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Abstract The Oxfordian sedimentary successions
studied in the Swiss Jura, in Normandy, and in the
Soria and Cazorla regions of Spain display complex
facies evolution and stacking patterns. Based on bio-
stratigraphy and absolute age dating, it is suggested
that the shallow-water depositional settings in the Jura,
Normandy, and the Soria region as well as the deeper-
water environments in the Cazorla region, recorded
climatic and sea-level fluctuations in the Milankovitch
frequency band. Beds and bedsets corresponding to
20-, 100-, and 400-ka cyclicities can be identified. Facies
evolution inside such small-scale sequences and also in
the larger sequences of million-year scale is interpreted
in terms of sequence stratigraphy. Superposition of
high-frequency cyclicity on a longer-term sea-level
trend led to multiplication of diagnostic surfaces: se-
quence-boundary and maximum-flooding zones in the
large-scale sequences can thus be defined. These zones
are correlated between closely spaced sections, but also
from the Swiss Jura to Normandy and to Spain. The
narrow time lines given by Milankovitch cyclicity then
allow comparison of facies evolution in the different
regions on a scale of 100 ka or less. By filtering out local
effects of differential subsidence and sediment supply,
a long-term sea-level curve valid for the northwestern
margin of the Tethys ocean can be reconstructed for the
Middle to Late Oxfordian. Differential subsidence is
implied from varying thicknesses of the sequences as
well as from the distribution of siliciclastics which have
been channelized through depressions. Tilted blocks,
reduced sedimentation, or increased input of siliciclas-
tics appearing at the same time in all study areas point
to a widespread regional tectonic event. Distribution

through the sequences of climate-dependent facies
components such as corals, ooids, palynomorphs, and
siliciclastics indicates that climate changes were depen-
dent on atmospheric circulation patterns and thus on
paleolatitude. Rainy periods and related increase of
siliciclastics in the Swiss Jura were more abundant
during low sea-level stands, whereas in the Soria region
they coincided with sea-level highs. Through the com-
bination of high-resolution sequence stratigraphy and
cyclostratigraphy, and supported by biostratigraphy
and absolute dating, it becomes possible to analyze
paleoenvironmental changes in a very narrow time
framework.

Key words Oxfordian L Sequence stratigraphy L
Cyclostratigraphy L Stratigraphic correlation L Swiss
Jura L Spain L Normandy

Introduction

One of the main goals of sedimentary research is the
reconstruction of ancient sedimentary environments
and the understanding of the processes controlling
their evolution. The major governing factors are eusta-
tic sea level, climate, and tectonics, but also substrate
morphology, oceanic currents, water properties, and
ecology are important parameters. Such reconstruc-
tions are often rendered difficult because of lacking
precise time control. Classical methods, such as bio-
stratigraphy or magnetostratigraphy, do not have the
resolution required to monitor environmental changes
happening on a hundred- to thousand-year scale. Se-
quence stratigraphy correlates genetically related,
time-equivalent sedimentary bodies by using seismic
sections, well logs and/or outcrops (e.g., Wilgus et al.
1988; Loucks and Sarg 1993; Weimer and Posamentier
1993; Posamentier et al. 1993), but again needs inde-
pendent age dating. High-resolution sequence strati-
graphy (e.g., Howell and Aitken 1996) refines the



Fig. 1 Simplified
paleogeographic map for the
Oxfordian to Tithonian and
location of the study areas.
(After Ziegler 1988)

sequence-stratigraphic approach by using as many
parameters as possible on a timescale as fine as pos-
sible. One of the best time resolutions can be obtained
by using cyclostratigraphy (e.g., Schwarzacher 1993; De
Boer and Smith 1994; House and Gale 1995): if a hier-
archical, quasi-periodic stacking of small-scale sedi-
mentary sequences can be observed and independent
time control implies frequencies corresponding to or-
bital cycles (Milankovitch 1941; Berger et al. 1989),
a resolution on the 10- to 100-ka scale becomes feasible.

In this study we combine high-resolution sequence
stratigraphy with cyclostratigraphy. The Middle to
Late Oxfordian time interval was chosen because of its
relatively well-established biostratigraphic framework,
and because its sediments display periodic changes
from a carbonate-rich mode to a siliciclastic-rich one,
thus monitoring climatically, eustatically, and/or tec-
tonically induced fluctuations of terrestrial runoff from
the hinterland. In order to filter out local tectonic and
climatic effects and to distinguish between autocyclic
and allocyclic processes, correlations have been made
from one sedimentary basin to another, and from one
climatic zone to another.

Study areas, paleogeography, and biostratigraphic framework

Fifteen sections were studied with sedimentological,
sequence-stratigraphic, and cyclostratigraphic methods.

They belong to different paleotectonic domains on
the northwestern margin of the Tethys Ocean (Fig. 1;
Ziegler 1988) and are of Middle to Late Oxfordian
age.

The main study area is the Swiss Jura (study area 1,
Fig. 1) where seven reference sections were sampled
(750 thin sections, 50 marl washings, 40 palynofacies
analyses, 110 clay-mineral analyses; Pittet 1996). These
sections show strongly variable facies of a shallow
carbonate platform influenced by siliciclastic input
(clays, quartz, and feldspars) and frequent emersions.
Three complementary sections were measured, two on
the shallow platform and one in the adjacent epicon-
tinental basin where large quantities of siliciclastics and
detrital carbonate accumulated.

One section of Normandy (France; study area 2, Fig.
1), already interpreted in terms of sequence stratigra-
phy by Rioult et al. (1991), was integrated into this
study. It shows facies of a platform margin with shoal
sedimentation, but also of protected lagoons and estua-
ries.

In Spain two areas were selected. The two Oxfordian
sections of the Soria region (northeastern Spain; study
area 3, Fig. 1) contain the record of shallow carbon-
ate—siliciclastic platform environments (Dragastan et
al. 1987; Alonso and Mas 1990). The two sections of the
Cazorla region (southwestern Spain; study area 4,
Fig. 1) show facies of the Prebetic intermediate plat-
form (Marquez et al. 1991) where material exported

853



from the shallow platform (clays and carbonates) mixed
with more distal carbonate elements (sponges,
globochaetes, ammonites, belemnites). Sedimentation
rates were low, as indicated by common glauconitiz-
ation of peloids and oncoids. On highs, Ammonitico
Rosso facies was deposited, whereas in lows more marls
accumulated.

The biostratigraphy for the Oxfordian in the Swiss
Jura has been well established by Gygi and Persoz
(1986) and Gygi (1995). The ammonite zonation in the
Prebetic zone is given by Garcı́a-Hernández et al.
(1979), Acosta (1989) and F.J. Rodriguez-Tovar (pers.
commun.), and the one for Normandy by Rioult et al.
(1991). The biostatigraphic framework in the Soria re-
gion is not as well constrained as in other regions but
can be implied from the work of Dragastan et al. (1987),
Alonso and Mas (1990), Meléndez (1989), Mensink
et al. (1990), Aurell (1990, 1991), Aurell and Meléndez
(1993), and Aurell et al. (1995). The correlation between
Tethyan and boreal ammonite zonations (Fig. 2) is
mainly based on Cariou et al. (1991). However, there is
increasing evidence that the uppermost Oxfordian of
the Tethyan realm corresponds to the lowermost
boreal Kimmeridgian (Matyja and Wierzbowski 1988,
1994; Schweigert 1995a, b). The timescale used for the
absolute dating is the one of Gradstein et al. (1994,
1995).

Definition of sequences

Sequence-stratigraphic and cyclostratigraphic inter-
pretations are based on the detailed analysis of facies
and sedimentary structures, and on the hierarchical
stacking pattern of depositional sequences. Sedimen-
tological studies, integrating complementary methods
such as palynofacies (Pittet and Gorin 1997) and clay-
mineral analyses (Pittet 1996), allow definition of
depositional sequences that are related to relative sea-
level variations and/or environmental changes.

Sequences of any scale can be interpreted using the
terminology of sequence stratigraphy (e.g., Posamen-
tier et al. 1993), and diagnostic surfaces or intervals can
be defined: Sequence boundaries (SB) record the rela-
tively fastest fall in sea level, transgressive surfaces (TS)
are the first record of a relative sea-level rise, and
maximum-flooding surfaces (MFS) correspond to the
relatively fastest and most extensive rise of sea level
(Fig. 3). Maximum flooding (MF) designates an inter-
val of fastest rise in sea level, generally exhibiting the
deepest or most open facies, and/or reduced sedimenta-
tion rates. Based on a single section or on small-scale
sequences related to high-frequency sea-level vari-
ations, it is not possible to interpret the geometry of the
sedimentary bodies (systems tracts; Vail et al. 1991).
Therefore, the terms ‘‘lowstand deposits’’ (LSd), ‘‘trans-
gressive deposits’’ (TSd), and ‘‘highstand deposits’’

(HSd) are used to describe the sedimentary record
related to the corresponding part of sea-level change
(Fig. 3). Small-scale sequences of shallow carbonate
platforms are commonly dominated by highstand de-
posits (Strasser 1991), and facies changes allow in many
cases to distinguish between ‘‘early highstand deposits’’
(eHSd) and ‘‘late highstand deposits’’ (lHSd). Sediments
related to a first marine flooding phase can be identified
in some cases (‘‘early transgressive deposits,’’ eTSd).

Due to superposition of high-frequency oscillations
of relative sea level on a long-term trend, diagnostic
sequence-stratigraphic surfaces may be multiplied
(Montan8 ez and Osleger 1993; Strasser et al. 1994).
Thus, it is in many cases useful to define sequence-
boundary zones and maximum-flooding zones, corre-
sponding to the relatively fastest fall or rise in the
long-term sea level. Similarly, transgressive-surface
zones can be introduced (Fig. 3).

Four orders of depositional sequences have been
distinguished in the studied outcrops:
1. Elementary sequences correspond, in shallow-water

environments, to the smallest identifiable transgres-
sive—regressive or shallowing-up trend of facies
evolution. There they commonly consist of a single
bed and are separated by emersive surfaces (e.g.,
Figs. 5 and 6, legend in Fig. 4). In deeper environ-
ments elementary sequences correspond to repeti-
tive changes in facies such as limestone—marl
alternations. In the Prebetic mid-shelf environments
(Cazorla region; Fig. 7), e.g., these are due to rapid
changes from high-energy conditions for the forma-
tion of limestone beds to low-energy conditions for
marl deposition. Differential subsidence may strong-
ly influence facies distribution and sequence thick-
nesses (Pittet 1996). Elementary sequences thus vary
in thickness from a few centimetres to 10 m; thick
elementary sequences may be composed of several
beds. Elementary sequences can form through
autocyclic processes, such as lateral migration of
shoals or tidal flats (e.g., Pratt and James 1986;
Strasser 1991), and/or they can be allocyclically con-
trolled by climatic and eustatic fluctuations (Pittet
et al. 1995). Consequently, elementary sequences
may have durations that differ from one locality to
another, and from one time period to another.

2. Small-scale composite sequences correspond to pack-
ages of stacked elementary sequences which are
commonly visible in the erosional profile (Figs. 5, 6
and 8). In shallow-water settings, such packages
display a general transgressive—regressive trend of
facies evolution (Fig. 5). Their uppermost part gen-
erally consists of intertidal to supratidal facies, and
they are bounded by well-defined emersion surfaces.
In deeper-water environments, the small-scale com-
posite sequences are defined by a repetitive stacking
of elementary sequences evolving from marl domin-
ated to limestone dominated, or vice versa (Fig. 7).
In addition, changes of color, bioturbation intensity,
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Fig. 3 Composite curve of long-
term and short-term sea-level
variations, and resulting large-
scale and small-scale
depositional sequences.
Superposition of high-frequency
fluctuations on a long-term
trend results in multiplication of
small-scale diagnostic surfaces
which define a diagnostic zone in
the large-scale sequence. SB
Sequence boundary; MF
maximum flooding; ¹S
transgressive surface; ¸Sd
lowstand deposits; ¹Sd
transgressive deposits; eHSd
early highstand deposits; lHSd
late highstand deposits

Fig. 4 Legend for the detailed logs
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Fig. 5 Part of the Aldealpozo
section showing a well-
structured sedimentary record:
Four orders of depositional
sequences can be distinguished:
elementary sequences (possibly
corresponding to the 20-ka
orbital precession cycle), small-
and medium-scale composite
sequences (probably
corresponding to the 100- and
400-ka eccentricity cycles), and
large-scale sequences attributed
to long-term tectono-eustasy
and/or climate changes. Legend
same as in Fig. 4; sequence-
statigraphic terms as in Fig. 3.
For correlations (SBD) compare
with Fig. 12

c

Fig. 6 Detail of Gorges-du-Pichoux section (legend same as in
Fig. 4). Example of detailed analysis and interpretation of facies,
sedimentary strutures, and stacking pattern of the beds allows for
the identification of small-, medium-, and large-scale sequences. For
correlations refer to Figs. 9 and 12. SB sequence boundary; MF
maximum flooding; ¹S transgressive surface. B, C labels for long-
distance correlation in Fig. 12

and/or levels of nodularization may locally be used
to delimit these sequences. Small-scale composite
sequences have thicknesses ranging from a few deci-
metres to a few tens of meters.

3. Medium-scale composite sequences are composed of
small-scale composite sequences or of thick elemen-
tary sequences (e.g., Figs. 5 and 6). If they formed in
shallow-water settings, they again exhibit a general
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Fig. 7 Logs and correlation of the two sections in the Cazorla region
(legend same as in Fig. 4). Diagnostic surfaces or zones of large-scale
sequences are marked as in Fig. 6; A—D labels for long-distance
correlation in Fig. 12

c

Fig. 8 Logs and correlation of the two sections in the Soria region
(legend same as in Fig. 4). Note that the Aldealpozo section is rich in
siliciclastics. Diagnostic surfaces or zones of large-scale sequences
are marked as in Fig. 6; A—C labels for long-distance correlation in
Fig. 12

transgressive—regressive facies evolution and
well-marked emersion surfaces at their tops.
Important facies changes may occur at the bound-
aries (Pittet 1994, 1996; Pittet et al. 1995).
Medium-scale composite sequences range from
a few meters to a few tens of meters in thick-
ness.

4. ¸arge-scale composite sequences correspond to a
long-term (million-year scale) transgressive—re-
gressive evolution of the depositional environments.
Where elementary, small-scale and medium-scale
composite sequences display the relatively deepest
facies, a maximum-flooding zone can be placed;
where emersion features and/or relatively shallowest
facies are concentrated, a sequence-boundary zone is
implied. In shallow-water environments, the relative
thicknesses of elementary, small-scale, and medium-
scale composite sequences roughly translate ac-
commodation: sequences generally become thinner
towards a sequence-boundary zone, and they ex-
pand in the part of the sections corresponding to
transgression, maximum flooding, and early high-
stand on the long term (e.g., Figs. 5 and 6). Sequence-
boundary and maximum-flooding zones of the
large-scale composite sequences have been labeled
A, B,C, and D, in order to facilitate the sequence-
stratigraphic correlations between the studied sec-
tions (see below).
Elementary, small-scale and medium-scale com-

posite sequences are hierarchically stacked. Many of
the small-scale composite sequences contain five ele-
mentary sequences, and most medium-scale composite
sequences are built up of four small-scale composite or
thick elementary sequences (e.g., Fig. 5). Such stacking
patterns suggest an orbital (Milankovitch) control on
the formation of these sequences: the thin elementary
sequences would correspond to the precession cycle
(20 ka in the Oxfordian; Berger et al. 1989; Berger
and Loutre 1994), the small-scale composite and thick
elementary sequences to the first eccentricity cycle
(100 ka), and the medium-scale composite sequences
to the second eccentricity cycle (400 ka). This
interpretation is confirmed by the absolute dating of
the ammonite zones (Gradstein et al. 1994, 1995) within
which the depositional sequences can be counted
(see below).

Sequential interpretation and correlation of the studied
sections

Correlation criteria

In order to reconstruct the evolution of the sedimen-
tary systems through time, it is important to correlate
the measured sections as precisely as possible. In this
study the following approach was applied:
1. Detailed facies analysis and interpretation of each

profile in terms of elementary, small-scale, and me-
dium-scale composite sequences, as well as in terms
of the large-scale sequence-stratigraphic evolution.
For a complete description and interpretation of the
facies refer to Pittet (1996), Pittet et al. (1995), and
Pittet and Gorin (1997).

2. Correlation at the regional scale (e.g., Swiss Jura)
based on lithostratigraphic units or boundaries
which are dated biostratigraphically, and on the
identification of the sequence-boundary and max-
imum-flooding zones of the large-scale composite
sequences. By comparing the number of small-scale
and medium-scale composite sequences between
these sequence-stratigraphic zones, a best-fit solu-
tion is searched for which satisfies the observed
stacking pattern and facies evolution in each section
as well as the biostratigraphic framework.

3. Correlation between the different study areas (Swiss
Jura, Soria region, Cazorla region, Normandy)
based on the integration of each regional correla-
tion, first on the long term (large-scale composite
sequences with sequence-boundary and maximum-
flooding zones constrained by biostratigraphy), then
on the level of medium- and small-scale composite
sequences. Again, a best-fit solution is looked for by
comparing the number of small-scale composite se-
quences within the available biostratigraphic frame-
work.

4. If a hierarchical stacking pattern suggesting an or-
bital control on sequence formation is recognized,
the small-scale composite sequences are counted
within ammonite zones, and the results compared
with the absolute ages of Gradstein et al. (1994,
1995). Once a small-scale sequence is identified as
orbitally controlled, it allows correlation between
sections on a 100-ka scale. In the ideal case, each
small-scale composite sequence has a defined posi-
tion in a medium-scale and large-scale composite
sequence (e.g., second above SBD; Fig. 5). Even if the
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sequence is not dated biostratigraphically in each
outcrop, it can be attributed to a biostratigraphic
position through correlation with dated sections.

The comparison of long- and short-term sequence-
stratigraphic and cyclostratigraphic interpreta-
tions in the different study areas (Fig. 1) permits
bringing into evidence similarities and differences
in their sedimentary evolution. Orbital (Milan-
kovitch) cycles have a short-term climatic and
eustatic influence on a global scale, even if the
sedimentary signatures may differ from one study
area to the other, depending mainly on changing
climatic conditions in different paleolatitudes
(Perlmutter and Matthews 1989). The comparison
of the long-term evolution of the different study
areas allows discrimination of eustatic and tectonic
factors influencing all study areas from more
regional, mostly tectonic factors acting on one
particular area only.

Sections in the Cazorla region (deeper platform to
hemipelagic facies)

The two studied sections of Riogazas—El Chorro and
Puerto Lorente (Fig. 7) are well dated by ammonites
(F.J. Rodriguez-Tovar, pers. commun.). At Riogazas—El
Chorro, the base of the Oxfordian consists of ferrugi-
nous hardgrounds and amalgamated tempestites. Then,
the outcrop is dominated by limestone—marl alterna-
tions with intervals of thicker limestone beds and inter-
vals of nodular beds and marl predominance. The
Puerto Lorente section starts with beds of Ammonitico
Rosso facies which then pass into limestone—marl alter-
nations. These sediments have been deposited in an
intra-shelf basin and/or ramp setting which was struc-
tured in highs (dominated by carbonates: Puerto
Lorente section) and lows (enriched in marls: Rio
Gazas—El Chorro section; Marquez et al. 1991).

The amalgamated, carbonate-dominated beds at the
base of the sections are interpreted as having been
deposited during a long-term transgression, when
siliciclastics were pushed back on the platform. Max-
imum flooding is indicated by the top of this massive
interval (MFB, Fig. 7). Highstand deposits are sugges-
ted by input of more clays, leading to marl-dominated
sedimentation on the ramp and in the basin, and long-
term sequence boundaries have been placed at the most
marly and most nodular parts in the sections (SBC,
SBD). Lowstands of sea level are again dominated by
marls, but also contain relatively thick limestone beds
(Jan du Chêne et al. 1993). Sedimentation in the
Planula zone is marl dominated, whereby the marly
intervals in Riogazas—El Chorro already appear in the
uppermost Bimammatum zone (TSD3). At the top of
the Planula zone the sedimentary system drowns, as
implied by a well-developed hardground (MFD)
followed by thick marls at Puerto Lorente.

On the smaller scale, the limestone—marl couplets
(considered to represent elementary sequences) group
into bundles of 4—8. These small-scale composite se-
quences (1—25 in Fig. 7) can be correlated between the
two sections, and their number appears to be constant
between the interpreted diagnostic surfaces of the large-
scale sequences in both sections.

Sections in the Soria region (shallow platform facies)

The Middle to Upper Oxfordian sections of Aldeal-
pozo and Punto de Bigornia (Fig. 8) have a poor bio-
stratigraphic control which does not allow for detailed
correlation (Alonso and Mas 1990; Mensink et al.
1990). According to Aurell (1991) and Aurell and Me-
léndez (1993), the base of the Aldealpozo Formation is
roughly placed in the Plicatilis—Antecedens zones
(Fig. 2), and its top corresponds to the top of the Oxfor-
dian (top of the Planula zone). Other data concerning
this study area can be found in Dragastan et al. (1987),
Alonso and Mas (1990), Meléndez (1989), Mensink
et al. (1990), and Aurell et al. (1995). The sedimentary
record is well structured into elementary and com-
posite sequences (Fig. 5). Aldealpozo is siliciclastic
dominated, whereas Bigornia, approximately 25 km to
the southeast, contains more carbonate facies.

After a gap following a Callovian hardground, facies
indicate marly lagoonal and mixed-flat facies. Depo-
sitional environments then became gradually deeper,
and a first maximum flooding is indicated by biotur-
bated, oncoid-bearing lagoonal sediments (MFA zone,
Fig. 8). Coarse-grained subtidal dunes, shallow la-
goons, lakes with charophytes, and paleosols lead up to
sequence boundary SBB. Water depth then increased
rapidly to reach MFB, implied by subtidal bars in
Aldealpozo and open lagoons at Bigornia. Increased
accommodation space is suggested by relatively thick
beds. In Aldealpozo, after a paleosol attributed to
a smaller-scale sequence boundary, reddish beds of
fine-grained, well-sorted sandstone follow with high-
angle cross-bedding. These are interpreted as aeolian
dunes. A paleosol with possible karstification in Aldeal-
pozo and tilted blocks of tidal-flat facies in Bigornia
mark another long-term sequence boundary (SBC, top
of the small-scale sequence 9, Fig. 8). After a transgres-
sive surface (TSC), tidal-flat facies are overlain by sub-
tidal bars and lagoons, and maximum flooding (MFC)
is suggested by more lagoonal and bioturbated sedi-
ments. The Aldealpozo section continues upward into
the Lower Kimmeridgian, but the outcrop at Bigornia
is truncated by Weald-type facies of the Upper Kim-
meridgian (Alonso and Mas 1990).

For both sections the number of small-scale com-
posite sequences is consistent within the above-defined
long-term intervals: four small-scale sequences from the
base of the sections to SBB, four between SBB and
SBC, and four from SBC to the small-scale sequence
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Fig. 9 Best-fit correlation between the sections studied in the Swiss
Jura. Diagnostic surfaces or zones of large-scale sequences are
marked as in Fig. 6; A—D labels for long-distance correlation in
Fig. 12

boundary below MFC (top of the small-scale sequence
13, Fig. 8).

Sections in the Swiss Jura (shallow platform facies)

The studied interval in the Swiss Jura spans the upper
Middle and Late Oxfordian (Parandieri subzone to
Planula zone; Fig. 2). Based on the biostratigraphic
data of Gygi (1982, 1995) and the biostratigraphic and
clay-mineralogical correlations of Gygi and Persoz
(1986), three correlation lines can be traced between
some lithostratigraphic units of the studied sections
(Pittet 1996): on top of the St. Ursanne Formation
(Parandieri subzone sensu Gygi 1995), on top of the
Vorbourg Member (transition Schilli subzone—Bifur-
catus subzone), and on top of the Natica Member
(Hypselum subzone). On the scale of the Jura platform,
these three correlation levels are considered to be syn-
chronous (Gygi and Persoz 1986; Gygi 1995). They
correspond to sequence boundary zones SBB and SBC,
and to the transgressive surface TSD1, respectively
(Fig. 9).

The sedimentary record is structured by elementary
sequences, small-scale and medium-scale composite se-
quences, as well as by large-scale sequences. Important
sedimentary events, such as rapid changes from car-
bonate predominance to siliciclastic predominance and
back to carbonate facies, also mark the studied sec-
tions. The number of small- and medium-scale com-
posite sequences, their sedimentary signature, and the
main changes in sediment type have been used for the
correlation.

In the lowermost part of the studied interval, a trans-
gressive phase leads to a level of relatively deepest facies
(MFA, Fig. 9) that precedes the deposition of up to
15-m-thick beds locally containing coral patch reefs.
This flooding phase could correspond to, or just
follow, the transgression described by Gygi (1986)
and is marked by the occurrence of the thickest coral
patch reefs of the St. Ursanne Formation in many
localities.

A rapid evolution towards protected depositional
environments then suggests an important sequence
boundary zone on the long-term trend of relative sea-
level change (SBB, Fig. 9). A new phase of inundation
led to a level of reduced sedimentation (MFB) followed
by more open facies deposited in higher energy condi-
tions (ooid bars in Pichoux section, Figs. 6 and 9). In
the Vorbourg section, this level is marked by thin,
bioturbated elementary sequences. Sedimentary evolu-
tion then was clearly regressive, leading to more pro-
tected environmental conditions, to more frequent
emersion periods, and finally to a general emersion of
the shallow proximal platform (SBC zone). This se-
quence boundary announces the beginning of abun-
dant terrigenous input characterizing the Natica
Member (Gygi and Persoz 1986; Pittet 1996).

Siliciclastic input decreased again and, especially in
the southern part of the study area, gave way to car-
bonate-dominated sedimentation. Patch reefs and
shallow, commonly oncoid-rich lagoons developed.
Maximum flooding is implied by hardgrounds and
strongly bioturbated intervals (MFC, Fig. 9). At
Reuchenette, the condensation related to this MF
marked the beginning of the progradation of platform
facies (Günsberg Member) over the deeper-water marly
deposits of the Effingen Member (Gygi and Persoz
1986). Thick patch-reefs and ooid shoals then dominate
especially in the southern part of the study area
(Reuchenette, Moutier, Hautes-Roches, Pertuis),
whereas to the north siliciclastics still prevail (Gorges
du Pichoux, Vorbourg). A level characterized by coal
and in situ root traces marks a medium-scale sequence
boundary (top of small-scale sequence 13, Fig. 9). The
large-scale sequence-boundary zone (SBD) is placed
where siliciclastics (mainly clays) start invading the
entire platform.

After this general regression, the onset of thick lime-
stone beds, commonly including cross-bedded ooid
grainstones and reefal framestones, point to an impor-
tant transgressive event (TSD1). A second transgressive
surface (TSD2) marks a renewed transgressive pulse on
the long term. It is followed by even thicker beds with
oncoid facies which terminate the studied interval.

Within the biostratigraphically constrained frame-
work of long-term evolution of depositional environ-
ments, it is now possible to correlate the smaller-scale
sequences which have already been established separ-
ately for each section (e.g., Fig. 6). Allowing for
uncertainties in the interpretation due to lateral facies
changes on the shallow Jura platform and for autocyc-
lic processes such as migration of ooid shoals or tidal
channels, the same number of thick elementary se-
quences or small-scale composite sequences can be
counted in each section within each interval of long-
term evolution (Fig. 9): four between MFB and SBC,
four between SBC and the medium-scale sequence
boundary characterized by coal (top of small-scale se-
quence 13), four between there and SBD, and two be-
tween SBD and TSD1.

Section in Normandy (shallow platform facies)

Based on the work of Rioult et al. (1991), the well-dated
section of Les Roches Noires—Hennequeville (Fig. 10)
has been analyzed in the same way as the other sections
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Fig. 10 Section of Les Roches
Noires—Hennequeville in
Normandy (legend same as in
Fig. 4). Interpretations are given
in text. Diagnostic surfaces or
zones of large-scale sequences
are marked as in Fig. 6; A—C
labels for long-distance
correlation in Fig. 12
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Fig. 11 Biostratigraphically dated sequence-stratigraphic surfaces
or zones (gray intervals) for the four study areas

presented here. However, due to common high-energy
facies masking the smaller-scale sequences and to gaps
caused by synsedimentary tectonics, the interpretation
is not straightforward.

A long-term sequence boundary may be placed at an
important erosion surface followed by a lag deposit in
the lower part of the oolite bars (SBA). The ooid shoals
then give way to lagoonal and peri-reefal facies, and
a maximum-flooding surface is implied by a well-de-
veloped hardground (MFA). It is immediately followed
by a second hardground, and the strongly reduced
Blakei subzone suggests that there is time missing
(SBB; Rioult et al. 1991). SBC is placed at a complex
erosion surface. Accommodation is then increased, as
indicated by thick beds of bioturbated open-lagoonal
facies. A small-scale sequence boundary is placed at
a level with beach lamination. Above, facies are biotur-
bated and punctuated by tempestites. After a second
beach level (TSC), facies indicate deepening, and true
open-marine conditions are reached after MFC

(Fig. 10). This surface is situated at the base of the
Serratum subzone. The corresponding maximum-
flooding zone in the epicontinental basin of the Swiss
Jura is represented by three successive condensation
levels in the Gerstenhübel beds (Pittet 1996; Pittet and
Gorin 1997) in which the taxon Amoeboceras serratum
has been found (Gygi and Persoz 1986).

Different types of small-scale sequences are present
in the Les Roches Noires—Hennequeville section

(Fig. 10). Elementary sequences have been identified in
the Calcaire de Trouville and in the Coral rag. The
Calcaire de Blangy corresponds to a very condensed
bed in which small-scale sequences have not been re-
cognized. An important sedimentary hiatus encom-
passes the whole Ilovaiskii subzone. The lowermost
part of the Calcaire gréseux de Hennequeville is con-
densed, whereas the rest of the formation is structured
into elementary and small-scale composite sequences.

Long-distance correlations

Within the biostratigraphic framework established for
each studied region and based on the correlations of
ammonite zones given in the literature (Fig. 2), a cor-
relation between all studied sections is attempted. In
a first step, only the long-term evolution of the sedi-
mentary systems is correlated, in order to filter out
effects of different tectonic regimes, variable sedimen-
tary systems, and high-frequency climatic changes. Ex-
cept for the Soria region, all long-term sequence-
stratigraphic surfaces or zones are dated by ammonites
(Fig. 11). A best-fit solution can be obtained which
satisfies quite well the interpretations made indepen-
dently for each section and region (Fig. 12; of the Jura
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Fig. 12 Best-fit correlation between the Cazorla and Soria regions in
Spain, the Swiss Jura, and Normandy (legend same as in Figs. 4 and 9)

region, only three representative sections have been se-
lected). It proves that the definition of sequence-bound-
ary and maximum-flooding zones is useful, as local or
regional effects can displace the best-marked diagnostic
surfaces by one or more small-scale sequences.

In a second step, the small-scale composite sequences
(as defined in the regional correlations; Figs. 7—9) are
correlated, and again a best-fit solution is sought. This
detailed correlation helps to better interpret the indi-
vidual sections where the emplacement of small-scale
diagnostic surfaces may be difficult (in fact, several
interpretations given in Figs. 5—9 are based on such
iterative reasoning). It can thus be shown that small-
scale composite sequences in the Soria and Cazorla
regions (Figs. 5, 7 and 8) correspond in many cases to
thick elementary sequences in the Swiss Jura (Figs. 6
and 9). This implies that, on the shallow platform of the
Swiss Jura, conditions were such that high-frequency
(20 ka; see below) climatic and/or eustatic fluctuations
were not or incompletely recorded, and that mainly
lower-frequency (100 ka) changes created identifiable
depositional sequences.

Timing of the sequences

A conclusion to be made from Fig. 12 is that major
time gaps are present only in one interval in the Bigor-
nia section (small-scale sequence 13 missing) and at
Roches Noires—Hennequeville (the biostratigraphically
constrained time gap and condensation of the Calcaire
de Blangy corresponds to seven small-scale sequences).
Also, there is condensation at the base of the sections in
the Cazorla region. Sedimentation on the shallow-
water platforms and in the storm-dominated deeper
water certainly was not continuous, but non-deposition,
reworking, and erosion probably happened mostly on
the scale of the elementary sequences (Goldhammer et
al. 1993; Strasser 1994), and not on the long-term scale.

According to Gradstein et al. (1995), the interval be-
tween the base of Antecedens zone and the top of
Planula zone spans approximately 3.5 ma. SBA has been
placed at the base of Maltonense zone (equivalent to
Antecedens, Fig. 2) at Roches Noires—Hennequeville
(Fig. 10). The top of Planula zone coincides with MFD

at Puerto Lorente (Fig. 7). According to the interpreta-
tion in Fig. 12, 32 small-scale sequences have been
counted between these levels. In the better constrained
interval between MFA (base Blakei zone, Fig. 10) and
MFC (top Bifurcatus, Fig. 7; top Koldeweyense, Fig. 10),
around ten small-scale sequences are found, and the time
interval corresponds to approximately 1 ma (Gradstein
et al. 1995). The average duration of a small-scale com-

posite sequence in the Spanish and French sections, of
a thick elementary sequence in the Swiss Jura, and of an
elementary sequence at the base of the Normandy sec-
tion (0—8 m; Fig. 10) thus is approximately 100 ka.

As it has been shown above, four small-scale se-
quences commonly group between long-term diagnos-
tic surfaces or zones (e.g., see Fig. 5). It is therefore
suggested that this hierarchy in stacking pattern corres-
ponds to sedimentation controlled by sea-level (and
possibly climatic) changes in the Milankovitch fre-
quency band: the small-scale composite sequences are
related to the 100-ka cycle of eccentricity, and the
groups of four to the 400-ka cycle of eccentricity (Ber-
ger et al. 1989). In the deeper-water sections of the
Cazorla area, the 100-ka sequences are furthermore
composed of 4—8 limestone—marl couplets (Fig. 7) re-
flecting changes from high-energy deposition in lime-
stones (commonly amalgamated tempestites; Pittet
1996) to low-energy deposition of marls. In the shallow-
water sections of the Soria region, five beds (in most
cases equivalent to five elementary sequences) on the
average compose a small-scale composite sequence
(Figs. 5 and 8). This implies that, in the Spanish sec-
tions, an elementary sequence corresponds to approx-
imately 20 ka and thus can be related to the precession
cycle (Berger et al. 1989). In the Swiss Jura and in
Normandy, however, the signal of the precession cycle
is not or only locally recorded, which may be due to
a predominantly autocyclic formation of these shallow
water beds (e.g., Fig. 6).

Statistical analyses to test the suspected Milan-
kovitch signal could not be performed, because locally
varying sedimentary conditions on the shallow plat-
forms and differential compaction both distort any
primary signal. Also, it is natural that in the studied
complex sedimentary environments autocyclic pro-
cesses, such as lateral shifting of shoals or migration of
tidal channels, were superimposed on the orbitally
driven sea-level and climatic fluctuations and further
complicated the sedimentary record (Strasser 1991).
Nevertheless, the observed stacking pattern and the
relatively good correspondence between absolute tim-
ing (Gradstein et al. 1995) and the duration of the
sequences implied from assuming a Milankovitch cyc-
licity suggest that the sedimentary systems were at least
partly influenced by orbitally controlled factors.

Accepting the cyclostratigraphic interpretation as
a working hypothesis, a synthetic correlation chart
with independent time control is established (Fig. 13).
The time axis is given by the 33 100-ka small-scale
composite sequences or thick elementary sequences
of Fig. 12, and the long-term sequence-stratigraphic
surfaces or zones observed in each studied region are
integrated. The biostratigraphy is that of the Jura re-
gion, correlated to the other regions as defined in
Fig. 2. This chart now allows discussion of the respect-
ive influences of eustatic sea level, subsidence, and
climate on the observed sedimentation patterns.
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Fig. 13 Synthesis of interpreted long-term sequence stratigraphy in
the various study areas, biostratigraphy, cyclostratigraphic timing
based on inferred 100-ka small-scale sequences, and reconstructed
long-term evolution of sea level. For discussion refer to text

Eustatic sea-level variations

In the sections studied in the Swiss Jura, most small-
scale composite sequences shallow upwards into inter-
tidal facies, indicating that accommodation space cre-
ated by subsidence and eustatic sea-level rise has been
completely filled by sediment. Major erosion surfaces,
vadose cementation, or karstification are absent, sug-
gesting that the rate of sea-level fall did not exceed the
rate of subsidence (Pittet 1994). Decompacted sediment
thickness thus corresponds fairly closely to the max-
imum of accommodation created. By comparing the
decompacted thicknesses of each 100-ka time interval
in each section and assuming a constant long-term

subsidence rate, a regionally valid sea-level curve has
been reconstructed (Pittet 1994, 1996). Local differ-
ences in thickness of sequences can then be attributed
to local changes in subsidence rates.

In Fig. 13 this long-term sea-level curve (Pittet 1994,
1996) has been plotted against the cyclostratigraphic
and biostratigraphic scales. Also in Spain and Nor-
mandy, the reconstructed major sea-level falls generally
correspond well to the above-established long-term
sequence boundaries, and the major sea-level rises to
the intervals of maximum flooding. Shorter-term fluc-
tuations correlate with prominent levels observed in
the small-scale (100-ka) sequences.

Comparing with the sea-level chart of Haq et al. (1987),
there is good correspondence between their SB 146.5 (top
of the Serratum zone; Figs. 2 and 11) and SBD. Ponsot
and Vail (1991) later introduced SB 148 and 147.5, cor-
responding to SBB and SBC, respectively. The cyclo-
stratigraphic timing is more or less confirmed: 0.5 ma
between SBB and SBC, 0.8 ma between SBC and SBD
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(Fig. 13). The reconstructed long-term sea-level curve thus
seems to have at least over-regional significance.

In the sequence-stratigraphic interpretation, impor-
tant local or regional differences become apparent.
During the time interval between SBC and TSD1

(Fig. 13), i.e., during more than a complete long-term
cycle, the Jura platform prograded rapidly (Gygi and
Persoz 1986), which is illustrated by strong accumula-
tion in the southern and eastern parts of the study area,
and by the progradation of platform facies over basinal
sediments in Reuchenette (Fig. 9). This implies that
a general progradational pattern may be maintained
during lowstand, transgressive, and highstand condi-
tions of a long-term sea-level cycle, as long as carbon-
ate productivity and sediment supply is high (Schlager
1993; Pasquier and Strasser 1997). No particular
change in sedimentation pattern is observed in the
Spanish sections for the same time interval (Fig. 12).
For the interval between TSD3 and MFD, the section of
Aldealpozo shows a facies evolution going from car-
bonate tidal flats to rapidly accumulating siliciclastic
subtidal bars. This led Aurell et al. (1995) to interpret
the same interval as the upper part of a prograding
highstand systems tract. However, the general opening
of the depositional environments as well as the rapidly
forming thick beds (shoal facies) suggest increasing
accommodation. Furthermore, the time-equivalent
sediments in the deeper-water sections in the Cazorla
region clearly display a transgressive evolution leading
to drowning (Fig. 7). In the proximal setting at Aldeal-
pozo, sediment input apparently compensated rising
sea level, until the system finally became fully marine
just below MFD (Fig. 12). These examples illustrate
well the important role of sediment supply in the
formation of sequences (Schlager 1993).

The high-frequency sea-level fluctuations are ex-
plained by orbitally induced insolation changes which in
turn influenced sea level through various feedback
mechanisms: thermal expansion of the uppermost layer
of the oceans (Gornitz et al. 1982), waxing and waning of
alpine glaciers (Fairbridge 1976), and/or release and
retention of water in lakes and aquifers (Jacobs and
Sahagian 1993). Polar ice was possibly present (Frakes et
al. 1992; Eyles 1993), but glacio-eustasy was probably of
minor importance in the globally warm climate of the
Oxfordian (Read et al. 1995). The combination of these
mechanisms produced sea-level fluctuations with ampli-
tudes of a few meters, enough to create the observed
sedimentary sequences. Longer-term (million-year scale)
sea-level variations are classically attributed to tectono-
eustasy and long-term climate change (Vail et al. 1991).

Tectonic implications

The small-scale sequences show variable thicknesses,
laterally from one section to another as well as verti-

cally in each section. If the vertical trends are similar,
a common change of accommodation among the
studied sections can be assumed. Eustatic sea-level
variations probably were homogeneous along the
northern margin of the Tethys Ocean. Thus, lateral
thickness variations of shallow-platform sequences
must have been caused by differential changes in sub-
sidence rates.

In the Swiss Jura, siliciclastics are generally more
abundant along a NNE—SSW striking sector and also
invade reefs and ooid shoals (Reuchenette, Moutier,
Court, and Hautes Roches sections; Fig. 9). This is
explained by the channelizing effect of a shallow trough
created by differential subsidence (Pittet 1996). Mor-
phology of the substrate is important also for the initia-
tion of reef growth or formation of ooid shoals, and for
the accumulation of muddy facies in depressions. The
relief may further be enhanced by differential compac-
tion (Hunt et al. 1996).

Subsidence in the Jura was generally relatively
strong in the Middle to Late Oxfordian (55—75 m/ma;
Pittet 1996). This led to the formation of well-de-
veloped transgressive deposits (Fig. 13). Lowstand de-
posits are uncommon which is due to missing
accommodation on the shallow platform during sea-
level lows. In the Soria region (Aldealpozo), a well-
defined smaller sequence can be observed above SBD,
suggesting that the interplay between sea level and
subsidence was such that facies changes were strong
enough to differentiate lowstand, transgressive and
highstand deposits (Figs. 5, 12 and 13). The Cazorla
region had low subsidence rates, and deeper water
allowed for the accumulation of lowstand deposits
(Fig. 7 and 13). This comparison suggests that deposits
with lowstand characteristics can form at the same time
as deposits with a transgressive character (e.g., above
SBC, Fig. 13), depending on the combined effects of
subsidence rate, sea-level change, sediment supply, and
depositional setting (Pasquier and Strasser 1997; Pittet
1996).

An important tectonic event is evidenced by synsedi-
mentary fracturing and tilting of blocks at Punto de
Bigornia (Fig. 8), and by a drastic change in subsidence
rate at Roches Noires—Hennequeville (Fig. 10). Accord-
ing to the sequence-stratigraphic correlation, the tec-
tonic event at Bigornia happened before the sea-level
drop leading to SBC, whereas in Normandy sedimenta-
tion rates increased rapidly after the gap between MFA

and SBB, and the strongly condensed interval between
SBB and SBC (Fig. 14). In the Swiss Jura, siliciclastic
input generally increases above SBC (Fig. 9), giving rise
to the marl-rich interval of the Natica Member. This
may be explained by tectonic uplift and increased ero-
sion rates in the hinterland. SBC is situated in the
Bifurcatus ammonite zone (Fig. 13). Tectonic instabili-
ties at that time have been noted by several authors
in various regions: by Arnaud (1988) in the French
Jura, by Enay (1984) in southeastern France, and by
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Fig. 14 Detail of logs around sequence boundary SBC, illustrating
the effects of tetonic instability on the sedimentary record. For
explanations refer to text; legend same as in Fig. 4

Marquez et al. (1991, 1993) in southern Spain and
Portugal. Rioult et al. (1991) attribute this event to the
late-Cimmerian tectonic phase (Ziegler 1982) which
included rifting in the North Atlantic and spreading in
the Ligurian Tethys.

Climatic implications

The vertical distribution of siliciclastics in the studied
sections follows a pattern which varies from one study
area to the other. In the Swiss Jura, the very tops and
the bases of small-scale composite sequences com-
monly contain quartz, sand and silt, feldspars, and
clays, whereas the central parts of the sequences are
carbonate dominated (e.g., Fig. 6). Furthermore, these
intervals are commonly associated with coal fragments
and a relative increase of bisaccate pollen vs non-sac-
cate pollen and spores (Pittet 1996; Pittet and Gorin
1997). This implies that siliciclastic input was related to
late highstands, lowstands, and early transgressive
phases of sea-level change. In the Soria area, the pat-
tern is inversed: siliciclastics preferentially occur in the
middle of small-scale sequences (e.g., Fig. 5). Proximity
of the source area controls the abundance of siliciclas-
tics (e.g., Aldealpozo vs Bigornia; Fig. 8), but the trend
in the distribution inside the small-scale sequences is
maintained. The further the distance from the source
area, the longer is the Milankovitch period which re-
cords this distribution: 20—100 ka in the Soria region
(Fig. 5), and 100—400 ka in the Swiss Jura (Fig. 9). Dur-

ing sea-level lowstands, siliciclastics can potentially be
eroded from the hinterland and thus appear at and
around sequence boundaries. In order to concentrate
them in the middle of sequences during periods of
maximum flooding, however, a climatic control has to
be invoked. The recurrent appearance of siliciclastics in
well-defined parts of the small-scale composite se-
quences permits exclusion of a predominant tectonic
influence at the scale of 20—100 ka. Tectonics probably
have a major control on the availability of siliciclastics
(e.g., increase of siliciclastics in the Swiss Jura above
SBC), whereas climatic conditions define at which
moment they are transported into the marine environ-
ments.

During the Oxfordian, the Swiss Jura was situated at
a paleolatitude of approximately 26—27 °N according to
Dercourt et al. (1993), or at around 37—38 °N according
to Smith et al. (1994). For the Soria region, 23—24 °N
(Dercourt et al. 1993) and 34—35 °N (Smith et al. 1994),
respectively, are estimated. Despite these inconsistent
values, a paleolatitudinal difference of 3—4° between the
two regions is maintained. This difference may have
been responsible for different climatic regimes with
inversely related periods of stronger rainfall causing
increased terrigenous runoff (Matthews and Perlmutter
1994). Oschmann (1990) proposes that the paleogeo-
graphic position of our study areas corresponds to the
interface of seasonally shifting high- and low-pressure
atmospheric cells. Statistical analyses of the distribu-
tion of climate-related facies components (e.g., corals,
ooids, palynomorphs, siliciclastics) throughout the
studied small-scale sequences in the Swiss Jura confirm
periodic changes of temperature and relative humidity
(Pittet et al. 1995; Pittet 1996). It has been shown above
that the small- and medium-scale composite sequences
are related to sea-level fluctuations in the Milankovitch
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Fig. 15 General distribution of siliciclastics in the Soria region and
in the Swiss Jura (including data of Gygi and Persoz 1986). Note that
siliciclastics concentrate around large-scale sequence boundaries in
the Jura, but around zones of maximum flooding in the Soria region.
For discussion refer to text

frequency band. According to the distribution of silici-
clastics it is also implied that insolation changes on the
100- and 400-ka scale caused periodic shifting of the
atmospheric cells and, consequently, changes in the
rainfall pattern which depended on paleolatitude (Mat-
thews and Perlmutter 1994). Facies changes on the
20-ka scale have been suggested in the Soria and
Cazorla regions (Figs. 5 and 7), but it is not clear what
the respective roles of sea level and climate were in their
formation.

When analyzing the long-term trend of vertical dis-
tribution of siliciclastics (averaged for the sections in
the Swiss Jura and for those in the Soria region), the
same general pattern of inverse concentration appears
(Fig. 15). In the Soria region, siliciclastics are clearly
concentrated around zones of maximum flooding
(MFA, MFB, MFC, MFD). In the Swiss Jura, siliciclas-
tic input was favored in times of long-term sea-level
falls, i.e., around sequence boundaries SBB, SBC and
SBD. Again, a climatic control dependent on paleolati-
tude is suggested. Siliciclastics are abundant also in the
highstand of sequence C in the Jura. This interval
contains a small-scale sequence boundary with abun-
dant coal fragments and root traces and is rich in

quartz, sand and silt (Fig. 9), implying relatively humid
climatic conditions on a regional scale.

The interpretations resulting from our study are con-
sistent with the global climatic regime in the Oxfordian.
After a warming in the Bajocian and Bathonian, cli-
mate stayed generally warm until the end of the Juras-
sic (Frakes et al. 1992). Superimposed on this general
trend were fluctuations of the atmospheric cells driven
by orbital insolation cycles (Matthews and Perlmutter
1994). The observed interrelation between long-term
sea-level fluctuations and long-term climate change
may be a result of complex feedback mechanisms in-
volving global carbon and nutrient cycling (Föllmi
et al. 1994).

Conclusions

Based on detailed analysis of facies, sedimentary struc-
tures, and stacking pattern, the Oxfordian sections
studied in the Swiss Jura, in Spain, and in France have
been interpreted in terms of high-resolution sequence
stratigraphy and cyclostratigraphy. The hierarchical
nesting of depositional sequences of different scales and
time control given by biostratigraphy and absolute
dating suggest that the depositional systems were in-
fluenced by parameters in tune with orbital cycles.
Elementary sequences corresponding to the precision
cycle of 20 ka were identified in the shallow- and
deeper-water settings in Spain. Small-scale composite
sequences related to the 100- and 400-ka eccentricity
cycles are recognized in all study areas. The orbital
(Milankovitch) cycles caused changes in insolation
which in turn influenced—through intricate feedback
mechanisms—sea level, climate, and other physical,
chemical and ecological parameters.

Comparing the vertical evolution of facies and stack-
ing pattern between the sections in each study area and
then between the four study areas, a best-fit correlation
is proposed which is consistent with the biostrati-
graphic framework as well as with the absolute timing.
For a time interval of approximately 2 ma a sea-level
curve has been constructed which is valid for all study
areas (Fig. 13). Differences of the sequence-strati-
graphic signature between sections and study areas are
explained by differential subsidence and by differences
in sediment supply. The best-marked sequence-strati-
graphic surfaces may be displaced from one section or
from one study area to the other due to local differences
in the sedimentary systems.

In this well-constrained time interval it is now pos-
sible to follow individual 100-ka sequences for distan-
ces of over 1000 km. Thus, the evolution through time
of laterally variable sedimentary systems can be studied
with a high time resolution. It is shown that paleolati-
tude had a significant influence on the rainfall pattern
and thus on the input of siliciclastics: in the Swiss Jura,
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siliciclastics were flushed into the system when sea level
was low, whereas in Spain the rainy periods occurred
during high sea level. Detailed correlation also shows
that a phase of tectonic instability affected simulta-
neously the Soria region (Spain), Normandy, and the
Swiss Jura.

This study demonstrates that there is great potential
for very detailed analyses of environmental change on
a timescale comparable to that of the Pleistocene and
Holocene. By comparing the sedimentary record in
closely spaced sections, the local and regional variabili-
ties can be studied. By correlating over long distances
and from one paleogeographic or paleotectonic region
to the other, local and regional effects can be filtered
out, and the over-regional or global patterns appear.
High time resolution over long distances also will make
it possible to quantify sedimentary and ecological pro-
cesses acting at the same time but in different depo-
sitional settings and different paleolatitudes. Thus, the
combined approach of high-resolution sequence
stratigraphy and cyclostratigraphy becomes an impor-
tant tool for better understanding paleoenvironmental
changes.
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14 : 173—198

Arnaud H (1988) Subsidence in certain domains of southeastern
France during the Ligurian Tethys opening and spreading
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