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The Hateg basin, South Carpathians, Romania, contains a thick sequence of Maastrichtian continental deposits from which a rich dino-
saur and mammal fauna is known. Field data as well as mineralogical and stable isotope analyses from three representative profiles were
integrated in order to reconstruct environmental conditions during Maastrichtian time. Tustea quarry is characterized by the presence of
well drained calcisols, with smectite (montmorillonite) as the main clay component. Along the profile, the §'%0 and §'*C isotopic compo-
sitions of calcretes show a small variation, of up to 0.9%o. The profile along the Barbat Valley shows preponderantly calcisols, the main
clay mineral being smectite, with subordinate illite and chlorite. The oxygen isotopic compositions of calcretes are ~0.5%o lighter than
those from Tustea. The soils are interpreted as having formed under more humid conditions and they are similar to those situated at the
bottom of the sequence developed along Sibisel Valley. The abundant smectite from the Tustea and Barbat Valley deposits, as well the
presence of good developed soils, reflects palacoenvironmental conditions predominantly controlled by climate. Preliminary
magnetostratigraphic data along the Sibisel Valley section indicate that sedimentation started at the end of chron C32n. All other
palacomagnetic sites distributed upstream, as far as the upper limit of this formation, have only reversed polarity and the corresponding
time interval is probably chron C31r. Along this valley, the sequence shows a general coarsening upward trend. The palaeosol type
changes from calcisol- to vertisol-dominated sequences. The soils are moderate to weakly developed. The mineralogical composition of
the clay fraction also changes, from smectite- to illite and chlorite-dominated. These features points towards unstable tectonic conditions
and higher uplift rates of the surrounding area within chron C3 Ir. Towards the top of the sequence, the oxygen and carbon isotopic com-
position of calcretes become 1 and ~2%o lighter, respectively. These changes indicate a transition from generally semi-arid towards more
humid and possible cooler conditions and correlate with the worldwide trend for chron 31r.

Ana-Voica Bojar, Institute of Earth Science, Geology and Paleontology, Karl-Franzens University, A-8010 Graz, Austria, e-mail:
ana-voica.bojar@uni-graz.at; Dan Grigorescu, Zoltan Csiki, Department of Geology and Geophysics, Bucharest University, Bd.
Balcescu 1, R-010041 Bucharest, Romania; Franz Ottner, Institute for Applied Geology, Peter Jordan Strasse 70, A-1190 Wien, Austria;
(received: December 3, 2004, accepted: April 15, 2005).

Key words: Hateg basin, Maastrichtian, dinosaur, palaeosols, stable isotopes, clay mineralogy.

INTRODUCTION 1990a; Grigorescu and Melinte, 2001; Grigorescu and Csiki,
2002). During this period, small theropods (carnivorous dino-

saurs) were discovered; meanwhile the number of taxa has in-

In the Hateg basin, South Carpathians, research activity on
the Late Cretaceous faunal assemblages has already a long and
interesting history. In 1895, Ilona, the sister of Baron Franz Von
Nopcsa, brought her brother some bones discovered by peasants
working in their neighbourhoods. The baron undertook studies
on the material, and published several papers concerning the de-
posits and their dinosaur, pterosaur, turtle, and crocodilian as-
semblage (Nopcsa, 1900, 1902, 1914, 1915, 1923, 1926).

After a long gap, systematic research was again restarted in
the 1980's. In the course of these studies, the lithostratigraphy
and chronostratigraphy of the deposits have been updated
(Antonescu et al., 1983; Grigorescu, 1983; Grigorescu et al.,

creased to 5 species (Grigorescu, 1984; Weishampel ez al., 1996;
Csiki and Grigorescu, 1998). Since the discovery of the first
mammals in the Hateg basin (Grigorescu, 1984), the number of
species belonging to the Multituberculate order has grown con-
tinuously (Grigorescu ef al., 1985, 1999; Radulescu and Sam-
son, 1986; Grigorescu and Hahn, 1987; Csiki and Grigorescu,
2000). As is only seen rarely in Europe, dinosaur clutches, repre-
senting the original nests, were found with remains of hatchings
of the hadrosaur Telmatosaurus transsylvanicus (Grigorescu et
al., 1990b; Grigorescu, 1993; Weishampel ef al., 1993). A giant
pterosaur, Hatzegopteryx thambema, one of the largest flying
creatures in the world, was discovered in the region (Buffetaut et
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al., 2002). Additional nesting sites were discovered during field
work by Van Itterbeeck et al., (2004) and Smith ez al., (2002). In
the Hateg basin, this faunal assemblage was discovered within
terrestrial deposits of Maastrichtian age. At that time, the study

area was situated at 27°N+5° (Panaiotu and Panaiotu, 2002) be-
tween two marine domains: the South Penninic to the north and
the Tethys to the south (Camoin ez al., 1993; Neubauer, 2002).
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World-wide, the geological record suggests that the Creta-
ceous climate, generally described as “greenhouse climate”,
was much warmer than today, with minimal equator-to-pole
thermal gradients (Amiot et al., 2004). The evidence for a
warm Cretaceous climate includes the latitudinal expansion of
vegetation provinces (Vakhrameev, 1991); the poleward mi-
gration of thermophilic organisms (e.g. Kauffman, 1973;
Lloyd, 1982; Huber and Watkins, 1992); the expansion of di-
nosaurs into polar latitudes (Colbert, 1973; Olivero et al., 1991;
Crame, 1992); and oxygen isotope determinations (Frakes and
Francis, 1990; Huber et al., 2002). The Albian is characterized
by a peak of warmth, followed by slight cooling/warming peri-
ods in the Late Cretaceous, and ending with a further cooling
during Maastrichtian times (Barron, 1983; Arthur ez al., 1988;
Frakes and Francis, 1990; Frakes et al., 1992; Barrera, 1994;
Clarke and Jenkins, 1999; Kuypers et al., 1999; Huber ef al.,
2002). Despite the temperature decline during the latter part of
the Cretaceous, overall temperatures were still high compared
to the Late Neogene.

Maastrichtian climate was not as warm and equable as the
overall climate of the Cretaceous. The isotopic record from
foraminifers and bulk sediments indicate temperature fluctua-
tions during Maastrichtian time (Barron and Washington,
1984; Barrera, 1994; Barrera et al., 1997; Li and Keller, 1998;
Clark and Jenkins, 1999; Huber et al., 2002). These fluctua-
tions are represented by:

— progressive cooling during the lower Maastrichtian;

—accelerated cooling during the early to late Maastrichtian
transition (70 to 71 Ma);

— abrupt warming at the end of Cretaceous (ca. 65.4 to
65.1 Ma) and subsequently temperature decrease during the
last 100 k.y. of Maastrichtian.

Because ocean temperatures do not always reflect land
temperatures, additional data are required in order to con-
strain continental palaeoclimatic conditions from the Hateg
basin at that time. Moreover, the general climate mode can
be drastically influenced by local conditions (Ruddiman and
Prell, 1997); therefore, efforts will be concentrated in order
to understand the effects of late Cretaceous topographic
changes (such as the uplift of metamorphic domes surround-
ing the basin area) on facies and climate distribution. The
main objectives of this study are to characterize the
Maastrichtian facies and palaeosols from the Hateg basin,
Romania, in order to get information about the conditions
that controlled their formation and to have a better under-
standing of the environment and climate in which dinosaurs
lived. For this purpose, field observations regarding the ge-
ometry of the deposits and their internal structures as well as
mineralogical, geochemical analyses have been carried out
from samples collected along representative profiles (Bojar
etal., 2002, 2003).

GEOLOGY OF THE REGION

The southwestern South Carpathians represent a nappe
pile, which is mainly composed of pre-Alpine basement nappes

separated by the ophiolitic Severin unit (Fig.
Tectonostratigraphically upwards, these units include:

— the Moesian platform with thick Lower Palaeozoic to
Neogene deposits;

— the Danubian Nappe complex (exposed within the
Danubian window) with a Cadomian/Variscan basement and
Upper Palaeozoic to Mesozoic cover;

— the Severin flysch-and-ophiolite nappe;

— the Getic and the Supragetic nappes (both with Variscan
basement and Mesozoic cover) (Berza et al., 1994; Krautner,
1996).

The nappe assembly was completed during the Early to
Late Cretaceous, and was mainly overprinted by Paleogene and
Neogene wrenching along steep dextral strike-slip faults.

In the Hateg region, the oldest deposits overlying the
Getic basement are the Lower Jurassic continental clastic sed-
iments, which shift gradually to Middle Jurassic marine lime-
stones and marls. During Late Jurassic to Aptian time, reef
and fore-reef limestones were deposited (Stilla, 1985). A ma-
jor inversion took place around the end of the Aptian — be-
ginning of the Albian when the whole area was exhumed and
eroded, as indicated by bauxite deposits accumulated within
the palaeokarst. Facies changes and erosion were related to
closure of the Severin ocean, collision, and stacking of the
Supragetic units on the top of the Getic tectonic units. This
event, known as the Austrian phase (Sandulescu, 1984), was
also documented by K-Ar, **Ar—°Ar and fission-track dating
(Griinfelder ef al., 1983; Bojar et al., 1998; Dallmeyer et al.,
1998; Willingshofer et al., 2001).

Within the Hateg basin (Fig. 1B), the Upper Cretaceous
sequences were divided by Stilla (1985) into sedimentary
groups, separated by local unconformities. Upper Albian
(Vraconian)—middle Turonian sedimentary units are repre-
sented by conglomerates, sandstones and marls, with sedi-
mentation starting under continental conditions and shifting
progressively to a marine facies. The Turonian—lower
Coniacian sandstones and mudstones follow, above a sedi-
mentary gap. The middle Coniacian, Santonian and
Campanian successions are represented by a proximal flysch
facies with sandstones, conglomerate lenses, marls and mud-
stones, which indicate progressive deepening of the basin
and establishment of an open marine environment. Two dif-
ferent continental formations of Maastrichtian to Lower
Paleogene age are known: the Densus-Ciula and the Sanpe-
tru Formations both representing molasse type deposits. The
Late Cretaceous basin subsidence correlates with the stack-
ing of the Getic Nappe on the top of the Danubian realm, as
well as uplift of the surrounding areas and orogenic collapse
(Bojar et al., 1998; Willingshofer, 2000; Willingshofer et
al., 2001). In a regional framework, this phase corresponds
to the Laramian orogeny (Sandulescu, 1984). The basin is
bordered to the north-west of the Pui locality, as well as to
the south, by faults crosscutting the Maastrichtian strata.
Subsidence within the Hateg basin and uplift within the
Danubian realm continued also during Oligocene time, as re-
corded by the sedimentary formations disposed on the south-
ern border of the Hateg basin (e.g. Clopotiva Conglomer-
ate). Burial of the Maastrichtian strata by younger deposits
was limited to a few hundred metres.

1A).
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STRATIGRAPHY AND DISTRIBUTION
OF THE MAASTRICHTIAN DEPOSITS

As our study focuses on facies and palacoenvironment re-
construction during late Maastrichtian time, the stratigraphy of
these deposits will be discussed in more detail.

The Densus-Ciula Formation crops out in the northwestern
part of the basin and it is divided into three sub-formations,
with a total thickness of nearly 4 km (Anastasiu and Csobuka,
1989; Grigorescu et al., 1990a). The Lower Densus-Ciula
Sub-formation contains volcano-sedimentary sequences inter-
layered with lacustrine marls, which lie discordantly on upper-
most Campanian flysch deposits (Grigorescu and Melinte,
2001). The Middle Densus-Ciula Sub-formation with a total
thickness of 2 km, is represented by matrix-supported con-
glomerates, cross-bedded sandstones and massive red, brown
and green-grey mudstones. These mudstones contain fossil di-
nosaur eggs, bones, teeth, multituberculate remains, mollusc
shells and plants (Nopcsa, 1923; Grigorescu et al., 1990a, b;
1994; 1999). The Maastrichtian age is indicated by fresh water
gastropod assemblages including Bauxia bulimoides, Gastro-
bulimus munieri, Rognacia abreviata, Ajkaia cf. gregaria, and
palynological assemblages, with Pseudopapilopollis praesub-
hercynicus (Antonescu et al., 1983; Pana ef al., 2002). Pana et
al. (2002) describe a very large assemblage of freshwater gas-
tropods including 30 species from 12 families from both the
Sanpetru and Densus-Ciula formations. The dinosaur assem-
blage includes Magyarosaurus dacus, Zalmoxes robustus,
Zalmoxes shqiperorum, Telmatosaurus transsylvanicus, Euro-
nychodon (Grigorescu and Csiki, 2002; Weishampel et al.,
2003). The probably Paleogene deposits of the Upper
Densus-Ciula Sub-formation are devoid of volcanoclastic ma-
terial, as well as of dinosaur remains.

The Sanpetru Formation crops out mainly along the Raul
Mare and Sibisel valleys. Preliminary magnetostratigraphy for
the Sanpetru Formation, upstream of the point called La
Scoaba, corresponding to location 6 in our study, suggests that
the sedimentation, with two short intervals of normal polarity,
started at the end of chron C32n (probably <72 Ma) (Panaiotu
and Panaiotu, 2002). All the other palacomagnetic sites distrib-
uted upstream, for more than 4 km, until the upper limit of this
formation, have only reversed polarity and the corresponding
time interval is probably chron 3 1r, between 68.7 and 71.0 Ma
(Cande and Kent, 1995). The mean palaeolatitude of the Hateg
basin during this period is best estimated from palacomagnetic
results obtained from contemporaneous magmatic activity:
27°N+5° (Patrascu et al., 1992; Panaiotu, 1998). The Sanpetru
Formation is almost devoid of coarse volcanoclastic deposits;
dinosaur bones are frequently found here either including:
Magyarosaurus  dacus, Zalmoxes robustus, Zalmoxes
shqiperorum, Telmatosaurus transsylvanicus, Struthiosaurus
transsylvanicus,  Euronychodon  and  dromaeosaurids
(Grigorescu and Csiki, 2002; Weishampel ef al., 2003). Mam-
mal remains were found within this formation as well
(Grigorescu et al., 1985; Smith et al., 2002). From location 3 of
this study, the following palynological assemblage has been
determined (Ana Danis, 2005 pers. comm.): Oculopollis sibiri-
cus Zaklynskaya, O. cf. solidus Zaklynskaya, O. cf. parvoculus

Goczan, Trudopollis sp., Semioculopollis cf. praedicatus
Kutzch, confirming the Maastrichtain age of the deposits.

The facies distribution is interpreted as indicating deposition
in an ancient braided fluvial system (Grigorescu ef al., 1990a).

In the Hateg basin, the transition from Maastrichtian to
Lower Paleogene deposits (mostly represented by conglomer-
ates) is inaccessible; therefore no direct observation regarding
this interval could be made.

METHODS AND MATERIAL STUDIED

The granulometric distribution was studied by combining
wet sieving and automatic sedimentation analysis with the
Sedigraph 5000 ET. For this purpose 50 g of dry sample was
treated for 24 hours with 200 ml 10% H,O, in order to oxidize
the organic matter and to disintegrate the sample. The sample
was then cleaned in an ultrasonic bath and sieved using 2 mm,
630 um, 200 um, 63 um and 40 pm meshes. The fraction coarser
than 40 wm was dried and weighed. Calgon 0.05% was added to
the fraction finer than 40 um, which was afterwards dispersed in
an ultrasonic bath, and analyzed with X-rays in the Sedigraph.

The samples were studied by X-ray diffraction (XRD) us-
ing a Philips 1710 diffractometer with an automatic divergent
slit, 0.1° receiving slit, Cu LFF tube 45 kV, 40 mA, and a sin-
gle-crystal graphite monochromator. The measuring time was
Is in step-scan mode and step size of 0.02°. Bulk samples as
well as the clay fractions (<2 um) were analyzed. Sample prep-
aration generally followed the methods described by Whittig
(1965) and Tributh (1991). Dispersion of clay particles and de-
struction of organic matter was achieved by treatment with di-
lute hydrogen peroxide. Separation of the clay fraction was car-
ried out by centrifuging. The exchange complex of each sample
(<2 um) was saturated with Mg and K using chloride solutions
by shaking. As in the methods of Kinter and Diamond (1956),
the preferential orientation of the clay minerals was obtained by

Table 1

Grain size distribution of palaeosols [in mass %]

Location Sample Gravel Sand Silt Clay

Tustea mo01 0.4 14.7 60.8 23.9

m4.2.1 - 13.5 49.2 37.3

m4.2.3 - 459 39.7 14.5

m4.4.1 - 24.5 453 30.3

Barbat V. 74 3.5 69.8 22.2 4.5

70 0.1 34.9 48.6 16.5

70a 34 19.5 56.6 20.6

Location 6 92 3.8 12.5 67.1 16.6
Sibigel

94 28.4 4.5 53.0 14.1

Location 5 96 23.7 11.7 44.6 20.0
Sibigel

Location 3 85 84.1 6.0 7.4 2.5
Sibigel
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suction through a porous ceramic plate. To avoid disturbance
of the orientation during drying, the samples were equilibrated
over 7 days in saturated NH4NOj; solution. Afterwards expan-
sion tests were made, using ethyleneglycol, glycerol and
DMSO (Dimethylsulfoxide) as well as contraction tests by
heating the samples up to 550°C. After each step the samples
were run from a 20 angle of 2 to 40°E.

The clay minerals were identified according to Thorez
(1975), Brindley and Brown (1980), Moore and Reynolds
(1997), and Wilson (1989). Semi-quantitative estimations of the
clay mineral composition were carried out using the corrected in-
tensities of characteristic X-ray peaks (Riedmiiller, 1978). The
semi-quantitative mineral composition of the bulk samples was
estimated using the method described by Schultz (1964).

FTIR (Fourier Transformed Infrared Spectroscopy) was
done on a Perkin Elmer Paragon 500 instrument. The sample
(1 mg) was powdered with 200 mg KBr. This mixture was
pressed to a disk of 10 mm diameter. The sample chamber was
purged with dried N,. The resolution of the measurements
was 2 cm . The analyses were performed between 400 and
4000 cm™'

Isotopic analyses of carbonates were performed using an
automatic Kiel Il preparation line and a Finnigan MAT Delta
Plus mass spectrometer. The reaction with H;PO, was carried
out at 70°C. NBS-19 and an internal laboratory standard were
analyzed continuously for accuracy control; standard deviation
(16) was 0.1%o for §'*0 and 0.06%. for 8"°C. All isotopic re-
sults are reported in per mil, relative to the Pedee Belemnite
standard (PDB) for carbon and Standard Mean Oceanic Water
for oxygen.

Cathodoluminescence was done using an Citl Cold Catho-
doluminescence 8200 mk3 electron gun, a vacuum chamber
with windows and stage X-Y movement. The stage is coupled
to a Olympus BH-2 optical microscope. The measurement con-
ditions are 17kV and 450mA.

For granulometry, bulk and clay mineralogy, 11 samples
from Tustea, Barbat Valley and Sibisel were analyzed (Ta-
bles 1 and 2). A total of 113 carbonate concretions were cut
and only calcite drilled from the central part of the concre-
tion was used for stable isotopic analysis (Table 3). Eggshell
fragments were cleaned in ultrasonic bath and sampled using
a 0.5 mm drill.

FACIES DISTRIBUTION AND PALAEOSOL
FEATURES

For each site, the data will be presented as follow: field ob-
servations on facies, granulometry, bulk and clay mineralogy
as well as stable isotopic composition of calcretes.

At Tustea quarry (Figs. 2 and 3A) the 10 m vertical escarp-
ment comprises two levels of massive red mudstones interca-
lated with conglomerates and cross-bedded sandstones. The
bottom of the sequence is represented by a massive red
mudstone followed by 4 metre-thick coarse-grained, poorly
sorted sandstones and conglomerates with massive to trough
cross-bedding. The deposits show massive bedding to laterally
crosscutting and alternating poorly sorted sandstones and con-
glomerates, which indicate unstable channelized flow with dis-
charge fluctuations. The coarse facies is interpreted as depos-
ited in an alluvial channel. The inter-channel areas, starved of
coarse sediment supply, were sites of pedogenesis (Fig. 3B, C).
The soils show: a red mud horizon with blocky structure char-
acterized by the presence of well developed vertical roots and
burrows (Fig. 3C), and a horizon with calcareous concretions
(Fig. 3B). There are 7 levels of calcretes with thickness and lat-
eral continuity indicating moderately developed soils
(Retallack, 2001). Granulometric analyses show that the main
grain size fraction is silt (Table 1); only sample m4.2.3 is domi-
nated by sand. The clay fraction is the second frequent, with
values between 14.5 and 37.3%. Up to a few
percent of quartz and calcite are present in all

Table 2 X
samples. Feldspar is generally more frequent
Clay mineralogy of the clay fraction < 2pm [in mass %] than quartz and calcite. In the fraction less
than 2 um, smectite, a swelling clay mineral,
Location Sample Smectite | Illite | Chlorite | Kaolinit | Mixed layer dominates with up to 94 mass percent
(Fig. 4a). Other clay minerals are present in
Tustea mO1 89 7 - 4 - e s s

very small amounts: illite is in the range of 4
m4.2.1 91 7 - 2 - to 10 mass percent, and kaolinite 2 to 4 mass
md.2.3 94 4 _ 2 _ percent. Trace chlorite could be detected in
il %6 o traces P B just one sample (Table 2).. FTIR gnalys1s of
- the less than 2 um smectite fraction shows

Barbat V. 74 43 34 2 traces that the mineral is a montmorillonite (Fig.
70 57 30 9 4 traces 4b). As the most prominent pedogenic feature
70a 40 37 14 9 B is the presence of the calcig horizon the soils
: can be classified as calcisols (Mack and
ls“ﬁ,(iggf) n 6 92 o8 16 16 - - James, 1993). The soils do not show erosion
94 55 20 25 - - by later deposits; rather they vertical
Location 5 96 54 15 31 _ _ aggradations due to slow deposition of fine
Sibisel material and progressive burial, this
Location 3 85 46 24 30 _ _ pedofacies type being known as multiple bur-
Sibisel ied soils (Daniels, 2003). The only levels
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Table 3 where erosion can be seen is at the contact
. . . with the massive to cross-bedded sand-
Stable isotopic composition
stones.
From some of the carbonate concre-
Location Sample Sample description §"0 3"C (PDB) tions, thin sections were studied under
(SMOW) cathodoluminescence, a powerful technique
1 2 3 4 5 to distinguish secondary diagenetic effects.
Tustea ol mudstone (calcite 26.7 68 M%croscoplc examlpatlon of thin sections
cement) using cathodoluminescence revealed a
a2 ndstone a1 Y brown, non-luminescent massive micritic
groundmass, throughout which detrital
ma3 mudstone 24.2 82 grains of feldspar and quartz are dispersed.
ma4 mudstone 24.2 -7.6 The carbonates show a narrow range of iso-
ma.1 mudstone 19.4 146 topic compositions, with 8'*0 isotopic val-
0o i 37 74 ues between 24.1 and 25.0%0 (SMOW) and
ma.Z. mudstone . — /. .
5"C between 8.1 to —8.9%0 (PDB) (Fig. 2
m4.3 mudstone 23.2 —8.4 and Table 3).
m4.2.2 mudstone 23.7 ~7.4 Associated with one of the concretion
43 mudstone 232 g4 layers, Just. above it, dlposaur qestmg sites
together with embryonic/hatchling skeletal
cgel dinosaur egg, calcite 29.8 -13.8 remains were found (Fig. 2). Based on these
cggla cgg 29.9 137 remains, the eggs are thought to belong to a
cez? cge 308 VY hadrpsaundz Telmatosaurus franssyl—
vanicus (Grigorescu, 1993). Scanning elec-
egg2a ceg 30.5 -14.1 tron micrographs and study of thin sections
ege3 egg 29.5 ~13.3 under polarized light indicate that the inter-
cagia ceg 20.6 126 nal multistratified growth structure of the
eggs as well as the external structure has
cgg? ces 30.1 146 been entirely preserved (Fig. 5A, B, C).
egg? egg 29.9 —142 Cathodoluminescence revealed a brown,
cog? cog 303 _15.0 nop-luminesqent mass (Fig. SD?. .lfur‘Fher
evidence, which supports that the initial iso-
o3 calcrete 24.6 86 topic ratios of the eggshells were not af-
Co3 calcrete 24.6 -8.6 fected by diagenesis, is that the §'°0 and
Cco2 calcrete 24.8 -8.5 8"C of the shells are different than those of
col calerete 244 35 Fhe asgoc1ated m.aFrlx, which has a similar
isotopic composition to the calcretes (Ta-
c2.1 calerete. 247 83 ble 3). This would be unlikely if any signifi-
m2.1 calcrete 25.0 -8.6 cant alteration had affected the eggs be-
22 calcrete 245 8.7 cause ‘such effect.sltend to homogenize the
isotopic composition between shells and
c4.1 calcrete 24.1 -8.3 . 18
matrix. The eggshells reveal 3 “O values be-
c4.2.1 calorete 24.7 8.1 tween 29.5 and 30.5%. (SMOW) and §"°C
c4.2.2 calcrete 24.8 -8.2 between —13.0 and —14.0%. (PDB).
431 calcrete 247 85 The section.along. the Bérbat Valley,
south of the Pui locality, displays parallel
c4.3.2 calerete 244 0 laminated mudstones with numerous levels
c4.3.3 calcrete 24.9 -8.3 of concretions. Along the Barbat Valley, the
c4.4.1 calcrete 24.9 82 strata are horizontal or dip at a few degrees
towards the south. A profile opened some
c4.4.2 calcrete 24.6 -8.5 . .
hundred metres along the valley is shown in
¢5.2-2003 calcrete 24.3 -8.5 Figure 6. The vertical thickness of the pro-
Birbat Valley 46.1/red calcrete 24.4 -8.0 file is approx. 22 m. The profile was acces-
46.2/red calorete 37 Py sible in 2003, d'ur'mg. a summer w1th' low
amounts of precipitation. In 2004, during a
471 calcrete 237 72 year with high amounts of precipitation, the
47.2 calcrete 24.4 -7.9 profile was almost covered by recent allu-

vial sediments or water. Along the riverbed,
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Tab.3 continued

1 2 3 4 5

Barbat Valley 47.3 calcrete 23.9 -7.0

48.1 calcrete 23.9 —6.6

48.2 calcrete 243 -7.3

49 calcrete 24.2 7.5

50.1 calcrete 239 -6.4

50.1 calcrete 24.0 —6.5

51.1 calcrete 24.1 -5.8

51.1 calcrete 23.9 -5.9

52.1 calcrete 24.0 5.8

52.2 calcrete 243 —4.8

53.1 calcrete 24.5 -8.1

53.2 calcrete 24.0 -6.5

54.1 calcrete 242 -5.9

54.1 calcrete 24.0 -5.9

69 calcrete 24.0 —6.1

71 calcrete 24.1 -5.7

75 calcrete 24.1 -7.4

76 calcrete 24.0 —6.7

77 calcrete 242 -8.5

78 calcrete 243 —6.7

80 calcrete 243 -7.3

81 calcrete 23.9 -6.9

82 calcrete 24.2 -5.5

56.1 calcrete 27.1 -7.4

56.2 calcrete 27.1 -7.4

Location 3 Sibisel 5 calcrete 21.5 -9.4
Valley

7 calcrete 22.0 8.7

9 calcrete 233 -15.4

9 calcrete 22.6 -14.2

31.1 calcrete 23.5 -9.0

31.1 calcrete 23.4 -9.2

31.2 calcrete 23.7 -11.2

31.2 calcrete 23.1 -11.2

313 calcrete 23.5 -8.9

31.3 calcrete 23.6 —8.8

Location 5 Sibisel 10.1 calcrete 22.8 -10.6
Valley

10.2 calcrete 22.8 -10.6

10.2 calcrete 23.5 —-10.2

32.1 calcrete 19.4 -15.7

322 calcrete 20.0 -15.8

35.1 calcrete 243 -9.6

35.1 calcrete 23.6 —-10.6

the outcrops are generally small; therefore,
no further observations could be made about
the structures or the geometry of the sand
bodies. The facies are represented by coarse
sandstones to conglomerates and alluvial
plain deposits with palacosols. Characteris-
tic is the presence of a red horizon with par-
allel lamination, a level with calcareous con-
cretions underlain by a red horizon with par-
allel lamination and drab-haloed traces in the
lower part (Fig. 6). The drab-haloed traces
found here are approximately -2 cm diame-
ter and have a higher density than at Tustea.
The palacosols are characterized by the pres-
ence of calcrete intervals up to 40 cm thick,
locally better developed than at Tustea. As
the most striking feature is the development
of a concretion level, the palacosoils can be
classified as calcisols. Locally the calcrete
horizon is missing but this may reflect short
episodes characterized by higher deposi-
tional rates. Generally the pedofacies varies
from cumulic to buried soil profiles
(Daniels, 2003). Granulometric data show
that sand is the dominant fraction for sample
74, while for the soil levels (samples 70 and
70a) silt and subordinate clays are the main
components. Small amounts of quartz and
feldspars and traces of calcite are present in
all samples. At Barbat Valley all samples
contain small amounts of gravel, and the clay
content is generally lower than at Tustea.
Smectite is again the most frequent clay min-
eral, in the range of 40 to 57 mass percent.
[llite becomes more frequent than at Tustea,
and shows values of up to 37 mass percent.
Chlorite is also present in the clay fraction
(923 mass percent), the amount of kaolinite
being low (Table 2).

The §"C isotopic composition of the
calcretes (Fig. 7) varies between —8.0 to
~5.0%0 (PDB). The 80 values range be-
tween 23.6 to 24.5%0 (SMOW), being ~
0.5%o lighter than the isotopic signature of the
calcretes from Tustea quarry.

The Sanpetru Formation crops out
mainly along the Sibisel and Raul Mare val-
leys. Detailed mapping of the sequences and
the facies developed in the Sibigel Valley are
shown in Figures 8-10. The valley opens
from the centre of the basin towards the
south, a profile with progressively younger
deposits, with the vertical thickness reaching
approximately 2 km. Three different loca-
tions along the valley will be described,
firstly in terms of the general character of the
facies development, and secondly as regards
the soils developed at each location. At loca-
tions 5 and 6, sand bodies with trough
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Tab.3 continued

1 2 3 4 5
Location 5 Sibisel 35.2 calcrete 23.2 -12.5
Valley

352 calcrete 23.5 -12.3
35.1 calcrete 23.4 -10.2
352 calcrete 23.4 -10.2
36.1 calcrete 23.9 —-11.1
36.1 calcrete 24.0 -11.1
38 calcrete 23.1 -9.1
39.1 calcrete 23.0 -10.1
39.2 calcrete 232 -12.8
39.3 calcrete 23.1 -9.8
40.2 calcrete 23.2 -10.9
40.3 calcrete 233 -11.3
40.3 calcrete 23.1 -11.3
41.1 calcrete 23.4 -8.3
41.1 calcrete 22.7 -9.6
41.2 calcrete 23.2 -8.4
41.3 calcrete 23.1 -8.2
42.1 calcrete 22.7 -8.2
422 calcrete 22.7 -8.8
423 calcrete 22.8 -8.7
43 calcrete 23.2 -8.6
44.1 calcrete 21.2 -8.7
442 calcrete 22.6 -9.1
45.1 calcrete 22.8 -8.3
45.2 calcrete 22.7 -8.3
453 calcrete 22.8 -8.0
Location 6 Sibisel 18.1 calcrete 23.1 -9.0
Valley
18.2 calcrete 23.0 -9.40
18.3 calcrete 23.9 -11.3
18.4 calcrete 24.1 —-11.1
20 calcrete 22.7 -8.4
22 calcrete 22.9 -9.4
22.8 calcrete 22.9 -10.3
229 calcrete 22.9 -10.2
22.10 calcrete 23.8 -10.1
25.1 calcrete 24.9 ~11.8
25.2 calcrete 243 —-10.4
253 calcrete 23.1 -11.4
27.1 calcrete 24.2 -7.7
27.2 calcrete 23.7 -7.9
29.1 calcrete 21.5 -8.4
29.2 calcrete 21.1 -8.8

cross-bedding occur (Fig. 9A, B). These
were deposited in channels isolated in
floodplain sediments. The lateral wings of
sand and silt represent levees, which extend
laterally into overbank fines (Mjos et al.,
1993). The channel bottom is characterized
by erosional surface and the presence of var-
ious clasts. Besides the channel facies,
sheets of sandstones up to 1 m thick with
parallel bedding were also observed. The
bottom of the sand bodies show little erosion
and are laterally associated with channels.
Couplets of up to 0.5 m thickness of sand-
stones and mudstones are also present. The
sandstones usually have sharp bases show-
ing no significant erosion, and gradational
tops fining upwards into the mudstone-dom-
inated part. Towards location 5, the thick-
ness of the channel and sand-rich units in-
creases. The amount of gravel increases to-
wards location 3, where channels with mas-
sive to cross-bedded conglomerates and
sandstones are also present (Fig. 9C). For
the mudstone-rich units, silt is again the
dominant grain size fraction for all the three
outcrops; the content of sand and clay frac-
tion being generally low (Table 1). Clay
minerals are present in all samples but they
are less frequent than in the previous pro-
files investigated. In contrast, feldspars be-
come more frequent and are detectable in all
samples in significant amounts. Calcite is
only present in trace amounts, except in
sample 85 where higher were detected.

At location 6, the alluvial plain shows
palaeosols for which the following horizons
may be distinguished: a red horizon with
parallel lamination, a level with moderately
to well-developed concretions (up to 10 cm
diameter) underlain by parallel-stratified
mudstones, the colour of which changes
progressively from red to mottled textures
involving grey-green and red (Fig. 10A).
Drab haloes are also present. Compressional
structures, formed during wetting and dry-
ing of soils rich in swelling clays
(Duchafour, 1982), are also observed (Fig.
10B). Under the microscope, the concre-
tions show a micritic texture (Fig. 10C). The
palaeosols from this location are similar to
those along the Barbat Valley, showing bur-
ied profiles although strongly developed
concretion levels, indicating cumulic pro-
files, are lacking. As in the Barbat Valley,
there are palacosol levels with missing cal-
crete horizons. Thus the type of palaeosoils
from this outcrops is dominated by calcisols,
only sporadically vertisols without a calcic
horizon are present. The clay content is
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Fig. 2. Facies distribution at Tustea quarry and stable isotopic
composition of calcretes, mudstones and dinosaur eggs
from Tustea quarry

lower, although the mineral composition is similar to that in
the Barbat Valley. Smectite is the most frequent clay mineral,
comprising 55 to 68 mass percent, subordinate chlorite and
illite being also present. Progressively, towards location 5, the
predominant type of palaeosol changes from calcisols to
vertisols. At location 5 and 3, palacosols show the following
horizons from top to bottom (Fig. 10D): organic rich
grey-green mudstones, a mudstone level, and a calcrete level
underlain again by grey-green mudstones. Variations from
this type of soil occur, as the organic-rich or the calcrete layer
are locally missing. At location 3, the amount of chlorite and
illite exceeds that of smectite (Fig. 4c).

Along the valley, toward the top of the sequence, the oxy-
gen isotopic compositions show a shift towards lower values,
from around 24.0%. at location 6 to values around 22.0-23.0%o
at location 5 and 3. The carbon isotopic compositions show val-
ues between —8.0 and —11.0%o at location 6 and higher variabil-
ity and generally lower values at locations 5 and 3.

DISCUSSION AND CONCLUSIONS

The Middle Densus-Ciula Sub-formation is well repre-
sented at Tustea quarry, with massive red muds, palacosols and
sandstone/conglomerate intercalations. The Sanpetru facies is
dominated by the development of fluvial deposits, as described

Fig. 3. A —Tustea quarry, frontal view; B — calcrete level;
C — well developed vertical roots

along the Sibisel Valley. In fact, the two formations represent
the “end members” of a transition between:

— a facies dominated by the development of an alluvial plain
with low sedimentation rates and frequent palaeosol levels,

— a facies dominated by the presence of alluvial channels
and adjacent alluvial plain.

Generally the fluvial facies are found in the centre and the
southern border of the basin.

At Tustea, the red colour and the presence of calcretes
with a micritic texture indicate that the soils formed above
the water table under oxidizing, alkaline conditions
(Retallack, 1991). These conditions were favourable for the
preservation of egg and bone material (Krumbein and
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Garrels, 1952). The well-developed vertical root traces also
suggest well-drained soils. The thickness and distribution of
the calcrete horizons indicate a succession of buried, moder-
ately to strongly developed soils (Retallack, 1998). As there
are no lateral outcrops, observations related to the geometry
of the sand body are limited. The position of the outcrops,
not far from the northern border of the basin, the good
drained palacosols indicating a higher, terrace position as
well the structure and granulometry of the sand body de-
scribed, support rather deposition from an alluvial fan, feed-
ing the basin (Stanistreet and McCarthy, 1993). The high
content of smectite (montmorillonite), up to 98 mass per-
cent, indicates alteration of basic rocks. The basic material
may be of volcanoclastic origin related to the to banatitic
volcanism then active in the South Carpathians. The
volcanoclastic material may be reworked, for example from
the Lower Densug-Ciula Sub-fomation, situated some 20 km
northwestwards.

The sequences along the Bérbat Valley were deposited at
the margin of an alluvial plain. Palaeosols are characterized by
high maturity indicating distal position with respect to the main
active channels. The drab-haloes are interpreted to have formed
in periodically waterlogged soils, by anaerobic bacterial activ-
ity in stagnant water around roots (Retallack, 2001). Concern-
ing this outcrops, we obtained similar results as did Van
Itterbeeck et al. (2004), although the two studies were carried
out independently. We would rather interpret the sequence not
as well drained (Van Itterbeeck ez al., 2004) but as periodically
waterlogged, as indicated by the presence of the drab haloes.
This feature suggests a higher position for the water table and

450.0

impulse
sample 85 Sibisel Valley C
1000 clay fraction
— figure 4-2 6994 ME.CAF
— 6994 ME.RD
smectite Mg .
) treated 14 A ?hlorlte
500 _|smectite Mg &
|
glycolated 17 ‘: illite .
h chl,orlte
i !‘
WME' \%;»:f'ﬁ

5 10 15 20
position [°2 Theta]

Fig. 4. a — diffractometer analyses of the <2um clay fraction at
Tustea quarry; b— FTIR for the smectite fraction <2um, same
sample as for A; ¢ — diffractometer analyses of the <2um clay frac-
tion at Sibisel Valley, location 3

periodic fluctuations. The lesser amount of smectite could be
related to the lower availability of volcanoclastic material.

On Sibisel Valley, the high proportion of sandstones and
mudstones, as well as the outcrop geometry, indicate a river
facies with a low flow gradient and deposition in relatively
shallow channels. The disposition of the channels within the
outcrop indicates frequent avulsion events. The sand-
stone-mudstone couplets are interpreted as formed during
individual flood events. Each couplet represents a rising
flood stage and subsequent falling stage with deposition of
silt and clay. The soils found at location 6 are weakly to
moderately developed, although similar to those described
along the Barbat Valley. The progressive decrease in the soil
maturity from Barbat to Sibigel is related to different sedi-
mentation rates at the two sites and to the more distal posi-
tion of Barbat Valley outcrops relative to the channel belt.
The absence of calcretes within some of the palacosol levels
may be related to short episodes of higher depositional rates.
Along the Sibisel Valley, besides the difference in maturity
between the two already-mentioned sites, there are also
changes in palacosol type. The general character changes
from generally well-drained, periodically water-logged soils
(location 6) towards soils indicating rather stagnant water
conditions (locations 5 and 3). At locations 5 and 3 the gen-
eral reducing conditions and the lack of oxygen favored ac-
cumulation of an organic-rich layer at the top of some
palaeosols. The facies distribution indicates that the weakly-
to moderately-developed hydromorphic palaeosols formed
close to the active channel belt. The massive channel con-
glomerates at location 3 indicate catastrophic flooding
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Fig. 5. Telmatosaurus transylvanicus

A —egg surface; B, C — microscopic examination
in parallel light indicates that the egg’s internal
multistratified growth structure has been entirely
preserved; D — cathodoluminescence of a thin sec-
tion perpendicular to the egg surface reveals a
brown non-luminescent mass; E — thin section
through a calcrete nodule showing micritic texture
with dispersed detrital grains

avrom 74 —-
sand
avrom 70 — mud
£
g calcrete level
— [ ——
mud
avrom 70a o ° =|0 mud
(o' > - | with green spots

Fig. 6. Typical profile from the Biarbat Valley
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Fig. 7. Stable isotopic composition of calcretes
along the Barbat Valley

events, possibly enhanced by uplift of the surrounding
mountains. Unstable tectonic conditions are also suggested
by the change in clay mineralogy from smectite- to
illite-chlorite dominated as well by an increase in minerals
indicating erosion from crystalline substrates rich in quartz
and feldspar (Chamley, 1989). In conclusion, the general
trend towards the top of the sequence points toward an in-
crease in sedimentation rates and a change from relatively
stable tectonic conditions to more unstable ones.

The distribution of the fluvial facies, within the centre and
the southern border of the basin may represent the result of
channel forcing into more rapidly subsiding areas of the
floodplain during Maastrichtian times. The facies distribution,
palaeosol similarities and the similarities in isotopic composi-
tion of the calcretes support a similar age for the Tustea and
arbat profiles and location 6 on Sibisel Valley. Palacomagnetic
data indicate that the sequences along the Sibisel Valley were
deposited during chron C32-31; for the other two profiles no
palacomagnetic information is yet available.

INDICATORS OF PRECIPITATION
AND TEMPERATURE

The profiles from the Tustea and Barbat valleys and loca-
tion 6 on Sibigel show similar types of soil development. Field
observations indicate that the depth to the calcic horizon was up
to 40 cm; therefore, according to Retallack (2001), the mean
annual rainfall did not exceed 600 mm. Moreover, calcretes as-
sociated with red soils form in climates with precipitation rang-
ing from 100 to 500 mm per year (Khadkikar et al., 2000). The
formation of smectite is also favoured by dry-wet climatic con-
ditions (Chamley, 1989). The red coloration of the mudstone
intercalations as well as the presence of these types of soils in-
dicates a climate with wet-dry seasons and rainfall-evaporation
interplay (Mack and James, 1994).

For Maastrichtian times, the temperature distribution map
compiled by Chumakov et al. (1995) shows, for the Hateg
area situated at that time at latitude of 27+5°N, values of be-
tween 25 and 30°C. As today, the red calcisols already de-
scribed are found in subtropical regions, temperatures be-
tween 25 and 30°C being too high for these types of palacosol.
Therefore we consider that temperatures between 20 and
25°C, in agreement with Amiot ef al. (2004), are more realis-
tic for that time. These temperatures were calculated for late
Campanian-middle Maastrichtian latitudinal gradient, using
the "0 record of phosphates from continental vertebrates.

The isotopic composition of the soil water in equilibrium
with the calcite may be calculated using the measured oxy-
gen isotopic compositions of calcretes and the inferred tem-
peratures (Friedman and O'Neil, 1977). For Tustea, the cal-
culated values of soil water are between —5 (for 20°C) and
—4%o (for 25°C); for Pui, between —-5.7 and —4.7%o
(SMOW). Using the linear relationship between soil carbon-
ate and meteoric water deduced from actual pedogenic car-
bonate concretions (Cerling and Quade, 1993) the rain water
in equilibrium with the carbonate concretions varied be-
tween —7 to —5%o for both outcrops.

Regarding the eggshells, the empirical relationship be-
tween eggshell and drinking water composition (Sarkar and
Bhattachary, 1991; Tandon et al., 1995; Johnson et al., 1998),
indicates that the 8'°0 of water which the species drunk was
around —1%o0 (SMOW). This indicates a 4 to 5%o difference
between the isotopic composition of precipitation calculated
using the eggshell §'°0 and that calculated using the composi-
tion of palacosol carbonates. Cojan et al. (2003) measured the
isotopic composition of dinosaur eggshells and calcretes of
Maastrichtian age from the Provence basin in France. They
found a correlation between climate type and the difference in
50 (eggshell)- 80 (calcretes), and they concluded that
strong evaporation favours a larger difference. We propose
two different mechanisms in order to explain the isotopic dis-
tribution observed.

One possible explanation for the difference in §'°0 (egg-
shell)— 80 (calcretes) observed at Tustea is the seasonal dis-
tribution of humidity, for which there is already strong evi-
dence. At that time, Hateg area was situated at a palaeolatitude
of 27+5°N. Using the International Atomic Energy
Agency/World Meteorological Organisation (IAEA/WMO,
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Fig. 8. Facies distribution and stable isotopic composition of calcretes along the Sibisel Valley

2001) database we compiled all the localities with precipita-
tion between 100 and 800 mm/year, situated at latitudes be-
tween 25 and 35° north or south, and at elevations of less than
1000 m. For practically all stations, the seasonal §'*O varia-
tion of rainwater is up to 5%o. The predominant pattern is one

where a heavy 80 isotopic composition occurs during the
dry, warm season (14 stations). Only for 6 stations, mostly re-
lated to monsoon-type climate, the amount effect is dominant
over the temperature effect. During Maastrichtian times, the
Hateg basin was not situated in the vicinity of an open oceanic
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Fig. 9. A — location 3 in Sibisel Valley, front

view-photograph and sketch of lateral development

of facies; B — lokation 6, sketch of lateral develop-

ment of facies; C — location 5, sketch of lateral de-

velopment of facies; D — for location 3,

characteristic is the development of coarse grained

channel facies and the rare occurrence of palaeosols

15 m

domain but near to a land surrounded by sea, at a latitude of
27+5°C, so there is no support for strongly monsoon-domi-
nated climatic conditions. Monsoon conditions also imply
winds changing regularly in direction with minimal 120°,
similar to winds which are present nowadays between 5° and
25° latitude (Goudie, 2002). Most likely the '®O-enriched rain
was related to the warm/(dry or wet) season. On a worldwide
scale, the correlation between the isotopic composition of pre-
cipitation and temperature is well known (Dansgaard, 1964;
Fricke and O'Neil, 1999) but the new IAEA data, together
with palacogeographical constraints concerning the position
of the basin, make possible semi-quantitative estimations. We
discuss further how seasonality could be related to the ob-
served 4-5%o differences between drinking water (calculated
using the 80 of eggshells) and rain water (calculated using
the 5'%0 of calcretes). Dinosaurs needed some months to pro-
duce their eggs, but the time needed to eliminate the isotopic
signature of the ingested water was much shorter. For exam-
ple, modern birds need ca. 2 weeks to eliminate the isotopic
signature of previously — ingested drinking water (Folinsbee
et al., 1970). Thus the heavier isotopic values calculated for
drinking water could be explained by the fact that the eggs

preserved the signature of the drinking water at the time they
formed, and this was during the period characterized by
heavier isotopic compositions of rainfall. Heavy §'*0 values
of rain water were associated with warm, dry or wet, seasons.
In contrast, carbonate concretions formed over a longer pe-
riod of time, from 10 to 100 ky, thus reflecting a lower,
long-term §'*0 average value of rain water.

Oxygen isotope compositions of eggshell carbonate are pre-
cipitated from dinosaur body waters. In comparison with the
warm-blooded vertebrates, dinosaurs possess an additional vari-
able — their body temperature. For vertebrates, the 50 value of
body water is 4 to 8%o higher than that of drinking water (Luz and
Kolodny, 1985; D’Angela and Longinelli, 1993; Bryant and
Froelich, 1995) for which we assume a similar composition as the
rain water. The observed 4 to 5%o enrichment observed between
8'%0 (eggshell) and §'*0 (calcrete) could be due to the relative en-
richment of §'*0 (body water) to §'*0O (drinking water) which is
assumed to be similar to the composition of rain water.

In conclusion, both mechanisms, a dry season and enrich-
ment of body water with respect to precipitation drive the oxy-
gen isotopic composition of eggs to heavier values, and we
cannot exclude an interplay of them.
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Fig. 10. A — palaeosol profile; B— swelling structure; C — thin section through
a calcrete nodule; D — typical soil profile; E — micritic calcrete nodules

Along the Sibigel Valley, the shift by ca. 1%o towards
lower 8'0 values of carbonates may be related to several fac-
tors. For example, the progressive increase in the amount of
annual rainfall will produce lighter precipitation; conse-
quently the isotopic composition of concretions will become
lighter. An increased amount of precipitation is also sup-
ported by the type of palaeosol, indicating higher humidity to-
wards the upper part of the Sibisel section. Another explana-
tion may be a trend to wards decreasing temperature, which
has been documented for chron C31r of the Maastrichtian
(Barrera, 1994; Barrera and Savin, 1999). This explanation
was proposed also by Cojan ef al., (2003) for a similar isoto-
pic composition trend from in calcretes formed within
palaeosols during chron C31 in the Provence basin, France.
Both factors, increased amounts of precipitation and decreas-
ing temperature, change the isotopic composition towards
lower values, so that the negative isotopic excursion observed
along the Sibisel Valley may reflect an interplay of them. As
temperature controls hydrolysis, the trend towards lower tem-
peratures is also supported by the change in composition of

clay minerals from smectite-dominated (locations 6 and 5) to
illite- and chlorite-dominated (location 3).

The presence of C3 versus C4 biomass (Park and Epstein,
1960; Bender, 1968), soil respiration rates and the CO, concen-
tration in the air will control the carbon isotopic composition of
carbonate concretions (Cerling, 1984; Quade et al., 1989). For
the Tustea and Barbat valleys, the carbon isotopic composi-
tions of calcretes vary between —8 and —6%o and indicate a pure
C3 ecosystem with a 8"C isotopic composition of plants
around —25%o. Along the Sibisel Valley, the values decrease
from —8%o at the bottom of the section (location 6) towards
—12%o at the top of the section (location 3). This may be due to
a change in the type of vegetation, associated with more humid
conditions. It is known that C3 plants growing under more hu-
mid conditions have lower C3 values than those growing on
drier substrates. Fluctuations of the carbon isotopic composi-
tion of a few percent may be induced by this physiological ef-
fect (Farquhar et al., 1989).

For Tustea, the measured §'°C signatures of eggs range be-
tween —13 and —14%o. We also know that the eggs belong also
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to a herbivorous dinosaur, Telmatosaurus transsylvanicus. Us-
ing the relation of Schaffner and Swart (1991), we have deter-
mined that the isotopic composition of the food source was
around —29%o (PDB). This value is similar but somewhat
lighter than the isotopic composition of vegetation deduced
from calcretes. This could be explained by the particular feed-
ing habitats of this dinosaur and the preference for some plants
rather than others.
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