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Synsedimentary tectonics in an epicontinental sea:
A new interpretation of the Oxfordian basins of northern Switzerland
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ABSTRACT

Synsedimentary tectonics rather than autocyclic processes
influenced the architecture of Oxfordian basins of northern
Switzerland. Sea-floor topography constitutes swells and
depressions that subsided differentially as a result of the Pan-European

stress-field reorganization taking place during the Late
Jurassic. Linked to the reactivation of basement faults, relief
reversals during the Oxfordian led to shallow environments
becoming deep, while previously rapidly subsiding areas
became stable and were filled by sediments, resulting in shallow
environments. Palinspastically restored facies maps and basin
cross-sections reveal that the facies boundaries and depocenters

were spatially related to reactivated Paleozoic faults seated

in the basement. As a consequence, the assumption that the
Mesozoic of northern Switzerland reflects a period of tectonic
quiescence needs to be revised. Furthermore, it is evident that
tectonics played a major role in defining the paleoenviron-
ments subordinately influenced by eustatic sea-level. While
tectonic movements were indeed unspectacular, reinterpreta-
tion of the Oxfordian facies nevertheless clearly shows that the

opening of the North Atlantic and Tethyan Oceans affected
the depositional domains situated between these two areas of
extension.

ZUSAMMENFASSUNG

Die Architektur der Füllung der nordschweizer Oxford-Becken

wurde eher durch synsedimentäre Tektonik als durch

autozyklische Prozesse gesteuert. Der Ablagerungsraum
gliederte sich in Becken und Schwellen, welche als Resultat des

sich während des späten Juras reorganisierenden paneuropäischen

Spannungsfeldes differentiell subsidierten. In Verbindung

mit der Remobilisierung von Brüchen im Grundgebirge,
führte Reliefumkehr während des Oxfordiums zur Vertiefung
ehemals flacher Ablagerungsräume, während vormalig schnell
subsidierende Gebiete stabil und als Resultat der Auffüllung
mit Sedimenten zu Flachwassermilieus wurden. Palinspastisch
rekonstruierte Fazieskarten und Beckenprofile zeigen, dass die

Faziesgrenzen und Depozentren räumlich an reaktivierte
paläozoische Störungen im Basement gebunden waren. Die Annahme,

dass das Mesozoikum der Nordschweiz eine tektonische

Ruheperiode darstellt, muss daher revidiert werden. Darüberhinaus

wurde deutlich, dass tektonische Bewegungen eine

wichtige Rolle bei der Abgrenzung der Paläoablagerungsräu-
me spielten, welche ihrerseits untergeordnet von eustatischen

Meeresspiegelschwankungen beeinflusst wurden. Obwohl die
tektonischen Bewegungen an sich unspektakulär waren, zeigt
die Reinterpretation des Oxfordiums deutlich, dass die

Öffnung des Nordatlantiks und der Tethys die zwischen diesen
beiden Extensionsgebieten gelegenen Ablagerungsräume be-
einflusste.

Introduction

Up to the present, the Jurassic (including the Oxfordian) of
northern Switzerland (Fig. 1) has been regarded as a period of
tectonic quiescence (e.g. Diebold 1990). most likely due to the
lack of contrary outcrop evidence of syndepositional tectonic
features, such as those indicating a platform break-up. In fact.

seismic records do not display marked facies or thickness

changes, therefore linking the geometry of the Oxfordian
formations to syndepositional tectonic activity could not be

established (e.g. Laubscher 1986). In recent years sedimentologists

have become increasingly aware ofthe effects of differen-
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Fig. 1. The study area is situated in the Swiss Jura Mountains. Major geological

and structural elements are the Molasse Basin to the south of the range and
the Tabular Jura. Black Forest and Rhine Graben to the north. High-lighted as

bold gray lines are the Rhenisch Lineament, which coincides with the eastern
Rhinegraben masterfault, and the Wehra-Zeininger Fault.

tial subsidence related to large-scale tectonic events on the

depositional environments of the Jura Mountains (Allia 1996;

Burkhalter 1996: Wetzel & Allia 2000) and have increasingly

used sequence stratigraphy to decipher the depositional
history (Burkhalter 1995. 1996: Pittet & Strasser 1998). The
combined effects of eustasy and tectonism are both recorded
in the sedimentary record and differentiating the two can be

very problematic (e.g.. de Wet 1998; Robin et al. 1998). Similarly

to eustasy. very large-scale tectonic events such as the
opening of the North Atlantic and Tethys. will have long-range
effects on the depositional systems linked to the area where
the event took place (de Graciansky et al. 1998). Central
Europe, being located between the North Atlantic and Tethys.
had a high potential to be affected by the extensional tectonics
in those realms, although its relatively rigid continental crust
would have reacted passively. However, deep-reaching faults
could be reactivated if placed in an appropriate stress field at
times of major extensions, as has been demonstrated in other
areas (Lowe 1985: Faerseth 1996: de Wet 1998). Such deeply
rooted faults formed during the Late Paleozoic when a mega-
shearzone developed between the Ural and Appalachian
mountain ranges (Arthaud & Matte 1977) and grabens and
halfgrabens were formed (e.g. von Raumer 1998).

In recent years, a series of Paleozoic troughs has been
identified in the basement underlying the Jura Mountains and
Molasse Basin (Matter 1987: Diebold 1988: Diebold & Noack
1997). Other studies have demonstrated the effects of these

troughs on Mesozoic sedimentation (Wetzel et al. 1993; Allia
1996: Burkhalter 1996: Allenbach 2001a: Allenbach 2001b)
and the tectonic build of the Jura Mountains (Laubscher 1986;
Küehni 1993: Philippe 1995: Diebold & Noack 1997: Laubscher

& Noack 1997). The major trough-bounding faults lie be-
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Fig. 2. Idealized section of the sedimentary cover of northern Switzerland.
I «ii depositional realms can be identified in the ixfordian deposits; the eltic

which is situated in the north-west of the study area and the Argovian in the

remaining study area. The Celtic realm includes the Sequanian and Raunacian
facies used by earlier authors.

neath the southern foot of the Jura Mountains and along the
northern edge ofthe folded Jura Mountains.

For the Oxfordian. increased subsidence has been recorded
for southern central Europe (Wildi et al. 1989: Loup 1992) but
to date the coincidence of significant lateral variations in facies
and accommodation space with basement structures has not
been recognized for the study area. Therefore, the model of
Gygi (1969. 1986) for the Oxfordian basin fill in northern
Switzerland relies on autocyclic processes which form sea-floor
topography along with significant changes in relative sea-level.

Alternatively, differential subsidence could explain the s.ame

depositional features of these basins and it would no longe r be

necessary to assume large paleo-waterdepths or a continuously
rising sea-level, since accommodation space is being formc7d

simultaneously with deposition by differential subsidence. In fact

new sequence stratigraphie data and eustatic sea-level cu.rves

(Haq et al. 1987; Rioult et al. 1991: de Graciansky et al. 1 998;

Pittet & Strasser 1998) display only minor sea-level fluctuations
during the Oxfordian being on the order of 30 m (Haq et al.
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Fig. 3. Paleogeographic map of the Jura Mountains and adjoining areas during
the Mid Oxfordian. The study area lies in an epicontinental sea north of
Tethys and is characterized by platforms and shallow basins. Compiled from

(Ziegler 1962: Debrand-Passard & Courbouleix 1984; Meyer & Schmidt-Kaler
1989) and own observations.

1987) to 15 m during the Middle Oxfordian (Pittet & Strasser

1998). Sea-level rises of this range cannot provide the space to
accommodate up to 260 m of compacted deposits. Therefore
differential subsidence becomes a plausible alternative to the

autocyclic model. It is the purpose of this paper to demonstrate
the potential of differential subsidence to explain the spatial
distribution of lithofacies and the variations of sediment thickness

deposited during the Oxfordian of northern Switzerland.

Geological Situation and Methods

During the Mesozoic the area of today's Jura Mountains were
flooded by a shallow epicontinental sea in a subtropical cli¬

mate (Fig. 2). Spread over Europe are a number of crystalline
highs from which siliciclastic sediments were derived, resulting
in a mixed carbonate-siliciclastic system (e.g. Pittet & Strasser

1998). Within the Oxfordian of Switzerland, eastern France
and southern Germany two major domains can be

distinguished. Based on older texts the terms "Celtic" for the
platform and "Argovian" for the mud dominated realm are used

to differentiate the general facies domains (Fig. 3) but they are
unsuitable for stratigraphie purposes. The Celtic realm consists

of three formations, the Bärschwil Formation at the base overlain

by the St. Ursanne and the Vellerat Formations (Fig. 4). In
detail the Bärschwil Formation consists of three members.
From base to top these are the Renggeri Beds. Terrain à

Chailles and Liesberg Beds. This formation attains thicknesses

of up to 160 m and thins-out to zero towards the east and

south. The Renggeri Beds are composed of mudstones with
frequent occurrences of pyritized fauna (mainly ammonites)
and pyritized wood. Sedimentary structures are primary
lamination and some bioturbation. The Terrain à Chailles is similar
to the Renggeri Beds, yet with continuous bands of micrite
nodules interbedded in the mudstones. The Liesberg Beds are

again muddy yet with numerous dish-shaped corals encrusted

by serpulids. abundant crinoids and other fauna (Lauer 1985).

With the onset of the St. Ursanne Formation, a carbonate

platform is established, which features some lateral facies
variations especially at its base. Along the platform margin
micrites with varying amounts of bioclasts (mudstone to wackestone)

occur contrasting to the platform interior where oolites
and patchreefs are found. Along the seaward edge of the St.

Ursanne platform thick successions of micrite of the Pichoux
Formation form the coeval sediments.

Lateral facies variations become more pronounced within
the Vellerat Formation: the Vorbourg Member changes from
micrites in the interior platform to sandbars and patchreefs
along the platform edge. Despite these variations within the

member, it is easily recognizable in the field due to distinct
lithofacial changes in comparison to the St. Ursanne Forma-
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In the eastern study area, the Paleozoic troughs
were identified through seismic exploration
undertaken by the Nagra. Towards the west, the

Hermrigen trough is the only one recognized on a

seismic line. The well was terminated before
reaching the Paleozoic strata. Also shown are the
sections referred to in the text in their palinspastic
positions. Wells are shown in their present day
positions as they provide evidence of the Paleozoic

beneath the Mesozoic cover (compiled from
Matter et al. 1987: Matter et al. 1988: Diebold &
Naef 1990: Naef & Diebold 1990: Laubscher &
Noack 1997: Pfiffner et al. 1997).

tion. The Röschenz Member (formerly known as Natica Beds:

Gygi 1995) is a thin (up to 30 m) stack composed of complex
variations of platform carbonates and marls. Detrital quartz is

very common (10-40%) in some beds, occasionally forming
sandstones. Plants (Pittet 1996: van Konijnenburg - van Cittert
& Meyer 1996: Allenbach & van Konijnenburg - van Cittert
1997) and terrestrial vertebrates (Meyer et al. 1997) occur in
this member. In contrast, the Argovian realm is represented
by muddy sediments (Wildegg and Villigen Formations),
except for its basal part. Upsection follows the Hauptmumien
Bank, a distinct oncolite which is a synchronous marker bed

(Gygi & Persoz 1986: Pittet & Strasser 1998) covering most of
the study area.

In the Early and early Middle Oxfordian of the eastern
Argovian realm non-deposition prevailed, resulting in the
condensed Schellenbrücke Beds and the Limonitic Crust (Fig. 4).
Along the margin of the Early Oxfordian mudstones of the
Celtic realm, thin accumulations of marl occur, overlain by the
micrites of the distal Pichoux Formation. Further east in the

study area the coeval Birmenstorf Member contains a very rich
fossil fauna consisting mainly of siliceous sponges (Oppliger
1915) and ammonites. Associated are belemnites. crinoids.
sea-urchins, brachiopods. gastropods and fish remains. Overlying

the Birmenstorf Member and Pichoux Formation follows
the Effingen Member. This member is a uniform succession of
mudstone and marl alternations with occasional influxes of
detrital quartz. The Effingen Member is subdivided into Upper
(UEF) and Lower (LEF) members by the calcareous Gerstenhübel

Beds, which become increasingly bioclastic towards the
Celtic platform. They correlate with the patch reefs and the
oolite sand bars of the Günsberg Member which at that time
prograded over the north-western Effingen basin. As in the
Celtic realm, the Hauptmumien Bank and coeval oolitic
Steinebach Beds are developed.

The differentiation into facies domains, one Celtic, consisting

of continuous shallow-water carbonates and the other.
Argovian, characterized by marls, raises the question of which
factors affected this facies pattern. Evidently, subsidence was
of importance, because sediment thickness exceeds the depositional

waterdepth. To decipher the effects of differential
subsidence, sediment accumulation patterns in terms of thickness
and facies were studied by using isopach maps (Bitterli 1992).

subcrop maps of the Late Paleozoic structures (Fig. 5) and
subsidence analysis, in addition to detailed lithostratigraphic
sections. These were correlated by biostratigraphic (Gygi 1995)

paleoecological and sequence stratigraphie criteria. A high-resolution

sequence stratigraphie model (Pittet 1996) describes
the response of the environment to Milankowitch cycles and

provides a detailed facies analysis of the Middle Oxfordian
Röschenz Member. From that study the longer-term sequence
stratigraphie boundaries are used within this paper.

Previous basin models

The currently accepted depositional and facies pattern was
worked out and described in detail by Gygi (1981. 1986. 1990.

1995). Gygi & Persoz 1986 and Gygi et al. (1998). He interpreted
the Early Oxfordian as pro-delta muds (Gygi 1986) in front

of a landmass situated further to the north-west (Gygi et al.
1998: fig. 9). Paleo-waterdepth at the base of these muds was
estimated to have been at least 80 m in this area. According to
Gygi a positive relief formed in response to continuing accumulation

of these muds so water depth decreased and the facies

graded into a coralline and mud facies (Liesberg Member),
finally allowing the Middle Oxfordian carbonate platform (St.
Ursanne Formation) to establish itself on the prodelta muds.
The condensed Early Oxfordian succession in the Argovian
realm (Schellenbrücke Beds. Limonitic Crust and condensed
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Birmenstorf Member) is the result of starvation (Gygi 1986;

Gygi et al. 1998). since nearly all of the sediment was deposited
to the north-west (Gygi 1986) but water-depth was the same as

in the north, according to (Gygi 1981) 80 to 100 m. The hard
substrate and clear water (interpreted from the lack of
sediment) should have been an ideal facies for corals (Gygi 1981).

However, the only filter-feeders encountered are brachiopods
and sponges. The absence of current dependent filter-feeders
such as corals is regarded by Gygi (1981) as evidence for slack

bottom currents and a lack of light due to depth. After the
platform in the Celtic realm began to prograde, mud deposition
was transferred further to the south-east into the Argovian
realm forming marl-limestone alternations (Effingen Member).
Towards the late Middle Oxfordian the carbonate platform
rapidly prograded over the now partially filled Effingen basin.
This progradation is recorded by the advance of the coral
bioherms situated on the platform margin. The numerous micrite
beds are interpreted as prograding clinothems (Gygi 1986)
which lie parallel to the slope relief.

Alternatively. Bolliger & Burri (1970) considered
synsedimentary tectonics and foresaw differential subsidence occurring

along basement blocks which alternately formed or diminished

accommodation space. They attributed the Early Oxfordian

mudstones thinning out to the south and east to the rotation

of blocks in the basement (Bolliger & Burri 1970; fig. 30).

Basement structures and database

The basement of the study area is structured by Late Paleozoic
fault-bounded troughs which strike ENE to E-W (Fig. 5). A
further major tectonic element is the Rhenish Lineament,
which coincides with today's eastern Rhinegraben masterfault
and the Wehra Zeininger fault zone (Boigk & Schöneich 1974:

Ziegler 1990: Allenbach 2001a). The major faults bordering
the Permo-Carboniferous trough display varying orientations:
approximately ENE east of the Rhenish Lineament and south
of the Jura Mountains and almost east-west north of the Jura
Mountains and west of the Rhenish Lineament (Diebold 1990:

Diebold etal. 1992).

Within the context of this paper it is important to point out
that the Permo-Carboniferous trough infill was certainly of
only minor importance because the trough fill was already
compacted: during the Permian the trough was inverted and
about 1000 to 1500 in of sediment were eroded (Kempter 1987:

Schegg & Leu 1998). In addition, the Late Paleozoic geothermal

gradient was higher thereby enhancing lithification.
Therefore differential subsidence due to compaction of
trough-fill sediments is ruled out during the Mesozoic. because

up to the Oxfordian less than half of the eroded thickness was

deposited (600 m; Diebold et al. 1992). Further compaction
will not occur until the amount of overburden achieved before
inversion is reached again. Accommodation space formed by
differential compaction of underlying Mesozoic strata is also

highly unlikely since most of the compaction is achieved during

deposition, especially in limestones.
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Fig. 6. Sediment dynamics within a sequence stratigraphie scenario.

A) Lowstand. Mud and sand flats as well as basement/siliciclastic deposits
become exposed, are eroded and the siliciclastics are brought into the depositional

environment. Due to the low sea-level, carbonate production is reduced
and siliciclastics dominate in the sedimentary record. A reactivated trough acts

as a sediment trap.
B) Highstand. Source areas for siliciclastics are flooded thereby reducing the

amount of siliciclastics brought into the depositional environment. Parallel to
the rising sea-level, carbonate production picks up again and dominates in the

sedimentary record.

Palinspastic restoration of analyzed sections on facies maps
and isopach maps was undertaken using Laubscher's (1965)
data. The amount of shortening is greatest along the southern
foot of the Jura Mountains and decreases gradually towards
the unfolded Tabular Jura in the north of the study area.

The biostratigraphy and lithostratigraphy of the Late
Jurassic in northern Switzerland has been established by Gygi
(e.g. 1986. 1995) and is well documented, especially within the

Effingen basin. The sequence stratigraphy used in this study
relies mainly on a modified model of Pittet & Strasser (1998)
which conforms well with the Hardenbol et al. (1999) chart.

Major discrepancies are found in SBA of Pittet & Strasser

(1998). which probably corresponds to Ox3 and SBC (Fig. 4).

While SBC (Pittet & Strasser 1998) does not appear on the

Hardenbol et al. (1998) chart, it does occur in the study area
(see below). Possibly this sequence boundary is only of local

importance or it reflects a 400 ky cycle (Strasser, Fribourg.
2001. pers. comm.). Determining its formation and distribution
is beyond the scope of this study.

Timing of subsidence pulses and depositional patterns

A time frame is essential to understand the geometrical
development of facies belts. For this purpose biostratigraphic data,

sequence stratigraphie analysis and input of siliciclastics were

Synsedimentary tectonics in an epicontinental sea 269



o

¦

-T"'
'* ""a

BVG
HER Hermngen
PFA PMfneu
RIN Riniken
SCB Schalen»
SCH Schafott*

.T

•Zr ...• «
5e™onefl oulcrope

•
• •

Tfer^*
o.-...

[F) Franc«
D 9w—¦i

^odeA.ocaMy Type

*HB AUerheiloenbetg 2

'.Mi v

Bom 1

BRGBurgbuel 2

COGCombM 0» Gears 4

Ch CntMton 2/5
CHLChaieh 1

CRT Gorga* d« Court 4/5
EBN Ebnet 2

EGK Egerkingen 1

F DE Forêt <M f Enver» 2

FCV Foret de Vame 2
GMTGranrJ MonT 3

GNSGanUruman 2

GSLGeehfcet 2

LBF La Be» Face 2

LIM Limmeren 2

LSBLi
LSP Lm Pm FoM

MOx 628400/244 150
E/MO» 6S3 a3Q7S2 700
E« 633 900/242 225
MO« 599 800/231 275
Px 599 125/236 400
RO 592 560/241 050
MO« 655910/253 500
MO« 593980.-234 460
MOx 611400/245 200
Eft 625675/241400
MOi 604 325736400
SIU 591 110740245
MOi 607 000/244 000*
Pu 601 700735 000
MO» 609 500735 375
MOi 636 900742 000
MO« 594 525738 130
MO« 619850745 150

EO« 598640750 140
MO« 607 850743 B25

MON Month* 1 MO« 653200763825
PRV Péry 1/5 E/MO» 585 820755 825

Gorge <*e Pichou«! 5MOi 583 800737 500
RAi Ra<nto

RKG Rekmgen
RTM Rotmatt
SCB Schattenberg
SCR
SLF Saekhaden-
SLR Sur te* Rive«
SNB Sunnenberg
TIR Tmenen
Vb Vorburg
VBG Wgetaerg
VLG V*gen

WST
IST(D)
KNCHDJ

4/5 MO» 590450736 325
1 MO« 665 600768 710
2 GeH 609150743 525
2 Pi 611 500745 100
2 P» 610600747 150
2 MOi 636 000743 000
2 MO» 599 700735 200
2 P« 619800745 600
2 MO« 606 750746 575
2 MO« 593 825747 600
2 MO« 619000747075
1 Efï 656 800765 OSO

2/3 MO» 619 700.247 000"

3/5 E/MOi 606 000734 000

1087

1070
1067

»rA Bum 1970 TAG

»r A Bum 1970 FW
Ml Bum 1970 GSL

Gyg.1969
AJIenûach

Alentwch 19»4
AlenbKh 1994
AMenbeeh 1994

» 1996
ît 1996

Pm«1996
Kuehni 1993

Gygi 1969

P«et 1996

Ziegler 1962

Ziegler 1962

Ziegler 1962

Ziegler 1962

Ziegler 1962

40a Ziegler 1962

E'BhDi Gyg.1969

Fig. 7. Most of the studied outcrops are situated
in the folded Jura Mountains. Due to poor exposure

of the Oxfordian in the Tabular Jura, surface
data are restricted to quarries. Numbered sections

are those of Ziegler (1962). All locations are
shown in their present day positions. A comparis

son with Fig. 5 will give the reader an indication
on the amount of latterai displacement caused by
the folding of the Jura Mountains.

used. In a mixed siliciclastic - carbonate system the introduction

of siliciclastics into the depositional environment offers a

certain control on the timing of coeval deposits on the
platform and the basin (e.g. Gygi & Persoz 1986; Pittet 1996).

Especially useful are quartz sands derived from exposed
continental areas (Bolliger & Burri 1970). The siliciclastics may
enter the depositional area during a lowering eustatic sea-level
when potential source areas became exposed, weathered and
eroded (Fig. 6). Resulting siliciclastics were then introduced
into the environment thereby reducing carbonate production
and siliciclastic deposition could dominate. During a rising
eustatic sea-level (Fig. 6) exposed basement is flooded and
erosion decreases, allowing carbonate production to resume as

accommodation space and ecological conditions suitable for
carbonate production develop (Schlager 1992). Alternatively, the
relative drop in sea-level could be of tectonic origin (uplift of
basement), but erosion, weathering and introduction of
siliciclastics are identical to the first model. In this scenario, eustatic

sea-level has little or no effect. Therefore, the episodic
occurrence of siliciclastics into a carbonate environment offers a

certain time control, even though the mechanism itself may
remain unknown.

Once siliciclastics (especially detrital quartz) are
introduced, they should occur in both the calmer platform environments

as well as the deeper basin. Similarly, increased carbonate

production on the platform should also be documented in
the basin by an increase in the carbonate content.

Section descriptions

To evaluate the effects of differential subsidence, numerous
sections were measured, sampled, interpreted and correlated
(Fig. 7). Complete sections, with a low resolution, are shown in

the correlations further below. In addition to the complete.
correlated sections some detailed parts are shown to illustrate
typical features and the characteristics of correlation horizons.

Gschliefand Weissenstein (Wildegg and Balsthal Formations)

The Upper Callovian is represented by bioclastic. ooidal
ironstones overlain by a marly ooidal ironstone layer containing
small ammonites and belemnites. Above the Upper Callovian
deposits follow slightly more than 5m of Lower Oxfordian
clays, interrupted by a carbonate mudstone interval with a

ferroan top (Fig. 8b). The base of the clays includes a number of
carbonate nodules (casts of Thalassinoides burrows?) and
ferroan ooids in the lower 30 cm. Upsection follow 9m of carbonate

mudstones with thin marly partings belonging to the
Birmenstorf Member. Of these, the bottom 15 cm are intensely
bioturbated and somewhat ferroan with richer occurrences of
fossils in comparison to the remainder of the section. While
the same fauna occurs in this area, it is less abundant than in
the typical Birmenstorf facies of Auenstein (see section Auen-
stein below). Further components are detrital quartz and
glauconite. Towards the top of the Birmenstorf Member two sepa-
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rate layers of detrital quartz occur. Above a brief marly interval

of the Lower Effingen Member, a first calcareous unit with

tempestites crops out followed by a second marly interval
again overlain by calcareous marls with tempestites. The
remainder of the Wildegg Formation at this location is obscured

by vegetation and scree.
The Günsberg Member of the Weissenstein section

commences some 100 meters above the Birmenstorf Member.
Corals dominate the lithology with peloid and bioclastic
packstones found between the corals, as is typical for this member. A
brief siliciclastic interval in the form of sandy shales defines the

top of the reef environment (Fig. 8c). Above this siliciclastic
horizon the section reverts to platform carbonates beginning
with peloid, ooidal and bioclastic packstones. The top ofthe
sections is formed by oolitic sandbars of the Steinebach Member.

Interpretation

While greatly reduced in thickness, the Lower Oxfordian of this

locality is similar to the situation found in the clay pit of Liesberg

(Gygi et al. 1998; fig. 5). In general, the succession from
oolitic ironstones (Late Callovian) to clays (Early Oxfordian)
corresponds to an omissional discontinuity sensu Burkhalter
(1995). This implies non-deposition due to a land-ward shift of
the depocenter during a rapid rise of sea-level (op. cit.). This
sea-level rise coincides with a eustatic sea-level rise shown on
the curve of Haq et al. (1987). Carbonates found in the
Birmenstorf Member were shed from the platform (St. Ursanne

Formation) during the Late Transversarium chron. Introduction

of quartz grains and clays into the environment, parallel
with a cessation of carbonate production, is interpreted as due

to a rapid drop in sea-level (SBB or Ox5 of Hardenbol et al.

1998) which marks the top of the Birmenstorf Member.
The uppermost Effingen Member includes tempestites

with components derived from the nearby platform. Coral
patch-reefs of the Günsberg Member nucleate on these beds in

response to a rising sea-level while some marl deposition
continues. Upsection the reefs are found in peloid wacke- and

packstones, again interpreted as highstand deposits. These are
overlain by a thin, sandy mudstone interval above which
packstones and finally grainstones are found. This sharp facies

change from reefs to mudflats is interpreted as caused by a

drop in sea-level corresponding to SBD (Fig. 8c) and represents

the east-ward extension of the mud and sandflats of the

Péry locality (see below). Stratigraphically the horizon
corresponds to the Röschenz Member. Again similarly to the Burg-
buel and Péry sections (see below), carbonate production picks

up again after this break in production and carbonate sandbars

are re-established as accommodation space is provided by a

transgression.

Auenstein (Wildegg Formation)

Deposited on Callovian sandbars, the condensed Schellenbrücke

Beds and Limonitic crust of the late Early Oxfordian

are overlain by the Birmenstorf Member in its typical assemblage

of marls and micrites rich in sponges and ammonites

(Fig. 9). Crinoid roots are occasionally found on the sponges.
Other fauna includes brachiopods. belemnites. fish remains,
echinoderms and gastropods. With the onset of the Effingen
Member fossils become sparse. Within the Lower Effingen
Member a series of stacked channels crops out; internal
structuring is virtually absent, apart from some lags, but channel

geometry displays a paleoflow to the west. The remainder of
the Effingen Member consists of marl - limestone alternations

apart from a ferroan sponge crust on a ca. 50 cm thick
limestone bed. The Gerstenhübel Beds (shown below) are approximately

16 m thick at this location and are featureless apart
from occasional traces of Chondrites, pyrite trails and marly
partings. The Upper Effingen Member is again a marl -

limestone alternation with a number of carbonate-rich intervals.
Situated 10 m over the top of the Gerstenhübel Beds a 5-10
cm thick mudstone bed is capped by a limonite/pyrite crust up
to 3 mm thick. Its top is bioturbated by horizontal Thalassinoides

burrows and vertical borings. Internally the crust
contains ripples formed by detrital quartz and pyrite grains (Fig.
10). Mineralized ammonites up to 1 cm in diameter occur
additionally. Towards the top of the section up to 10cm thick
tempestites composed mainly of detrital quartz become fairly
abundant.

Interpretation

The sheer abundance of macrofossils within the Birmenstorf
Member is indicative of slow sedimentation. Due to sediment

being continuously swept from this area, condensation and
minor deposition prevail. The diverse fauna encountered in
the Birmenstorf Member suggests a hospitable environment to
a wide range of species, many of which are sessile filter feeders

dependent on currents, crinoids and sponges for instance. With
the onset of rapid marl deposition in the Effingen Member,
fauna becomes scarcer. Considering the fact that Late Callovian

deposition on this location was on a swell (Bitterli 1977),
the reduced deposition during the Early Oxfordian is attributed

to a persistence of this swell (cf. Gygi 1986). Sedimentologically,

the reworked sediments of the oldest Oxfordian
deposits of the Argovian realm support this interpretation
(Allenbach 2001b), as also stated for similar deposits in SW

Germany (Ricken 1985). Furthermore, paleontologically the

sponge communities of the Birmenstorf Member in France

were interpreted by Gaillard (1983) as having formed on
submarine swells rather than in deep, starved basins. Within this
context the separation of the Early Oxfordian basin ofthe Jura
Mountains and the Early Oxfordian Sub-Alpine basin of
southern France is important: These two depositional domains

are separated by a swell characterized by condensed deposits
(Fig.11).

The series of channels encountered in the Lower Effingen
Member are interpreted as the lowstand deposits laid down
after SBB (Ox5 of Hardenbol et al. 1998). During a relatively

Synsedimentary tectonics in an epicontinental sea 271



/L Undifferentiated
V bioclasts
O Corals "!^ Foresets

Foresets; partially
obliterated

iL? Crinoids i Graded

13s Seaurchins A Graded; partially
churned

y^" Ophiura —~—~~ Shill layer

Q Gastropods -*~^ Oscillation ripples

Yz Brachiopods

O Pelecypods

(D Pholadomya

ZC^.
Current ripples
Tempestites
Tempestites;
rose quadrant
orientation

0 Ammonites I/- Groove casts

^3 Belemnites

FY Sponges

>- Sponge spicules

y Algae

1111 Hardground

Bored surface

Erosive surface

Churned

f f f f

-o-

V Bryozoans "^-H Unconformity

^^^ Stromatolites

y^ Vertebrate remains

«Jl Plants and coal

# Tectonically
disturbed

Limestone

Marls

Marly limestone

i i

0 Ooids

<F> Pellets

"tÇû Oncoids

f=^
M

Sand (detrital quartz)

Mudstone

• Fe-ooids W Wackestone

0 Intraclasts P Packstone

Bioclasts G Grainstone

*c^ Coral heads B Boundstone

* Glauconite 1

Qz Quartz 2 meters

Fig. 8a. Key to symbols and patterns used in the stratigraphie sections (Figs. 8.

9.11-15). Only the significant parts of complete sections are illustrated as

detailed sections: scale bars in meters. Numbered section-meters indicate meters
above base of a section.

low sea-level, tidal run-off from shallower environments
incised channels into the sea-floor matching the observed
paleocurrent direction. Upsection the rocks become increasingly
calcareous, reflecting a transgression up to the sponge crust
which is interpreted as a period of non-deposition due to
maximum flooding (MFC of Pittet & Strasser 1998) while the
limestones above are regarded as highstand carbonates washed off
the platform. Further mud deposition up to the Gerstenhübel
Beds corresponds to a further regression and low-stand. The
thick limestones of the Gerstenhübel Beds indicate a high-
stand with increased carbonate production. The presence of

both Thalassinoides burrows and borings found in the hard-
ground above the Gerstenhübel Beds has a multi-phase history:

deposition - bioturbation and erosion - burial and lithification

- exhumation - mineralization and boring. The erosion
and exhumation phases especially are indicative of a shallowing

of the environment rather than a deepening as suggested
by Pittet (1996). Therefore, in this study, this horizon is seen as

a type 2 sequence boundary (SBD) rather than a maximum
flooding surface.

Titterten (Pichoux and Vellerat formations)

The Pichoux Formation forms the lower part of the Titterten
section and is composed of a fairly thick succession of gray to
beige micrites. peloid wacke- to packstones and corals (Fig.
12). The corals are a loose assemblage of coral heads embedded

in a micrite matrix. Upsection corals and pellets as well as

bioclasts increase in amount. A wavy, irregular surface forms
the top of the Pichoux Formation. The overlying Vellerat
Formation begins with the Vorbourg Member. It is composed of
pack to grainstones including ooids. pellets, bioclasts. detrital
quartz and lithoclasts and is of an orange-beige color. The
remainder of the section is formed by the Röschenz Member
beginning with marls at the base containing occasional thin
wacke- to packstone tempestites. followed by a succession of
grainstones and patch reefs. These are in turn overlain by
marls containing thin beds of peloid and bioclastic grainstones.
A second marly interval with intercalated thin wacke- to
packstones follows. It is capped by the oolitic grainstones and
mudstones of the Hauptmumienbank.

Interpretation

The shift from open marine micrites to coralline deposits of
the Pichoux Formation reflects the transgressive trend during
the late Transversarium chron (Pittet & Strasser 1998). as
carbonate production increases and reefs of the St. Ursanne
Formation prograde slightly over the Pichoux Formation
mudstones. The following grainstone assemblages of reworked,
worn allochems and intraclasts indicate a regressive trend leading

to a shallower environment between the top of the Pichoux
Formation and lower Vorbourg Member. The irregular surface
encountered at the top of the Pichoux Formation is interpreted
as an erosive sequence boundary (SBB of Pittet & Strasser
1998: Ox5 of Hardenbol et al. 1998). During deposition of the

Vorbourg Member a sea-level rise led to more agitated conditions

on the platform indicated by the deposition of
grainstones. The following marl interval of the Röschenz Member
documents a significant input of siliciclastics (Fig. 6) deposited
in muddy lagoons on the platform (Gygi & Persoz 1986: Pittet
& Strasser 1998). This change from high energy conditions
encountered in the Vorbourg Member to muddy lagoons
documents a drop in sea-level (SBC of Pittet & Strasser 1998) leading

to protected and even restricted conditions on the platform
(op. cit.). Open conditions prevail again as sand bars and
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Pichoux Formation. Carbonate content was derived from the coeval St. Ursanne
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patch-reefs are re-established on the platform due to a

renewed flooding of the platform (MFC of Pittet & Strasser

1998). A further regressive phase within the Röschenz Member

is indicated by further mudflat and muddy lagoon deposits
(SBD of Pittet & Strasser 1998; Ox6 of Hardenbol et al. 1998).

Péry (Wildegg. Balsthal and Vellerat Formations)

This section commences with ca. 5m of dark gray clays of the
Lower Oxfordian Bärschwil Formation overlain by ca. 35 m of
well bedded gray micrites with marly partings belonging to the
Pichoux Formation (see below). These rocks consist mainly of
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mudstones along with some bioclastic and peloid wacke- to
packstones. A hardground covered by a thin marl layer forms
the top of the formation. Upsection the Effingen Member starts
with a thin-bedded, calcareous unit. Continuing upsection
(Fig. 13) a number of newly described sandy tempestites. graded

event beds, pot casts, channels and a hardground occur.
Tempestites are frequent at this locality, they are usually thin
(< 5cm). bioturbated beds and display remnants of laminae
and/or current ripples. Between meters 32 and 39 (Fig. 13)

nearly all of the beds encountered are sandy, ferroan. up to
15 cm thick tempestites. They feature erosive bases, groove casts,

both uni- and bidirectional foresets as well as occasional pot
casts. Near meter 44, a firmground rests on a thick mudstone.
The firmground is documented by numerous imprints of large
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ammonites (20 cm in diameter), in situ pholadomyas that
protrude from the bed top and borings: a ferroan crust is not developed.

Close to meter 48, tempestites become amalgamated.
Laterally marl beds may occur tucked in between the sandstones

indicating laterally varying erosive forces. Internally these beds

are laminated and do not reflect paleocurrent directions.
Groove casts, however, have a N-S polarity. A second
tempestite interval occurs around meter 50. Above meter 56 a shale

interval with six inclined mudstone beds at its base is found
overlying a graded, biodetrital tempestite. Of these inclined
beds three dip to the south and three to the north. Upsection
marls dominate and further biodetrital beds are encountered.
The three graded biodetrital packstones (including coral
fragments) located at meter 63 are the first indicators of the advancing

platform. These beds are known as the "Stomechinus Beds"

among collectors after the occurrence of the seaurchin Stomechinus.

The first patchreefs of the Günsberg Member nucleate on

these beds. Between the patchreefs of the lower Günsberg
Member, marl sedimentation continued and was deposited
between the individual patchreefs. Numerous biodetrital gutters
also lie between the patchreefs within the marly lithofacies.
Furthermore, huge inter-reef channels over 20m wide and over 15m

deep occur. These are mainly filled with quartz sand, marls and

some carbonate detritus (mainly bioclasts derived from the
reefs). Internally the sediment forms 10 to 20cm thick graded
beds featuring climbing ripples. Upsection the reefs of the

Günsberg Member become more numerous and are finally
replaced by oolites of the upper Günsberg Member. The onset
of the Röschenz Member is marked by a distinct lithological
change to oncolitic and bioclastic pack- to wackestones. Within
the Röschenz Member, a further change in facies is encountered
with the appearance of sandstones and mudstones (Fig. 14). A
sandstone bed which attains a thickness of nearly one meter
features foresets. low-angle cross-stratification and internal
scouring. Plant remains (leaves, stems and fruits) are concentrated

within thin layers throughout this bed. Bones and teeth
of vertebrates were also recovered. Upsection oncolitic wacke-
and packstones crop-out along with marl sequences structured
in foresets. Over the uppermost marls of the Röschenz Member

follow further oncolitic and bioclastic deposits which are
covered by the oolites of the Steinebach Beds. Along the base

of the Steinebach Beds patch-reefs buried beneath the oolites
are also encountered. Two distinct units can be differentiated
within the oolites; a lower with foresets dipping to the NW and

higher with foresets dipping to the WSW.

Interpretation

The Pichoux Formation attained its considerable thickness of
35m due to the neighboring platform having supplied considerable

amounts of carbonate during the transgressive and high-
stand stages of the late Transversarium chron. The hardground
at the top of the Pichoux Formation is interpreted as a

sequence boundary (SBB; Ox5 of Hardenbol et al. 1998) due to
the sudden influx of siliciclastics into the environment. It is

overlain by the initially relatively calcareous lower part of the

Effingen Member. These carbonates probably correspond to
the coeval Vorbourg Member and represent transgressive to
late highstand deposits. Marl deposition of the lower Effingen
Member is in all likelihood linked to SBC. With respect to the

paleo-environment further upsection, the numerous thin,
sandy tempestites, occasionally containing coal fragments, and
chanellized event beds indicate proximity to a shallow
platform, evidence of which is not encountered in the eastern
Argovian realm (sections VLG. AST. CHL; Fig. 7). The bidirectional

foresets of tempestites (meter 32) suggest deposition
near the stormwave base (Seilacher & Aigner 1991). This is

also true for pot casts (Aigner 1985). which altogether
indicates a regressive trend. The firmground encountered near
meter 44 of the section displays a multiphase history: the vague
remains of grading, along with an erosive base, suggest that
this was originally an event bed. later partially bioturbated and
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colonized by deep-burrowing pholadomyas. These were then

were partially exhumed by an erosional event which reflects

continuing lowstand conditions.

Upsection the curiously inclined mudstone beds found over
a bioclastic event bed (meter 56) are interpreted as the cut
bank of a meandering channel marking the final stages of the

lowstand. As of this level, decrease of the tempestite frequency
implies a deepening of the environment, yet the three amalgamated

carbonate tempestites of the Stomechinus Beds indicate
the nearby platform. It is noteworthy that throughout the

whole 1 km wide quarry the first patch-reefs of the Günsberg
Member all nucleate on the Stomechinus Beds without any sign
of progradation. It appears that the reefs nucleated nearly
instantaneously. Continuing siliciclastic influx within the patch-
reef facies might be the result of alternate periods of mud

deposition and coral growth. Available accommodation space was

filled, as is implied by the find of in situ sphenophytes (Gee et

al., in press) in pockets of siliciclastic deposits between the

patch-reefs. These plants are indicative of subaerial conditions.
The climbing ripples encountered within the channels indicate
continuous and ample siliciclastic supply. Dominant current
direction is to the SSE. Rocks recovered from the scree of this
interval show ladder-ripples known from the intertidal zone.
With the appearance of oolite sandbars of the Upper Günsberg
Member a sea-ward carbonate platform margin is fully
established. The oncolitic and bioclastic mudstones of the lagoonal
lower Röschenz Member are a response to a shallowing of the

environment as accommodation space was filled. Within these

deposits, Pittet (1996) interprets a shift from an open lagoon to
a semi-confined lagoon as the platform progrades. The marls
and sandstones of the upper Röschenz Member indicate a

substantial change in the environment. In general these are
interpreted as mud and sand flats (e.g. Pittet 1996) associated with
SBD (Ox6 of Hardenbol et al. 1998). The tabular low-angle
cross-stratified and internally scoured sandstone beds are near-
shore deposits. In comparison with modern analogues, plant
remains and terrestrial vertebrate remains imply the nearby presence

of emergent terrains. A tidal channel meandering through
the mudflats is interpreted from the accretionary foresets
encountered in the top-most marls reflecting a low sea-level. The

top of the section is composed of black, lagoonal oolites over
which prograde the oolites of the Steinebach Beds. The reefs

situated in the base of the Steinebach Member are the first
indicators of the renewed formation of accommodation space as

sea-level rose again. It appears that the oolites rapidly buried
the reefs during the ensuing highstand. The presence of these

reefs indicates that sedimentation was reduced over a certain
amount of time, allowing for their growth.

Burghuel (Balsthal Formation)

The Burgbuel section begins with coral patch reefs in a skeletal
carbonate mud matrix followed by the peloid pack and
grainstones of the Günsberg Member (see below). A stretch of tunnel

with concrete walls obscures the following 14m. Judging by
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Fig. 15. Section Burgbuel deposited on the platform margin. Shallow-water
carbonates prevail throughout the interval figured. The top of the Günsberg
Member is placed along a horizon containing wave ripples on top of a sandbar.
This interval coincides with SBC. Upsection a shift to somewhat more
protected environments occurs as can be recognized in the faunal composition
and the increase in schill-layers. Very shallow conditions are recognized in the
mud flats and channels in which detrital quartz appears. The remainder of the
section consists of carbonate sandbars as the platform margin is re-established.

the exterior cliffs, the covered rocks are calcareous, yet unstable

possibly due to a higher clay content, probably similar to
the lower Günsberg Member of Péry. Upsection follow
peloidal and oolitic sand bars displaying mainly south-vergent
and occasionally north-vergent foresets (Fig. 15). Towards the

top of the Günsberg Member bioclast content, including corals
and oncoids, increases. Detrital quartz indicates an incipient
facies change. Allochems remain assembled as sand bars
dominated by south-vergent foresets. The top of the Günsberg
Member is placed along a horizon containing oscillation
ripples on top of a carbonate sand bar. The Röschenz Member
continues with grainstones yet the occurrence of gastropods
and other bioclasts assembled in graded event beds reflect a

marked facies change from the oolitic and peloid sandbars of
the Günsberg Member below. Within the upper Röschenz

Member, a lm thick interval containing three mudstone beds
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Fig. 16. Correlation of significant lithostratigraphical
sections based on sequence stratigraphie

interpretations. The sequence boundaries SBB (Ox? of
Hardenbol et al 1998). SBC and SBD (Ox6 of
Hardenbol et al. 1998) in sections Vb and PRY
correspond to those of Pittet & Strasser (1998).
Transgressive deposits usually document a shift from low

to higher energy environments, while high-stand
deposits generally show a shift from open environments

to more confined, even restricted, environments.

In the basin these trends are barely
recognizable. However, carbonate dominated deposits
derived from highstand surplus (on the platform)
can still be recognized in the basin. Compared with
the platform, low-stand deposits have a higher
preservation potential in the basin. The hiatus in

section TIR are not verified biostratigraphically.
yet it seems likely that these intervals (low-stand
deposits) are not preserved on the platform. SBD
(Ox6 of Hardenbol et al. 1998) appears to coincide
with an interval of minor subsidence over the whole

study area. Relief inversion refers to the approximate

stratigraphie level where accelerated
subsidence shifts from the Celtic to the Argovian
domain.
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separated by ferroan pack- and grainstones is the only major
deviation from the sandbars and grainstones seen in most of
this section. Allochems appear worn, feature micrite envelopes
and are embedded in a dolomite matrix. Within this brief
interval both north and south vergent foresets occur. Upsection
the remaining deposits are again peloidal and oolitic sandbars
with dominantly south-vergent foresets. The top of the
Röschenz Member is placed just below the first patch-reefs of
the Steinebach Member embedded in pack- and grainstones.

Interpretation

The corals at the base announce the advance of the carbonate

platform as is typical for the boundary between the Effingen
Member and Günsberg Member, as carbonate production
begins to increase in response to a transgressive interval. With
the onset of the carbonate sandbars even shallower environments

of the platform margin are established. The increase of
bioclasts and oncoids in the upper Günsberg Member along
with the change to somewhat thinner beds indicate a shift to
less exposed environments as well as a decrease in the rate of
carbonate production and depositional characteristics of a

dropping sea-level. With the oscillation ripples and mud
drapes found overlying a sandbar, the shallowest interval thus
far is attained (SBD). While grainstone deposition continues.

the increased presence of oncoids and gastropods suggest the

incursion of lagoonal components into these sediments during
a lowstand. The thin mudstone beds as well as the thin,
ferroan beds containing worn and abraded allochems represent a

period of minor deposition in a shallow environment with the
mudstones being interpreted as carbonate mudflats formed
during a lowstand. The converging paleocurrent orientations
deduced from the foresets may be of tidal origin. Above this
brief interval, carbonate production and deposition increases

rapidly in response to a renewed transgression. This is

documented by the reappearance of carbonate sand bodies and

even small patch reefs as marginal platform conditions are
again established. Detrital quartz appears within grainstones
in the lowermost meters of this segment (meter 88 in Fig. 15).
These are interpreted as being washed out of a more protected
environment to the north as the platform became flooded.

Interpretation

Sequence stratigraphy

The sequence stratigraphie horizons deduced above were used

- within a defined biostratigraphic frame - for the correlation
of the sections studied (Fig. 16). During the upper half of the
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Transversarium chron carbonate deposition occurred throughout

the study area while the St. Ursanne and Pichoux Formations

and Birmenstorf Member formed. The carbonate in the

deeper environments originated from the platform on which
carbonate production starts up at times of a rising or high
sealevel and was swept into the basin by waves or currents. This
scenario has been proven valid for the study area (Pittet 1996)
and elsewhere (Sarg 1988). A sea-level drop led to formation
of the SBB (Ox5 of Hardenbol et al. 1998) represented by an
erosion surface in section Titterten (Fig. 12) and the introduction

of detrital quartz in most other sections. It is, in all probability,

synchronous with the quartz and karst horizon of the
Franconian Alb described by Gröschke & Fay (1981). Furthermore,

the hardground in the Péry section (top Pichoux Formation)

very likely reflects reduced deposition during a lowered
sea-level. Above SBB (Ox5 of Hardenbol et al. 1998). low-
stand deposits are found in the Effingen basin while coeval
deposits are unknown from the platform due to the lack of
accommodation space. Channel incision (section Auenstein, Fig.
9), crinoid debris beds (section CHL in Fig. 7) and ophiurid-
bearing event beds (section Weissenstein. Fig. 8b) represent
basinal lowstand deposits following SBB. A rise in sea-level
allows carbonate production on the platform to start up again,
leading to the deposition of the Vorbourg Member. Again, a

concomitant increase in carbonate can be recognized in the
basin deposits of the Péry and Weissenstein sections, but the
carbonate content clearly decreases with increasing distance
from the platform where most of the carbonate is produced.
Carbonate production on the platform diminished with or just
before SBC and siliciclastics again invaded the depositional
system. On the platform muddy lagoons of the Röschenz
Member developed and in the basin the marly lower Effingen
Member. A renewed transgressive interval in the Late Bifurcatus

chron led to the widespread deposition of carbonates and

once again carbonate content increased, represented by the
Gerstenhübel Beds which were deposited during this interval.
Paleowaterdepth probably remained shallow, as is indicated by
reworked and bored lithoclasts found in the Gerstenhübel
Beds of the basin margin (section RTM; Fig. 7). Towards the

platform these beds become increasingly bioclastic (sections
LIM, WST: Fig. 7) or even oolitic (section GSL, Fig. 7). The
next sequence boundary (SBD: Ox6 of Hardenbol et al. 1998)
led to a renewed invasion by siliciclastics. Within the interior
platform muddy lagoons with graded washover tempestites
(sections SCB, EBN. TIR. TAG. MTR, Fig. 7), at times even
restricted muddy lagoons (Px, MTR. Fig.7) and sand and mudflats

(MTR. Px. Vb. Fig. 7) formed. With the onset of a further
transgression during the mid Hypselum subchron carbonate
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production begins to increase again and the oncolitic
Hauptmumienbank and oolitic Steinebach Beds accumulated.

As outlined above, four horizons are used in correlating
the Lower and Middle Oxfordian successions: three are
sequence boundaries that are associated with siliciclastic deposits
on the platform and in the basin (SBB. SBC and SBD of Pittet
& Strasser 1998). The lowest horizon (SBB: Ox5 of Hardenbol
et al. 1998) and its significance had already been recognized
by Bolliger & Burri (1970) who correlated the appearance of
quartz above the St. Ursanne Formation with quartz layers on.
or near, the top of the Birmenstorf Member in the basin. This
lithologie correlation was verified biostratigraphically (Gygi &
Persoz 1986) and supports the siliciclastic input model
described above. The fourth horizon is a transgressive surface
(TSD1 of Pittet & Strasser 1998) preceding the Hauptmumienbank

and Steinebach Beds. Subordinate, less extended correlation

horizons are only recognizable on the platform or in the
basin.

Accommodation space and differential subsidence

Using facies patterns and shallowing-up trends, changes in
accommodation space can be determined. Thicknesses of
individual formations reflect available accommodation space if the

top consists of shallow-water sediments. In terms of sequence
stratigraphy, non-deposition is interpreted as a lack of
accommodation space, or in some cases as an effect of by-passing
(Schlager 1992). Non-deposition in a deep basin starved of
sediment as suggested by Gygi (1986) and Gygi et al. (1998) for

650
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Fig. I7. Palinspastic reconstruction of both the Bärschwil Fm. (Fig. left) and

Effingen Member (Fig. right). Note that the basin depocenters shift from the
north (Bärschwil Formation) to the south (Effingen Member) over lime and
the coeval shallower environments also follow this relief inversion.

the Early Oxfordian of the Argovian realm is unlikely. Since
the mudstones of the Celtic basin are separated from the Sub-

alpine basin by a belt of condensed deposits (Fig. 11 a

submarine swell which experienced by-passing is the more logical
explanation. Since the amplitude of sea-level fluctuations was
less than the thickness of the shallowest formations, most of
the accommodation space must have been provided bv svnsed

imentary subsidence. In striving to differentiate tectonic from
eustatic controls on accommodation space Robin et al. (1998)
found that short range variations (wave length < 150 km) are

certainly tectonic in origin while the long range variations (>
500 km) are eustatic (even though a tectonic origin cannot be

completely ruled out). The Callovian-Oxfordian boundary is

condensed over a large part of the European craton (> 500

km) and even beyond, giving a strong indication of a eustatic
control. However, the change in depocenter location from the
Bärschwil Fm. (Fig. 17a) to the Effingen Mb. (Fig. 17b)
indicates that there was accommodation space shift from the Celtic
to the adjacent Argovian realm. This is a short range shift and

thereby implies tectonic control.
A transect covering the Middle Oxfordian across the

Paleozoic Hermrigen Trough (Fig. 18. 19) illustrates the coincidence

between the basement structures and sediment thickness

and hence, accommodation space. During the later
Transversarium chron the relief from the platform to the basin was

probably not pronounced. Carbonate produced on the
platform was swept into the neighboring basin and is now seen as

the bioclastic and peloid Pichoux Formation (section Px: Figs.
7 and 19). In the basin the allocherà content decreases with
increasing distance from the platform (section PRY). With the

onset of the Bifurcatus chron. the marls of the Effingen Member

invaded the basin (section PRY. Fig. 13). while shallow
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water deposits dominate on the platform (section Px). A correlation

parallel to the one mentioned above shows a nearly
identical history (Fig. 20). Again slight progradation can be

recognized towards the top of the St. Ursanne Formation as

reefs are established above the Pichoux Formation. Additionally,

the Lower Oxfordian basin deposits thin out towards the
south. When seen together these correlations make clear that
both basin fills thin out in the vicinity of the Paleozoic Hermrigen

trough as the Early and Middle Oxfordian basins overlap.
Towards the end of the Transversarium chron. sea-level

dropped, yet patchreefs of the St. Ursanne Formation (late
Transversarium) did not prograde further than the northern
trough margin where mudstones accumulated, documenting a

greater paleo-waterdepth south of the trough-bounding fault.
Thin deposits of Early and Middle Oxfordian age imply low
rates of subsidence throughout this time span at the SLR locality

(Fig. 20). Below this locality, the Rhenisch Lineament and
the Paleozoic Hermrigen and Olten Troughs intersect which
might have inhibited subsidence.

Profiles parallel to the Effingen basin also show distinct
variations of facies and thickness above Paleozoic structures
(Pi. 1). The thickness of the Effingen Member between Péry
(PRY) and Gschlief (GSL) suggests fairly uniform subsidence.
Thick successions of corals and oolites of the Günsberg Member

terminate in the vicinity of the Weissenstein section
(WST). Accumulation of such a thick shallow-water succession

during a falling sea-level implies continuing increased rates of
subsidence between Péry and the Weissenstein.

Profiles parallel to the strike of the Paleozoic troughs
display only minor facies and thickness variations (Figs. 21 and

22). In these profiles it becomes evident that the Rhenisch
Lineament is the major facies-defining structural element: The
thick shallow-water deposits in section TAG (Fig. 22) document

the creation of accommodation space by locally accelerated

subsidence along the Rhenisch Lineament. In fact, the
Rhenisch Lineament separates the Celtic and Argovian
realms. East ofthe lineament storm layers occur in the Upper
Effingen Member of the marginal basin while the Röschenz
Member of the platform is encountered to the west.

During the Oxfordian the zone of increased subsidence
shifted to the south. During the Early Oxfordian the Celtic
realm subsided and the Bärschwil Formation accumulated
whereas in the Argovian. Swabian and Helvetic realms a
condensed facies formed. During the Early Middle Oxfordian sub-

Fig. 19. Profile ofthe Mid Oxfordian platform to basin transition oxer the
Paleozoic Hermrigen Trough (inset). During the Early Oxfordian differential
subsidence dominates in the northern domain and the Bärschwil Formation is

deposited. During the Late Transversarium chron the St. Ursanne Formation
does not prograde further than the northern Hermrigen trough shoulder. As
subsidence shifts southward during the Transversarium chron. accommodation

space for the Effingen Member is produced over the Hermrigen Trough.
See Figure 8 for key. All sections are palinspastically corrected. Datum line is

SBD (Ox6 of Hardenbol et al. 1998).

282 R. P. Allenbach
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Pichoux Formation in the more proximal environments

to the north. See Figure 8 for key. All
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SBD (Ox6 of Hardenbol et al. 1998).

sidence remained high in the Celtic realm preventing carbonate

platform progradation. During the Early Bifurcatus chron.
subsidence started to accelerate in the eastern Argovian realm
and accommodation space for the Effingen Member was created.

At the end of the Bifurcatus chron acceleration of
subsidence shifted further eastward and southward resulting in the
thick marl deposits found in the eastern Argovian realm and
underneath the Molasse Basin. Such a shift of the area of
enhanced subsidence was previously, albeit less clearly, worked
out by Trümpy (1969).

Subsidence controlled sediment accumulation

The southeastward shift of the area of enhanced subsidence
shown above and the wavelength (e.g. Robin et al. 1998) ofthe
subsiding area suggests tectonic influence. To evaluate that,
palinspastically restored isopach and facies maps of the Early
and Middle Oxfordian were compared to the known Late
Paleozoic structures in the basement (Fig. 5). In fact, the basin

margins follow tectonic elements in the basement (Allenbach.
2001a. b). Of importance are the Rhenisch Lineament and

faults bounding the Northern Swiss Permo-Carboniferous
Trough system (Fig. 5). The Oxfordian basin to platform

transition follows the Rhenish Lineament on a nearly north-south
strike and the PCT lineament on a NE-SW strike - with
depocenters located on both sides of these tectonic elements
(Figs. 5 and 17).

The spatial coincidence of isopach maxima with known
basement structures suggests a synsedimentary tectonic control

on sediment accumulation. Consequently, the Lower
Oxfordian mudstones (Bärschwil Formation) are better interpreted

as basinal rather than pro-delta sediments. Furthermore,
the depocenter of the Lower Oxfordian mudstones spatially
coincides with the depocenters of the Middle Triassic (Bitterli
1992), Aalenian (Allia 1996) and Callovian (Bitterli 1977)
sediments. Consequently, in the Argovian realm, the condensed

Lower and Middle Oxfordian cannot represent a "starved
basin", because deeper areas occur to the north and south,
thereby rendering the area of condensed facies a swell. Within
the study area two similarities in the depositional pattern
between the Callovian and Early Oxfordian can be recognized:
isopach maxima and minima of both successions coincide and
the Late Callovian in the Argovian realm has already been

interpreted as deposited on a swell (Bitterli 1977).

Similarly to the Argovian realm, the Lower Oxfordian of the
Swabian Alb. Franconian Alb and Helvetic Shelf (with exceptions)

either represents a hiatus or is condensed. This constitutes

a large area of non-deposition where condensed facies
formed in shallower water relative to the basins in which muds
accumulated. In achieving non-deposition by keeping sediment
in suspension, the water column remains turbid, thereby possibly

excluding colonization by corals. Apart from turbidity, other
mechanisms which keep corals from colonizing an environment
are known, such as ecological stress by other organisms and
nutrient excess (Hallock & Schlager 1986). Nutrient excess may
result from nutrients derived from landmasses or by plankton
blooms which occurred over the wide expanses of the Helvetic
Shelf where suboxic carbonates and marls accumulated at that
time (Trümpy 1969). Ecological stress may have been caused by

sponges. Therefore, the non-occurrence of corals in this facies is

in fact a poor indicator of great waterdepth.

The significance of siliciclastics

The origin and transport of the detrital siliciclastics. especially
quartz grains, encountered in the Oxfordian deposits has been

frequently discussed (Ziegler 1962: Bolliger & Burri 1970:

Ricken 1985; Kugler 1987; Gygi 1990; Pittet 1996). yet remains
unresolved. They certainly have a continental source,
crystalline basement or its lowermost sedimentary cover. During
the Oxfordian a number of Hercynian crystalline massifs were
exposed (Ziegler 1990) and were thus potential source areas.
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such as the London-Brabant Massif. Bohemian Massif. Massif
Central and Scandinavian Shield.

Bolliger & Burri (1970) suggested aeolian transport from
the Rhenish Massif. Yet SEM images of the quartz grains do
not show convincing structures on the grain surfaces, such as

frosting (Krinsley & Doornkamp 1973). which would substantiate

this idea.

Stratigraphically. quartz is encountered in the Bärschwil
Formation. Wildegg Formation (especially in the lower and

uppermost Effingen Member) and in the Röschenz Member.
Within the uppermost Effingen Member as well as in the
Röschenz Member sandstone beds are encountered, occasionally

containing plant remains. Paleogeographic maps of the
Late Jurassic of southern Germany (Meyer & Schmidt-Kaler
1989) show extensive mudflats surrounding the coastal Rhenish

Massif during the Middle Oxfordian (Fig. 3). Such an
environment offers ideal conditions for the reworking and subsequent

transport of muds and sands. Since the siliciclastics are

already present as loose grains, the transfer into the basin
requires time-spans comparable to ammonite subchrons

(Slingerland et al. 1994: Tucker & Wright 1990). in particular
during relative low-stands, when the unlithified mudflats
become easily reworkable.

The spatial distribution of the detrital quartz shows a
distinct preferential area of deposition more or less restricted to
the Celtic realm (Fig. 3). where the shallowest and most
restricted Oxfordian facies are encountered. Detrital quartz is

most common within the tempestites of the Effingen Member
along the platform margin and the grain-size of the quartz
diminishes from the NW to the south and east (Bolliger & Burri
1970 and own observations).

During the Stenocycloides through Hypselum subchrons.
siliciclastic deposition is encountered in both the Effingen

Member and mixed-system deposits of the Röschenz Member
which include the highest quartz content. Because the grain-
size of the quartz diminishes from the NW to the south and
east (Bolliger & Burri 1970 and own observations), the source
area of the quartz was located to the north or north-west of the

study area, a fact further substantiated by paleocurrents
measured from quartz-bearing tempestites. This trend has already
been recognized by previous authors who envisaged the Vosges

as a possible source area (Ziegler 1962).

Introducing siliciclastics from a distant source area requires
a number of factors which have to coincide: a relative drop in

sea-level in the source area in order to expose the source-
rocks, a climate favorable for weathering and eroding exposed
rocks (Pittet & Strasser 1998) and very importantly, but usually

not reconstructable. the relief of the source area. This later
factor may tie relative changes in sea-level to relief-forming
processes in the source area.

Conclusions

A shift of the area of enhanced subsidence led to thick
accumulations of sediment regardless of sea-level fluctuations during

the Oxfordian. At times of eustatic low-stand, developing
depocenters were preferentially filled with siliciclastics eroded
in distant source areas (Callovian Clay. Renggeri Beds and

Effingen Member). High-stands, on the other hand, left
successions of calcareous platform deposits. The geographic
recurrence of depocenters above Paleozoic troughs, and/or
facies boundaries spatially related to Paleozoic faults are known
for Triassic. Aalenian. Bajocian. Bathonian. Callovian and
Oxfordian deposits in northern Switzerland. These are strong
indicators that the depositional environments were largely
influenced by the reactivation of the Paleozoic basement structures.
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Comparison of the Early Oxfordian with the Upper Callovian
shows that similar facies patterns developed within similar
areas during both substages. Therefore, the Bärschwil Formation

is regarded as a continuation of the basinal Callovian
Clays. Similarly, the widespread condensed interval between
both formations is interpreted as a eustatic signal because it is

seen over most of Europe. Subsidence patterns of various
European epicontinental basins confirm this conclusion as Callovian

subsidence patterns continue into the Early Oxfordian.
With the rearrangement of the Late Jurassic crustal stress-
field, areas of enhanced subsidence shifted. In the study area
former structural highs rapidly subsided and former basins

experienced decelerated subsidence rates. This effect is seen in
the shift of depocenters from the Celtic to the Argovian realm

during the Early Bifurcatus chron.
On the platform there are some features indicative of very

shallow-water to inter-tidal facies. such as plant roots (Pittet
1996) and desiccation cracks (Gygi & Persoz 1986). Considering

that paleowaterdepth in the coeval basin is estimated have
been between 30 and 70 m. higher subsidence rates under the
basin are the only variable for forming the required accommodation

space in that area (Allenbach 2001b). Superimposed on
the subsidence-dependent depositional styles, eustatic
sealevel also leaves a signal. Depending on the sea-level, facies
boundaries (and basin margins) shift basinward or landward,
resulting in parallel yet displaced facies boundaries, as is seen
in the Early and Middle Oxfordian basin margins.
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