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Abstract

Since 2002 six dinosaur tracksites have been dis-
covered by the «Palaeontology A16» on the future
course of the Transjurane highway in the Ajoie
district of the Canton Jura. These tracksites are
systematically excavated prior to the construction
of the highway. So far, over 4'000 dinosaur foot-
prints including 280 trackways have been excavat-
ed and documented within three different time
intervals of the Kimmeridgian. This indicates the
presence of dinosaur populations, which lived on
the northern margin of the Jura carbonate plat-
form. The dinosaur assemblages revealed by foot-
prints are composed of different size classes of
both sauropod (quadrupeds, herbivores) and thero-
pod (bipeds, carnivores) dinosaurs. The tracksites
are of major importance for Switzerland's palaeon-
tological heritage. In 2006, the Chevenez - Combe
Ronde tracksite has been spanned by an additional
bridge specifically built for this purpose. This is the
first large palaeontological site in Switzerland,
which is protected and made accessible by the con-
struction of a highway. In May 2006 the Canton Jura
decided to pursue the political discussion of a val-
orisation of the tracksites. A valorisation with a
combined promotion of tourism, science and edu-
cation might facilitate palaeontological excavations
and research in the Canton Jura, once the con-
struction of the highway will be accomplished.

République et Canton du Jura, Office de la culture, Sec-
tion d'archéologie et paléontologie (Paléontologie A16),
Hotel des Halles, P.O. Box 64, 2900 Porrentruy 2, Switzer-
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University of Fribourg, Department of Geosciences-Geo-
logy, Pérolles, Chemin du Musée 6, 1700 Fribourg, Swit-
zerland

Natural History Museum Basel, Augustinergasse 2, 4001
Basel, Switzerland
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Zusammenfassung

Sechs Fundstellen mit Dinosaurierspuren wurden
von der «Paldontologie A16» auf der zukinftigen
Trassee der Transjurane Autobahn A16 in der Ajoie
(Kanton Jura) seit dem Jahre 2002 entdeckt. Alle
diese Fundstellen werden vor Baubeginn systema-
tisch ausgegraben. Bisher wurden insgesamt lUber
4'000 Trittsiegel oder 280 Fahrten von Dinosauriern
in drei verschiedenen Zeitabschnitten des Kim-
meridge ausgegraben und dokumentiert. Dies
belegt, dass Dinosaurier am nérdlichen Rand der
Jura-Karbonatplattform lebten. Die Dinosaurier
Spurenassoziationen bestehen aus unterschied-
lichen Gréssenklassen von fleischfressenden The-
ropoden und pflanzenfressenden Sauropoden. Die
Fundstellen sind von grésster Bedeutung fur das
paldontologische Kulturgut der Schweiz. Im Jahre
2006 wurde die Fundstelle Chevenez - Combe Ron-
de durch eine extra dafiir verlangerte Autobahn-
briicke Uberquert und somit geschiitzt. Dies ist die
erste paldontologische Fundstelle in der Schweiz,
die im grossen Rahmen durch die Autobahn
geschitzt und zugédnglich gemacht wird. Im Mai
2006 entschied der Kanton Jura, die Diskussion um
eine Aufwertung der Fundstellen weiter zu verfol-
gen. Dabei konnte eine kombinierte Forderung in
den Bereichen des Tourismus, der Wissenschaft
und der Ausbildung auch nach Beendigung der
Autobahn-Bauarbeiten ein Fortdauern palaontolo-
gischer Ausgrabungen und Forschung im Kanton
Jura ermoglichen.
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Résumé

Six sites a traces de dinosaures ont été découverts
depuis 2002 en Ajoie [(Canton du Jura) par la
«Paléontologie A16», le long du futur tracé auto-
routier de la Transjurane. Ces sites a traces sont
fouillés de maniére systématique avant la cons-
truction de l'autoroute. Plus de 4'000 empreintes
ou 280 pistes de dinosaures ont été mises au jour et
documentées sur des niveaux représentant trois
intervalles de temps du Kimméridgien. Les pre-
miers résultats mettent en évidence la présence de
populations de dinosaures, qui vivaient sur la mar-
ge nord de la plate-forme carbonatée du Jura. Les
communautés de dinosaures révélées par les tra-
ces sont composées de différentes classes de
taille, a la fois chez les dinosaures théropodes
(bipédes, carnivores) et sauropodes (quadrupédes,
herbivores). Ces sites a traces sont d'une impor-
tance majeure pour le patrimoine paléontologique
suisse. En 2006, le site de Chevenez - Combe Ron-
de a été protégé sous un pont, grace a une exten-
sion exceptionnelle de ce dernier. Il s'agit du pre-
mier site paléontologique d'envergure a étre proté-
gé [non détruit] et maintenu accessible (non recou-
vert] par la construction d'une route nationale. En
mai 2006, le Canton du Jura a décidé de poursuivre
la discussion du projet de valorisation des sites 3
traces. Cette derniere devrait a la fois promouvoir
les domaines du tourisme, de la science et de 'é-
ducation afin de contribuer au maintien et au déve-
loppement de fouilles et de recherches paléontolo-
giques dans le Canton du Jura, aprés la fin de la
construction de l'autoroute.

1. Introduction

Since the late 18th century, many well-known
scientists (e.g. De Loriol, Greppin, Gressly,
Koby, Rollier, Thurmann) published impor-
tant palaeontological monographs based on
specimens from the Jura Mountains. During
the last few decades, many authors focused
on the regional geology, sedimentology, and
stratigraphy (e.g. Laubscher 1948; Ziegler
1956; Diebold 1960; Schneider 1960;
Tschopp 1960; Ziegler 1962; Pimpin 1965;
Thalmann 1966; Bolliger & Burri 1967; Li-
niger 1970; Blasi 1980; Gygi 2000a, b). More-
over, since the first dinosaur footprints were
discovered in the Lommiswil quarry near
Solothurn (Meyer 1990), many more track-
sites have been found in the Late Jurassic of
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the Swiss Jura Mountains (review in Meyer &
Thiiring 2003), and more recently in the
adjacent French part of the Jura Mountains
(Le Loeuff et al. 2006; Mazin & Hantzpergue
2006).

In Switzerland, archaeological survey pro-
jects are common since the sixties of the last
century. Nevertheless, only recently the
importance of safeguarding the palaeonto-
logical heritage has been recognized in the
Canton Jura. As a result of the construction
of the Transjurane highway A16, a new pro-
ject, further named «Palaeontology A16», was
established in February 2000. Initially named
«Section de paléontologie», this project is
now integrated in the «Section d'archéologie
et paléontologie (SAP)» of the «Office de la
culture (OCC)» of the Canton Jura. The
«Palaeontology A16» is financed by the Swiss
Federal Roads Authority (FEDRO, 95%) and
the Canton Jura (5%). Its purpose is to exca-
vate and document the palaeontological
heritage along the future highway course in
the Canton Jura, and to make it accessible
for scientific research (Hug et al. 2004).

2. Methodology

Palaeontological and sedimentological
prospection (Fig. 1) combined with geologi-
cal mapping determines the approximate
position of the most promising beds on the
highway course. Afterwards, prospective
excavations are performed using a shovel
excavator (Fig. 2). If significant findings are
made, an excavation can be planned. All
excavations are carried out well before the
construction of the highway, and they may
last up to several years.

However, important discoveries are some-
times also made during the construction of
the highway. In this case, a suitable solution
for an emergency excavation has to be
worked out with the highway engineers in
charge. This happened for example at the
Oligocene «La Beuchille» site near Delémont,
where numerous vertebrate remains and



large fossil tree trunks have been discovered
and excavated in 2001 (Becker et al. 2004).
The extraction of macrofossils happens in
the field applying classical palaeontological
excavation and documentation techniques.
Microfossils are isolated in the laboratory
by screen-washing. During the excavation of
dinosaur footprints (Fig. 3), modern docu-
mentation techniques such as laser scan-
ning (Leica Geosystems 2003) and pho-
togrammetry are applied. This completes
the classical manual techniques and casts,
and enables a virtual reconstruction of the
tracksites. This is particularly important, if a
track-bearing surface is later displaced, cov-
ered up, or destroyed.

3. Geographical and
geomorphological setting

All tracksites are located in the Ajoie district
on the future course of the Transjurane high-
way, on a plateau between Courtedoux and
Chevenez (Fig. 4). The Ajoie district borders
in the south to the Delémont and Franches-
Montagnes district, and most parts are rela-
tively flat with a mean elevation of about 500
metres a.s.l. The dominant morphological
features are the dry valleys, which have
been generated by karstic dissolution (main
process) and fluviatile erosion (accessory
process) along faults (Braillard 2006a, b).
This karstification also caused an important
subterranean fluviatile network, and only
three small superficial streams still pervade
the Ajoie.

Fig. 1: The study of reference quarries is important to locate fossiliferous beds on the highway course. The
La Combe quarry near Chevenez is a reference section (Jank et al. 2006a, b] for the upper Reuche-
nette Formation.
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Fig. 2: Archaeological and palaeontological prospecting along the future course of the highway (here in
Bure] allows to identify the most important beds and determines the approximate position of a
future excavation area.

Fig. 3: Excavation of the main track level at the Chevenez - Combe Ronde tracksite. This site is protected
by the extension of the highway bridge, which is visible in the upper left corner of the picture.
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4. Geological and
stratigraphical setting

The Ajoie is located at the eastern end of the
Rhine-Bresse transfer zone between the
Folded Jura Mountains to the south and east
and the Upper Rhine Graben and Vosges
Mountains to the north (Fig. 5). It belongs
almost entirely to the Tabular Jura, which
consists of slabs of subhorizontally layered
Mesozoic strata, separated by narrow dislo-
cation belts (Triimpy 1980). Near the front of
the Folded Jura (Mont Terri anticline),
detached folds of the Folded Jura are over-
thrusted onto the Tabular Jura (Tschopp
1960). From the Eocene to the Pleistocene,
five tectonic phases created a complex set
of fractures in the bedrock, as well as small,

low amplitude anticlines (Giamboni et al.
2004; Ustaszewski et al. 2005; Braillard
2006b).

In the Ajoie district the highway cuts almost
entirely through Late Jurassic strata. The
lithostratigraphy of the Late Jurassic is
based on Gygi (2000a, b). Excavations are
mainly undertaken in the St. Ursanne and
Vellerat Formations (Middle to Late Oxfor-
dian), and in the Reuchenette Formation
(Kimmeridgian). Further, Quarternary fill-
ings of dolines are excavated for Pleistocene
mammals such as mammoths.

In the Oxfordian, mainly invertebrates
(including abundant crinoids) have been
excavated so far. The Kimmeridgian from the
Banné Marls (Banné Member sensu Gygi
2000a, b) up to the «Marnes a virgula» (Vir-
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Combe Ronde, 3: Courtedoux - Sur Combe Ronde and Chevenez - Crat, 4: La Combe quarry
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gula Member s.1. of Gygi 2000a, b; northern
Virgula Marls in Jank et al. 2006a; Virgula
Marls in Jank et al. 2006b; lower Virgula
Member in Colombié & Rameil 2007) is par-
ticularly fossiliferous, yielding dinosaur
footprints and remains of vertebrates and
invertebrates (e.g., Marty & Hug 2003a; Bil-
lon-Bruyat & Marty 2004; Billon-Bruyat
2005a, b) (Fig. 6).

Until recently, the Late Jurassic stratigraphy
of the Ajoie has been understood only insuf-
ficiently. This was due to a lack of biostrati-
graphical markers (mainly ammonites) relat-
ed to bad outcrop conditions (Gygi 2000a).
The construction of the highway and associ-
ated quarrying at several localities is thus a
unique possibility to study not only the
palaeontology, but also the stratigraphy of
the Late Jurassic of northwestern Switzer-
land. Since the excavations of the «Palaeon-
tology Al6» started, many ammonites have

been discovered. These ammonites allowed
to establish a well-defined biostratigraphical
frame for the upper Reuchenette Formation
of northwestern Switzerland (Jank et al.
2005; Jank et al. 2006a, b). This also showed
that no Tithonian («Portlandian») sediments
crop out in the Ajoie, contrary to what was
mentioned previously on the geological map
of St. Ursanne (Diebold 1960). Further, a sedi-
mentological, sequential, and cyclostrati-
graphic framework for the Late Jurassic car-
bonate platform of the Swiss Jura Mountains
has been established by Gygi et al. (1998)
and Hug (2003) for the Oxfordian, Colombié
(2002), Colombié & Strasser (2005) and Jank
et al. (2005, 2006a, b) for the Kimmeridgian,
and by Rameil (2005) for the Late Kimmerid-
gian and Tithonian. Finally, this enabled to
put forward a tethyan-to-boreal correlation
in the Kimmeridgian (Jank et al. 2005, 2006a,
Colombié & Rameil 2007).
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Fig. 5: Geological setting showing the position of the Ajoie. Modified from Braillard (2006b).
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Fig. 6: Stratigraphical setting of the Kimmeridgian
between the «Marnes du Banné» and the
«Marnes a virgula». Three time intervals
each with several levels bearing dinosaur
footprints have been identified so far.
Ammonites precisely pinpoint the section
within the Kimmeridgian.

5. Palaeogeography and
palaeoenvironment

During the Late Jurassic, the domain of
today's northwestern Swiss Jura Mountains
was located at the northern margin of the
oceanic Ligurian Tethys and it was the cen-
tral part of the large, structurally complex
Jura carbonate platform. This platform was
located at the threshold between the Paris
Basin to the northwest and the Tethys
Ocean to the south, and thus, subjected to
influences from both the Tethyan and Boreal
realms (Ziegler 1988; Smith et al. 1994; Der-
court et al. 2000). The climate was subtropi-
cal and the palaeolatitude was around 28° N
(Frakes et al. 1992; Thierry 2000a, b).

The Jura platform was subdivided into land
surfaces, tidal flats, internal lagoons,
lagoons, and barriers (e.g., Hillgartner 1999;
Hug 2003; Colombié & Strasser 2005). Conse-
quently, the Late Jurassic of the Ajoie is
essentially made up of shallow marine car-
bonates and marls, in function of terrestrial
input related to eustatic sea-level changes
and climatic conditions.

A first sedimentological analysis of the
tracksites suggests the presence of several
micro-environments ranging from shallow
lagoon to beach and to supratidal flats and
marshes (Marty & Strasser 2005). Similar
zonations in laminated sediments have been
described from the Shark Bay (Australia),
the Persian Gulf, and the Bahamas (e.g.,
Logan et al. 1970; Purser 1973; and Hardie
1977, respectively). In such environments,
the preservation of dinosaur footprints basi-
cally depends on the water content of the
sediment (Allen 1997, Manning 2004), and on
the presence of microbial mats that bind
and stabilize the sediment and induce early-
diagenetic carbonate cementation (e.g.,
Dupraz et al. 2004). This results in a wide
range of footprint morphologies (Marty
2005).

Small-scale sea-level drops created vast
emergent areas in a carbonate lagoon and
tidal flat environment, as proven by the
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numerous track-bearing horizons (Billon-
Bruyat et al. 2004). Dinosaurs probably
accessed the platform from the coastal zone
of the «Siiddeutsche Schwelle» in the north-
east, which was located at the south-eastern
border of the London-Brabant Massif, or
from the coastal zone of the Massif Central
(Meyer & Lockley 1996; Meyer et al. 2006).

6. The dinosaur track excavations

So far, six dinosaur tracksites have been dis-
covered on the future course of the highway,
on a plateau between Courtedoux and
Chevenez. They are located at three time
intervals (named lower, intermediate, and
upper levels) each with several levels bear-
ing dinosaur footprints (Fig. 6). Further-
more, tracks have also been found within
the same levels in the La Combe quarry near
Chevenez. Over 4'000 dinosaur footprints
including 280 trackways have been excavat-
ed and documented so far (Table 1). On the
tracksites of the Transjurane highway, con-
siderably large surfaces remain to be exca-
vated over the next few years. To date, four
sites have partially been excavated, and the
first results are briefly summarized here:

Courtedoux - Béchat Bovais tracksite

This tracksite is located within the lower lev-
els, and it is with a total surface of around
4'000 m2 the largest tracksite on the highway
course. So far, only a surface of about 15 x 25
m has been excavated. This revealed six
trackways of small to large sauropods, three
of which are crossing each other at the same
place. It is interesting to note that in the
immediate proximity of this site, a roman
road and several dolines with remains of
mammoths and silex of Neanderthals have
been excavated. Thus, this site is a true
«time crossroad».

Courtedoux - Tchafoué tracksite

Here, excavations in the intermediate levels
lasted from summer 2004 until spring 2007.
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During this period, over 2'100 footprints and
68 trackways of sauropods and 96 trackways
of tridactyl dinosaurs (chiefly ascribed to
theropods) (Fig. 8) have been uncovered
and documented on 15 superimposed
palaeosurfaces. These include level 1060
with several partially parallel trackways of
tiny sauropods associated with a trackway
of a large sauropod and several trackways of
small to medium-sized theropods (Marty et
al. 2006a). Level 1030 exhibited trackways of
small and medium-sized sauropods associ-
ated with medium-sized and large the-
ropods. On the main track level (level 1000)
finally, over 800 footprints or 25 trackways
of small to medium-sized sauropods, and 19
trackways of small to large tridactyl (mainly
theropods) dinosaurs have been found. The
main track level of this site is actually cov-
ered due to the construction of the highway:.
A small part of the main track level will be
destroyed during the construction. The
remaining surface will be covered, once the
construction of the highway is accom-
plished. On the same site, a rich coastal
marine vertebrate fauna with remains of tur-
tles, crocodilians, and fish has been excavat-
ed in the overlying «Marnes a virgula» (Bil-
lon-Bruyat 2005b).

Chevenez - Combe Ronde tracksite

This tracksite was discovered in August
2003. Footprints occur within the calcareous
laminites of the lower levels. Totally, over
1'100 dinosaur tracks including 73 trackways
have been documented and measured. The
track-bearing laminites have systematically
been uncovered level-by-level, displaying
sauropod footprints on eight superimposed
surfaces, and facilitating to distinguish
between true tracks, undertracks, and over-
tracks (Marty 2005; Marty et al. 2006b). The
main track level (level 500), which is located
at the base of the laminites, bears a particu-
larly rich ichnocoenosis. On a surface of
about 800 m2, tridactyl dinosaurs are repre-
sented by 48 trackways heading in different
directions. Different size classes of prints
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ranging from 8 to 30 cm in length have been
observed. The smallest footprints make up
an over 60 m long trackway composed of
almost 80 footprints. Additionally, very
small to medium-sized sauropod dinosaurs
are represented by 14 trackways (Fig. 8),
nine of which are approximately parallel and
heading in the same direction. Two other
parallel trackways are those of very small
«baby» sauropods with a pes length of not
even 20 cm. In 2006, the Combe Ronde - site
has been crossed and protected by the
extension of a highway bridge.

Courtedoux - Sur Combe Ronde tracksite

Dinosaur footprints are located within a
meter-thick interval of inter- to supratidal
calcareous laminites (sub-lithographic lime-
stones) of the intermediate levels. These
laminites will be excavated over a surface of
approximately 1'500 m2. So far, the main
track level (level 1000), which is located at
the base of the laminites, has been uncov-
ered over an area of about 650 m2, revealing
two trackways of medium-sized theropods

and seventeen trackways of small- to me-
dium-sized sauropods (Fig. 9) (Marty et al.
2003). Further, a trackway of a very small
«baby» sauropod has been excavated on an
overlying level (Marty & Cavin 2003). All
sauropod trackways belong to the ichno-
taxon Parabrontopodus, the narrow-gauge
sauropod trackway type (Lockley et al.
1994), commonly attributed to diplodocid
sauropods (e.g., Day et al. 2002). The main
track level is now covered with sand for pro-
tection and thus not accessible. This track-
site will be protected under a bridge.

7. Site protection and valorisation

In most parts of the world, fossil footprint
sites are considered as an important part of
the natural heritage and have become inte-
gral parts of the cultural heritage in the
regions where they are located (Lockley &
Meyer 1997). As they are normally very large
sites, they can only be preserved in situ.
Most of the protected tracksites are made
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theropods. Scale baris 1 m.
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Fig. 7: Track level 1065 of the Courtedoux - Tchafoue tracksite. Tridactyl footprints of medium-sized
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Fig. 8: Chevenez - Combe Ronde tracksite, main track level (level 500): trackway with oval pes and semi-
circular manus of a juvenile sauropod dinosaur. Pes length is 35 cm.
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Fig. 9: Main track level (level 1000) of the Courtedoux - Sur Combe Ronde tracksite, situated at the base
of the laminites. The total area is about 650 m2. About 400 of the 650 observed footprints are
resolved into seventeen sauropod and two theropod trackways (Marty et al. 2003).
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accessible to the public and used as tourist
attractions in geoparks or dinosaur-parks.
The dinosaur tracksites along the Transju-
rane highway are of major importance for
Switzerland's palaeontological heritage.
They are part of the larger, well-known geo-
logical landscape of the Jura Mountains, and
they are easily accessible and offer excellent
opportunities for public viewing. During vis-
iting days totalizing approximately 4 months
over 45'000 people flocked to the sites to
learn more about dinosaurs and palaeonto-
logical excavations and research. Thus, the
tracksites have proven their excellent scien-
tific, educational and touristic potential.
They offer the possibility of combining sci-
entific study with a didactic and cultural
purpose (Marty et al. 2004).

Actually, the idea of a centre with a multiple
tourism-, research-, and educational-based
approach is discussed by the politicians.
Such a project, integrated into a regional
tourism concept, may create and safeguard
jobs and provide sustainable economic

development in the Ajoie district (Marty &
Hug 2003b, 2004). So far, a commission evalu-
ated the general orientation of such a pro-
ject, and a first assessment was accom-
plished by Urbaplan (a project planning
office from Lausanne). In May 2006 the Can-
ton Jura decided to pursue the project, to
finance the preparation of a detailed project
definition, and to examine the possibility of
the acquisition of further track-bearing land
outside of the highway course, which could
be used for ongoing excavations and for the
construction of an interpretative centre.

8. Concluding remarks

e So far, dinosaur footprints occur on 30
distinct levels at three time intervals in
the Kimmeridgian of the Ajoie. These
repetitive occurrences are important for
the interpretation of the terrestrial
ecosystem, the platform evolution and
the cyclostratigraphic framework.

Fig. 10: Reconstruction of the Kimmeridgian coastal reptile fauna based on the Late Kimmeridgian (ich-
no-Jfossil record of the Ajoie.
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* To date, over 4'000 footprints including
280 trackways of dinosaurs have been
excavated and documented. These exhib-
it a wide range of footprint size and track-
way patterns and configurations. They
suggest that dinosaurs including small to
large carnivores and herbivores regularly
roamed through this coastal marine envi-
ronment. This implies the presence of
vegetated areas in the interior platform as
a food source (Fig. 10).

¢ Following the discovery of the tracksites,
both, the political reactions as well as the
highway construction measures for the
protection of the tracksites (namely of
the Chevenez - Combe Ronde tracksite)
are an important signal for the protection
of palaeontological heritage in Switzer-
land.

¢ Finally, a valorisation of the palaeontolog-
ical heritage, combined with a multiple
tourism-, research-, and educational-
based approach, might facilitate palaeon-
tological excavations and research in the
Canton Jura, once the construction of the
highway will be accomplished.
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