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Abstract

European dinosaur eggshells are now well organized in a parataxonomic classification and can be used as reliable biochro-
nological markers for Upper Cretaceous continental deposits. The Rognacian (Campanian—Maastrichtian) continental deposits
of southern France can be divided into three successive associations of megaloolithidae taxa. A maximum in ootaxa diversity
occurs in Upper Campanian deposits, followed by a decrease at the Campanian—Maastrichtian transition; this correlates with a
climatic change recorded in the palynological floras. The stratigraphic distribution of the oospecies demonstrates that the
‘Rognac Limestone’ found in the west and east areas of the Arc basin is diachronic. © 2001 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Discoveries of eggs and eggshells are now numer-
ous in Upper Jurassic to Upper Cretaceous continental
deposits of North America, South America, Europe,
India, Mongolia and China. A few workers (e.g.
Hirsch, 1989, 1994, 1996; Mikhailov, 1987, 1991,
1997; Zhao, 1975, 1979) have pioneered the study
of these fossil eggshells where their main goal was
to establish parataxonomy as a practical tool and
rigorous framework for egg types. In France,
eggshells have not been studied in detail prior to the
1990s.

Several basins in southern France have long been
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well known for their Upper Cretaceous fossiliferous
continental deposits. These basins are among the few
where the sediments record the Cretaceous-Tertiary
transition, and provide data on the K/T faunal crisis.
Many works have discussed this topic (e.g. Archibald,
1996; Lillegraven and Eberer, 1999; MacLeod and
Keller, 1996; Officer and Page, 1996; Ryder et al.,
1996), but the question about the extinction of
dinosaurs is far from resolved. The synchroneity of
dinosaur extinction in different areas and the time of
their extinction relative for the K/T boundary, are still
debated. The reasons are first the lack of accurate tools
for correlation in continental deposits and, second,
difficulties of calibrating deposits.

We show that dinosaur eggshells can provide bio-
stratigraphical information and that they are reliable
biochronological markers of Upper Cretaceous
continental strata. Initial attempts were made by
Vianey-Liaud (1992) and Vianey-Liaud et al.
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Fig. 1. Map showing the location of the continental Upper Cretaceous exposures in Southern France, and the five study areas. (1) Arc Basin
East; (2) Arc Basin: Roquehautes area; (3) Arc Basin West; (4) Villeveyrac-Meéze area; (5) Corbieres and Aude valley area.

(1994); since then, we have extended paleontological
investigations to several other southern European
sedimentary basins, from the Provence area (South
Eastern France) to the South Pyrenean Spanish basins
(Vianey-Liaud and Lopez-Martinez, 1997). Eggshells
and eggs from these regions have been collected
from numerous sections. The egg taxa have been
identified parataxonomically, and precisely located
stratigraphically.

2. Geologic setting

The Upper Cretaceous continental deposits in
southern France are well distributed from the east
(Provence) to the west (Pyrénées) (Fig. 1 and 2).

Table 1
Correlation of local continental stages and marine stages

The sediments are characteristic of flood plain envir-
onments, with interbedded lacustrine deposits. There
are alternating beds of fluvial channels and paleosols.
The Fuvelian, Begudian and Rognacian local stages
are used to name the successive Upper Cretaceous
continental formations (Table 1). The Fuvelian over-
lies Upper Santonian marine strata; this continental
stage is characterized by lacustrine limestones and
thick brown coals that were once mined. The Begu-
dian and Rognacian stages are more continental and
fluviatile, with some lacustrine beds.

Eggs and eggshells have been collected in five
areas. In the eastern part of the Arc Basin (Figs. 3A
and 4A), several sections have been made around the
Cengle Plateau near Mount Sainte Victoire. The best
exposures are in the Rognacian with a few in the

Babinot and Durand (1980) Durand (1989)

This paper

Valdonian + Fuvelian = Campanian

Campanian
Begudian + Rognacian = Maastrichtian
Vitrollian = Dano-Montian

Valdonian + Fuvelian + Begudian =

Rognacian = Maastrichtian
Vitrollian = Dano-Montian

Valdonian + Fuvelian + Begudian + lower
Rognacian = Campanian

Late Rognacian = Maastrichtian

Vitrollian = Dano-Montian
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Fig. 2. Simplified geological map of the Arc Basin ((A) east; (B) west), with locations of the sections. Only the continental Upper Cretaceous

strata are represented with symbols or hatching.

Upper Begudian. The Begudian and Lower Rognacian
are characterized by pink colored silts, clays and sand-
stones, the Middle Rognacian by gray limestones and
marls, and the Late Rognacian by reddish and orange
silts, clays and claystones, and some calcretes or sand-
stones. The stratigraphic sequence ends with the La
Galante Conglomerate.

The second area near Roquehautes, is strongly

faulted, against Mount Sainte Victoire, and shows a
similar lithological succession (Figs. 3A and 4A).The
third area is located at the west of Aix-en-Provence,
close to Lake Berre, near the small towns Rognac and
Vitrolles. The Vitrolles Limestone Formation (Vitrol-
lian) overlies the Rognacian. The Rognacian has two
limestones deposits intercalated within marls, clays
and silts. These limestones include Rognac Railway
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Fig. 3. Sections through Upper Campanian—Maastrichtian continental deposits in Southern France. The different oospecies are indicated on the
sections. The arrow indicates the last occurrence of dinosaur eggshells. (A) in the Arc Basin; (B) from Villeveyrac-Meéze area to The Pyrénées

foothills (high Aude Valley).

Station Limestone at the base, and, in the middle, the
Rognac Limestone (Figs. 3B and 4A).

The fourth area is close to Montpellier (Fig. 4B).
There, the Villeveyrac-Méze Syncline is filled by
about 800 m of flood-plain and fluvio-lacustrine
Rognacian sediments. Below, overlying bauxite kars-
tic accumulations, the base of the Upper Cretaceous

formations is considered to be Campanian (Babinot et
al., 1983). A few sections have been studied in a fifth
area, close to the Pyrénées Mountains, in the
Corbieéres and Aude Valley. These sections record
the same types of sedimentary environments (Freytet,
1970; Bilotte et al., 1983; Bilotte and Duranthon,
1985).
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Fig. 5. Stratigraphic range of the oospecies assemblages, relative to the global stratigraphic scale.

The correlations of continental stages with marine
stages have changed during the last ten years. The stra-
tigraphical assessments were based mainly on fossils
such as pollen and spores, charophytes, ostracodes
and molluscs (Medus, 1972; Freytet, 1970; Grambast,
1971; Babinot, 1980 etc.) and lithology (Babinot
and Durand, 1980). These data hardly allow precise
correlations with marine stages, and the problem of
the stratigraphical boundaries remained a matter of
debate.

In 1989, the results of a meeting on the Arc Basin
and the K/T boundary were published and the
previous classical stratigraphical and paleontological
works were synthetized; clay minerals and trace
elements were analyzed on some sections and the
first magnetostratigraphical results were presented.
No significant changes in clay minerals or trace
elements have been reported, not even iridium (Sittler,
1989; Hansen et al., 1989). At the same time Cojan
(1989) described a major discontinuity, underlined by
strong ferralitic weathering, in the Middle Rognacian
Limestone (Rousset section in particular) that she
interpreted as due to a large regression. Thus, she
correlated it with the Late Maastrichtian regression

(—68 My) according to the classic Upper Maastrich-
tian age of the Calcaire de Rognac Formation’. At this
level, in the same section, Ashraf and Erben (1986),
have reported a major palynologic turn over, showing
a strong climatic change. They have interpreted floral
renewal as indicating the biotic crisis of the K/T
boundary. Consequently, they considered that the
Maastrichtian ends within the Middle Rognacian,
and that the dinosaurs survived to the K/T event.
The results of magnetostratigraphical studies did
not agree with these two correlations (Westphal,
1989; Galbrun, 1989; Krumsiek and Hihn, 1989;
Hansen et al., 1989). Westphal and Durand (1990)
have synthesized and discussed these different results
(Fig. 5A,B). The long normal period in the Begudian
and at the base of Lower Rognacian can be correlated
with Chron 33. The Rousset limestones, where Kriim-
siek and Hiahn have noticed several polarity changes
are correlated with Chron 32 and Chron 31 r. The
Rognac Limestones, near Vitrolles appears younger
and correlate with C 31 n and C 30. The K/T boundary
is placed by Galbrun, in Les Bréguiéres section (east-
ern Arc Basin), in the C 29 r, 15 m below the La
Galante conglomerate. He localized this boundary
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between the Rognac and the Vitrolles Limestones
(western Arc Basin).

In 1989, the Campanian—Maastrichtian boundary was
placed at the end of C 33 n (Westphal). On that basis,
the Rognacian was entirely correlated with the
Maastrichtian, and the Valdo-Fuvelian + Begudian
with the Campanian. Since 1995, Gradstein et al.
(1995) have correlated this boundary with the transition
C 32 1n/C 31 r. Following this calibration, the Rognacian
now spans the Campanian—Maastrichtian boundary.

3. Stratigraphic succession of eggshell species
( = oospecies)

Eggshells have been identified using the parataxo-
nomic criteria formalized by Zhao (1975, 1993,
1994), Hirsch (1989) and Mikhailov (1987, 1991,
1997)). The features used are macrostructural (surface
sculpturing, shape of eggs and range of eggshell thick-
ness), or microstructural (size and shape of the shell
units, shape of the growth lines) and ultrastructural
(shape and arrangement of crystals) (Mikhailov et
al., 1996). On those criteria, 19 oospecies have been
described (Vianey-Liaud and Crochet, 1993; Vianey-
Liaud et al., 1994; Garcia, 1998; Garcia, 2000; Garcia
and Vianey-Liaud, 2001). Twelve to 14 of these 19
oospecies appear dinosaurian (Table 2).

The eggshells are abundant, and the localities are
numerous in the Rognacian deposits. So far, sections
in the Begudian are less numerous and less fossilifer-
ous than the latter.

The stratigraphic distribution of the eggshells
shows the same oospecies in vertical succession in
the different sections and in the five areas (Figs. 4
and 5). Megaloolithus aureliensis is until now a
uniquely Begudian oospecies. The assemblage M.
aureliensis, Megaloolithus petralta and Cairanoo-
lithus dughii is frequently found in Lower Rogna-
cian deposits. Other oospecies, such as three
oospecies of Prismatoolithus, or Megaloolithus
microtuberculata, are sometimes associated to this
assemblage, but are scarce and we are not sure that
they are limited to these strata. The co-occurrence
of Cairanoolithus roussetensis, M. siruguei and M.
petralta indicates the end of the Early Rognacian,
because Megaloolithus siruguei is dominant in the
Middle Rognacian, and Megaloolithus mamillare

and/or Megaloolithus pseudomamillare characterize
the Late Rognacian.

Based on that succession, is it possible to define an
eggshell biozonation for the European Upper Cretaceous
continental deposits? We are not fond of biozonation for
continental deposits and prefer to use the standard level
concept in a manner used for Paleogene rodents, coupled
with that of evolutionary lineages, because of the isola-
tion and scarcity of fossiliferous sites in continental
European areas, and mainly because of the reliable
evolutionary stages we have been able to define
(Schmidt-Kittler, 1987; Aguilar et al., 1997). But, in
the continental Upper Cretaceous, there are numerous,
widespread fossiliferous sites with eggshells allowing
for long, detailed sections. Moreover, until now, it has
not been possible to describe oospecies evolutionary
lineages, with clear evolutionary trends. We propose to
define three well-supported successive associations of
Megaloolithidae, in the continental Rognacian (Fig. 5).
Because of the scarcity of Prismatoolithidae and Elon-
gatoolithidae, it is not possible to use these oospecies in
biochronologic schemes.

The oldest association, extending through most
of the Lower Rognacian, to the beginning of the
‘middle’ Rognacian, shows the greatest diversity,
and is included in the Latest Campanian (C
33 + C 32). The association is composed of M.
siruguei, M. petralta, M. aureliensis, M. microtu-
berculata, C. dughii and C. roussetensis. The
second, from the end of the Campanian (part of
middle Rognacian), to the beginning of the Maas-
trichtian (base of Upper Rognacian of end C 32
r + C 31), includes only M. siruguei, possibly the
last M. petralta, and the first M. mamillare. The
Upper Rognacian is characterized by the only
possible co-occurrence of M. mamillare and M.
pseudomamillare(C 30 — C 29 r). The Begudian
and the Begudian/Rognacian transition beds are not
yet well explored and that could explain why only
M. aureliensis has been described until now. In
contrast, the good exposures of the upper Rognacian
sediments have been carefully prospected: only two
megaloolithid oospecies have been found and it is
quite certain that there are no others.

Based on these observations, the ootaxon diversity
appears maximum in the Upper Campanian deposits,
then drastically decreases at the Campanian—
Maastrichtian transition after the climatic change
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Table 2

Morphotypes and ootaxa in the Upper Cretaceous deposits of France

Morphotypes

Localization

Discretispherulitic

Megaloolithidae Zhao (1975)

Megaloolithus aureliensis (Vianey-Liaud et al., 1994)
Megaloolithus microtuberculata (Garcia and Vianey-Liaud, 2001)
Megaloolithus petralta (Vianey-Liaud et al., 1994)

M. siruguei (Vianey-Liaud et al., 1994)

Megaloolithus mamillare (Vianey-Liaud et al., 1994)
Megaloolithus pseudomamillare (Vianey-Liaud et al., 1997)
Megaloolithussp. (Garcia, 2000)

Megaloolithidae?

Cairanoolithus dughii (Vianey-Liaud et al., 1994)
Cairanoolithus roussetensis (Garcia and Vianey-Liaud, 2001)

Prismatic

Prismatoolithidae Hirsch (1994)

Prismatoolithus matellensis (Vianey-Liaud and Crochet, 1993)
Prismatoolithus tenuis (Vianey-Liaud and Crochet, 1993)
Prismatoolithus caboti (Garcia et al., 2000)

unnamed type (Garcia, 2000)

Ratite

unnamed oofamily

Ageroolithus fontllongensis (Vianey-Liaud and Lopez-Martinez,
1997)

Laevisoolithidae Mikhailov (1987)

unnamed type (Garcia, 2000)

? Elongatoolithidae Zhao (1975)

unnamed type (Garcia et al., 1999)

Spherurigidis
Testudoolithidae Hirsch (1996)
unnamed type (Garcia, 2000)

Crocodiloid
Krokolithidae Kohring and Hirsch (1996)
unnamed type (Garcia, 2000)

Geckonoid
Gekkoolithidae Hirsch (1996)
unnamed type (Garcia, 2000)

Aix Basin, Languedoc, Corbieres
Aix Basin

Aix Basin, Languedoc

Aix Basin, Languedoc, Corbieres
Aix Basin, Languedoc, Corbieres
Aix Basin, Languedoc, Corbieres
Aix Basin, Languedoc, Corbieres

Aix Basin, Languedoc, Corbieres
Aix Basin, Languedoc, Corbieres

Languedoc
Aix Basin, Languedoc
Aix Basin, Languedoc
Languedoc

Aix Basin

Aix Basin, Languedoc

Corbieres

Aix Basin

Aix Basin, Languedoc

Aix Basin

seen in the palynological floras (Ashraf and
Erben, 1986). Depending on the sections, we
have found the last Megaloolithus oospecies 10—
25 m before the alleged K/T boundary.

4. Diachronism of the Rognac Limestone

In the Late Cretaceous flood plain deposits of the
Aix-en-Provence Basin, the Rognac Limestome is a
large lacustrine episode. This limestone has long been

considered as synchronous across the basin. But
magnetostratigraphy (Westphal, 1989; Westphal and
Durand, 1990) and sedimentology (Cojan, 1989)
however suggest possible diachronism of the Rognac
limestone between its western (Rognac/Vitrolles) and
eastern (Arc/Rousset) exposures, but this hypothesis
has not been followed.

We have observed thickness variations in the differ-
ent sections, as well as facies variations from the east
(Arc/Rousset) to the west (Rognac/Vitrolles) (Fig.
4A).
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In the east area of the Arc Basin, near Rousset, the
so-called Rognac Limestone ( = here, Rousset Lime-
stone) is located in the middle part of the Rognacian
deposits (C 32 — C 31 1, see above), flanked by lower
pink clays and sandstones, and upper red-orange clays
and sandstones. The Rognac Limestone ( = Rousset
Limestone) has yielded M. siruguei and C. rousseten-
sis, and represents the end of the oospecies assem-
blage 1, and the main extension of oospecies
assemblage 2. Most of the oospecies characterizing
assemblages 1 are found below, in the pink beds.
Assemblage 3, with M. mamillare and M. pseudoma-
millare, is present in the red beds overlying the
Rognac Limestone ( = Rousset Limestone).

Near Rognac-Vitrolles, in the west area of the Arc
Basin, the limestones and coals are more abundant in
the whole Rognacian section than in the east. The
section begins with mainly calcareous clays, and
mottled marls, with some sandstones lenses, and
coals, and a few pink and red clays. The section
continues with the thick lacustrine Rognac Limestone,
which includes coal and clay intercalations. This
Rognac Limestone varies in thickness from 50 to
20 m. Near Vitrolles, the Rognac Limestone corre-
sponds to the chronozones C 31 — C 30 (see above).
The eggshells have been systematically collected
there at different stratigraphic levels in seven local-
ities (Fig. 4B). Their vertical succession appears to be
the same as in the east area. The Early and Middle
Rognacian is identified in the Vitrolles-Couperigne
and Vitrolles-le-Porry sections (succession of
oospecies of assemblages 1 and 2), the Late Rogna-
cian in Vitrolles-la-Plaine, Vitrolles-les-Cadenieres,
Vitrolles Eurocopter and Vitrolles- le-Porry (oospe-
cies of assemblage 3). All these oospecies clearly
occur below the Rognac Limestone, none has been
found in the limestone.

The stratigraphic distribution of the oospecies in
the west and east areas of the Arc Basin confirms
the magnetostratigraphical interpretations, and
demonstrates that the Rognac Limestone is diachro-
nous through the Arc Basin.

5. Conclusions

Investigations made in Southern France and in
Pyrenean Spain (Vianey-Liaud and Lopez-Martinez,

1997) show that eggshell oospecies can be reliably
used as biochronological markers. The biostratigra-
phy proposed here can be used to provide information
on the sedimentary dynamics in the Late Cretaceous
continental basins from Southern Europe, since it is
complementary to the paleomagnetic data. Even
though the use of ootaxa in biostratigraphy has been
neglected so far, it is one of the numerous appeals of
eggshells studies. Another appeal is their use to
analyze dinosaur biodiversity, and its variation
through time, especially concerning the mode and
cause of their extinction.

Acknowledgements

This work has been supported by the UMR 5554
(pub. ISEM no. 2001-033).

References

Aguilar, J.P., Legendre, S., Michaux, J., 1997. Biochronologie
mammalienne du Cénozoique en Europe et domaines reliés.
Biochrom’97, Montpellier, Aguilar, J.P., Legendre, S.,
Michaux, J. (Eds.), Mém. Trav. E.P.H.E, Inst. Montpellier 21,
818.

Archibald, J.D., 1996. Dinosaur Extinction and the End of an Era:
What the Fossils say. Columbia University Press, New York
(237 pp.).

Ashraf, A.R., Erben, H.K., 1986. Palynologische Untersuchungen
an der Kreide-Tertiar Grenze west-mediterraner Regionen.
Paleontogr., Abt. B 200, 111-163.

Babinot, J.F., 1980. Les ostracodes du Crétacé supérieur de Prov-
ence. Systématique, biostratigraphie, paléoécologie et paléo-
géographie. Thesis. University of Marseille, 63pp.

Babinot, J.F., Durand, J.P., 1980. Le Valdonien-Le Fuvélien-Le
Bégudien-Le Rognacien. Les étages Francais et leurs strato-
types, vol. 109. Mémoires du Bureau de Rechercherche Géoli-
que et Miniere, France, pp. 171-188.

Babinot, J.F., Freytet, P., Amiot, M., Bilotte, M., de Broin, F.,
Colombo, F., Durand, J.P., Feist, M., Floquet, M., Gayet, M.,
La-Badre, B., Masriera, A., Massieux, M., Medus, J., Tambar-
eau, Y., Ullastre, J., Vilatte, J., 1983. Le Sénonien supérieur
continental de la France méridionale et de I’Espagne septentrio-
nale: état des connaissances bistratigraphiques. Géologie médit-
terranéenne, Marseille X (3—4), 245-268.

Bilotte, M., Duranthon, F., 1985. Gisements de dinosaures du
nord-est des Pyrénées. Les dinosaures de la Chine a la
France. Museum d’Histoire Naturelle, Toulouse, pp. 152—
160.

Bilotte, M., Tambareau, Y., Vilatte, J., 1983. Le Crétacé supérieur
et la limite Crétacé-Tertiaire en faciés continental dans le
versant nord des Pyrénées. Géol. Méditer. 10, 269-276.



G. Garcia, M. Vianey-Liaud / Palaeogeography, Palaeoclimatology, Palaeoecology 169 (2001) 153164 163

Cojan, 1., 1989. Discontinuités majeures en milieu continental.
Proposition de corrélation avec des événements globaux (Bassin
de Provence, S. France, Passage Crétacé-Tertiaire). C. R. Acad.
Sci. Paris 309, 1013-1018.

Durand, J.P., 1989. Le synclinal de I’ Arc et la limite Crétacé-Paléo-
ceéne. La limite Crétacé-Tertiaire dans le synclinal de 1’ Arc, vol.
1. Cahiers de la Réserve géologique de Haute Provence, Digne,
pp. 2—-10.

Freytet, P., 1970. Les dépots continentaux et marins du Crétacé
supérieur et des couches de passage a I’Eocéne en Languedoc.
Thesis, University of Orsay.

Galbrun, B., 1989. Résultats magnétostratigraphiques a la limite
Rognacien-Vitrollien: Précisions sur la limité Crétacé-Tertiaire
dans le Bassin d’Aix-en-Provence. La limite Crétacé-Tertiaire
dans le synclinal de I’ Arc, vol. 1. Cahiers de la Réserve Géolo-
gique de Provence, Digne, pp. 34-37.

Galbrun, B., 1997. Did the European dinosaurs disappear before the
K/T event? Magnetostratigraphic evidence. Earth Planet. Sci.
Lett. 148, 569-579.

Garcia, G., 1998. Les coquilles d’oeufs de dinosaures du Crétacé
supérieur du sud de la France: diversité, paléobiologie, biochro-
nologie et paléoenvironnements. Thesis. University of Montpel-
lier, 320pp.

Garcia, G., 2000. Diversité des coquilles minces d’oeufs fossiles du
Crétacé supérieur du sud de la France. Géobios 33 (1), 113-126.

Garcia, G., Vianey-Liaud, M., 2001. Nouvelles données sur les
coquilles d’oeufs de dinosaures Megaloolithidae du sud de la
France: systématique et variabilité intraspécifique. C. R. Acad.
Sci. Paris (Accepted for publication).

Garcia, G., Beetschen, J.L., Vianey-Liaud, M., 1999. Elongatoo-
lithidae eggshells in Late Cretaceous deposits of Southern
France. In: International Symposium on Dinosaur Eggs and
Babies, Abstract, 21pp.

Garcia, G., Feist, M., Cabot, A., Valentin, X., Vianey-Liaud, M.,
2000. Les oeufs de dinosaures du Crétacé supérieur du Bassin de
Villeveyrac (Héraut, France): description d’une nouvelle
ooespece de Prismatoolithus. Bull. Soc. Geol. Fr. 171 (3),
283-289.

Grambast, L., 1971. Remarques phylogénétiques et biochronologi-
ques sur les Septorella du Crétacé de Provence et les charo-
phytes associés. Paléobiol. Cont. 2, 1-28.

Gradstein, F.M., Agterberg, F.P., Ogg, J.G., Hardenbol, J., Van
Veen, P., Thierry, J., Huang, Z., 1995. A triassic, Jurassic and
Cretaceous time scale, 95—126. Geochronology, time scales and
global stratigraphic correlation, Berggren, W.A., Kent, D.V.,
Aubry, M.P., Hardenbol, J. (Eds.), SEPM Special Publication,
386.

Hansen, H.J., Gwozdz, R., Rasmussen, K.L., 1989. The continental
Cretaceous/Tertiary boundary in the Aix en Provence Basin,
South France. A preliminary paleomagnetic study. La limite
Crétacé-Tertiaire dans le synclinal de I’Arc, vol. 1. Cahiers de
la Réserve géologique de Haute Provence, Digne, pp. 43-50.

Hirsch, K.F., 1989. Interpretations of Cretaceous and pre-Cretac-
eous eggs and shells fragments. In: Gilette, D.D., Lockey, M.G.
(Eds.). Dinosaur Tracks and Traces. Cambridge University
Press, New York, pp. 89-97.

Hirsch, K.F., 1994. Late Jurassic eggshells from the Western

Interior of North America. In: Carpenter, K., Hirsch, K., Horner,
J.R. (Eds.), Dinosaur Eggs and Babies. Cambridge University
Press, New York, pp. 137-150.

Hirsch, K.F., 1996. Parataxonomic classification of fossil chelonian
and gecko eggs. J. Vert. Paleont. 16, 752-762.

Kohring, R., Hirsch, K.F., 1996. Crocodilian and avian eggshells
from the Middle Eocene of the Geiseltal Eastern Germany. J.
Vert. Paleont. 16, 67—-80.

Krumsiek, K., Hahn, G.G., 1989. Magnetostratigraphy near the
Cretaceous-Tertiary Boundary near Aix-en-Provence (Southern
France). La limite Crétacé-Tertiaire dans le synclinal de 1’Arc,
vol. 1. Cahiers de la Réserve Géologique de Provence, Digne,
pp. 2-10.

Lillegraven, J.A., Eberle, J.J., 1999. Vertebrate faunal changes
through Lancian and Puercan Time in Southern Wyoming. J.
Paleontol. 73 (4), 691-710.

MacLeod, N., Keller, G. (Eds.), 1996. Cretaceous-Tertiary Mass
extinctions: Biotic and Environmental Change Norton, New York.

Medus, J., 1972. Palynological zonation of the upper Cretaceous in
southern France and northeastern Spain. Rev. Paleobot. Palyn.
14, 287-295.

Mikhailov, K.E., 1987. Some aspects of the structure of the shell of
the egg. Paleont. J. 21, 54-61.

Mikhailov, K.E., 1991. Classification of fossil eggshells of amniotic
vertebrates. Acta Paleontol. Pol. 36, 193-238.

Mikhailov, K.E., 1997. Fossil and recent eggshell in amniotic verte-
brates: fine structure, comparative morphology and classifica-
tion. Spec. Pap. Paleontol., 5—80.

Mikhailov, K.E., Bray, E., Hirsch, K., 1996. Parataxonomy of fossil
egg remains (Veterovata): principles and applications. J. Vert.
Paleont. 16 (4), 763-769.

Officer, C., Page, J., 1996. The Great Dinosaur Extinction Contro-
versy. Addison-Wesley, Reading, MA (209 pp.).

Ryder, G., Fastovsky, D., Gartner, S., 1996. The Cretaceous-
Tertiary Event and Other Catastrophes in Earth History. Geol.
Soc. Am., Spec. Pap. 307, 569.

Schmidt-Kittler, N., 1997. International symposium on mammalian
biostratigraphy and paleoecology of the European Paleogene,
Mainz, 1997. Muner geowissenschaftliche Abhandlungen, A
10, 311.

Sittler, C., 1989. The fluvio-lacustrine mineralogical environment at
the Cretaceous-Tertiary boundary in the Aix-en Provence basin.
La limite Crétacé-Tertiaire dans le synclinal de I’ Arc. Cahiers
de la Réserve Géologique de Provence, Digne, pp. 11-15.

Vianey-Liaud, M., 1992. Les coquilles d’oeufs de dinosaures
sortent de 1’anonymat. La Recherche, Paris 23, 1062—1064.

Vianey-Liaud, M., Crochet, J.Y., 1993. Dinosaur eggshells from the
late Cretaceous of Languedoc (Southern France). Rev. Paleob.,
Geneve 7, 237-249.

Vianey-Liaud, M., Lopez-Martinez, N., 1997. Late Cretaceous
dinosaur eggshells from the Tremp basin (Southern Pyrenees,
Lleida, Spain). J. Paleontol. 71 (6), 1157-1171.

Vianey-Liaud, M., Mallan, P., Buscail, O., Mongelard, C., 1994.
Review of French dinosaur eggshells: morphology, structure,
mineral, and organic composition. In: Carpenter, K., Hirsch,
K., Horner, J.R. (Eds.), Dinosaur Eggs and Babies. Cambridge
University Press, New York, pp. 151-183.



164 G. Garcia, M. Vianey-Liaud / Palaeogeography, Palaeoclimatology, Palaeoecology 169 (2001) 153164

Westphal, M., 1989. Magnétostratigraphie du Crétacé supérieur du
bassin d’Aix en Provence. Etude préliminaire. La limite
Crétacé-Tertiaire dans le synclinal de I’Arc, vol. 1. Cahiers de
la Réserve Géologique de Provence, Digne, pp. 28-33.

Westphal, M., Durand, J.P., 1990. Magnétostratigraphie des séries
continentales fluvio-lacustres du Crétacé supérieur dans le
synclinal de 1’Arc (région d’Aix-en-Provence, France). Bull.
Soc. Geol. Fr. 8 (6), 609-620.

Zhao, Z., 1975. The microstructure of the dinosaur eggshells of
Nanshiung Kwantung. Vert. PalAsiat. 13, 105-117.

Zhao, Z., 1979. The advancement of researches on the dinosaurian

eggs in China. South China Mesozoic and Cenozoic Red Forma-
tion. Science, Beijing, pp. 329-340.

Zhao, Z., 1993. Structure, formation and evolutionnary trends of
dinosaurian eggshells. In: Kobayashi, I., Mutvei, H., Sahni, A.
(Eds.), Structure, Formation and Evolution of Fossil Hard
Tissues. Tokai University Press, Tokyo, pp. 195-212.

Zhao, Z., 1994. Dinosaur eggs in China: On the structure and evolu-
tion of eggshells. In: Carpenter, K., Hirsch, K., Horner, J.R.
(Eds.), Dinosaur Eggs and Babies. Cambridge University
Press, New York, pp. 184-203.



