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Abstract The Oxfordian (Late Jurassic) carbonate-dominated platform outcropping in the
6ZLVV -XUD ORXQWDLQV R[HUV D JRRG ELRVWUDWLJUDSKLF VHT
graphic framework to reconstruct changes in facies distribution at a time-resolution of 100
ka. It thus allows interpreting the dynamic evolution of this platform in much more detail
than conventional palaeogeographic maps permit. As an example, a Middle to Late Oxfordian
time slice is presented, spanning an interval of about 1.6 Ma. The study is based on 12 sec-
tions logged at cm-scale. The interpreted depositional environments include marginal-marine
HPHUJHG ODQGV IUHVK ZDWHU ODNHV WLGDO ADWV VKDOORZ !
Although limestones dominate, marly intervals and dolomites occur sporadically.
Major facies shifts are related to m-scale sea-level changes linked to the orbital short ec-
centricity cycle (100 ka). The 20-ka precession cycle caused minor facies changes but cannot
always be resolved. Synsedimentary tectonics induced additional accommodation changes by
creating shallow basins where clays accumulated or highs on which shoals or islands formed.
Autocyclic processes such as lateral migration of ooid and bioclastic shoals added to the sedi-
PHQWDU\ UHFRUG &OLPDWH FKDQJHV LQWHUYHQHG WR FRQWURC
siliciclastic and nutrient input. Coral reefs reacted to such input by becoming dominated by
microbialites and eventually by being smothered. Concomitant occurrence of siliciclastics and
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dolomite in certain intervals further suggests that, at times, it was relatively arid in the study
area but there was rainfall in more northern latitudes, eroding the Hercynian substrate.

These examples from the Swiss Jura demonstrate the highly dynamic and (geologically
speaking) rapid evolution of sedimentary systems, in which tectonically controlled basin mor-
phology, orbitally induced climate and sea-level changes, currents, and the ecology of the car-
bonate-producing organisms interacted to form the observed stratigraphic record. However,
the interpretations have to be treated with caution because the km-wide spacing between the
studied sections is too large to monitor the small-scale facies mosaics as they can be observed
on modern platforms and as they certainly also occurred in the past.

1 Introduction

Palaeogeographic maps based on plate-tectonic recon-
structions and covering large areas (e.g. % ODNH\
WHVH 6WDPSAL DQG %R &tHQ2013)
are very useful to visualize the general context in which a
study area evolved. However, coastlines and facies distribu -
tions then are often presented time-averaged over million-
year long time intervals (e.g., Dercourt etal. , 1993). In the
case of shallow carbonate platforms where facies patterns
change rapidly through time as well as through space (fa-
FLHV PR¥QLBEDYQNH\ DQG 5HHGHU
Drummond, 2004), it is useful to search for a more detailed
picture of palaeogeography.

The goal of this study is to present a series of maps
that monitor the facies evolution of an ancient carbonate
platform in (geologically speaking) narrow time-steps. As
an example, a time interval in the Oxfordian (Late Juras-
sic) of the Swiss Jura Mountains is chosen. The controlling
mechanisms of facies distribution in time and in space will
be discussed, and the potential and limitations of such an
approach to palaeogeography will be evaluated.

2 Palaeogeographic and stratigraphic setting

In Middle to Late Oxfordian times, a wide, carbonate-
dominated shelf covered the realm of today ’s Jura Moun
WDLQV )LJ
along faults inherited from older lineaments (Wetzel

:HW]HO DQG $00LD
depositional environments predominated, whereas to the
south deeper epicontinental basins developed. Siliciclastic
material was furnished episodically by the erosion of Her-
cynian crystalline massifs in the hinterland. The study area
was situated at a palaeolatitude estimated between 33 A
and 38 Al (Barron et al. "HU F RbAU W
etal., 1994).

Lithostratigraphy and facies of the Oxfordian in the
Swiss Jura Mountains have been studied extensively by,
e.g., Ziegler (1956, 1962), Gygi (1969, 1992), and Bolliger
and Burri (1970). The biostratigraphy based on ammonites
was established mainly by Gygi (1995, including summary of
earlier work). Gygi and Persoz (1986) used bio- and mineral
stratigraphy to reconstruct the platform-to-basin transi -
tion. A correlation with the French Jura was established by
Enayet al.
has been proposed by Gygi et al. (1998). Selected intervals
calibrated by high-resolution sequence stratigraphy and

etal.

W ZDV VWUXFWXUHG EOQGH[EH XNQWL WK IV XEYKSHQFH

6 P LW I&f Vail et al.

cyclostratigraphy have been analyzed and interpreted by
Pittet (1996), Dupraz (1999), Hug (2003), Védrine (2007),
and Stienne (2010). Jank et al. (2006) presented a com-
®FeRensive view of Late Oxfordian to Kimmeridgian stra-
6t\r&pRySeAd. palaeogeography. The formation of platform

and basin facies in space and time and their relationship
to synsedimentry tectonics was analyzed in detail by Al-

lenbach (2001).

The terminology of formations and members and their
ELRVWUDWLJUDSKLF DWWULEXWLRQ
2). The major sequence boundaries are labeled accord-

SN HEdERHQ 6D 4. G(1998), and the numerical ages are
based on Gradstein et al. (1995). Although a more recent
geological time-scale is available (International Commis-
sion on Stratigraphy, 2014), we use the older one because
the ages of ammonite zones and sequence boundaries in
the chart of Hardenbol et al. (1998) are interpolated using
the numbers of Gradstein et al. (1995).

IROOR.

3 Methods

The sections presented here (Fig. 3 and Table 1) have
been logged at cm-scale. Dense sampling guaranteed that
even minor facies changes were detected. Thin-sections
ZHUH SUHSDUHG IRU WKH URFN VDPSOHV
and the residue picked for microfossils. Under the optical
microscope or the binocular, microfacies have been ana -
FODVVLAFDW
rocks and a semi-quantitative estimation of the abundance

7R WKH QRrbcW donsiituehts (Fidk )0 SpBcal attention has been

paid to sedimentary structures and to omission surfaces (cf.
Clari et al. +LOOJIUWQHU 7KH VXP RI
mentological information was then used to interpret the
depositional environments. For the sequence-stratigraphic
interpretation of the facies evolution, the nomenclature
(1991) was applied. Vertical facies changes
GHAQH GHHSHQLQJ VKDOORZLQJ GHSRVLWLI
are hierarchically stacked (example in Fig. 4).
Elementary sequences are the smallest units where fa-
cies evolution indicates a cycle of environmental change,
including sea-level change (Strasser et al., 1999). In some
cases, there is no facies evolution discernable within a bed
but marls or omission surfaces delimiting the bed suggest
DQ HQYLURQPHQWDO FKDQJH 6WUDVVHU D
Commonly, 2 to 7 elementary sequences compose a small-

D VHTXHQFH VWUDWLJUD SKdleFselgtieiéd] Wrich geNeRN tishRys a deepening then

shallowing trend and exhibits the relatively shallowest fa-
cies at its boundaries (Fig. 4). For example, birdseyes, mi-
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al. (1980), Ziegler (1988), and Thierry (2000).

crobial mats, or penecontemporaneous dolomitization sug- VPDOO VFDOH VHTXHQFHV )LJ 6WUDVVHL
JHVW WLGDO ADW HQYLURQPHQWY N HAvrglaRoD idclyi¥sivcari@inties & toQuwiaieRxadtlywplace

point to a beach, and detrital quartz grains and plant frag- some small-scale sequence boundaries, it nevertheless of-

ments indicate input from the hinterland during low rela- fers the basis for a general palaeogeographic interpretation

tive sea level (late highstand and/or early transgressive with a relatively high time resolution. The dominant facies

FRQGLWLRQV 3LWWHW DQG 6WUDVYVH Wategory has @eal iktdrpkétdtX@ eddtGdedpering-upward

tions it is common that four small-scale sequences make (transgressive) and each shallowing-upward (regressive)
up a medium-scale sequence, which again displays a gen- part of each small-scale sequence (dominant meaning that

eral deeping-shallowing trend of facies evolution and the over 50 of the non-decompacted facies thickness encoun -
relatively shallowest facies at its boundaries. Furthermore, tered in one part can be attributed to that category).

the elementary sequences commonly are thinner around
the small-scale and medium-scale sequence boundaries,
which suggests reduced accommodation. Thick elementary
sequences in the central parts of these sequences imply

4 Facies and depositional environments

higher accommodation. The detailed analysis of the microfacies encountered in
Based on these interpretations, and within the biostrati - the studied sections and the interpretation of the deposi-
graphic and sequence-stratigraphic framework (Fig. 2), the tional environments has been performed by Pittet (1996), Du-

studied sections have been correlated at the scale of the praz (1999), Gsponer (1999), Jordan (1999), Rauber (2001),
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Figure 2  Chronostratigraphy, biostratigraphy , and lithostratigraphy of the study area. Litho

- and biostratigraphic scheme after Gygi
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Figure 3 Locations of the studied sections in the Swiss Jura. Inset: Jura Mountains in grey.

and Hug (2003). Lateral facies changes over short distances
and vertical changes over short time intervals are common.
For example, Samankassou et al. (2003) illustrated a close
juxtaposition of coral reefs and ooid shoals in the Steinebach
Member, and Védrine and Strasser (2009) looked into the
distribution of corals, ooids, and oncoids in the Hauptmum-
ienbank and Steinebach members with a time resolution of
20 ka. For the purpose of the present paper, however, only

D YHU\ JHQHUDO YLHZ RI IDFLHV LV SUHVHQ\
the local facies changes and permits to illustrate the general
palaeogeographical evolution of the study area.

7KH 'XQKDP FODVVLAFDWLRQ- W\SLFD
sils, and sedimentary structures are used to interpret the
depositional environment in terms of water depth, water
energy, and ecological conditions (e.g., oxygenation, nutri -
HQWV VXEVWUDWH 7KH VR GHAQHG HQYLL
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Table 1 Locations, stratigraphic intervals, and studies of the sections used in the present contribution

No. of Name Location Stratigraphic interval Author(s)

Section

1 Les Champés $ORQJ IRUHVW URDG 6( RMigtleOxferdidrt®Early Rauber (2001)

Kimmeridgian
2 Liesberg In quarry of cement factory Late Oxfordian Hug (2003)
8 Mettemberg-Soy- Along road from Mettemberg to Soy- Late Oxfordian Hug (2003)
hieres hieres

4 Gorges du Pichoux Along road between Undervelier and Middle Oxfordian to Late Pittet (1996), Colombié (2002)
Sornetan Kimmeridgian

5 Hautes Roches Along forest path south of the village of ~ Middle to Late Oxfordian Pittet (1996), Dupraz (1999)
Hautes Roches

6 Gorges de Court Along road and footpath between Middle to Late Oxfordian  Pittet (1996), Colombié (2002),
Moutier and Court Hug (2003)

Moutier Borehole SE of Moutier Middle to Late Oxfordian Pittet (1996), Dupraz (1999)
8 La Chamalle Along forest road to La Chamalle farm  Late Oxfordian Jordan (1999)
9 Péry-Reuchenette In quarry of cement factory Middle Oxfordian to Late  Pittet (1996), Colombié (2002),
Kimmeridgian Hug (2003)

10 Forét de Chatel Along forest road Late Oxfordian Gsponer (1999)

11 Savagnieres Along road between St-Imier and Val- Middle to Late Oxfordian Pittet (1996)
de-Ruz

12 Pertuis Along road from Dombresson to Pertuis Middle to Late Oxfordian Pittet (1996)

into larger categories that characterized the Oxfordian car-
bonate platform: (1) emerged land, lake, and beach, (2)
WLGDO ADW
and/or oxygenation), (4) open lagoon, (5) ooid shoal, and

FRUDO UHHI
(siliciclastics and/or plant material) and dolomitization are
distinguished. A summary of the facies characteristics of
these categories is given in Table 2.

5 Depositional sequences and their timing

The fact that most of the small-scale and medium-scale
sequence boundaries can be followed over hundreds of kilo-
meters points to an allocyclic (i.e. external) control on se-
quence formation. However, also autocyclic processes (such
as lateral migration of sediment bodies or reactivation of
high-energy shoals) occurred and are recorded mainly on
the level of the elementary sequences (Hill et al.
6WUDVVHU

Based on the lithostratigraphic and biostratigraphic
frame furnished by Gygi and Persoz (1986) and Gygi (1995),
and on the detailed analyses of stacking pattern and fa-
cies evolution, a sequence-stratigraphic and cyclostrati -
graphic interpretation can be proposed for each studied
section. However, superposition of higher-frequency sea-

to another. The correlation of small-scale sequences is rela-
tively straightforward, although the exact emplacement of

UHVWULFWHG ODJRRQ WRHLHUPHNTRHQHABXERIPQBOHUBY PD\ EH GL\F

WKH HOHPHQWDU\ VHTXHQFHY DUH QRW ZH(

YXUWKHUPRUH VLJQ LA RID@QpAtingthe ihteipdkta@iRok the dt@isdewetions with

the sequence stratigraphy of Hardenbol et al. (1998) estab-

lished in European basins, and based on the stratigraphic

scheme presented in Figure 2, the large-scale sequence
ERXQGDULHV 2] 2 DQG 2] FDQ HDVLO!
The numerical ages attributed by Hardenbol et al. (1998)

to these sequence boundaries allow estimating the duration

Rl WKH VPQOG PHGLXNHNPODHOHFHY LGHQWLAHG
studied outcrops, assuming that each sequence of a given

order had the same duration. Ox 6 is dated at 155.8 Ma, Ox 8

at 154.6 Ma (Hardenbol et al. , 1998). Three medium-scale

and 12 small-scale sequences are counted between these

sequence boundaries (Fig. 5). It thus can be assumed that

a small-scale sequence lasted about 100 ka, and a medium-

VFDOH VHTXHQFH DERXW ND $ EHVW AW

6WUDVVHU DQG 9pGUL Qatldle Oxfordian to Late Kimmeridgian interval has been

SURSRVHG E\ 6WUDVVHU ZKLFK FRQAU
tation. Consequently, it can be concluded that the forma-

tion of the observed, hierarchically stacked depositional se-

guences was at least partly controlled by sea-level changes,

which themselves were controlled by climatic changes, and

these were induced by orbitally-induced insolation changes.

OHYHO AXFWXDWLRQV RQ D ORQJ W H U FPhw, thel @rall-scalesedDer@es Edirespbrid Bo@ha short ec-
OHG WR UHSHWLWLRQ RI GLDJQRVWLF oéxtrititpdyc\of 1G0Hka Qnid @d mesiihksdaleBetuences
ERXQGDU\ JRQHV ORQWDxXxH] DQG 2V O Halthellong eccenéridity)dycle\vFH400 ka.

al., 1999). Fast rise of sea level either caused distinct

Where 5 elementary sequences compose a small-scale

PD[LPXP ARRGLQJ VXUIDFHV ZKLFK DJ@gQt ;b bembsubietiIhaDagHtGe 20 ka precessional

GHAQLQJ D PD[LPXP ARRGLQJ ]JRQH
relatively deepest or most open-marine facies. Major trans-
gressive surfaces generally correlate well from one section

R tycle 8 reétotder. biaudver, B malykchises the facies evolu-

tion within an elementary sequence does not allow demon -
strating that it was created by a sea-level cycle (and thus



256

A. Strasseret al.

Gorges de Court

.~ Verena M.

La May Member

10

z

z

Hauptmumienbank M. . " Qol. 1. .~

Field aspect Sample Fcies  Depositional envimments Sequene stratigraplg

elemend small- | medium-
tary scale scale

Oaid-bioclastic shoal

Coastal swamp
Dolomite flat Ox8

Restricted lagoon

Marine lagoon /
Coral patch reefs
in marine lagoon

- -7 MF

shallow
Restricted lagoon Ox7

with terrestrial
. shallowe
influence
Marine lagoon
deep

Figure 4 Deepening-shallowing trends of facies evolution, and sequence - and cyclostratigraphic interpretation of a part of the Gorges de
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related to an orbital cycle): autocyclic processes may have
overprinted the allocyclic signal.

6 Palinspastic reconstruction of the platform

The study area lies in the fold-and-thrust belt of the
Jura Mountains, which formed during the Late Miocene to

Early Pliocene. In order to represent the palaeo-distances

between the studied sections, a palinspastic reconstruc-

tion has been performed. The tectonic structure is com-

plex with broken anticlines and thrust folds, which in the

study area generally strike NNE-SSW (Hindle and Burkhard,

ORVDU %DVHG RQ WKH UHVWRUH (

published by Bitterli (1990), a N-S elongation factor of 1.5

to 2 is assumed when compared to today’s geographic posi-
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Figure 5, continued.
tion of the sections (Figs 3 and 7). The folds and thrusts are many uncertainties about the true palaeo-distances be -
are cross-cut by numerous faults, which were mainly in- tween the sections, their positions relative to each other
herited from the Paleogene rifting in the Upper Rhine are preserved.

Graben (Ustaszewski and Schmid, 2006). However, the N-S
displacement along these faults is negligible in the study
area.

The palinspastic map thus established serves as the base
for the facies maps presented in chapter 7. Even if there In order to reconstruct the facies evolution of the

7 Dynamic evolution of the platform
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Figure 5, continued.

Jura Platform through space and time, steps of half a guence is considered to cover 100 ka, an interval of 1.6 Ma

small-scale depositional sequence have been chosen. is thus represented. It can be assumed that the sea-level

Each sequence numbered in Figure 5 is subdivided into AXFWXDWLRQV LQ WKH JUHHQ KRXVH ZRUO
a deepening part (transgressive deposits) and a shallow- were more or less symmetrical, in contrast to the strongly

LQJ UHJUHVVLYH SDUW KLJKVWDQG G@dyriRetficalVséa-lgtel changdRrélatétl BbQapid melting

deposits are commonly absent or strongly reduced on the and slow build-up of continental ice in ice-house worlds.
shallow platform. For both parts, the dominant facies cat- Consequently, the transgressive and highstand parts of a
egory in each section is then reported on the correspond- small-scale sequence would each correspond to approxi-

ing map. Figure 7 shows 32 such maps. If a small-scale se-  mately 50 ka, including the hiatuses at the boundaries of
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Table2 6XPPDU\ RI PLFHRFIRFAGHWHUHG LQ WKH VWXGLHG VHFWLRQV LQWHUSUHWDWLRQ RI GF
facies categories

Dunham Typical particles Typical fossils Sedimentary Interpretation Category
FODVVLAFDWLRQ structures
Lithoclasts Root traces Irregular surfaces, Palaeosol, karst
hardground
M, W, P, marls Peloids, bioclasts Charophytes, reworked Bioturbation Lake

B - Emerged land,
marine fossils

lake, beach
G, PR Ooids, peloids, Mixed fauna Keystone vugs, Beach
bioclasts (well plane-bed
sorted) lamination
M, W, P, marls Peloids, Gastropods, ostracods Birdseyes, microbial 7LGDO ADW
mud chips lamination, desicca -
tion cracks, biotur -
bation i
. . . . . ) 7L,GDO ADW
W, B F marls Peloids, bioclasts, Benthic forams, Bioturbation Tidal channel
soft pebbles, echinoderms, bivalves,
gastropods, plant
fragments
M, W, P, marls Peloids, oncoids, Gastropods, miliolids, Closed, strongly
microencrusters, plant restricted lagoon
fragments
M, W, P, marls  Peloids, oncoids,  Echinoderms, brachio- Flaser bedding, Semi-closed lagoon Restricted
ooids, bioclasts pods, bivalves, gastro- bioturbation lagoon
pods, green algae, benthic
forams, sponges, microen-
crusters
M, W, P G Reloids, oncoids, Echinoderms, brachio- Bioturbation Open lagoon
ooids, bioclasts pods, bivalves, gastro-
pods, red algae, corals, Open lagoon
benthic forams
PG ER Ooids, oncoids, Benthic forams, gastro - Cross-bedding, Ooid shoal
peloids, bioclasts,  pods ADVHU EHG G L Qaitive or abandoned) .
lithoclasts, soft Ooid shoal
pebbles
B Bioclasts Corals, sponges, red algae, Bioperforation Coral reef
; Coral reef
bryozoans, microencrusters
Up to 20% quartz,  Plant fragments Terrigenous material Terrigenous
clays input
Dolomite or dedo-  Plant fragments Microbial lamination ~ Penecontemporaneous
lomite crystals, dolomitization over - S
gypsum/anhydrite SULQWLQJ WLG dDBIOWBZ\R}'Oﬁ U
pseudomorphs lagoonal facies
the small-scale and elementary sequences (Strasser et al., more often found in transgressive deposits than in high-
1999). stand deposits of small-scale sequences (18 versus 9 oc-
$OWKRXJIK WKH IDFLHVY SDWWHUQV D Wirrdrdas)VFurbérqpFeHasId Rdte g2 QréaRiie facies,
in space as well as in time, there are certain trends that they become more abundant after the major transgres-
can be noted (Fig. 7): sion at the base of the Hauptmumienbank and Steinebach
1) Restricted-lagoonal facies dominate in small-scale se- members (sequence 9).
guences 1 to 8 but are then replaced by more open-marine &RUDO UHHIV RFFXU RQ DQG R[ PRUH R
facies up to the transgressive deposits of sequence 16. This stand parts than in the transgressive ones) but always in
major change is related to the prominent transgressive sur- the same palaeogeographic positions (in sections 9 and 6,
face at the base of the Hauptmumienbank and Steinebach and in the cluster of sections 2 and 3). Like the ooid shoals,
members (Figs 2 and 5). coral reefs become more abundant after the important

2) Ooid shoals occur throughout the platform but are transgression at the base of sequence 9.
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7LGDODAIMWRXQG RQO\ LQ VHFWLRQBL[EQBQWRQ®MQQAWWR SODWIRUPV DQG V

of subaerial exposure only in section 1. with time. During the late Middle Oxfordian, subsidence ac-
5) Siliciclastic input occurs at irregular intervals all over celerated in the southwestern part of the study area and

the platform but is most pronounced in sequences 6, 7, and depocenters developed in vicinity of faults within the base -

8, and to a minor degree in sequences 12 and 13. ment. However, no faults cutting through the Jurassic sedi-

6LIQLAFDQW SHQHFRQWHPSR UD QieRatwcover Ra@eFbPdn\dbis¢mad $oRa It is assumed that
occurs only in sequences 4, 15, and 16, and is most pro- WKH 7ULDVVLF HYDSRULWHY EHORZ GHIRUP
nounced in the highstand deposits of sequence 16 (below way, vertical movements within the basement resulted in

VHTXHQFH ERXQGDU\ 2] )LJ AH[XUHV Rl WKH RYHUO\LQJ VHGLPHQWV /I
Due to the limited outcrop conditions, not all sections DHRFXUUHQW GLUHFWLRQV HQFRXQWHUHG

contain all sequences (Fig. 5). Therefore, no statistical (Fig. 2) indicate that the subsidence of the whole area was

analyses (e.g., Markov chain) of vertical and lateral facies not continuous but that individual blocks had their own

transitions have been performed. subsidence history (e.g. % ROOLJHU DQG % XUUL

and Allia, 2000). This is consistent with the position of the
. . Jura Platform on the northern passive margin of the Tethys
8 Discussion Ocean (Wildi et al. , 1989).
Besides the structuring of the platform by block faulting,
also the irregular distribution of sediment bodies created

8.1 Role of platform morphology morphology. Coral reefs and ooid shoals that possibly initi -
ated on a structural high could migrate over the platform
The strongly variable thicknesses of the depositional se- and especially if early fresh-water diagenesis during a
quences in the studied sections (Fig. 5) can at least part - sea-level lowstand allowed for rapid cementation create
O\ EH H[SODLQHG E\ GL[HUHQWLDO V XieW, this irfeFsetimantatyWigh¥/ Structural and sedimen -
which locally accelerated creation of accommodation while tary highs redirected the oceanic and tidal currents and
in other locations less space was available for the accumu - could isolate lagoons behind reef barriers or ooid shoals.
lation of sediment or even uplift could occur. Especially the 7KLV LQ WXUQ FRXOG D[HFW WKH ZDWHU TX
area around section 1 was a high, explaining the reduced ly, the ecological conditions for the carbonate-producing
thickness of this section and the absence of sequence 16. organisms.
Another at least temporary high can be assumed In Figure 8, hypothetical cross-sections demonstrate
LQ WKH UHJLRQ RI VHFWLRQV DQG A#uHhéhplafibknGdhignailyDadls\stradiure by bleck-fault-
sequences 4 and 5. On the other hand, depressions accom-  ing and how throughout a sea-level cycle facies
modated more sediment per time unit, and siliciclastics may have shifted laterally. The vertical superpositions of
could be channeled through such troughs (Hug, 2003). As IDFLHVY UHAHFW VRPH RI WKH VLWXDWLRQ)\
the encountered facies generally suggest shallow to very the studied sections (Fig. 5). However, it has to be con-
shallow depositional environments, it can be assumed that sidered that the platform was not only structured through
the thickness of a sequence is a rough proxy for accommo- (more or less) E-W trending synsedimentary faults but also
dation space. From Figure 5 it thus appears that depocent - through N-S striking ones. This created a complex pattern
ers shifted through time and that occasionally there was a of compartments that moved more or less independently,
tilt of the substrate (for example sequence 12, which is thin SURGXFLQJ GHSUHVVLRQV DQG KLJKV LQ
LQ VHFWLRQ DQG WKLFNHQV VLJQLAF@RLMEQPbsHibRY &td€s \the/ pidtfevra Ritdl thus explain-
Synsedimentary tectonics during the Oxfordian have ing the often contrasted juxtapositions of facies seen in

also been invoked by Allenbach (2001) who found that the Figure 7.

Pertuis, sequence 5

I ]
SB
HD [ ]
[ MES [ ]
7D []
l SB [ ]
\ g
1 20001

Figure 6 Left: Example of attribution of facies categories dominating the transgressive and the regressive parts of a small-scale se-
TXHQFH 6% VHTXHQFH ERXQGDU\ 0)6 PD[LPXP ARRGLQJ VXUIDFH 7' WUDQVJUHVVLYH GH!
facies maps of Figure 7.
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Figure 7 Palinspastic maps of sections 1 to 12, showing the dynamic facies evolution of the Jura Platform. Small-scale sequences 1 to

GHAQHG LQ )LJ
been plotted (legend in Fig. 6).
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Figure 7, continued.
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trient excess before they were smothered by siliciclastics.

8.2 Role of sea-level changes, climate, and cur- In the Late Oxfordian, evaporite pseudomorphs are

rents locally found to be contemporaneous with increased si-
liciclastic input. This implies that either the siliciclastics

Besides subsidence, the second important factor con- were furnished during a humid phase and then redistrib-
trolling accommodation and thus sediment accumulation uted during more arid conditions, or else that rainfall oc-

LV HXVWDWLF VHD OHYHO 7KH KLHUD Uid &bve theViurgskalineQnhsBfs t6 thEHhartH @hsreas
orders of depositional sequences observed in the studied the carbonate platform further to the south was situated

sections and the chronostratigraphic frame suggest that in a more arid climate belt (Hug, 2003). A palaeolatitudi-

the high-frequency sea-level changes were controlled by nal control on the distribution of siliciclastics was dem-

insolation changes in the Milankovitch frequency band (see onstrated by Pittet (1996) and Pittet and Strasser (1998)

chapter 5). As estimated from decompacted small-scale se- with high-resolution correlations between the Swiss Jura
TXHQFHV WKH DPSOLWXGHV RI VHD O &hd Fair xRl XilicitlasRe® Vh the JurX QoHcentrate

with the 100 -ka short eccentricity cycle were in the order rather around the boundaries of small - and medium-scale

RI D IHZ PHWHUV 3LWW idt\l. , 2004, B002) D Vséglences, they occur in the transgressive or maximum-

In the Late Jurassic, ice in high latitudes and altitudes ARRGLQJ LOWHUYDOV LQ WKH WLPH HTXLYL
SUREDEO\ ZDV SUHVHQW (\OHV ) D paikidh kestions. JUDNHV

et al. , 1992) but ice volumes were small and glacio-eustatic
AXFWXDWLRQV RI ORZ DPSOLWXGH +RZH YAHatt& BiEskIeED OO\ LQGXFHG
climate changes also caused thermal expansion and retrac -

tion of the uppermost layer of ocean water (e.g., Gornitz When comparing the time resolution of 50 ka to monitor
et al. :LJOH\ DQG 5DSHU W K H the evdwian loQaGearbang@e platform as in this example
volume changes in deep-water circulation (Schulz and from the Swiss Jura with the rate of environmental changes
6FKIITHU 1HWK DQG RU ZDWHU U HsgeHr ©dayoR @cebt@apboste@latormsi it becomes clear
in lakes and aquifers (Jacobs and Sahagian, 1993). These that only a very crude picture of the past can be drawn.
processes contributed to high-frequency, low-amplitude The same holds for the resolution in space because outcrop
VHD OHYHO FKDQJHV & RtQ@QIUDRID2). 3 O lcgnutions in the Swiss Jura do not allow for logging many

Ooid shoals are found preferentially in the transgres- closely-spaced and long sections that can be interpreted
sive parts of the small-scale sequences (18 out of 27 occur- in terms of sequence- and cyclostratigraphy, nor for fol -
UHQFHV )LJ SUREDEO\ EHFDXVH W lawibglaferalUacidsQonanges yeHmPIR than a few tens
DFWLYH ZKHQ ZDWHU GHSWK ZDV VKD O® R&e.| eidompakisonLoQtherprliDspagtir Rap-of the
ing of the previously very shallow or subaerially exposed Jura with satellite images of Belize and the Bahamas makes
substrate. On the other hand, coral reefs occur more of - this discrepancy well visible (Fig. 9). While the ooid shoals
ten in the highstand deposits of the small-scale sequences of Joulter Cays occupy an area that is comparable to that

RXW RI  RFFXUUHQFHV )LJ $ S S Davered Wy GevanaksddtioQsHmHtaeHSwiss Jura, the details

a minimum water depth that in many places was only at - of tidal channels and small islands are lost. In Belize, the
WDLQHG DIWHU PD[LPXP ARRGLQJ D Q Gcampgléx\p&tera bHeloogated fslandsDand)lagoons cannot
substrate over a muddy one. It is interesting to compare be reproduced by the sections that describe the Jura Plat-
sequence 9 in sections 9 and 6 (Fig. 5): in section 9, the form. However, the facies distribution shown in Figure 7
coral reef sits on lagoonal, oncoidal packstone and is cov - implies that similar facies mosaics must have existed in the
ered with oolite, while in section 6 the reef grew on an ooid Oxfordian as are described from the modern platforms such
VKRDO ,Q WKH AUVW FDVH WKH RQF Rk Burd inJR RapaRgsHeJg- Barey Rrid Reeder, 2010) or
hard grains and/or incipient hardgrounds to allow settle - in Belize (e.g., Purdy and Gischler, 2003).

ment of the coral planula (e.g. +L O O JI@\&Q B001). In
the second case it has to be assumed that the mobile shoal
was stabilized (for example by dropping below the action of
the tidal currents and subsequent incipient hardground for-

9 Conclusions

mation) before the planula could successfully settle. Low Conventional palaeogeographic maps of carbonate plat-
sedimentation rates that allowed for hardground formation forms are important to indicate their position with respect
were possibly related to high-frequency sea-level changes to land masses and ocean basins, to place them at a certain
that created the elementary sequences, and/or to lateral palaeolatitude, and to draft a rough distribution of sedi-
migration of depocenters. mentary facies. However, such maps often are time-aver-
&OLPDWH FKDQJHV LQAXHQFHG UDL @Jedl0wer rRilNarddJof yerrsi ard [teeRefore Gannot monitor
Hercynian massifs in the hinterland and thus terrigenous the complex facies evolution through space and through
input of siliciclastics and nutrients. Clays and detrital time. In the Oxfordian sedimentary record of the Swiss Jura

TXDUW] AUVW DFFXPXODWHG LQ WKH GManaibs/ D bdgh-gesoMtisrHségReDoewand clclostrati -
1) and then were ponded in depressions and reworked by graphic framework is available, which allows following a

currents before they arrived in the study area, explaining 1.6 Ma history of a shallow, subtropical, carbonate-domi -
their irregular distribution (Figs 5 and 7). Dissolved nutri - nated platform with time-steps of about 50 ka. Based on
ents travelled faster: in fact, Dupraz and Strasser (1999, the facies analysis of 12 sections logged at cm-scale and on

2002) showed that the Oxfordian coral reefs in the Swiss the palinspastic positioning of these sections on the plat -
-XUD ZHUH AUVW FRYHUHG E\ PLFUR E Lron,the FoNowihg soXausibhsan bg Brawrg X
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Figure 8 Sketches of facies distribution on a hypothetical carbonate platform structured by synsedimentary faulting. Situations during
VHD OHYHO ORZVWDQG WUDQVJUHVVLRQ PD[LPXP ARRGLQJ DQG VHD OHYHO KLJKVWDQG C
facies as shown in Figures 5 and 7.

Platform morphology created through synsedimenta - bital cycles of short (100 ka) and long (400 ka) eccentricity
ry block-faulting determined the position of islands, tidal controlled at least partly the vertical facies evolution of
ADWV RRLG VKRDOV DQG FRUDO UH H | depasKianaV seoQevicts & Ependig\shidldwingHrénd s V
preferentially on highs. While facies distribution through space and time at

Through migration of reefs and shoals and their rapid AUVW JODQFH ORRNV UDQGRP VRPH WUHQ
stabilization, also sedimentary highs were created. shoals preferentially formed during transgression, while

The highs were separated by depressions, in which coral reefs are more common in highstand deposits.
clays accumulated to form marly deposits, and where the 7KH H[HFWV RI VHD OHYHO FKDQIHV OLQ
ecological conditions for the carbonate-producing organ- SUHFHVVLR @AM RPOHQ GL\FXOW WR GHPRQV
isms were partly or fully restricted (in terms of water en - studied sections, as autocyclic processes were superimposed.
ergy and/or oxygenation). Siliciclastic and nutrient input from the hinterland was

High-frequency sea-level changes in tune with the or- controlled by sea-level and/or climatic changes and was
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Swiss Jura

1 10

20 km

20 km

Figure 9 Comparison between the studied sections in the Swiss Jura (palinspastic map) and at the same scale examples of recent
carbonate platforms in the Bahamas (white area: ooid shoals of Joulter Cays) and Belize (Belize City on the promontory in lower left cor -

ner). Satellite images from Google Earth.

sporadically distributed by currents all over the platform.
Co-occurrence of dolomite and siliciclastics suggests
that climate may have been humid in the hinterland while
it was arid on the studied platform.
Coral reefs demised due to nutrient and siliciclastic

system.
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