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Abstract Ammonite biostratigraphy plays a central
role in the definition of Jurassic stratigraphy. Never-
theless, the strong provincialism of FEuropean
ammonite species during the Kimmeridgian is a long-
standing problem in correlation attempts between the
boreal and Tethyan faunal realms. Moreover, the se-
quence-stratigraphic interpretations for northern and
southern Europe given in the Jurassic chronostrati-
graphic chart of Hardenbol et al. in SEPM Publ. 60
(chart) (1998) are different. The present study aims to
resolve this correlation problem in order to better
understand the connections between the boreal and
the Tethyan realms during the Kimmeridgian. A sedi-
mentological and high-resolution sequence-strati-
graphic interpretation is presented for two unpublished
sections (Cras d’Hermont and Roche de Mars) in the
northern Swiss Jura, where recently discovered amm-
onites display both boreal and Tethyan influences.
Then, these sections are correlated with the same time
interval in the central Swiss Jura and Vocontian Basin,
which belong to the Tethyan realm. Lastly, a long-
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distance transect is constructed between the Vocontian
Basin, Swiss Jura, northern France, and southern
England, the last two areas being part of the sub-boreal
realm. The main results of this work are that: (1) third-
order depositional sequences, and also higher-fre-
quency sequences, can be correlated from the Tethyan
to the boreal realm; (2) the sequence-stratigraphic
interpretation given by Hardenbol et al. in SEPM Publ
60 (chart) (1998) for northern Europe seems to be
accurate and agrees with the sequence-stratigraphic
framework established in the Swiss Jura; (3) the Late
Kimmeridgian of the Swiss Jura displays boreal influ-
ences; (4) integrated high-resolution sequence-strati-
graphic and cyclostratigraphic studies are a valuable
approach for bridging the correlation gap between
northern and southern Europe.

Keywords Kimmeridgian - Tethyan-to-boreal
stratigraphic correlation - Sequence stratigraphy -
Cyclostratigraphy

Introduction

Ammonite biostratigraphy plays a central role in the
definition of Jurassic stratigraphy. Nevertheless, the
strong provincialism of European ammonite faunas
during the Middle-Late Oxfordian and the Early
Kimmeridgian has resulted in the definition of two
separate zonal schemes based on the different groups
of ammonites that occurred in the boreal (arctic areas
and northern Europe) and Tethyan (southern Europe
and Tethys margin) faunal provinces, respectively
(Atrops et al. 1993) (Fig. 1). For the last few years,
the discovery of boreal ammonites of the genus
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Fig. 1 Palacogeographical location of Dorset, Boulonnais, Swiss
Jura, Vocontian Basin, and the boreal and Tethyan realms
during the Kimmeridgian, modified from Thierry et al. (2000)
and Abbink et al. (2001)

Amoeboceras in sections that are traditionally located
in the submediterranean faunal province provides
important data for a more accurate correlation be-
tween the differing boreal-subboreal and submedi-
terranean ammonite zonations (Atrops et al. 1993;
Schweigert and Callomon 1997). However, further
work is required to resolve the lasting problems of
correlation.

The stratigraphic chart of Hardenbol et al. (1998)
(Fig. 2) is an attempt to construct a state-of-the-
art biochronostratigraphic record of depositional se-
quences for the Jurassic of West European basins
(Thierry 1999). The chart is subdivided in two parts: a
“zonal biostratigraphy chart” and a ‘“‘sequence chro-
nostratigraphy chart”, both calibrated to the time scale
of Gradstein et al. (1994). The “sequence chronostra-
tigraphy chart” focuses on third-order depositional
sequences. These units are grouped into second-order
transgressive-regressive cycles (Fig. 2). Each third-
order sequence is plotted facing the corresponding
ammonite zonal scheme for the boreal and Tethyan
realms. In analogy to the differing Tethyan and boreal
biozonations, there are also two differing sequence-
stratigraphic interpretations: in northern Europe, the
Kimmeridgian includes seven third-order sequence
boundaries (Kim 1-7). In southern Europe, only five
sequence boundaries are given for the same interval
(Kim 1-5). Moreover, most of the Kimmeridgian cor-
responds to a second-order transgression, which begins
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maximum flooding differs in the boreal and Tethyan
realms: in the Autissiodorensis ammonite zone in the
boreal realm and in the Eudoxus zone in the Tethyan
realm.

This study aims to resolve the contrasting sequence-
stratigraphic interpretations given by Hardenbol et al.
(1998) for the Kimmeridgian of northern and southern
Europe in order to better constrain changes in climate,
relative sea-level, sediment production, supply, and
accumulation, as well as palaeoenvironmental vari-
ables that controlled the dynamics of the European
seas during the Late Jurassic. This is achieved by using
high-resolution sequence stratigraphy to build a cor-
relation between the biostratigraphically well-defined
hemipelagic and pelagic deposits of the Vocontian
Basin in France, the cyclic shallow-water carbonates
from the Swiss Jura (both Tethyan realm), the basinal
Kimmeridge Clay Formation in Dorset, as well as the
more marginal Boulonnais (northern France) succes-
sion (both boreal realm) (Fig. 1).

Geological setting

The basis of this work is the sedimentological, se-
quence- and cyclostratigraphic interpretation of six
Kimmeridgian sections that are located in the Swiss
Jura: Péry-Reuchenette, Gorges du Pichoux, Noirvaux,
Cras d’Hermont, Roche de Mars, and Sur Combe
Ronde.

During the Kimmeridgian, the Jura Mountains area
was a southwest-northeast trending carbonate plat-
form, located between the Paris Basin to the northwest
and the Ligurian segment of the Mesozoic Tethys to the
southeast (Fig. 1). This slightly sloping platform was
bounded in the south and SE by more or less continuous
bioclastic and oolitic barriers, and by coral reefs (Enay
et al. 1988; Meyer 2000). Despite the second-order sea
level rise, which characterised most of the Kimmerid-
gian, and led in many Western European basins to
the formation of marly and condensed sections, the
Jura platform kept growing and only subtle changes in
the stratigraphic record suggest an increasingly open-
marine influence (Colombié and Strasser 2005).

The Jura Mountains can be subdivided into a
northern, a central and a southern part (Wildi et al.
1989). The central and southern parts belong to the
folded Jura belt, while the northern part constitutes the
tabular Jura.

The Péry-Reuchenette and the Gorges du Pichoux
sections are located to the northeast of Biel in the
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Fig. 2 Stratigraphic chart for the studied interval and associated formations in the Swiss Jura

central Swiss Jura (Fig. 3). There, the Kimmeridgian
corresponds to the Reuchenette Formation, which is a
thick succession (140 m on the average) of shallow-
water marine limestone (Thalmann 1966; Gygi 1995).
No detailed biostratigraphic data are available in these
deposits but a recent sedimentological and high-

Fig. 3 Geographical location
of the studied sections in the
Swiss Jura
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and Strasser 2003, 2005). The sedimentological, se-
quence- and cyclostratigraphic interpretation of the
central Swiss Jura and Vocontian Basin sections has
led to the definition of small-, medium-, and large-
scale depositional sequences, which are hierarchically
stacked, suggesting an orbital control on sedimentation
(Colombié 2002; Colombié and Strasser 2003, 2005).
From the stacking pattern of sequences in the central
Swiss Jura sections, the correlation with the biostrati-
graphically well-dated sections of the Vocontian Basin,
and the comparison with the chronostratrigraphic chart
of Hardenbol et al. (1998), it is concluded that the
small- and medium-scale sequences coincide with the
first and second eccentricity cycle, respectively [repre-
senting durations of 100 and 400 ka and corresponding
to the fifth and fourth order sequences of Vail et al.
(1991)].

The Noirvaux section is located to the southeast of
Pontarlier in the southern Swiss Jura (Fig. 3). Here,
in the steep gorge of the Noiraigue River, large parts
of the Late Jurassic (Middle Oxfordian-Middle
Tithonian) are well exposed. The recent sedimento-
logical and sequence-stratigraphic interpretation of the
Late Kimmeridgian and Tithonian parts of this section
(Rameil 2005) allows the correlation with the Péry-
Rechenette and the Gorges du Pichoux sections (Co-
lombié et al. 2004).

The Cras d’Hermont and Roche de Mars sections
are located to the southeast of Porrentruy in the
northern Swiss Jura (Fig. 3), which corresponds to the
tabular Jura. Because of the low relief, the Kimme-
ridgian is incompletely exposed and poorly known.
However, the Cras d’Hermont and Roche de Mars
sections contain subboreal and submediterranean
ammonites (Section de Paléontologie 2001; Marty
and Diedrich 2001; Marty 2002), so they constitute a
good relay in a Tethyan-to-boreal correlation. They
are composed of essentially shallow water marine
limestones, except for two argillaceous layers, which are
the Banné and the lower Virgula Members. The Banné
Member is between 5 and 10 m thick. It is composed of
calcareous marl and argillaceous limestone, which
contains abundant gastropods and pelecypods, and is
interpreted as a shallow lagoon deposit (Marty and
Diedrich 2001). The Banné Member occurs below the
lower Virgula Member and is located in the Acanthi-
cum ammonite zones (Gygi 1995; Marty and Diedrich
2001; Marty et al. 2003) (Fig. 2). The lower Virgula
Member is 0.8-1 m thick and composed of calcareous
marl and argillaceous limestone, with abundant oysters
(Nanogyra nana). Gastropods, pelecypods, echinoids,
and ammonites indicate marine depositional environ-
ments with normal salinity such as sheltered lagoons
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(Section de Paléontologie 2001). The base of the lower
Virgula Member is defined by a hard ground, which is
located in the upper part of the Mutabilis zone
(Schilleri horizon, Lallierianum subzone) (Marty 2002;
Marty et al. 2003) (Fig. 2). While the ammonite speci-
mens found in the Jura Mountains show a Tethyan
affinity in the Early Kimmeridgian, they suggest boreal
influences in the Late Kimmeridgian (Gygi 1995).
Consequently, the boreal zonation is used in the upper
part of the studied interval.

The Sur Combe Ronde section is located close to
the Cras d’Hermont and Roche de Mars section
(Fig. 3). The section presented in Fig. 10 was redrawn
from the highly detailed, original log measured by the
Section de Paléontologie in Porrentruy, Switzerland
(W. Hug, personal communication). There, the lower
Virgula Member contains ammonites that are charac-
teristic of the Schilleri horizon, upper part of the
Mutabilis zone (Marty 2002; Marty et al. 2003).

Materials and methods

A detailed sedimentological analysis has been per-
formed on the unpublished Cras d’Hermont and Roche
de Mars sections (Figs. 4,5, 6,7). They are 36 and 17 m
thick, respectively. The upper part of the Cras d’Her-
mont section includes the Banné Member, while the
lower Virgula Member occurs at the top of the Roche
de Mars section. Therefore, these sections together
represent a stratigraphic interval from approximately
the Hypselocyclum to the upper part of the Acanthi-
cum (or Mutabilis) ammonite zones (Fig. 2). Weath-
ering profile, lithology, and sedimentary structures
have been determined in the field, while the definition
of microfacies is based on analyses of 121 rock slabs
and 90 thin sections. Sedimentary facies in the Cras
d’Hermont and Roche de Mars sections are similar to
those recently studied in great detail in the Kimme-
ridgian of the central Swiss Jura (Colombié 2002;
Colombié and Strasser 2005). The sedimentological
interpretation of the Cras d’Hermont and Roche de
Mars sections is therefore based on the facies model
defined for the Péry-Reuchenette and Gorges du Pic-
houx sections (Colombié 2002; Colombié and Strasser
2005).

The evolution through time of depositional envi-
ronments, discontinuity surfaces, and the stacking
pattern of beds have led to the definition of several
orders of depositional sequences, which are hierarchi-
cally stacked. The methodology used in this study
follows the one proposed by Strasser et al. (1999) for
shallow-water carbonates. The depositional sequences
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Fig. 4 Legend of the studied sections

are first defined independently in each section and
then correlated to filter out beds that result from
autocyclic processes such as progradation or lateral
migration of sedimentary bodies (Ginsburg 1971; Pratt
and James 1986; Strasser 1991) or to identify local and/
or regional gaps in the sedimentary record. Based on
the high-resolution sequence stratigraphic interpreta-
tion and lithological markers, the Cras d’Hermont and
Roche de Mars sections are then correlated with the
Gorges du Pichoux, Péry-Reuchenette, and Noirvaux
sections that are located in the central and southern
Swiss Jura and that are known from earlier work
(Colombié 2002; Colombié and Strasser 2005; Rameil
2005) (Figs. 8, 9).

On the basis of ammonite zones, the high-resolution
sequence stratigraphic interpretation proposed for the
above sections is compared to the sequence-strati-
graphic interpretation given by Hardenbol et al. (1998)
for the Kimmeridgian of southern and northern Eur-
ope. By counting the depositional sequences identified
in this work between dated levels (i.e. boundaries of
ammonite zones or subzones and third-order sequence
boundaries), the duration of the different orders of
depositional sequences can be inferred. A cyclostrati-
graphic interpretation thus becomes possible, resulting
in a narrow time framework, which is compared with
the sequence-stratigraphic interpretation given by
Williams et al. (2001) for the Kimmeridgian of the
Boulonnais (northern France) and Dorset (southern
England), and with the cyclostratigraphic interpreta-
tion of the Kimmeridge Clay Formation proposed by
Weedon et al. (2004).

Facies evolution in the Cras d’Hermont and Roche
de Mars sections

The Cras d’Hermont and Roche de Mars sections are
mainly composed of mudstones and bioclast-peloid
wackestones to packstones, which contain gastropods,
pelecypods, foraminifers, and echinoderms. These fa-
cies are representative of sheltered to semi-restricted
lagoons, which can be differentiated according to con-
tent of echinoderm debris (Colombié 2002; Colombié
and Strasser 2005).

The lower part of the Cras d’Hermont section is
particularly soft (Fig. 5). The first 5 m are character-
ised by a relatively high content of echinoderm debris.
This interval also shows three hard grounds, which are
indicated by intense bioturbation, pelecypod encrus-
tation and boring, iron mineralisation, and/or pele-
cypods in life position. The 2 m below the third
hardground show few bioclasts. Between 9 and 11 m,
beds of massive limestone precede 4 m of fossil-free
mudstones. From 18 to 21 m, alternations of argilla-
ceous limestone and limestone are characterised by
many hardgrounds, which display the same sedimen-
tary features as the hardgrounds that occur in the lower
part of the section.

The upper part of the Cras d’Hermont section
includes the Banné Member, unfortunately poorly
exposed (Fig. 6). Moreover, faults in the upper part of
this interval complicate the sequence-stratigraphic
analysis. Consequently, the thicknesses and the num-
ber of argillaceous limestone layers, which form the
Banné Member, should be regarded as a field-based
interpretation. The upper part of the Cras d’Hermont
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Fig. 6 Cras d’Hermont

section (part II)

uoobe| pajoLisay T
Uoobe| paJajjoys _ o . “ . . a3
£UOODE| PaYLISOY e .
Ucobe| paisijoys . b R S
uooBe| pajoLIsal-IWas _ | SR
_ K . i el « e <punoibpiey
_ yAS
uooBe| pajoLISaI-IWeS _ i@ :
i |
i !
i m o]
_ | | 14 5
| | >
| i | >
uoofe| paieyjays () P oo @ - . —qS— =
_ | | ! )
! ! | 3
f i i o
uoobe| pajoLsal-IWes _ 5 . . . 3
_ 81 -
uoobe| paseleys o . S
_ H ® . ® S|
_ ! | |
! |
uo0Be| PajoLISaI-IWaS . 1. .” . ,. | esho
| i | [o]3
_ N | | : 61
uoobe| peloLIsa.-IWes _ P i &
~ol-peloiisel L) + T 8 HO 5
| | - :
uoobe| pajLsa-iweg _ ® s . + 98 HO 3 ]
! W T & <punoibuy -gs
uoofBe| paiayeys _ [ ] H [ X ”. [ ) 98 HOH S
! | | & < punosbuuy
uoobe| paseleys o T ] . - @ 28 HOH
| P m | Oc
1 ! I I
uooBe| paieleys _ ° e Lo () 88HOH a a a
_ Sl
17T 1 7T 71 252l dmooz(2984883838982[(g5eg=2(ngee m [ (%) m [} [
oo 0 o0z o 0 5535|5808 |8208BEEBREL 82388 25 958 8 _M 5 _ o _ o) 23 E
5285588 5|2808035E858(92885%| 23R 2 =l 3 3 a | 2 3
PoglSREXX|g8 DBOASBEI| 25" 23| 25 1 | 5 ° o = | g 2,
(%) Z1HvND *838°7 37 88578875 3 “g| ° = _s_ < _ 2 _ =3 2|3 s
JuswuoIAUS &% |® £83 @ X 2 =218 &
S I RN c 1 =
[euonisodeqg < uado C  pajpusal 3 o) @ o g
) ei0w d 20w/ 3 m » 5
x = c 0] <
EE ISETENS l___sm_@_w UON 3 c 8
<2 suresb ayeuoqien SIIENI g ®
=1
NOILV13HdEILNI A v uouwa sel o8
JONVANNGY JALLYT13H NI SWIHOOT1TVY o
TYOIDOTOLNINIAIS o S 00 _ _ H _I__U O @

abeig

8U0Z BjUOWWY




574

Int J Earth Sci (Geol Rundsch) (2007) 96:567-591

section begins with a massive limestone bed, which is
bored at the top, and covered by the Banné Member.
The Banné Member is composed of alternations of
calcareous marls and argillaceous limestone, which
are reddish to dark grey and characterised by abun-
dant pelecypods, brachiopods, and gastropods. The
argillaceous limestones show mudstone or wackestone
texture and are characterised by black pebbles (i.e.
blackened peloids and skeletal fragments that indicate
ancient coastal and terrestrial environments (Strasser
and Davaud 1983; Strasser 1984) and relatively low
bioclast diversity. The uppermost part of the Cras
d’Hermont section is composed of thick beds of
massive limestone, which are separated from each
other by argillaceous joints and/or firmgrounds.

The Roche de Mars section begins with planar
laminations and bird’s eyes that indicate intertidal to
supratidal, tidal flat environments (Fig. 7). These
structures are associated with a low diversity of bio-
clasts. The lower Virgula Member occurs in the upper
part of the Roche de Mars section, just above a hard-
ground, which is indicated by oxidation and oyster
encrustations. It consists of calcareous marls and
argillaceous limestones, which contain plenty of oysters
(Nanogyra nana). Above the lower Virgula Member,
the Roche de Mars section is mainly composed of
relatively thick, massive limestone beds.

Sequence-stratigraphic interpretation of the Cras
d’Hermont and Roche de Mars sections

Due to exposure gaps and relatively small facies
contrasts, the sequence stratigraphic interpretation of
the Cras d’Hermont and Roche de Mars sections is
particularly difficult. Small facies contrasts are charac-
teristic of the Kimmeridgian of the Swiss Jura. At this
time, carbonate production and accumulation on the
Jura platform were influential to maintain keep-up
with the second-order transgression that started in the
Late Oxfordian and ended in the Late Kimmeridgian
(Colombié and Strasser 2005). Therefore, medium-
scale and small-scale sequences are defined according
to variations in bed thicknesses, discontinuities (such as
firmgrounds and hardgrounds), changes in texture and
bioclast diversity, and evolution of depositional envi-
ronments through time (Figs. 5, 6, 7). Thin beds and
restricted or sub-aerial depositional environments,
which are characterised by low bioclast diversity,
microbial mats and/or desiccation features, indicate
reduced accommodation. Variations in texture from
mudstone to wackestone-packstone, or vice versa, may
correspond to an increase or decrease of water depth,
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suggesting a gain or loss in accommodation, respec-
tively. Hardgrounds and firmgrounds are characteristic
of relatively reduced accumulation rates, which may
indicate decreasing accommodation.

Quartz content variations in the Cras d’Hermont
and Roche de Mars sections

Variations in the relative abundance of quartz in the
Kimmeridgian of the central Swiss Jura reflect plat-
form dynamics (Colombié 2002). Moreover, Williams
et al. (2001) show that sequence boundaries in the
Kimmeridgian of southern England correspond to
coarser quartz layers. In view to correlate the Kim-
meridgian between the Swiss Jura and southern
England, quartz content fluctuations in the Cras
d’Hermont and Roche de Mars sections have been
analysed.

Percentages of quartz were established with a point
counter on the basis of 500 steps and are plotted in
Figs. 5, 6 and 7. They decrease from the base to the top
of the composite section (including the Cras d’Her-
mont and Roche de Mars sections). Percentages in the
lower part of the Cras d’Hermont section can reach
41% and show two peaks (Fig. 5). The first one occurs
at around 6 m and reaches 30%. The second one lies
between 19 and 21 m and shows values between 30 and
41%. The upper part of the Cras d’Hermont section is
characterised by percentages that vary from 2 to 24%,
with a peak defining the Banné Member (Fig. 6). Two
peaks appear in the Roche de Mars section. The first
one corresponds to 17% and occurs at around 4 m.
The second one, with only 14%, is located at 9 m
(Fig. 7).

The highest values in quartz content, which are ob-
served in the Cras d’Hermont and Roche de Mars
sections, do not always correspond to sequence
boundaries, as it does in the central Swiss Jura and
southern England (Williams et al. 2001; Colombié
2002) (Figs. 5, 6, 7). If it is not controlled by sea level
oscillations, the input of detrital material can be
influenced by climate and tectonics (Hillgdrtner 1999).
Climate, through erosion, alteration, and runoff, can
control general trends in abundances of quartz. In-
creased quartz input can also reflect times of intensified
uplift of local footwall sources (e.g. Collier and Dart
1991; Ravnas et al. 2000), or sediment-source switching
(Macquaker et al. 1998). At last, changes in abun-
dances of quartz can be due to variable aeolian trans-
port, stratum-limited diagenesis, variable biological
concentration or dilution with biogenic components
(Macquaker et al. 1998). Unfortunately, available data
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on the Cras d’Hermont and Roche de Mars sections do
not allow favouring one of these controlling factors
over any other. It is sure, however, that variations in
quartz content are no reliable tool to correlate between
the northern Swiss Jura and southern England.

Correlation between Kimmeridgian sections
of the southern, central, and northern Swiss Jura
Mountains

Correlation between the Cras d’Hermont, Gorges
du Pichoux, and Péry-Reuchenette sections

Using lithological markers, the Cras d’Hermont section
is correlated with the lower part of the Gorges du
Pichoux section and further with the Péry-Reuchenette
section (Fig. 8).

Two distinctive intervals are defined in the lower
part of the Gorges du Pichoux section. The first one is
located between 13 and 21 m. It is composed of dark
argillaceous limestone, strongly bioturbated, and con-
tains abundant pelecypods and brachiopods (Colombié
2002). This interval is located just below 3 m of mas-
sive limestone, which is for the most part representa-
tive of restricted depositional environments (Colombié
2002). According to the correlation between the cen-
tral Swiss Jura and the Vocontian Basin sections, this
first interval coincides with the upper part of the
Hypselocyclum ammonite zone (Colombié 2002; Co-
lombié and Strasser 2003, 2005). Moreover, it is inter-
preted as the maximum-flooding deposit of the first
large-scale sequence that is located between the third-
order sequence boundaries Kim 1 and Kim 3 of
Hardenbol et al. (1998) (Colombié 2002; Colombié
and Strasser 2005). This interval is correlated with the
first 9 m of particularly soft limestone of the Cras
d’Hermont section, which occur below 3 m of fossil-
free limestone that marks a shift to more restricted
depositional environments.

The second distinctive interval in the lower part of
the Gorges du Pichoux section is situated between 42
and 50 m and corresponds to argillaceous and dolo-
mitic limestones that contain abundant brachiopods,
pelecypods and sponge spicules, and precede a sudden
increase in bed thicknesses (Colombié 2002) (Fig. 8).
This interval includes two small-scale sequences that
correspond to 200 ka (i.e. two 100 ka eccentricity
cycles) (Colombié 2002; Colombié and Strasser 2005).
It is located in the Acanthicum ammonite zone
and overlies the transgressive surface of the second
large-scale sequence, which follows the medium-scale
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sequence boundary equivalent to Kim 3 of Hardenbol
et al. (1998), (Colombié 2002, Colombié and Strasser
2003, 2005). According to its lithology and stratigraphic
position, it would be equivalent to the Banné Member,
which occurs in the upper part of the Cras d’Hermont
section.

In the nearby Combe de Va Tche Tcha section,
which is located to the east of Porrentruy, 6 km away
from the Cras d’Hermont and Roche de Mars section,
the Banné Member contains eleven marl-limestone
alternations, which are between 32 and 85 cm thick
(Marty and Diedrich 2001). These alternations would
correspond to elementary sequences (Hug 2003).
Assuming that an elementary sequence is the sedi-
mentary expression of the astronomical precession
cycle, i.e. 20 ka [as defined in the Jura Mountains from
the middle Oxfordian to the Valanginian by Strasser
(1994), Pasquier and Strasser (1997), Pittet and
Strasser (1998), Hillgértner (1999), Colombié (2002),
and Hug (2003)], the duration of the Banné Member
would be about 200 ka, which is the same as its
equivalent in the central Swiss Jura. Another argument
supporting the above correlation is that the maximum-
flooding deposits of medium-scale sequences 2 and 3
are located, in the Gorges du Pichoux section as well
as in the Cras d’Hermont section, in small-scale se-
quences 8 and 11, respectively (Fig. 8).

Correlation between the Roche de Mars, Noirvaux,
Gorges du Pichoux, Péry-Reuchenette, and Sur
Combe Ronde sections

The facies evolution in the Roche de Mars and the
upper part of the Gorges du Pichoux section is differ-
ent. The Roche de Mars section is therefore firstly
correlated with the Noirvaux section, which is located
to the southeast of Pontarlier in the southern Swiss
Jura (Fig. 3), and subsequently with the Gorges du
Pichoux, Péry-Reuchenette, and Sur Combe Ronde
sections (Fig. 9).

The lower part of the Noirvaux section contains
three argillaceous layers, which are probably equiva-
lent to the three more argillaceous intervals of the
upper part of the Roche de Mars section (Fig. 9). In
both sections, the first argillaceous layer is associated
with thinly laminated deposits, which are representa-
tive of tidal flat environments. Moreover, two to three
massive limestone beds occur between the first and the
second argillaceous layer. Lastly, the third argillaceous
layer of the Noirvaux section corresponds to the lower
Virgula Member that crops out in the upper part of the
Roche de Mars section as well (Rameil 2005).
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The Gorges du Pichoux and the Péry-Reuchenette
sections are located in the central Swiss Jura (Fig. 3).
There, the Kimmeridgian corresponds to the Reuch-
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enette Formation (Thalmann 1966; Gygi 1995). Precise
biostratigraphic dating is not possible, but the lower
and upper boundaries of this formation correspond to
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lithological marker beds that are thought to be more or
less isochronous (Gygi 2000). The lower boundary of
the Reuchenette Formation coincides with the top of
the white oolitic limestones of the Late Oxfordian
Verena Member (Fig. 2). The member is characterised
by an abrupt texture change (from packstone/grain-
stone to mudstone), the development of restricted
environmental conditions, and an increase of quartz
content (Colombié 2002). The upper boundary of this
formation is indicated by the “Banc a Nérinées”
(Dauwalder and Remane 1979), a heavily bored
hardground (Meyer 1994), the “Marnes a Exogyra
virgula” (or upper Virgula Member that is strati-
graphically higher than the lower Virgula Member
mentioned above) (Aubert 1932, 1950; Thalmann
1966), and/or the appearance of the ‘““Calcaires en
Plaquettes™, thinly bedded peritidal limestones and
dolostones attributed to the base of the ‘““Portlandien”
(i.e. Tithonian) (Fig. 2).

Two distinct lithological units are identified in each
of the central Swiss Jura sections (Colombié and
Strasser 2005). The lower unit is characterised by thin
to moderately thick beds, a relatively high content of
siliciclastic grains, many desiccation structures, and
dolomite. This interval displays two general deepen-
ing-shallowing trends that are interpreted as the first
two large-scale sequences, which in turn consist of the
first five medium-scale sequences (Figs. 8, 9). The up-
per boundary of these large-scale sequences corre-
sponds to an interval of relatively thin and marly beds
that are expressed as depressions in the weathering
profile (Fig. 9). The upper lithological unit of the
Kimmeridgian in the central Swiss Jura is characterised
by thick beds of massive limestone and the quasi-dis-
appearance of terrigenous material, desiccation struc-
tures, and dolomite. Conversely, carbonate-producing
organisms such as green algae and corals are common.
This interval corresponds to a general deepening—
shallowing trend that is interpreted as the third large-
scale sequence, including medium-scale sequences 6—8
(Fig. 9).

The boundary between the lower and the upper
lithological units precedes the most important increase
in accommodation that is recorded in the Kimmerid-
gian of the central Swiss Jura, as indicated by the thick
beds and the most open-marine facies in medium-scale
sequence 7 (Fig. 10). The correlation between the
central Swiss Jura and the Vocontian Basin sections
show that this major increase in accommodation occurs
most probably in the Eudoxus ammonite zone and
corresponds to the second-order maximum flooding
recorded in most of the other West-European basins
(Colombié 2002; Colombié and Strasser 2003, 2005).

The Noirvaux section shows the same lithological
units as the Gorges du Pichoux and Péry-Reuchenette
sections. Consequently, the boundary between the
lower and the upper lithological unit is used as a
guideline to correlate these sections (Fig. 10). Accord-
ing to this correlation, the lower Virgula Member,
which occurs in the upper part of the Noirvaux and
Roche de Mars section, corresponds in the Gorges du
Pichoux and Péry-Reuchenette sections to increasing
bioclast diversity and bed thickness. This interval is
interpreted as the maximum-flooding deposit of
medium-scale sequence 6 that belongs, according to
the correlation between the Swiss Jura and Vocontian
Basin sections, to the Acanthicum or the Eudoxus
ammonite zone (Fig. 9). Because of the strong provin-
cialism of the European ammonite faunas during the
Kimmeridgian, the boundary between the Acanthicum
(equivalent to the Mutabilis zone in northern Europe)
and Eudoxus zones in the Vocontian Basin is poorly
defined (F. Atrops, personnal communication). The
uncertainty interval for the position of this boundary
corresponds to medium-scale sequence 6 (Fig.9).
However, the comparison of the high-resolution cor-
relation between the southern, central, and northern
Swiss Jura sections with the ammonite biostratigraphy
defined in the Sur Combe Ronde section, which is lo-
cated close to the Cras d’Hermont and Roche de Mars
section in the northern Jura, and with the chrono-
stratigraphic chart of Hardenbol et al. (1998) shows that
the sequence boundary between medium-scale se-
quences 5 and 6 is located at the top of the Mutabilis
ammonite zone (below the Schilleri horizon) and cor-
responds probably to Kim 4 defined by Hardenbol et al.
(1998) for northern Europe (Kim 4yq.eq1), and not to
Kim 4 defined by the same authors for southern Europe
(Kim 4ycihyan) (Fig. 10). According to the cyclostrati-
graphic interpretation of the Swiss Jura sections, small-
scale sequences correspond to 100 ka eccentricity
cycles, and medium-scale sequences to 400 ka eccen-
tricity cycles (Colombié 2002; Colombié and Strasser
2003, 2005; Rameil 2005). In the chronostratigraphic
chart of Hardenbol et al. (1998), Kim 4y,q.c, and Kim
4reinyan are separated by 220 ka (Fig. 2). In all studied
sections, Kim 4renyan is therefore located at the top of
small-scale sequence 24, two small-scale sequences or
200 ka above the sequence boundary between medium-
scale sequences 5 and 6 that corresponds to Kim 4yqeq1-
Kim 4remyan is included in the maximum-flooding
deposit of medium-scale sequence 6, which contains
the lower Virgula Member, and is consequently
poorly developed (Strasser et al. 1999). According to
Hardenbol et al. (1998), Kim Speear is located in the
Eudoxus ammonite zone, 380 ka above Kim 4yqrcar
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This third-order sequence boundary is probably
equivalent to the boundary between medium-scale
sequences 6 and 7 defined in the studied sections.
According to the correlation between the central Swiss
Jura and Vocontian Basin sections (Colombié 2002;
Colombié and Strasser 2003, 2005), this medium-scale
sequence boundary would be located in the Eudoxus
ammonite zone as well (Fig. 9).

Therefore, the comparison between the sequence-
and cyclostratigraphic interpretation of the southern,
central and northern Swiss Jura sections, the ammonite
biostratigraphy defined in the Sur Combe Ronde sec-
tion, and the chronostratigraphic chart of Hardenbol
et al. (1998) shows that, in the Late Kimmeridgian of
the Swiss Jura, medium-scale sequences (400 ka cycle)
correlate with the third-order sequence boundaries
defined by Hardenbol et al. (1998) for northern Eur-
ope. For the studied interval, the formation of the
third-order sequences identified and dated by Hard-
enbol et al. (1998) in European basins is closely related
to the 400 ka eccentricity cycle of the Earth’s orbit.
Strasser et al. (2000) have already mentioned that for
other Middle to Late Jurassic and Lower Cretaceous
sections of Switzerland, France, Germany, and Spain.

Correlation between Kimmeridgian sections
of the Vocontian Basin, the Swiss Jura Mountains,
southern England and northern France

Williams et al. (2001) show that coarser grain layers
characterize the Kimmeridge Clay Formation in
Dorset and correlate with sandstone packages in the
Boulonnais succession (Fig. 11). These packages are
deposited at shallower depth than the underlying and
overlying muddy units, and interpreted to approximate
sequence boundaries. However, two problems appear
in the correlation given by Williams et al. (2001)
(Fig. 11): (1) in the Boulonnais section, the top of the
second-order transgressive succession (or second-order
maximum flooding or MF) is located in the lower part
of the Autissiodorensis zone, while it occurs in the
upper part of the Eudoxus zone in the Dorset section;
(2) the sequence-stratigraphic interpretation for the
Kimmeridge Clay Formation in Dorset differs from
that previously made by Carolyn Williams in her Ph.D.
thesis (Williams 2001).

The problem of correlating the top of the second-
order transgressive succession between the Kimme-
ridge Clay in Dorset and the Boulonnais succession
could result, in one of the two sections or in both sec-
tions, from the definition of the boundary between the
Eudoxus and the Autissiodorensis ammonite zones or

from the definition of the second-order maximum
flooding. Ammonites collected in the Boulonnais sec-
tion place the Gres de Chatillon formation in the
Contejeani subzone of the Eudoxus zone (Geyssant
et al. 1993). The boundary between the Eudoxus and
the Autissiodorensis zones is located at the top of the
Gres de Chatillon (Williams 2001), just below the top
of the second-order transgressive succession, which is
actually located in the Autissiodorensis zone. The
ammonite scheme applied to the Dorset section is
based on Coe (1992) with further slight modification
during extensive fieldwork (Morgans-Bell et al. 2001).
While the resolution of ammonite stratigraphy in the
Boulonnais succession is poor, the ammonite stratig-
raphy of the Kimmeridge Clay is of a much higher
resolution and thus higher reliability (Williams 2001)
and enables to place the top of the second-order
transgressive succession in the Eudoxus ammonite
zone. The first problem of correlation does probably
not result from the definition of the boundary between
the Eudoxus and the Autissiodorensis ammonite zones.

Using the grain size variation as a guide, Williams
et al. (2001) interpret the Kimmeridge Clay Formation
in Dorset in terms of sequence boundaries, transgres-
sive surfaces, and maximum-flooding surfaces. Se-
quence boundaries correspond to abrupt increases in
quartz content, transgressive surfaces, to abrupt de-
creases, and maximum-flooding surfaces coincide with
the interval of finest grain sizes. Even if the sequence-
stratigraphic interpretation for the Kimmeridge Clay
Formation produced by Williams et al. (2001) shows
subtle difference from previous studies (Wignall 1991;
Coe 1992; Partington et al. 1993; Melnyk et al. 1994;
Ahmadi 1997; Taylor et al. 2001), there are no signifi-
cant differences between the sequence-stratigraphic
interpretation realised by Williams et al. (2001) for
the Boulonnais succession and that made by Wignall
(1991) and Proust et al. (1995). So, the sequence
stratigraphic interpretation realised by Williams et al.
(2001) for the Kimmeridge Clay Formation and the
Boulonnais succession is solid. However, Williams
(2001) shows that, even if it is usually possible to rec-
ognize intervals of high relative sea level in the
Boulonnais section, in most cases it is not possible to
delimit a well-defined surface as a maximum-flooding
surface. This, in part, could explain the first correlation
problem mentioned above.

The sequence-stratigraphic interpretation given by
Williams (2001) for the Kimmeridge Clay Formation
in Dorset is closer to that realised by Colombié and
Strasser (2003) for the Kimmeridgian of the Swiss Jura
and Vocontian basin than that made by Williams et al.
(2001) for the Kimmeridge Clay Formation. So,
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Formation in Dorset, modified from Williams (2001) and Williams et al. (2001)

the sequence-stratigraphic interpretation given by
Williams (2001) for the Kimmeridge Clay Formation in
Dorset is more suitable to construct a correlation be-
tween the Vocontian Basin, Swiss Jura, northern
France and southern England. In the present paper, the
sequence-stratigraphic interpretation of Williams et al.
(2001) is consequently modified according to that of
Williams (2001) (Fig. 11). In Williams (2001), the Au-
tissiodorensis ammonite zone includes two sequence
boundaries. The first one is located a third of the way
up the Autissiodorensis zone and does not appear
in Williams et al. (2001). This sequence boundary is
characterised by a slight increase in silt-size quartz and
would coincide with the unconformity located at the
top of the Boulonnais succession. Indeed, Williams
(2001) interprets the unconformity located at the top of
the Boulonnais succession as an amalgamation of two
lowstand erosion events, which probably correlate with
the two sequence boundaries of the Autissiodorensis
zone defined in Dorset.

According to the above modification, the Kimme-
ridge Clay contains seven sequence boundaries from
the Cymodoce to the Autissiodorensis zone (Fig. 12).

@ Springer

Using ammonite biostratigraphy, these boundaries are
correlated with the third-order sequence boundaries
defined in northern Europe by Hardenbol et al.
(1998). Two discrepancies appear. Firstly, the se-
quence boundary located in the lower part of the
Mutabilis zone in Dorset does not have any equiva-
lent in the stratigraphic chart. Secondly, Hardenbol
et al. (1998) place the second-order maximum flood-
ing in the Autissiodorensis zone whereas in Dorset it
is located in the Eudoxus zone. Nevertheless, apart
from these two differences, the sequence-stratigraphic
interpretation given by Williams (2001) in Dorset is
very similar to the sequence-stratigraphic framework
proposed by Hardenbol et al. (1998) in northern
Europe.

Using ammonite biostratigraphy, only five medium-
scale sequence boundaries defined in the Swiss Jura
and Vocontian Basin can be correlated with the third-
order sequence boundaries proposed by Hardenbol
et al. (1998) in southern Europe (Fig. 12). The others
do not have any equivalent in the chart.

Based on the previous observations, a Tethyan-
to-boreal correlation is proposed (Fig. 12). In the
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chronostratigraphic chart of Hardenbol et al. (1998),
Kim 2, Kim 3 and Kim 7 (respectively, Kim 5) correlate
from the Tethyan to the boreal realms. Moreover, Kim
4 defined for northern Europe is located just below the
boundary between the Mutabilis zone (equivalent to
the Acanthicum zone in southern Europe) and the
Eudoxus zone and is easy to identify. Furthermore, the
duration between Kim 4 and Kim 5, and between Kim
5 and Kim 6 in northern Europe is close to 400 ka.
Given the fact that the duration of a medium-scale
sequence in the Swiss Jura is 400 ka (Colombié 2002;
Colombié and Strasser 2003, 2005), the sequence
boundaries at the top of medium-scale sequences 6 and
7 correspond probably to Kim 5 and Kim 6 defined by
Hardenbol et al. (1998) in the boreal realm. Discrep-
ancies appear that concern the sequence boundaries
located at the top of medium-scale sequences 2 and 4.
The first one is defined neither in Dorset nor in the
stratigraphic chart. The second one can be correlated
from the Swiss Jura to Dorset, but does not appear in
the chart. These discrepancies are probably due to
frequent condensation in Early Kimmeridgian deposits
that complicates sequence-stratigraphic interpretation.
Finally, the second-order maximum flooding, which
is recorded in the Eudoxus zone in the Swiss Jura,
Vocontian Basin and Dorset, correlates with the end of
the second-order transgression defined by Hardenbol
et al. (1998) in southern Europe. Consequently, the
sequence-stratigraphic interpretation given by Hard-
enbol et al. (1998) for northern Europe is relatively
accurate and agrees with the stratigraphic framework
defined in the Swiss Jura, which is, however, located in
southern Europe. This confirms that the Late Kim-
meridgian in the Jura Mountains displays boreal
influences.

Some lithological markers support this correlation.
In the Péry-Reuchenette and Gorges du Pichoux sec-
tions (central Swiss Jura), the sequence-boundary zone
between medium-scale sequences 7 and 8 (Figs. 12, 13)
is thought to result at least partly from local or regional
tectonics and would be located in the Beckeri zone
(equivalent to the Autissiodorensis zone in the boreal
realm) (Colombié 2002; Colombié and Strasser 2005).
According to the Tethyan-to-boreal correlation pro-
posed in the present paper, this interval corresponds
to the unconformity that is defined at the top of the
Boulonnais Kimmeridgian succession (Fig. 13). More-
over, a laterally extensive phosphatic nodule bed oc-
curs 1.1 m from the base of the Boulonnais section
(Williams 2001). The nodules are small (no more than
1.5 cm in diameter) and randomly oriented. This bed
corresponds to a lithological change, with more bio-
turbated facies below the bed compared to above, and
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changes in geochemical and geophysical data sets.
Below the phosphatic nodule bed, the spectral gamma-
ray and total organic carbon (TOC) values are rela-
tively high whilst directly after the bed they decrease
rapidly. Williams et al. (2001) interpret this bed as a
maximum-flooding surface (Figs. 11, 13). According to
Baudin (personal communication), the same phos-
phatic nodule bed would be a bioturbated calcareous
bed with quartz, glauconite, and phosphate grains and
would coincide with the bed that occurs 45 m from the
base of the borehole studied by Baudin et al. (2002)
(i.e. 15 min Fig. 13). In this borehole, the lower part of
the Mutabilis zone is characterized by an organic-rich
band that Baudin et al. (2002) interpret as the maxi-
mum-flooding surface above the sequence boundary
equivalent to Kim 3 of Hardenbol et al. (1998)
(Fig. 13). This organic-rich band occurs below the
phosphatic nodule bed (Fig. 11, 13). In the northern
Swiss Jura, the Banné Member, which is located in the
Acanthicum zone (equivalent to the Mutabilis zone
in the boreal realm), corresponds to the maximum-
flooding deposit of medium-scale sequence 4 or to
the transgressive deposit of the second large-scale se-
quence (Fig. 8). This large-scale sequence coincides
with the third-order sequence of Hardenbol et al.
(1998) defined between Kim 3 and Kim 4 (Colombié
2002; Colombié and Strasser 2005). According to the
Tethyan-to-boreal correlation proposed above, the
Banné Member coincides probably with the organic-
rich band defined by Baudin et al. (2002), which would
indicate the transgressive surface above Kim 3, and not
the maximum-flooding surface as proposed by Baudin
et al. (2002).

Comparison between durations given by Weedon et al.
(2004), Hardenbol et al. (1998), and this work

Weedon et al. (2004) used magnetic susceptibility,
photoelectric factor, and total gamma-ray data from
the type Kimmeridge Clay Formation in Dorset
(southern England) in order to identify sedimentary
cycles. Cycles are expressed as large-amplitude cycles
of 1.87-4.05 m wavelength and smaller-amplitude cy-
cles of around half that wavelength. The average per-
iod for the longer wavelength cycles results from
subdividing the estimated duration of the Kimmerid-
gian [as based on the Gradstein et al. (1995) and Palfy
et al. (2000) timescales] by the number of cycles con-
tained in this interval. It appears that the longer
wavelength cycles correspond to records of orbital
obliquity (i.e. 38 ka in the Late Jurassic). Assuming
that the longer wavelength cycles record obliquity
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variations, the average signal was orbitally tuned by (1)
fixing the time interval between successive cycles at
38 ka, and (2) plotting data between cycle boundaries
as though sedimentation rates were constant within
each cycle. Because of the possibility of undetected
stratigraphic gaps, and thus potentially missing cycles,
orbital tuning provides minimum durations of
ammonite zones. Nevertheless, this spectral analysis
based cyclostratigraphy can be compared to the cy-
clostratigraphic interpretation given in the present
work, which results from field observations, and to
the durations estimated by Hardenbol et al. (1998)
(Fig. 14).

Assuming that medium-scale sequences defined in
the Kimmeridgian of the Swiss Jura and Vocontian
Basin represent a duration of 400 ka, the time span
between the medium-scale sequence boundaries
equivalent to Kim 3 and Kim 4 defined by Hardenbol
et al. (1998) in northern Europe would be 0.8 Ma
(Fig. 14). For the same time interval, Hardenbol et al.
(1998) give duration of 0.51 Ma. This interval corre-
sponds approximately to the Mutabilis ammonite zone,
the minimum duration of which was calculated at
0.745 Ma by Weedon et al. 2004. The duration given by
Weedon et al. (2004) for the lower part of the studied
interval is therefore comparable to that estimated in
the present work.

The duration of the time interval between Kim 4
and Kim 6 defined by Hardenbol et al. (1998) in
northern Europe is about 0.8 Ma. The same time
interval in the Swiss Jura and the Vocontian Basin
includes two medium-scale sequences that correspond
to 0.8 Ma as well. This interval coincides approxi-
mately with the Eudoxus ammonite zone whose mini-
mum duration was calculated to be 1.486 Ma by
Weedon et al. (2004) (Fig. 14). The duration given by
Weedon et al. (2004) is consequently much longer than
the two first.

The time interval between Kim 6 and Kim 7 defined
in northern Europe by Hardenbol et al. (1998) contains
in the Swiss Jura two medium-scale sequences that
correspond to 0.8 Ma. Hardenbol et al. (1998) give
0.620 Ma for the same interval. It corresponds
approximately to the Autissiodorensis ammonite zone
whose minimum duration is 1.062 Ma according to
Weedon et al. (2004). The duration of the upper part
of the studied interval estimated in this work is inter-
mediate between the duration given by Hardenbol
et al. (1998) and Weedon et al. (2004) (Fig. 14).

Discussion

There are various possible explanations for the differ-
ences between the durations estimated by Weedon
et al. (2004), Hardenbol et al. (1998), and this work
(Fig. 14). However, none of them is unambiguous.

The main drawback of the chart of Hardenbol et al.
(1998) is that it represents a compilation of data of
which the source remains unknown. Consequently, it
can only be used ““as is” and confirmed or questioned
by comparing it with regional datasets. Previous work
in the Swiss and French Jura Mountains (Strasser and
Hillgédrtner 1998; Hillgédrtner 1999; Colombié 2002;
Hug 2003; Colombié and Strasser 2005; Rameil 2005)
has shown that, despite minor deviation in selected
intervals, the overall timing given by the chart is con-
firmed by cyclostratigraphy.

Comparing the results of Weedon et al. (2004) with
the cyclostratigraphic interpretation presented in this
paper, there are two basic hypotheses: either (1) there
was no orbital signal recorded in the two localities at
all, or (2) the sedimentary record of one of the com-
pared regions is incomplete or consists of too many
sedimentary cycles, respectively. Hypothesis (1) can be
ruled out as Weedon et al. (2004) demonstrate
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precession and obliquity forcing and also evidence for
the short eccentricity signal in their dataset. There also
is strong evidence for orbital forcing in the Late
Jurassic of the Jura Mountains (Colombié 2002; Co-
lombié and Strasser 2005; Rameil 2005). Consequently,
hypothesis (2) is preferred here.

Biostratigraphy

Weedon et al. (2004) link their cyclostratigraphic
interpretation to the boreal ammonite zonation,
whereas this study relates the developed time frame to
third-order sequence boundaries (Fig. 14). Thus, the
problems of exactly linking sequence stratigraphic
schemes to biostratigraphy, as well as the difficulty to
correlate between the boreal and Tethyan ammonite
zonal scheme may add to the observed discrepancies.
For example, it is very likely that the Baylei, Cymodoce
and Mutabilis ammonite zones of the type Kimmeridge
Clay Formation are incomplete. Also, there are possible
errors associated with the definition of the zones in the
type section, and, to the present day, there is no proof of
isochroneity of Late Jurassic ammonite zones (Weedon
et al. 2004). However, this does not explain the con-
siderable discrepancies between Weedon et al. (2004)
and the chart of Hardenbol et al. (1998) (Fig. 14).

Tectonic setting and depositional bias

From Late Jurassic to Palaeocene time, the palacoge-
ography of northwest European epicratonic platform
was controlled by the Atlantic regime and the north-
ward propagation of the North Atlantic rift (Ziegler
1989; Ziegler and van Horn 1989). This major plate
reorganisation was associated with variations in the
oceanic spreading rates and intraplate stresses (Cloe-
thing 1986, 1988a, b; Karner 1986; Lambeck et al. 1987)
giving rise to doming, subsidence and break up in the
adjacent North Sea (Ziegler and van Horn 1989), and
reactivations of ancient fractures over the whole
incipient North Atlantic margin.

In southern England, the extensional tectonics led to
the development of W-E trending half-grabens,
resulting in block tilting and thus markedly different
thicknesses of the Kimmeridge Clay depending on
footwall or hanging wall position (Chadwick 1986;
Newell 2000; Morgans-Bell et al. 2001). Within such an
environment defined by high tectonic activity, it has to
be considered that processes such as erosion, sediment
redistribution, and frequent changes in subsidence rate
may be triggered which can distort the recording of an
existing orbital signal (tectonic forcing). As Weedon
et al. (2004) draw their cyclostratigraphic interpreta-

tion from only one (composite) type section (cf. Mor-
gans-Bell et al. 2001), it would be of interest to know if
other sections in different (structural) positions furnish
exactly the same results as the examined type section.
In comparison to southern England, the Jura platform
experienced a relatively homogenous subsidence dur-
ing the Late Jurassic.

In contrast to the basinal environments of the
Kimmeridge Clay Formation, the Jura platform was
characterised by shoalwater conditions and was thus
subject to repeated emersions that can potentially
result in “missed beats” (Goldhammer et al. 1990).
However, no major hiatuses have been detected in
the Swiss Jura sections. This is in accordance with the
general transgressive trend and greenhouse conditions
during the Kimmeridgian: low amplitudes of high-
frequency sea-level fluctuations could not create deep
erosion. Moreover, carbonate production and accu-
mulation were sufficient to constantly fill the created
accommodation space and the studied sections are
essentially composed of low-energy lagoonal deposits,
in which lateral facies changes are reduced. Lastly,
autocyclicity can be excluded as the cyclic stacking
pattern can be correlated between several sections
(Colombié 2002; Colombié and Strasser 2005; Rameil
2005) and over many tens of km (Fig. 3). The Kim-
meridgian of the Swiss Jura is therefore well suited
for cyclostratigraphic interpretation based on field
observations (Colombié 2002; Colombié and Strasser
2005).

Notably, the stacking pattern of depositional se-
quences between the medium-scale sequence bound-
aries equivalent to Kim 3 and Kim 4 of Hardenbol et al.
(1998) in the Swiss Jura shows one medium- for four
small-scale sequences. This ratio clearly suggests an
orbital control on sedimentation. Above Kim 4, how-
ever, homogenous facies and local or regional tectonics
make the sequence stratigraphic interpretation and the
correlation with other western European basins more
difficult (Colombié 2002; Colombié and Strasser 2005).

With the evolution of sequence stratigraphic con-
cepts, it became clear that carbonate and siliciclastic
sedimentary systems react different to sea-level chan-
ges (e.g. Posamentier and Vail 1988; Handford and
Loucks 1993; “depositional bias” of Schlager 2005).
This of course holds also true for the high-frequency,
low-amplitude sea-level changes that result from orbital
forcing in the Late Jurassic Greenhouse world. Taking
also into account the differing palacogeographic
positions (Jura Mountains: platform top—southern
England: basin floor), and considering that, due to local
outcrop conditions and rock properties, completely
different parameters were chosen to define sedimentary
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sequences or ‘‘cycles” (cf. Materials and methods of
this paper and Weedon et al. 2004), it is possible that
the two sedimentary systems react completely different
to orbital forcing. In this context, it is also interesting to
note that in southern England the obliquity cycle
(38 ka) is dominant and there is no evidence for direct
eccentricity forcing at the 100 and 400 ka periods
(Weedon et al. 2004). In contrast, eccentricity forcing
is interpreted to be the main driver for the generation
of small- and medium-scale sedimentary sequences in
the Jura Mountains (Colombié 2002; Colombié and
Strasser 2005; Rameil 2005).

Cyclostratigraphic  interpretation of different
sedimentary successions bounded by correlative
conformities and lacking significant hiatuses should
theoretically result in the same inferred duration. The
presented data show, however, that this is not always
the case and that the combination of biostratigraphic
problems, different tectonic settings, and depositional
bias may produce contradicting results from what ap-
pear to be orbitally forced successions. Consequently,
more emphasis should be placed on understanding
these factors, specifically the latter two.

For the two discussed cyclostratigraphic time frames
(Fig. 14) this implies that it remains unclear which one
of the two is correct. First comparisons of the Kim-
meridgian cycle record in the Jura Mountains with its
equivalent in NE-Spain have shown that inferred
durations seem to be comparable within the Tethyan
realm and that local tectonics may indeed alter the
cycle record (Bddenas et al. 2003). However, further
research, and specifically more data from the boreal
domain, is needed in order to solve this open question.

Conclusions

A sedimentological and high-resolution sequence-
stratigraphic interpretation has been presented for the
Cras d’Hermont and Roche de Mars sections (northern
Swiss Jura) that contain subboreal and submediterra-
nean ammonites and constitute a good relay in a
Tethyan-to-boreal correlation. The Cras d’Hermont
and Roche de Mars sections are mainly composed of
mudstones and bioclast-peloid wackestones to pack-
stones that are representative of sheltered to semi-
restricted lagoons. Variations in bed thicknesses,
discontinuities (such as firmgrounds and hardgrounds),
changes in texture and bioclast diversity, and evolution
through time of depositional environments has led to
the definition of medium- and small-scale sequences,
which are found to be organised in a hierarchical
stacking pattern.
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According to lithological markers, the Cras d’Her-
mont and Roche de Mars sections are correlated with
central (Gorges du Pichoux and Péry-Reuchenette),
southern (Noirvaux) Swiss Jura and Vocontian Basin
sections, where a sequence- and cyclostratigraphic
framework has been defined. According to this corre-
lation, the Banné Member that occurs in the upper part
of the Cras d’Hermont section coincides in the Gorges
du Pichoux section with argillaceous limestones that
contain a lot of brachiopods and precede a sudden
increase in bed thicknesses. The lower Virgula Mem-
ber, which occurs in the Noirvaux section and in the
upper part of the Roche de Mars section, corresponds
in the central Swiss Jura sections to increasing bio-
clast diversity and bed thickness. Linking the high-
resolution correlation between southern, central, and
northern Swiss Jura sections with the ammonite
biostratigraphy defined in the Sur Combe Ronde sec-
tion (Marty 2002; Marty et al. 2003) and comparing it
with the chronostratigraphic chart of Hardenbol et al.
(1998) reveals that the sequence boundary between
medium-scale sequences 5 and 6 is located at the top
of the Mutabilis ammonite zone (below the Schilleri
horizon) and corresponds probably to Kim 4 defined by
Hardenbol et al. (1998) for northern Europe (Kim
4porear)- In all studied sections, Kim 4 for southern
Europe (Kim 4r¢hyan) is located at the top of medium-
scale sequence 24, two small-scale sequences (or
200 ka) below the boundary between medium-scale
sequences 5 and 6 that corresponds to Kim 4p0peq. Kim
4rcthyan 18 included in the maximum-flooding deposit of
medium-scale sequence 6 (that contains the lower
Virgula Member) and is consequently poorly devel-
oped. This result shows that in the Late Kimmeridgian
of the Swiss Jura medium-scale sequences (400 ka cy-
cle) correlate with the third-order sequence boundaries
identified in northern Europe by Hardenbol et al.
(1998).

A long-distance transect between the Vocontian
Basin, the Swiss Jura, and the Wessex-Weald Basin
in northern France and southern England has been
constructed, using the correlation proposed by Wil-
liams et al. (2001) between the deep-water Dorset
section and the coeval mixed offshore and littoral
deposits of Boulonnais. This correlation shows that
third-order depositional sequences, and also higher-
frequency sequences, correlate from the Tethyan to
the boreal realm and that the sequence stratigraphic
interpretation given by Hardenbol et al. (1998) for
northern Europe is in tune with the sequence
stratigraphic framework established in the Swiss Jura.
High-resolution sequence stratigraphy provides a
valuable tool to correlate between northern and
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southern Europe. Nevertheless, the comparison be-
tween the (cyclostratigraphic) durations estimated by
Hardenbol et al. (1998), by Weedon et al. (2004),
and in this work is not evident. Possible explanations
why cyclostratigraphic analysis leads to different re-
sults in these areas are ongoing difficulties in the
exact correlation of Tethyan and boreal ammonite
zones, the different tectonic settings of southern
England and Switzerland during the Late Jurassic,
and/or the differing reaction of contrasting sedimen-
tary systems (deeper-water siliciclastic basin versus
shallow-water carbonate platform) to orbital forcing.
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