncoids and coral debris) and
sedimentary structures. Additionally, 50 samples of marls
were washed and sieved. The obtained fractions have been
picked and analyzed under the binocular. On average, five
samples per meter have been investigated for the sections
of the Jura platform.

Facies evolution and the sequence-stratigraphic inter-
pretation have been worked out in detail for all sections
(Tresch 2007). In order to obtain a high-resolution
sequential framework, diagnostic surfaces and intervals
have been traced from section to section across the Jura
platform. This correlation framework helps to delimit
deposits, which have been controlled by autocyclic pro-
cesses such as migrating tidal channels or shoals and to
identify local and/or regional gaps in the sedimentary
record. Based on the combination of the high-resolution
sequential framework and the cyclostratigraphic interpre-
tation, a time—space diagram of all investigated sections
can then be constructed by assuming that an elementary
sequence represents one precession cycle of 20 ka. In this
diagram, sequence boundaries of small-scale and elemen-
tary sequences are considered to be time lines. The time—
space diagram is used to monitor the Middle Berriasian
transgression of the Jura platform in time steps of a few
thousand years. Hypothetical palaeogeographic maps have
been drawn in order to illustrate the flooding of the
platform.

Facies analysis and model

For high-resolution sequence-stratigraphic interpretations,
it is important to gather essential facies informations and to
interpret them in terms of depositional environments.
Especially on shallow carbonate platforms depositional
processes create complex patterns of facies mosaics in time
and space (e.g., Strasser and Samankassou 2003; Wright
and Burgess 2005). The facies of the investigated sedi-
mentary rocks have been attributed in a simplified manner
to four depositional environments (Tresch 2007): (1) The
continental environment is mainly characterized by the co-
occurrence of charophyte stems and gyrogonites indicating
freshwater ponds (e.g., Platt 1989; Fliigel 2004). Com-
monly they are associated with ostracodes and gastropods.

In some intervals, charophyte stems are associated with
pseudomorphs after halite, which is interpreted as being
due to seasonally hypersaline conditions. (2) The tidal-flat
environment is well defined by sedimentary structures such
as birdseyes, lamination, desiccation cracks, and/or cir-
cumgranular cracks. Ostracodes are common and in some
samples abundant. They are associated with some bivalves
and gastropods. However, the faunal and floral diversity is
strongly reduced or fossils are even absent in some beds
(“stressed environment”; Pratt and James 1992). (3) The
internal-lagoonal environment represents a shallow marine,
low-energy basin, which is partly separated by a morpho-
logical barrier (e.g., shoal field) from the open lagoon.
Normal marine conditions are indicated by a diverse fauna
and flora (e.g., bivalves, gastropods, ostracodes, different
species of foraminifers, and dasycladaceans). Moreover, an
increased amount of stenohaline organisms (e.g., echino-
derms and brachiopods) occurs in this depositional setting.
Restricted conditions are locally indicated by a reduced
diversity of the fauna and flora. The occurrence of mono-
specific dasyclad algae in combination with a euryhaline
faunal association (e.g., bivalves, gastropods, and ostra-
codes) is attributed to a restricted, internal-lagoonal setting.
Peloids and oncoids are common in internal lagoons
whereas ooids (mainly radial and superficial) are concen-
trated in tidally influenced high-energy settings. (4) Open-
lagoonal sediments are characterized by an increase of
stenohaline organisms relative to the amount of euryhaline
ones. Additionally, some coral debris, sponges, and red
algae contribute to a further increase of the faunal and
floral diversity. Most of the samples interpreted as open-
lagoonal deposits contain large Bacinella-Lithocodium
oncoids forming float- and rudstones (Hillgirtner 1999;
Védrine et al. 2007; Tresch 2007).

Lateral transitions between depositional environments
are common in shallow-marine systems and have to be
taken into account. Based on the likely spatial distribution
of the depositional environments, a conceptual depositional
model has been constructed (Fig. 5). The model illustrates
a static, time-independent shallow carbonate platform and
the lateral arrangement of its depositional environments.
The sedimentologic interpretation of the sections follows
this depositional model (Tresch 2007). The facies succes-
sion in a section is then interpreted in terms of sequence
stratigraphy, following the methodology proposed by
Strasser et al. (1999).

Interpretation of sections
The St. Claude (Figs. 7, 8) and the Lavans sections
(Figs. 9, 10) have been chosen in order to illustrate how the

investigated sections have been interpreted in terms of
facies and sequence analysis (for symbols refer to Fig. 6).
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Fig. 5 Block diagram showing the spatial relations between the different depositional environments of the Jura platform (hypothetical, not to

scale)

The St. Claude section represents a sedimentary succession
of which most parts can be interpreted in terms of sequence
stratigraphy (allocycles). The Lavans section, however, is
an example where autocyclic deposits are common and a
sequence-stratigraphic interpretation is possible only in
certain intervals.

Facies evolution of the St. Claude section

The Goldberg Formation mainly consists of marls and
mudstones interpreted as tidal-flat deposits (with birdseyes,
lamination, desiccation cracks, and/or circumgranular
cracks; Fig. 7). Charophyte-rich intervals are interpreted as
tidal pond deposits (at 0.30 and at 2.10 m). The presence of
marine fauna (echinoderms, foraminifera) is explained by
storm washovers when material from the lagoon was flu-
shed onto the tidal flat, or by deposition in tidal channels.
The upper part of the Goldberg Formation was dated by
Mojon (2002). It is in the range of the assemblage zones
M2-M3.

A rapid change to high-energy deposits at the base of the
Pierre Chatel Formation (two beds of ooid- and intraclast-
rich pack- to grainstones) marks a pronounced increase of
water depth and energy (from 2.85 to 3.30 m). A succes-
sion of partly laminated tidal-flat sediments (containing
charophytes and ostracodes) caps the second high-energy
bed. They indicate a gradual decrease of accommodation
space.

@ Springer

The change to a massive bed consisting of tidal flat to
internal-lagoonal sediments then reflects a deepening of the
depositional system (at 3.65 to 3.85 m). The following
muddy, thinly bedded, bioturbated interval has been
deposited in a restricted, internal-lagoonal environment
(low fauna diversity). It is capped by a massive internal-
lagoonal bed. A succession of thinly bedded, ooid-rich
wacke- to packstones has been deposited in a restricted
internal-lagoonal environment (from 4.00 to 4.50 m).
Bioturbation at the top of this thinly bedded succession
points to condensation and may be related to a slight
deepening of the depositional system (at 4.50 m; Fig. 8).
Circumgranular cracks at the top of a massive bed are
interpreted as signs of emersion of a tidal flat or a
restricted, internal-lagoonal environment due to loss of
accommodation (at 4.75 m).

The following beds have been deposited in an internal-
lagoonal setting (from 4.75 to 5.55 m). A slight opening of
the depositional system is displayed by a succession of
internal- to open-lagoonal deposits (from 5.55 to 6.70 m).
A nodular interval at the base of the following thick bed
consists of internal-lagoonal deposits, suggesting a slight
restriction of the system, although the grainstone texture
implies an energy increase (at 6.75 m). Within this thick
bed, a gradual opening of the depositional system is indi-
cated by the deposition of internal- to open-lagoonal
sediments, and a deepening is implied by a gradual change
from grainstone to wackestone/floatstone. The strongly
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bioturbated floatstone at the top of this bed is interpreted as
condensation interval in an open-lagoonal environment (at
7.80 m).

The top of the section is characterized by a massive bed,
the facies of which indicates a further opening of the
depositional system.

Sequence-stratigraphic interpretation
of the St. Claude section

Dating by charophyte—ostracode assemblages indicates
that the top of the Goldberg Formation contains large-
scale sequence boundaries Be3 and Be4 (Hardenbol et al.
1998). They are tentatively placed where facies indicate
minimum accommodation potential (Fig. 7). Much of the
geologic time is probably contained in the packstone bed

Only for Figs. 7-10:
Abundance of constituents in a sample

(one symbol): A
common  (two symbols):

abundant (three symbols):

Black symbols: observed in thin section

Grey symbols: observed by hand lens on out-

crop or interpreted between
samples

55
©JoJO]

with reworked clasts (at 2.15 m), at the top of the bed
showing lateral pinchout and abundant reworked clasts (at
2.40 m), and at the very top of the Goldberg Formation (at
2.85 m).

At least three elementary sequences form small-scale
sequence 11 (the small-scale sequences are numbered as in
Fig. 4). With the help of lateral correlation it is supposed
that the first elementary sequence is missing due to non-
deposition and/or erosion during the transgression (cf.
Fig. 11). The base of the first, ooid-rich, high-energy bed
marks the transgression of the Pierre Chatel Formation
over the Goldberg Formation. This first bed and the lower
part of the second high-energy bed represent the trans-
gressive deposits of small-scale sequence 11. Each of these
beds shows a shallowing-up trend culminating in emersion
(birdseyes and desiccation cracks), which is interpreted as
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Fig. 7 St. Claude section (part
I). For legend of symbols see
Fig. 6
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St. Claude [

Field observations Facies/Texture
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Depositional
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TS [

= I

Bed |

sequence boundary. Accordingly, each bed represents an
elementary sequence (the numbering of these elementary
sequences anticipates the correlation of Fig. 11). The
maximum flooding of small-scale sequence 11 probably
lies within elementary sequence 3, which is the thickest
one within this small-scale sequence and thus suggests
highest accommodation gain. The succession of tidal-flat
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deposits terminates this small-scale sequence. The inter-
pretation of elementary sequences in the highstand
deposits of this small-scale sequence is not straightfor-
ward because diagnostic facies changes are lacking.
However, based on lateral correlation, it is supposed that
this interval comprehends two elementary sequences (4
and 5; Fig. 11). Lateral correlation also suggests that the
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Fig. 8 St. Claude section
(part II)
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first elementary sequence of small-scale sequence 11 has
not been deposited because of a low accommodation
space (morphological high), or that it has been eroded
during the initial flooding of the platform at the location
of the St. Claude section. Also in other sections the first
elementary sequence of small-scale sequence 11 is miss-

ing (Fig 11).

] St. Claude II

v L1} _2
58 |8 58 55
Qgu 78] 2u 2E
= = = =
T =0 ©g ]
o2 Eg EZ2| Field observations Facies/Texture as
36 | ah wh S5
I -\ CR g
g pacr &
| » & X Pl
@ | LN
[ * T * o
| by Ay .;.\__\
| Tk P ola ik G0 R
™ | :
l|
© j
/
/
TS |
L SB— _
MFS > Y
)
|
4
p
In’
1
o |
|
!
\
I
I| &
. « X }
_Ts & Dek e s ke
S8 [l o 5 P L (F)
J ‘@&%‘?@%&5
. [Sedaka®sdak R
axroe
@ ( s
™ /l

DRyl PR

* 3 . 8
*

@
L1s ]
5B
O]
LTS
SB
w | @

The top of the tidal-flat succession is interpreted as
sequence boundary of small-scale sequence 12 (at 3.65 m).
The transgressive surface is well defined by reworking and
the rapid change from tidal flat to internal-lagoonal
deposits at the base of the first massive bed. Each of the
following two massive beds is assumed to represent an
elementary sequence (1 and 2). Their maximum-flooding
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Fig. 9 Lavans section (part I).
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intervals are implied by strong bioturbation. The thinly
bedded interval above is thought to contain the third and
the fourth elementary sequences. There is no facies change
that marks the boundary between these two elementary
sequences, but their presence is implied through lateral
correlation (Fig. 11). The nodular, strongly bioturbated
interval at the top of this thinly bedded succession is
considered as maximum flooding of small-scale sequence
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12. The highstand deposits are represented by the following
massive bed (fifth elementary sequence).

The sequence boundary of small-scale sequence 13 is
indicated by an irregular surface above a horizon with
circumgranular cracks (at 4.75 m). The bed succession is
characterized by a general thickening-up trend, which
reflects a gain of accommodation during rising relative
sea level (transgressive deposits). The identification of
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Fig. 10 Lavans section (part II)
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elementary sequences is uncertain in this part of the
section. Hence, the sequence-stratigraphic interpretation
on the elementary sequence scale is based mainly on
lateral correlation (Fig. 11). The discontinuity at the top
of the thick massive bed (nodular, bioturbated floatstone
at 7.75 m) is considered as maximum-flooding surface of
small-scale sequence 13. The highstand deposits of this
small-scale sequence are strongly reduced and repre-
sented by the marl interval above the maximum-flooding
surface.

The sequence boundary and the transgressive surface of
small-scale sequence 14 are situated at the base of the
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following massive bed. The following sedimentary suc-
cession displays a continued deepening of the depositional
environment.

Facies evolution of the Lavans section

The top of the Goldberg Formation in the Lavans section
consists of tidal-flat deposits (Fig. 9). Storm washovers or
extreme tides deposited some foraminifers, dasyclad algae,
and echinoderms on these tidal flats. The top of the
Goldberg Formation has been dated with charophyte—
ostracode assemblages by Mojon (2002). It belongs to the
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Fig. 11 High-resolution best-fit correlation of the four small-scale
sequences 10-13 and their elementary sequences of all studied
sections from the Jura platform (Tresch 2007). The sections are
represented by their weathering profiles. The depositional environ-
ments are indicated by the color code (refer to Fig. 5)

biozone M4 (with reworked species of biozone M3 indi-
cated in brackets).

The base of the Pierre Chatel Formation is characterized
by two massive, ooid-rich pack- to grainstone beds (up to
2.50 m in the graphical log). They have been deposited in
restricted, internal-lagoonal environments during an
increasing accommodation space. The base of the first bed
marks the initial flooding of the Jura platform at Lavans
and, hence, the boundary between the Goldberg and the
Pierre Chatel Formation (Fig. 9). Between these ooid-rich
beds, the nodular mud- to packstone interval represents a
period of emersion. The following bed is composed of
tidal-flat sediments with birdseyes and desiccation cracks.
It is overlain by a nodular mud- to wackestone interpreted
as supratidal sediments (charophyte stems and gyrogo-
nites), which is capped by a marl level with abundant
charophytes. The stratigraphically following beds are
composed of internal-lagoonal deposits up to about 3.30 m
where a subtle facies change to a more open-lagoonal
composition is indicated. The following interval is cha-
racterized by a succession of nodular pack- to grainstones
(internal- to open-lagoonal zone). They are capped by an
interval of high-energy, internal- to open-lagoonal sedi-
ments (pack- to grainstones) with low-angle cross-bedding
interpreted as shoal bodies (from 4.80 to 5.85 m). The top
of this interval is bioturbated, indicating a loss of energy
and possibly a deepening. The following oncoid-rich
floatstone interval reflects a slight opening of the deposi-
tional system. A change to high-energy, internal- to open-
lagoonal deposits at the base of a thick bed (at 6.00 m)
points to a decrease of accommodation space. The transi-
tion to an open-lagoonal environment within this thick bed
is then interpreted as a gradual deepening and opening of
the depositional system. The overlying marl interval is
composed of internal- to open-lagoonal sediments, which
have been deposited during a loss of accommodation
space (from 7.25 to 7.50 m). A slight deepening of the
depositional system is marked by a change to a nodular
oncoid-rich floatstone interval (from 7.50 to 7.70 m). The
following oncoid-rich packstone is attributed to an open-
lagoonal environment.

Sequence-stratigraphic interpretation of the Lavans section
Charophyte—ostracode assemblage M4 gives evidence that

the top of the Goldberg Formation corresponds to sequence
boundary Be4 (Hardenbol et al. 1998).

Based on the correlation with other sections (Fig. 11), it
is assumed that the first elementary sequence of small-scale
sequence 11 is missing. A rise in relative sea level caused
the deposition of the two massive ooid-rich beds. Each of
them is interpreted as an elementary sequence (2 and 3).
Based on lateral correlation, the maximum flooding of this
small-scale sequence lies in the second ooid-rich pack- to
grainstone bed. The next pulse of relative sea-level change
led to the deposition of tidal flat to emersive deposits
represented by the following bed (fourth elementary
sequence). Also the fifth elementary sequence consists of
tidal flat and continental deposits, indicating that the
available accommodation space was constantly filled up.

The sequence boundary of small-scale sequence 12 is set
at the top of the emersive interval (at 2.9 m). A rise of
relative sea level caused the deposition of internal-lagoonal
deposits (nodular bed). This bed probably represents the
first elementary sequence of this small-scale sequence. The
sequence-stratigraphic interpretation of the following bed
succession is not straightforward because characteristic
facies changes are lacking. It is assumed that this small-
scale sequence comprehends at least five elementary
sequences. This assumption is based on lateral correlations
(Fig. 11).

The base of the high-energy shoal succession marks the
transgressive surface of small-scale sequence 13 (at 4.8 m).
The detailed sequence-stratigraphic interpretation of these
deposits is not evident because they have probably been
controlled by autocyclic processes. Considering lateral
correlations, they contain up to three elementary sequences
(Fig. 11). The floatstone interval at the top of the shoal
succession is assumed to reflect condensation during rap-
idly rising relative sea level. The facies change towards
internal- to open-lagoonal deposits at the base of the
massive, thick bed is considered as a slight decrease of
relative sea level. It is interpreted as sequence boundary of
the fourth elementary sequence. The discontinuity at the
base of the thick marl interval is considered as the maxi-
mum-flooding surface of small-scale sequence 13.

A decrease of relative sea level then caused the influx of
clays and deposition of the marl interval (internal- to open-
lagoonal deposits). The sequence boundary of small-scale
sequence 14 is placed at its top, and the overlying trans-
gressive surface is suggested by the change to clearly open-
lagoonal facies.

Correlation of small-scale and elementary sequences

The correlation of diagnostic intervals and/or surfaces of the
11 sections on the Jura platform is displayed in Fig. 11. As a
working hypothesis, the maximum flooding of small-scale
sequence 13, well expressed in all studied sections, has been
used as datum for the lateral correlation. The sequence
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Fig. 12 Best-fit correlation of the four small-scale sequences 10-13
and their elementary sequences. Intervals containing autocyclic
deposits and/or of which the sequence-stratigraphic interpretation is
uncertain are shown in gray

boundaries of the small-scale sequences are all well deve-
loped and can be traced from section to section. The
interpretation of the maximum floodings in small-scale
sequences 10—12, however, is more delicate and can be
determined and correlated with certainty between only
some sections. Nevertheless, the best-fit correlation of the
small-scale sequences can be used as a framework for the
correlation of elementary sequences. The sequence boun-
dary between small-scale sequences 12 and 13 is especially
well expressed by the relatively most proximal facies in
each sedimentary succession (e.g., karst surfaces in the
Rusel and Thoirette sections, tidal-flat deposits in the Crozet
and Chapeau de Gendarme sections). This points to a pro-
nounced relative sea-level fall affecting the entire study area
(medium-scale sequence boundary; Tresch 2007) (Fig. 4).

The interpretation of elementary sequences on the Jura
platform is generally not straightforward (Fig. 12). In some

sections, they can be interpreted without any doubt (e.g.,
Rusel section). In most sections, however, the interpreta-
tion of elementary sequences is not or only partly possible
because autocyclic processes probably dominated the
deposition of the sediments. Yet, autocyclic deposits such
as tidal channel fills or shoal bodies are commonly of
limited lateral extension (Ginsburg 1971; Pratt and James
1986; Strasser 1991). In the investigated sections, some
shoal bodies have been identified (e.g., sections of
Marchairuz, Crozet, and Lavans in Figs. 10, 11). Although
the facies succession within these autocyclic intervals
cannot be interpreted in terms of sequence stratigraphy,
they can at least be delimited at their base and top by
sequence-stratigraphic correlations (Fig. 12).

The sections of Val de Fier and Yenne are composed of
relatively thick beds of internal- to open-lagoonal deposits,
in which no characteristic facies changes occur (Fig. 11).
In these sections, the sea floor never reached intertidal or
supratidal conditions, so that the expression of diagnostic
intervals or surfaces is weak or absent (subtidal cycles
sensu Osleger 1991). The amplitude of the sea-level
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Fig. 13 Time-space diagram illustrating the depositional environ-
ments indicated by the corresponding color code (Fig. 5) of small-
scale sequences 10-12 and their elementary sequences of all
investigated sections of the Jura platform. The sequence boundaries

2 Elementary sequences

of the small-scale and elementary sequences are considered as time
lines delimiting 100-ka and 20-ka orbital cycles. For time lines a to j
refer to Fig. 15
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Fig. 14 Long-term evolution of the Jura platform between the large-
scale sequence boundaries Be4 and Be5. Approximate timing (left
side) and illustration (right side) of a long-term lowstand interval,

changes induced by the 20-ka precession cycle was too low
to create facies changes in deep water, and only the more
important sea-level fluctuations linked to the 100-ka
eccentricity cycle were recorded. Consequently, in these
two sections, only the sequence boundaries of the small-
scale sequences can be correlated (Fig. 11).

A time-space diagram has been constructed in order to
better illustrate the lateral and vertical evolution of the
depositional environments during the early stages of the
Middle Berriasian transgression. This diagram (Fig. 13)
illustrates the high-resolution correlation of the small-scale
sequences 10-12 and their elementary sequences of the
sections as displayed in Fig. 11. According to the cyclo-
stratigraphic interpretation, each small-scale sequence
represents an equal time increment of 100 ka, and each
elementary sequence a time increment of 20 ka. The
sequence boundaries are assumed to represent time lines,
which delimit the depositional sequences. The depositional
environments between the time lines have been interpo-
lated (compare with Fig. 11). This diagram, however, does
neither account for different sedimentation rates, which are
strongly facies-dependent, nor for non-deposition and/or
erosion between two time lines.
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b initial transgression, ¢ long-term transgressive interval, d long-term
highstand interval. The illustrations are not to scale

As illustrated in the time—space diagram, the time lines
(sequence boundaries) cut through the large-scale, litho-
logically determined transgressive surface defining the base
of the Pierre Chatel Formation. This implies that the Middle
Berriasian transgression was strongly diachronous on the
Jura platform. According to the sequence-stratigraphic best-
fit correlation and the cyclostratigraphic interpretation of
this study, the initial flooding of the Jura platform had a time
lag of up to 220 ka between the Marchairuz and the Rusel
sections (Fig. 13). In six of the 11 sections, however, the
initial transgression is recorded at the base of small-scale
sequence 11 in the second elementary sequence. Therefore,
over a distance of several tens of kilometers, the initial
transgression occurred in the same 20-ka cycle.

Long-term evolution of the Jura platform during
the Middle to Late Berriasian

The cross-sections shown in Fig. 14 illustrate the evolution
of the Jura platform in four time intervals. They give an
overview of the long-term interactions between tectonics
(subsidence or uplift) and eustasy between the large-scale
sequence-boundaries Be4 and Be5.
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Lowstand deposits (Fig. 14a)

Lowstand deposits on the Jura platform are strongly
reduced and/or absent due to erosion and non-deposition
during the Early to Middle Berriasian. Continental to
intertidal deposits characterize the top of the Goldberg
Formation. The dating by charophyte—ostracode assem-
blages (Mojon 2002) reveals that the top of the Goldberg
Formation represents different time intervals at different
localities on the platform (M1b to M4; Fig. 11). This is
probably due to the development of an important platform
morphology following recurrent emersions during the
Early to Middle Berriasian, and to differential subsidence
(block rotation combined with uplift; Détraz and Stein-
hauser 1988; Strasser 1988; Détraz and Mojon 1989;
Pasquier 1995). These factors controlled the evolution of
the complex pattern of morphological highs and depres-
sions on the platform. A reef complex and shallow lagoons
formed during the Late Tithonian to early Middle Berri-
asian on parts of the southern Jura platform, but emerged
and were brecciated during sea-level lowstand in Early to
early Middle Berriasian times (reef of Echaillon; Détraz
and Steinhauser 1988; Détraz and Mojon 1989). The
growth of the reef complex during the Late Tithonian
to early Middle Berriasian formed a relatively steep slope
at the transition from the southern Jura platform to the
western Helvetic shelf (Détraz and Steinhauser 1988).

Initial transgression (Fig. 14b)

High-resolution sequence- and cyclostratigraphic investi-
gations reveal that the transgression flooded the Jura
platform diachronously (Waehry 1989; Pasquier 1995;
Hillgirtner 1999; Strasser et al. 2004; Tresch 2007; Fig.
13). The timing of the initial flooding at a given locality on
the platform depends on its pre-existing morphology,
which plays an important role by locally modifying
accommodation and facies distribution.

Transgressive deposits (Fig. 14c)

The transgressive deposits of the Jura platform display a
general thickening-up trend, reflecting an important gain of
accommodation space. The potential for carbonate pro-
duction was elevated due to a combination of warm waters
in subtropical latitudes, low detrital input, and enhanced
water circulation on the platform favoring oligotrophic
conditions. The growth potential of the Jura platform was
high and patch reefs grew in shallow lagoons (Pasquier
1995; Hillgéirtner 1999). Bioclastic shoal fields protected
the shallow lagoons from open-marine waters on the
southern Jura platform (Détraz and Mojon 1989). The
interaction of rising sea level in combination with

differential subsidence created a complex pattern of lateral
and vertical facies successions. Subsidence rates generally
increased from proximal to distal (from the Jura platform to
the Helvetic shelf) due to extensional tectonics on the
northern margin of the Tethys (e.g., Funk 1985; Arnaud
1988; Wildi et al. 1989; Loup 1992; Pasquier 1995).
Accelerated differential subsidence and rising sea level
initiated the change from a flat-topped platform during the
Early to Middle Berriasian to a distally steepened ramp
during the late Middle to early Late Berriasian (Dalmasi to
Paramimounum ammonite subzones; Détraz and Stein-
hauser 1988; Hillgdrtner 1999).

Maximum flooding and highstand deposits (Fig. 14d)

After the initial flooding of the flat-topped Jura platform
and the start-up phase in platform growth during the large-
scale transgression, high carbonate production progres-
sively outpaced accommodation (shallowing-up trend) and
forced the platform to prograde (Hillgirtner 1999). Except
for some sections (Pasquier 1995; Pasquier and Strasser
1997), the large-scale maximum-flooding interval is not
recorded on the Jura platform. It is assumed that a com-
bination of sea-level fall, tectonic uplift, and/or reduced
subsidence rates as well as the climate change to more
humid conditions led to Kkarstification, which marks the
transition from the Pierre Chatel to the Vions Formation in
several locations (Pasquier 1995; Pasquier and Strasser
1997; Hillgirtner 1999; Strasser et al. 2004; Fig. 4).

Short-term evolution of the Middle Berriasian Jura
platform

With the help of the time-space diagram (Fig. 13), the
complex pattern of depositional environments can be
investigated. Small-scale sequences 11 and 12 are used to
illustrate the evolution of the initial transgression on the
Jura platform. Five time-slices for each of these two small-
scale sequences have been chosen in order to reconstruct
hypothetical palacogeographic maps (Fig. 15a—j). No pa-
linspastic reconstruction has been made, i.e., the distances
between the sections and their relative positions are not
corrected. The proximal—distal distribution of the sections
relative to the palaeocoast, however, is not affected and can
be considered as representative. The depositional zones
between the investigated sections are interpolated accord-
ing to the facies and sequence-stratigraphic interpretations
of Tresch (2007) and data from the literature (e.g., Strasser
1987; Détraz and Mojon 1989; Waehry 1989).

The Jura platform and the northern parts of the Helvetic
shelf have been flooded approximately from southwest to
northeast (e.g., Détraz and Steinhauser 1988; Waehry
1989; Pasquier 1995). The transgression encroached
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Fig. 15 Ten palacogeographic maps (a—j) of small-scale sequences
11 and 12. The time slices represented on the palacogeographic maps
are indicated on the time—space diagram in Fig. 13. The interpolations
of depositional environments between the sections are hypothetical.
The palacogeographic maps are shown without palinspastic
reconstructions

stepwise onto the emerged platform at the transition of the
Goldberg Formation to the Pierre Chatel Formation (Pas-
quier 1995; Strasser et al. 2004; Tresch 2007). The pre-
existing platform morphology and the tectonic setting
(uplift or subsidence) were the main factors controlling the
time of the initial flooding at a given location. According to
the sequence-stratigraphic interpretation, emersion pre-
vailed on the southwestern Jura platform (Yenne and Val
de Fier sections) about 100 ka longer than in more northern
locations (Fig. 13). This interpretation may be explained
by emerged morphological highs (islands), which were
separated from the mainland in the northwest by a shallow-
marine lagoon in the area of the Poizat section (Fig. 15b—
e). The initial transgression in these elevated areas is
marked by an abrupt facies change from supratidal to
lagoonal sediments without any transitional environments
such as tidal flats. This points to a relatively distal position
on the platform and/or to rapid tectonic subsidence.

A similar interpretation has been made for the Thoirette
section. However, at this location, it is not clear whether
the facies evolution indicates a distal or a proximal position
on the platform. It is supposed that this section was first
situated on the emerged mainland (Fig. 15a—g), then in an
internal-lagoonal  environment (initial transgression;
Fig. 15h) and later on an island (Fig. 15i—j). An emerged
morphological high (island) is also postulated east of the
Crozet, Chapeau de Gendarme, and St. Claude sections
(Fig. 15b—e). During the transgression in small-scale
sequence 12, however, this morphological high was floo-
ded (Fig. 15f—g). An island in this area probably reappears
during low relative sea level (Fig. 15h—j).

The sequence-stratigraphic correlation shows that small-
scale sequence 10 of the Marchairuz section is composed
of internal- to open-lagoonal deposits (Figs. 11, 13). This
implies that, in the area of the Marchairuz section, the Jura
platform was flooded earlier than at the locations of the
other sections. This suggests that the section of Marchairuz
was located in a morphological depression. Facies analysis,
the thickness of the formations, and the distribution of
detrital quartz in the area of the Marchairuz section have
been related to a shallow basin (Steinhauser and Charollais
1971; Persoz and Remane 1976; Strasser 1987). Based on
micropalaeontological arguments, Mojon (2002) postulated
a marine connection in this region between the Jura plat-
form and the Paris basin (Central Jura graben). Tectonic
movements along Variscan structures in the basement
probably controlled the Mesozoic subsidence pattern of the

Jura platform (Loup 1992) and the evolution of this graben
system (Mojon 2002). The present study supports this
interpretation because the initial transgression (represented
by open-lagoonal deposits) reaches the Marchairuz area
already in small-scale sequence 10 (Figs. 11, 13).
Accordingly, an elongated shallow basin with a southeast
to northwest orientation has been sketched in the area of
the Marchairuz section. The existence of a marine con-
nection to the Paris basin during the deposition of small-
scale sequences 11 and 12 is highly speculative. However,
with increasing relative sea level and during the large-scale
maximum flooding (around small-scale sequence 19 in
Fig. 4), the Jura platform may have been connected with
the Paris basin by a shallow-marine depression.

Increased differential subsidence probably caused the
environmental change from internal- to more open-lagoo-
nal conditions in the area of the Poizat section during the
deposition of small-scale sequence 12 (Fig. 15g). About
20 ka later, a similar abrupt change from internal- to open-
lagoonal deposits occurred at the location of the Lavans
section (Fig. 15g-h), which probably also indicates a re-
lative increase of differential subsidence. As a hypothesis,
this may be explained by a northward propagation of tec-
tonic activities along a fault zone during the Middle
Berriasian (Vuache fault zone; Charollais et al. 1983).

The facies evolution of the Rusel section indicates that it
was located at the most proximal position on the platform
compared with the other sections (e.g., freshwater interval
at the sequence boundary between small-scale sequences
13 and 14; Fig. 11). About 2 km to the northeast of the
Rusel section in direction to the town of Biel (cf. Fig. 1),
the Biel section has been investigated in several studies
(Mojon and Strasser 1987; Blanc and Mojon 1996; Blanc
1996; Mojon 2002). A breccia interval containing a tilted
block with a volume of almost 3 m> occurs at the base of
the Pierre Chatel Formation. Mojon and Strasser (1987)
postulated that this block had fallen down from a Middle
Berriasian palaeocliff. Blanc and Mojon (1996) and Blanc
(1996) related the breccia and the tilted block to collapse
deposits, which filled a karst cave during the Middle to
Late Berriasian (charophyte—ostracode assemblage M4).
These interpretations indicate that the coastline was close
to the sections of Rusel and Biel at least during the Middle
Berriasian.

Discussion

On shallow carbonate platforms, the thickness of the
depositional sequences reflects, as a first approximation,
the changing accommodation space over time. However,
sequence thickness as seen in the field and accommodation
do not have a linear relationship. This is due to facies-
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dependent differential compaction and because sediment
not always fills up the available space (Strasser et al. 1999).
Accommodation changes are controlled by the combina-
tion of eustatic sea-level changes and tectonic movements.
Furthermore, morphology on the platform is created by
local accumulation of sediment in shoals, or by the con-
struction of bioherms. The fact that depositional sequences
can be correlated over long distances (tens of kilometers)
along the Jura platform is a strong argument that processes
other than local tectonic activities or local changes in
sediment accumulation must have been involved. The
hierarchical stacking pattern observed in the studied sec-
tions implies that it was mainly the superposition of high-
frequency sea-level fluctuations on a longer-term trend that
was responsible for the formation of depositional sequen-
ces of several orders (large-, medium-, small-scale
sequences). Lateral thickness changes within the same
sequence are attributed to differential subsidence and
facies-dependent differential compaction.

While small-scale sequences can be correlated relatively
easily over the whole study area, interpretation and corre-
lation of elementary sequences is more problematic. On
this scale of investigation, local factors partly dominated
the depositional processes. Different autocyclic models
have been proposed to explain the stacking pattern and/or
the facies evolution of shallow-marine sedimentary suc-
cessions (e.g., Ginsburg 1971; Pratt and James 1986; Cloyd
et al. 1990; Satterley 1996). Other researchers used statis-
tical methods to proof the randomness of sedimentary
successions (e.g., Drummond and Wilkinson 1993a, b;
Wilkinson et al. 1996, 1997). These models, however,
convince only for laterally discontinuous shallowing-up
sequences (Schlager 2005). Accordingly, autocyclic
deposits such as tidal channel fills or shoal bodies are of
limited lateral extension and, hence, cannot be correlated
over long distances. Moreover, autocyclic models do not
explain subtidal sequences and/or sequences characterized
by vadose diagenetic overprints and/or karstification (e.g.,
Kendall and Schlager 1981; Osleger 1991; Osleger and
Read 1991; Strasser 1991), which have been observed in
the investigated sections.

The studied Middle Berriasian deposits of the Jura
platform contain intervals, which cannot be interpreted in
terms of sequence stratigraphy (Fig. 12). This is explained
by autocyclic sedimentation processes and/or due to the
absence of threshold effects, which normally would lead to
characteristic facies contrasts in the sedimentary record.

Also the position on the platform is an important
parameter controlling the sedimentary succession of a
section. It can be assumed that in relatively distal positions
on a platform rim a transgression leads to a rapid change
from island or tidal flat to lagoonal deposits. Such an
environmental change is displayed in the sediments of the

@ Springer

Thoirette, Poizat, Val de Fier, and Yenne sections (south-
western platform; Figs. 11, 13, 15). Conversely, the
sedimentary succession in proximal platform positions is
characterized by repeated facies changes from tidal flat to
lagoonal and back to tidal-flat environments because
accommodation generally is low (Rusel and Cornaux sec-
tions; northwestern platform; Fig. 15). The other sections
display combinations between characteristics of typical
distal and proximal settings. However, it is assumed that
the coastline of the Jura platform was not linear but dis-
played promontories and bays (Strasser et al. 2004), thus
further complicating the palacogeographic distribution of
depositional environments.

At the transition from the Goldberg to the Pierre Chatel
Formation, the Jura platform was exposed for an extended
period of time (Strasser 1988; Waehry 1989; Strasser 1994,
Pasquier 1995; Pasquier and Strasser 1997; Strasser and
Hillgdrtner 1998; Hillgartner 1999; Strasser et al. 2004;
Tresch 2007). During this exposure, an important mor-
phology developed, which divided the platform into a
complex pattern of morphological highs and depressions.
Such pre-existing morphology strongly determines the
geometry of the coastline and the distribution and migra-
tion of depocentres on the platform during the
transgression. It also modifies the hydrodynamic conditions
(current and/or wave directions and intensity), the pattern
of sediment production and deposition, and ecological
conditions (e.g., water depth, salinity, turbidity, and nutri-
ent distribution) during the flooding of the platform. This is
important for carbonate-dominated shallow-marine plat-
forms, on which the source (carbonate factory) and the
distribution of sediments strongly depend on local condi-
tions (Schlager 2005). The rapid flooding of a platform
changes the physical and chemical conditions for the biota
and, hence, influences the in-situ carbonate production
(e.g., Tipper 1997; Wright and Burgess 2005).

Accommodation changes between the sections are
related to differential subsidence. The Jura platform was
divided into several tectonic compartments with different
subsidence rates. Low subsidence and/or uplift were
responsible for the exposure of the Jura platform around
the large-scale sequence boundary Be4 (Strasser and Hill-
giartner 1998; Hillgirtner 1999). The sequence-
stratigraphic correlation across the Jura platform also
suggests that in some sections (e.g., Rusel and Chapeau de
Gendarme; Fig. 4) the topmost depositional sequences
were truncated by karst surfaces during the formation of
sequence boundary Be5. Other sections of the Jura plat-
form show a similar phenomenon (Pasquier 1995;
Hillgértner 1999). A fall of eustatic sea level alone cannot
explain such exposure features, and tectonic activity (e.g.,
block faulting) has to be considered at that time (e.g.,
Pasquier 1995; Hillgértner 1999; Strasser et al. 2004).
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In shallow-marine deposits, important parts of the geo-
logical record are lost in discontinuity surfaces by non-
deposition and/or erosion (Read et al. 1986; Strasser 1994;
Hillgértner 1998, 1999; Strasser et al. 1999; Strasser and
Samankassou 2003). Sedimentary successions of such
environments thus only represent a fraction of the geo-
logical time (e.g., Wright 1994; Immenhauser and Scott
2002; Burgess and Wright 2003; Miall and Miall 2004).
Nevertheless, the present study suggests that even if a
depositional sequence represents only part of the geologic
time, the hierarchical stacking is not affected and can be
used in the sequence- and cyclostratigraphic interpretation.
Furthermore, by the correlation of elementary and small-
scale sequences between different sections, the exact tim-
ing and the palacogeographic location of the hiatuses can
be reconstructed.

Conclusion

The proposed 20-ka framework allows to investigate
environmental changes with a very high time resolution. It
can be shown that facies change rapidly in time and space
in the order of a few thousand years. Depositional envi-
ronments may migrate over several tens of kilometers
within a 20-ka sea-level cycle, strongly depending on the
local accommodation space, energy conditions, platform
morphology, and/or production and transport rates of the
sediments. The superposition of long- and short-term pro-
cesses has to be considered when interpreting highly
dynamic depositional systems. Tectonic processes (uplift
or subsidence) may change accommodation space locally
and regionally by controlling the long-term evolution of the
platform morphology. The short-term evolution of mar-
ginal-marine environments is strongly coupled to sea-level
changes that are controlled by orbitally induced climate
changes (Milankovitch frequency band).

In shallow-marine carbonate systems, autocyclic pro-
cesses may overrule the high-frequency allocyclic signal.
Additionally, the absence of facies changes in deeper-water
deposits may complicate the sequence-stratigraphic inter-
pretation of elementary sequences. Nevertheless, the
correlation of the small-scale sequences is relatively
straightforward, and their boundaries help to constrain
autocyclically controlled intervals or intervals with no
discernible elementary sequences. The combination of
sequence- and cyclostratigraphy has an enormous potential
to investigate marginal-marine carbonate systems with
high resolution in time and space. It opens the possibility to
quantify sedimentological, ecological, and diagenetic pro-
cesses of the past within time increments of 20 ka or less.
Thus, the time resolution approaches that of the Pleistocene
and Holocene where the controlling factors are much better

known, and comparisons between the Recent and the past
become much more realistic.
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