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The Haþeg ba sin, South Carpathians, Ro ma nia, con tains a thick se quence of Maastrichtian con ti nen tal de pos its from which a rich di no -
saur and mam mal fauna is known. Field data as well as min er al og i cal and sta ble iso tope anal y ses from three rep re sen ta tive pro files were
in te grated in or der to re con struct en vi ron men tal con di tions dur ing Maastrichtian time. Tuºtea quarry is char ac ter ized by the pres ence of
well drained calcisols, with smectite (mont mo ril lo nite) as the main clay com po nent. Along the pro file, the d18O and d13C iso to pic com po -
si tions of calcretes show a small vari a tion, of up to 0.9‰. The pro file along the Bãrbat Val ley shows pre pon der antly calcisols, the main
clay min eral be ing smectite, with  sub or di nate illite and chlorite. The ox y gen iso to pic com po si tions of calcretes are ~0.5‰ lighter than
those from Tuºtea. The soils are in ter preted as hav ing formed un der more hu mid con di tions and they are sim i lar to those sit u ated at the
bot tom of the se quence de vel oped along Sibiºel Val ley. The abun dant smectite from the Tuºtea and Bãrbat Val ley de pos its, as well the
pres ence of good de vel oped soils, re flects palaeoenvironmental con di tions pre dom i nantly con trolled by cli mate. Pre lim i nary
magnetostratigraphic data along the Sibiºel Val ley sec tion in di cate that sed i men ta tion started at the end of chron C32n. All other
palaeomagnetic sites dis trib uted up stream, as far as the up per limit of this for ma tion, have only re versed po lar ity and the cor re spond ing
time in ter val is prob a bly chron C31r. Along this val ley, the se quence shows a gen eral coars en ing up ward trend. The palaeosol type
changes from calcisol- to vertisol-dom i nated se quences. The soils are mod er ate to weakly de vel oped. The min er al og i cal com po si tion of
the clay frac tion also changes, from smectite- to illite and chlorite-dom i nated. These fea tures points to wards un sta ble tec tonic con di tions
and higher up lift rates of the sur round ing area within chron C31r. To wards the top of the se quence, the ox y gen and car bon iso to pic com -
po si tion of calcretes be come 1 and ~2‰ lighter, re spec tively. These changes in di cate a tran si tion from gen er ally semi-arid to wards more
hu mid and pos si ble cooler con di tions and cor re late with the world wide trend for chron 31r.
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 INTRODUCTION

In the Haþeg ba sin, South Carpathians, re search ac tiv ity on
the Late Cre ta ceous fau nal as sem blages has al ready a long and
in ter est ing his tory. In 1895, Ilona, the sis ter of Baron Franz Von
Nopcsa, brought her brother some bones dis cov ered by peas ants
work ing in their neigh bour hoods. The baron un der took stud ies
on the ma te rial, and pub lished sev eral pa pers con cern ing the de -
po sits and their di no saur, pterosaur, tur tle, and crocodilian as -
sem blage (Nopcsa, 1900, 1902, 1914, 1915, 1923, 1926). 

Af ter a long gap, sys tem atic re search was again re started in

the 1980's. In the course of these stud ies, the lithostratigraphy
and chronostratigraphy of the de pos its have been up dated

(Antonescu et al., 1983; Grigorescu, 1983; Grigorescu et al.,

1990a; Grigorescu and Melinte, 2001; Grigorescu and Csiki,
2002). Dur ing this pe riod, small theropods (car niv o rous di no -
saurs) were dis cov ered; mean while the num ber of taxa has in -
creased to 5 spe cies (Grigorescu, 1984; Weishampel et al., 1996; 
Csiki and Grigorescu, 1998). Since the dis cov ery of the first
mam mals in the Haþeg ba sin (Grigorescu, 1984), the num ber of
spe cies be long ing to the Multituberculate or der has grown con -
tin u ously (Grigorescu et al., 1985, 1999; Radulescu and Sam -
son, 1986; Grigorescu and Hahn, 1987; Csiki and Grigorescu,
2000). As is only seen rarely in Eu rope, di no saur clutches, rep re -
sent ing the orig i nal nests, were found with re mains of hatch ings
of the hadrosaur Telmatosaurus transsylvanicus (Grigorescu et
al., 1990b; Grigorescu, 1993; Weishampel et al., 1993). A gi ant
pterosaur, Hatzegopteryx thambema, one of the larg est fly ing
crea tures in the world, was dis cov ered in the re gion (Buffetaut et



al., 2002). Ad di tional nest ing sites were dis cov ered dur ing field
work by Van Itterbeeck et al., (2004) and Smith et al., (2002). In
the Haþeg ba sin, this fau nal as sem blage was dis cov ered within
ter res trial de pos its of Maastrichtian age. At that time, the study

area was sit u ated at 27°N±5° (Panaiotu and Panaiotu, 2002) be -
tween two ma rine do mains: the South Penninic to the north and
the Tethys to the south (Camoin et al., 1993; Neubauer, 2002). 
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Fig. 1. A — Geo log i cal map of the study area; B — Haþeg ba sin — the dis tri bu tion of the Ciula 
and Sânpetru for ma tions are shown



World-wide, the geo log i cal re cord sug gests that the Cre ta -
ceous cli mate, gen er ally de scribed as “green house cli mate”,
was much warmer than to day, with min i mal equa tor-to-pole
ther mal gra di ents (Amiot et al., 2004). The ev i dence for a
warm Cre ta ceous cli mate in cludes the lat i tu di nal ex pan sion of
veg e ta tion prov inces (Vakhrameev, 1991); the poleward mi -
gra tion of thermophilic or gan isms (e.g. Kauffman, 1973;
Lloyd, 1982; Huber and Watkins, 1992); the ex pan sion of di -
no saurs into po lar lat i tudes (Colbert, 1973; Olivero et al., 1991; 
Crame, 1992); and ox y gen iso tope de ter mi na tions (Frakes and
Fran cis, 1990; Huber et al., 2002). The Albian is char ac ter ized
by a peak of warmth, fol lowed by slight cool ing/warm ing pe ri -
ods in the Late Cre ta ceous, and end ing with a fur ther cool ing
dur ing Maastrichtian times (Barron, 1983; Ar thur et al., 1988;
Frakes and Fran cis, 1990; Frakes et al., 1992; Barrera, 1994;
Clarke and Jenkins, 1999; Kuypers et al., 1999; Huber et al.,
2002). De spite the tem per a ture de cline dur ing the lat ter part of
the Cre ta ceous, over all tem per a tures were still high com pared
to the Late Neogene. 

Maastrichtian cli mate was not as warm and equa ble as the
over all cli mate of the Cre ta ceous. The iso to pic re cord from
foraminifers and bulk sed i ments in di cate tem per a ture fluc tu a -
tions dur ing Maastrichtian time (Barron and Wash ing ton,
1984; Barrera, 1994; Barrera et al., 1997; Li and Keller, 1998;
Clark and Jenkins, 1999; Huber et al., 2002). These fluc tu a -
tions are rep re sented by:

— pro gres sive cool ing dur ing the lower Maastrichtian;
— ac cel er ated cool ing dur ing the early to late Maastri chtian 

tran si tion (70 to 71 Ma);
— abrupt warm ing at the end of Cre ta ceous (ca. 65.4 to

65.1 Ma) and sub se quently tem per a ture de crease dur ing the
last 100 k.y. of Maastrichtian.

Be cause ocean tem per a tures do not al ways re flect land
tem per a tures, ad di tional data are re quired in or der to con -
strain con ti nen tal palaeoclimatic con di tions from the Haþeg
ba sin at that time. More over, the gen eral cli mate mode can
be dras ti cally in flu enced by lo cal con di tions (Ruddiman and
Prell, 1997); there fore, ef forts will be con cen trated in or der
to un der stand the ef fects of late Cre ta ceous top o graphic
changes (such as the up lift of meta mor phic domes sur round -
ing the ba sin area) on fa cies and cli mate dis tri bu tion. The
main ob jec tives of this study are to char ac ter ize the
Maastrichtian fa cies and palaeosols from the Haþeg ba sin,
Ro ma nia, in or der to get in for ma tion about the con di tions
that con trolled their for ma tion and to have a better un der -
stand ing of the en vi ron ment and cli mate in which di no saurs
lived. For this pur pose, field ob ser va tions re gard ing the ge -
om e try of the de pos its and their in ter nal struc tures as well as
min er al og i cal, geo chem i cal anal y ses have been car ried out
from sam ples col lected along rep re sen ta tive pro files (Bojar
et al., 2002, 2003).

GEOLOGY OF THE REGION

The south west ern South Carpathians rep re sent a nappe
pile, which is mainly com posed of pre-Al pine base ment nappes 

sep a rated by the ophiolitic Severin unit (Fig. 1A).
Tectonostratigraphically up wards, these units in clude: 

— the Moesian plat form with thick Lower Palaeozoic to
Neo gene deposits;

— the Danubian Nappe com plex (ex posed within the
Danubian win dow) with a Cadomian/Variscan base ment and
Up per Palaeozoic to Me so zoic cover;

— the Severin flysch-and-ophiolite nappe;
— the Getic and the Supragetic nappes (both with Variscan

base ment and Me so zoic cover) (Berza et al., 1994; Kräutner,
1996). 

The nappe as sem bly was com pleted dur ing the Early to
Late Cre ta ceous, and was mainly over printed by Paleogene and 
Neo gene wrench ing along steep dextral strike-slip faults.

In the Haþeg re gion, the old est de pos its over ly ing the
Getic base ment are the Lower Ju ras sic con ti nen tal clastic sed -
i ments, which shift grad u ally to Mid dle Ju ras sic ma rine lime -
stones and marls. Dur ing Late Ju ras sic to Aptian time, reef
and fore-reef lime stones were de pos ited (Stilla, 1985). A ma -
jor in ver sion took place around the end of the Aptian — be -
gin ning of the Albian when the whole area was ex humed and
eroded, as in di cated by baux ite de pos its ac cu mu lated within
the palaeokarst. Fa cies changes and ero sion were re lated to
clo sure of the Severin ocean, col li sion, and stack ing of the
Supragetic units on the top of the Getic tec tonic units. This
event, known as the Aus trian phase (Sandulescu, 1984), was
also doc u mented by K-Ar, 40Ar–39Ar and fis sion-track dat ing
(Grünfelder et al., 1983; Bojar et al., 1998; Dallmeyer et al.,
1998; Willingshofer et al., 2001).

Within the Haþeg ba sin (Fig. 1B), the Up per Cre ta ceous
se quences were di vided by Stilla (1985) into sed i men tary
groups, sep a rated by lo cal un con formi ties. Up per Albian
(Vraco nian)–mid dle Turonian sed i men tary units are rep re -
sented by con glom er ates, sand stones and marls, with sed i -
men ta tion start ing un der con ti nen tal con di tions and shift ing
pro gres sively to a ma rine fa cies. The Turonian–lower
Conia cian sand stones and mudstones fol low, above a sed i -
men tary gap. The mid dle Coniacian, Santonian and
Campanian suc ces sions are rep re sented by a prox i mal flysch 
fa cies with sand stones, con glom er ate lenses, marls and mud -
stones, which in di cate pro gres sive deep en ing of the ba sin
and es tab lish ment of an open ma rine en vi ron ment. Two dif -
fer ent con ti nen tal for ma tions of Maastri chtian to Lower
Paleogene age are known: the Densuº-Ciula and the Sânpe -
tru For ma tions both rep re sent ing molasse type de pos its. The
Late Cre ta ceous ba sin sub si dence cor re lates with the stack -
ing of the Getic Nappe on the top of the Danubian realm, as
well as up lift of the sur round ing ar eas and orogenic col lapse
(Bojar et al., 1998; Willingshofer, 2000; Willingshofer et
al., 2001). In a re gional frame work, this phase cor re sponds
to the Laramian orog eny (Sandulescu, 1984). The ba sin is
bor dered to the north-west of the Pui lo cal ity, as well as to
the south, by faults cross cut ting the Maastrichtian strata.
Sub si dence within the Haþeg ba sin and up lift within the
Danubian realm con tin ued also dur ing Oligocene time, as re -
corded by the sed i men tary for ma tions dis posed on the south -
ern bor der of the Haþeg ba sin (e.g. Clopotiva Con glom er -
ate). Burial of the Maastrichtian strata by youn ger de pos its
was lim ited to a few hun dred metres.
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 STRATIGRAPHY AND DISTRIBUTION
OF THE MAASTRICHTIAN DEPOSITS

As our study fo cuses on fa cies and palaeoenvironment re -
con struc tion dur ing late Maastrichtian time, the stra tig ra phy of
these de pos its will be dis cussed in more de tail.

The Densuº-Ciula For ma tion crops out in the north west ern
part of the ba sin and it is di vided into three sub-for ma tions,
with a to tal thick ness of nearly 4 km (Anastasiu and Csobuka,
1989; Grigorescu et al., 1990a). The Lower Densuº-Ciula
Sub-for ma tion con tains vol cano-sed i men tary se quences inter -
layered with lac us trine marls, which lie dis cor dantly on up per -
most Campanian flysch de pos its (Grigorescu and Melinte,
2001). The Mid dle Densuº-Ciula Sub-for ma tion with a to tal
thick ness of 2 km, is rep re sented by ma trix-sup ported con -
glom er ates, cross-bed ded sand stones and mas sive red, brown
and green-grey mudstones. These mudstones con tain fos sil di -
no saur eggs, bones, teeth, multituberculate re mains, mol lusc
shells and plants (Nopcsa, 1923; Grigorescu et al., 1990a, b;
1994; 1999). The Maastrichtian age is in di cated by fresh wa ter
gas tro pod as sem blages in clud ing Bauxia bulimoides, Gastro -
bulimus munieri, Rognacia abreviata, Ajkaia cf. grega ria, and
palynological as sem blages, with Pseudopapilopollis praesub -
hercynicus (Antonescu et al., 1983; Pana et al., 2002). Pana et
al. (2002) de scribe a very large as sem blage of fresh wa ter gas -
tro pods in clud ing 30 spe cies from 12 fam i lies from both the
Sânpetru and Densuº-Ciula for ma tions. The di no saur as sem -
blage in cludes Magyarosaurus dacus, Zalmoxes robustus,
Zalmoxes shqiperorum, Telmatosaurus transsylvanicus, Euro -
nychodon (Grigorescu and Csiki, 2002; Weishampel et al.,
2003). The prob a bly Paleogene de pos its of the Up per
Densuº-Ciula Sub-for ma tion are de void of volcanoclastic ma -
te rial, as well as of di no saur re mains.

The Sânpetru For ma tion crops out mainly along the Râul
Mare and Sibiºel val leys. Pre lim i nary magnetostratigraphy for
the Sânpetru For ma tion, up stream of the point called La
Scoaba, cor re spond ing to lo ca tion 6 in our study, sug gests that
the sed i men ta tion, with two short in ter vals of nor mal po lar ity,
started at the end of chron C32n (prob a bly <72 Ma) (Panaiotu
and Panaiotu, 2002). All the other palaeomagnetic sites dis trib -
uted up stream, for more than 4 km, un til the up per limit of this
for ma tion, have only re versed po lar ity and the cor re spond ing
time in ter val is prob a bly chron 31r, be tween 68.7 and 71.0 Ma
(Cande and Kent, 1995). The mean palaeolatitude of the Haþeg
ba sin dur ing this pe riod is best es ti mated from palaeomagnetic
re sults ob tained from con tem po ra ne ous mag matic ac tiv ity:

27°N±5° (Pãtraºcu et al., 1992; Panaiotu, 1998). The Sânpetru
For ma tion is al most de void of coarse volcanoclastic de pos its;
di no saur bones are fre quently found here ei ther in clud ing:
Magyarosaurus dacus, Zalmoxes robustus, Zalmoxes
shqiperorum, Telmatosaurus transsylvanicus, Struthiosaurus
transsylvanicus, Euronychodon and dromaeosaurids
(Grigorescu and Csiki, 2002; Weishampel et al., 2003). Mam -
mal re mains were found within this for ma tion as well
(Grigorescu et al., 1985; Smith et al., 2002). From lo ca tion 3 of
this study, the fol low ing palynological as sem blage has been
de ter mined (Ana Danis, 2005 pers. comm.): Oculopollis sibiri -
cus Zaklynskaya, O. cf. sol i dus Zaklynskaya, O. cf. parvoculus 

Goczan, Trudopollis sp., Semioculopollis cf. praedicatus
Kutzch, con firm ing the Maastrichtain age of the de pos its.

The fa cies dis tri bu tion is in ter preted as in di cat ing de po si tion
in an an cient braided flu vial sys tem (Grigorescu et al., 1990a). 

In the Haþeg ba sin, the tran si tion from Maastrichtian to
Lower Paleogene de pos its (mostly rep re sented by con glom er -
ates) is in ac ces si ble; there fore no di rect ob ser va tion re gard ing
this in ter val could be made.

METHODS AND MATERIAL STUDIED

The granulometric dis tri bu tion was stud ied by com bin ing
wet siev ing and au to matic sed i men ta tion anal y sis with the
Sedigraph 5000 ET. For this pur pose 50 g of dry sam ple was
treated for 24 hours with 200 ml 10% H2O2 in or der to ox i dize
the or ganic mat ter and to dis in te grate the sam ple. The sam ple
was then cleaned in an ul tra sonic bath and sieved us ing 2 mm,
630 mm, 200 mm, 63 mm and 40 mm meshes. The frac tion coarser 
than 40 mm was dried and weighed. Calgon 0.05% was added to
the frac tion finer than 40 mm, which was af ter wards dis persed in
an ul tra sonic bath, and an a lyzed with X-rays in the Sedigraph. 

The sam ples were stud ied by X-ray dif frac tion (XRD) us -
ing a Philips 1710 diffractometer with an au to matic di ver gent
slit, 0.1° re ceiv ing slit, Cu LFF tube 45 kV, 40 mA, and a sin -
gle-crys tal graph ite mono chro ma tor. The mea sur ing time was
1s in step-scan mode and step size of 0.02°. Bulk sam ples as
well as the clay frac tions (<2 mm) were an a lyzed. Sam ple prep -
a ra tion gen er ally fol lowed the meth ods de scribed by Whittig
(1965) and Tributh (1991). Dis per sion of clay par ti cles and de -
struc tion of or ganic mat ter was achieved by treat ment with di -
lute hy dro gen per ox ide. Sep a ra tion of the clay frac tion was car -
ried out by cen tri fug ing. The ex change com plex of each sam ple 
(<2 mm) was sat u rated with Mg and K us ing chlo ride so lu tions
by shak ing. As in the meth ods of Kinter and Di a mond (1956),
the pref er en tial ori en ta tion of the clay min er als was ob tained by 
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T a  b l e  1

Grain size dis tri bu tion of palaeosols [in mass %]

Lo ca tion Sam ple Gravel Sand Silt Clay

Tuºtea m01 0.4 14.7 60.8 23.9

m4.2.1 – 13.5 49.2 37.3

m4.2.3 – 45.9 39.7 14.5

m4.4.1 – 24.5 45.3 30.3

Bãrbat V. 74 3.5 69.8 22.2 4.5

70 0.1 34.9 48.6 16.5

70a 3.4 19.5 56.6 20.6

Lo ca tion 6 
Sibiºel

92 3.8 12.5 67.1 16.6

94 28.4  4.5 53.0 14.1

Lo ca tion 5 
Sibiºel

96 23.7  11.7 44.6 20.0

Lo ca tion 3 
Sibiºel 

85 84.1  6.0   7.4   2.5



suc tion through a po rous ce ramic plate. To avoid dis tur bance
of the ori en ta tion dur ing dry ing, the sam ples were equil i brated
over 7 days in sat u rated NH4NO3 so lu tion. Af ter wards ex pan -
sion tests were made, us ing ethyleneglycol, glyc erol and
DMSO (Dimethylsulfoxide) as well as con trac tion tests by
heat ing the sam ples up to 550°C. Af ter each step the sam ples
were run from a 2q an gle of 2 to 40°E.

The clay min er als were iden ti fied ac cord ing to Thorez
(1975), Brindley and Brown (1980), Moore and Reynolds
(1997), and Wil son (1989). Semi-quan ti ta tive es ti ma tions of the
clay min eral com po si tion were car ried out us ing the cor rected in -
ten si ties of char ac ter is tic X-ray peaks (Riedmüller, 1978). The
semi-quan ti ta tive min eral com po si tion of the bulk sam ples was
es ti mated us ing the method de scribed by Schultz (1964).

FTIR (Fou rier Trans formed In fra red Spec tros copy) was
done on a Perkin Elmer Par a gon 500 in stru ment. The sam ple
(1 mg) was pow dered with 200 mg KBr. This mix ture was
pressed to a disk of 10 mm di am e ter. The sam ple cham ber was 
purged with dried N2. The res o lu tion of the mea sure ments
was 2 cm–1. The anal y ses were per formed be tween 400 and
4000 cm–1

Iso to pic anal y ses of car bon ates were per formed us ing an
au to matic Kiel II prep a ra tion line and a Finnigan MAT Delta
Plus mass spec trom e ter. The re ac tion with H3PO4 was car ried

out at 70°C. NBS-19 and an in ter nal lab o ra tory stan dard were
an a lyzed con tin u ously for ac cu racy con trol; stan dard de vi a tion

(1s) was 0.1‰ for d18O and 0.06‰ for d13C. All iso to pic re -
sults are re ported in per mil, rel a tive to the Pedee Bel em nite
stan dard (PDB) for car bon and Stan dard Mean Oce anic Wa ter
for ox y gen.

Cathodoluminescence was done us ing an Citl Cold Catho -
doluminescence 8200 mk3 elec tron gun, a vac uum cham ber
with win dows and stage X-Y move ment. The stage is cou pled
to a Olym pus BH-2 op ti cal mi cro scope. The mea sure ment con -
di tions are 17kV and 450mA.

For granulometry, bulk and clay min er al ogy, 11 sam ples
from Tuºtea, Bãrbat Val ley and Sibiºel were an a lyzed (Ta -
bles 1 and 2). A to tal of 113 car bon ate con cre tions were cut
and only cal cite drilled from the cen tral part of the con cre -
tion was used for sta ble iso to pic anal y sis (Ta ble 3). Egg shell
frag ments were cleaned in ul tra sonic bath and sam pled us ing 
a 0.5 mm drill.

 FACIES DISTRIBUTION AND PALAEOSOL
FEATURES

For each site, the data will be pre sented as fol low: field ob -
ser va tions on fa cies, granulometry, bulk and clay min er al ogy
as well as sta ble iso to pic com po si tion of calcretes.

At Tuºtea quarry (Figs. 2 and 3A) the 10 m ver ti cal es carp -
ment com prises two lev els of mas sive red mudstones in ter ca -
lated with con glom er ates and cross-bed ded sand stones. The
bot tom of the se quence is rep re sented by a mas sive red
mudstone fol lowed by 4 metre-thick coarse-grained, poorly
sorted sand stones and con glom er ates with mas sive to trough
cross-bed ding. The de pos its show mas sive bed ding to lat er ally
cross cut ting and al ter nat ing poorly sorted sand stones and con -
glom er ates, which in di cate un sta ble channelized flow with dis -
charge fluc tu a tions. The coarse fa cies is in ter preted as de pos -
ited in an al lu vial chan nel. The inter-chan nel ar eas, starved of
coarse sed i ment sup ply, were sites of pedogenesis (Fig. 3B, C).
The soils show: a red mud ho ri zon with blocky struc ture char -
ac ter ized by the pres ence of well de vel oped ver ti cal roots and
bur rows (Fig. 3C), and a ho ri zon with cal car e ous con cre tions
(Fig. 3B). There are 7 lev els of calcretes with thick ness and lat -
eral con ti nu ity in di cat ing mod er ately de vel oped soils
(Retallack, 2001). Granulometric anal y ses show that the main
grain size frac tion is silt (Ta ble 1); only sam ple m4.2.3 is dom i -
nated by sand. The clay frac tion is the sec ond fre quent, with

val ues be tween 14.5 and 37.3%. Up to a few
per cent of quartz and cal cite are pres ent in all
sam ples. Feld spar is gen er ally more fre quent
than quartz and cal cite. In the frac tion less

than 2 mm, smectite, a swell ing clay min eral,
dom i nates with up to 94 mass  per cent
(Fig. 4a). Other clay min er als are pres ent in
very small amounts: illite is in the range of 4
to 10 mass per cent, and kaolinite 2 to 4 mass
per cent. Trace chlorite could be de tected in
just one sam ple (Ta ble 2). FTIR anal y sis of

the less than 2 mm smectite frac tion shows
that the min eral is a mont mo ril lo nite (Fig. 
4b). As the most prom i nent pedogenic fea ture 
is the pres ence of the calcic ho ri zon the soils
can be clas si fied as calcisols (Mack and
James, 1993). The soils do not show ero sion
by later de pos its; rather they ver ti cal
aggradations due to slow de po si tion of fine
ma te rial and pro gres sive burial, this
pedofacies type be ing known as mul ti ple bur -
ied soils (Daniels, 2003). The only lev els
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T a  b l e  2  

Clay min er al ogy of the clay frac tion < 2mm [in mass %]

Lo ca tion Sam ple Smectite Illite Chlorite Kaolinit Mixed layer

Tuºtea m01 89 7 – 4 –

m4.2.1 91 7 – 2 –

m4.2.3 94 4 – 2 –

m4.4.1 86 10 traces 4 –

Bãrbat V. 74 43 34 23 – traces

70 57 30 9 4 traces

70a 40 37 14 9 –

Lo ca tion 6
Sibiºel

92 68 16 16 – –

94 55 20 25 – –

Lo ca tion 5
Sibiºel

96 54 15 31 – –

Lo ca tion 3
Sibiºel 

85 46 24 30 – –



where ero sion can be seen is at the con tact
with the mas sive to cross-bed ded sand -
stones.

From some of the car bon ate con cre -
tions, thin sec tions were stud ied un der
cathodolu minescence, a pow er ful tech nique 
to dis tin guish sec ond ary diagenetic ef fects.
Mi cro scopic ex am i na tion of thin sec tions
us ing cathodoluminescence re vealed a
brown, non-lu mi nes cent mas sive micritic
ground mass, through out which de tri tal
grains of feld spar and quartz are dis persed.
The car bon ates show a nar row range of iso -

to pic com po si tions, with d18O iso to pic val -
ues be tween 24.1 and 25.0‰ (SMOW) and

d13C be tween 8.1 to –8.9‰ (PDB) (Fig. 2
and Ta ble 3). 

As so ci ated with one of the con cre tion
lay ers, just above it, di no saur nest ing sites
to gether with em bry onic/hatch ling skel e tal
re mains were found (Fig. 2). Based on these 
re mains, the eggs are thought to be long to a
hadrosaurid, Telmatosaurus transsyl -
vanicus (Grigorescu, 1993). Scan ning elec -
tron mi cro graphs and study of thin sec tions
un der po lar ized light in di cate that the in ter -
nal multistratified growth struc ture of the
eggs as well as the ex ter nal struc ture has
been en tirely pre served (Fig. 5A, B, C).
Cathodoluminescence re vealed a brown,
non-lu mi nes cent mass (Fig. 5D). Fur ther
ev i dence, which sup ports that the ini tial iso -
to pic ra tios of the egg shells were not af -

fected by diagenesis, is that the d18O and

d13C of the shells are dif fer ent than those of
the as so ci ated ma trix, which has a sim i lar
iso to pic com po si tion to the calcretes (Ta -
ble 3). This would be un likely if any sig nif i -
cant al ter ation had af fected the eggs be -
cause such ef fects tend to ho mog e nize the
iso to pic com po si tion be tween shells and

ma trix. The egg shells re veal d18O val ues be -

tween 29.5 and 30.5‰ (SMOW) and d13C
be tween –13.0 and –14.0‰ (PDB).

The sec tion along the Bãrbat Val ley,
south of the Pui lo cal ity, dis plays par al lel
lam i nated mudstones with nu mer ous lev els
of con cre tions. Along the Bãrbat Val ley, the 
strata are hor i zon tal or dip at a few de grees
to wards the south. A pro file opened some
hun dred metres along the val ley is shown in
Fig ure 6. The ver ti cal thick ness of the pro -
file is approx. 22 m. The pro file was ac ces -
si ble in 2003, dur ing a sum mer with low
amounts of pre cip i ta tion. In 2004, dur ing a
year with high amounts of pre cip i ta tion, the
pro file was al most cov ered by re cent al lu -
vial sed i ments or wa ter. Along the riverbed,
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T a  b l e  3

Sta ble iso to pic com po si tion

Lo ca tion Sam ple Sam ple de scrip tion d18O

(SMOW)

d13C (PDB)

1 2 3 4 5 

Tuºtea ma1 mudstone (cal cite 
ce ment)

26.7 –6.8

ma2 mudstone 24.1 –8.2

ma3 mudstone 24.2 –8.2

ma4 mudstone 24.2 –7.6

m4.1 mudstone 19.4 –14.6  

m4.2.2 mudstone 23.7 –7.4

m4.3 mudstone 23.2 –8.4

m4.2.2 mudstone 23.7 –7.4

m4.3 mudstone 23.2 –8.4

egg1 di no saur egg, cal cite 29.8 –13.8  

egg1a egg 29.9 –13.7  

egg2 egg 30.8 –14.1  

egg2a egg 30.5 –14.1  

egg3 egg 29.5 –13.3  

egg3a egg 29.6 –12.6  

egg2 egg 30.1 –14.6  

egg2 egg 29.9 –14.2  

egg2 egg 30.3 –15.0  

CO3 cal crete 24.6 –8.6

CO3 cal crete 24.6 –8.6

CO2 cal crete 24.8 –8.5

CO1 cal crete 24.4 –8.5

c2.1 cal crete. 24.7 –8.3

m2.1 cal crete 25.0 –8.6

c2.2 cal crete 24.5 –8.7

c4.1 cal crete 24.1 –8.3

c4.2.1 cal crete 24.7 –8.1

c4.2.2 cal crete 24.8 –8.2

c4.3.1 cal crete 24.7 –8.5

c4.3.2 cal crete 24.4 –9.0

c4.3.3 cal crete 24.9 –8.3

c4.4.1 cal crete 24.9 –8.2

c4.4.2 cal crete 24.6 –8.5

c5.2-2003 cal crete 24.3 –8.5

Bãrbat Valley 46.1/red cal crete 24.4 –8.0

46.2/red cal crete 23.7 –7.1

47.1 cal crete 23.7 –7.2

47.2 cal crete 24.4 –7.9



the out crops are gen er ally small; there fore,
no fur ther ob ser va tions could be made about
the struc tures or the ge om e try of the sand
bod ies. The fa cies are rep re sented by coarse
sand stones to con glom er ates and al lu vial
plain de pos its with palaeosols. Char ac ter is -
tic is the pres ence of a red ho ri zon with par -
al lel lam i na tion, a level with cal car e ous con -
cre tions un der lain by a red ho ri zon with par -
al lel lam i na tion and drab-ha loed traces in the 
lower part (Fig. 6). The drab-ha loed traces
found here are ap prox i mately 1–2 cm di am e -
ter and have a higher den sity than at Tuºtea.
The palaeosols are char ac ter ized by the pres -
ence of cal crete in ter vals up to 40 cm thick,
lo cally better de vel oped than at Tuºtea. As
the most strik ing fea ture is the de vel op ment
of a con cre tion level, the palaeosoils can be
clas si fied as calcisols. Lo cally the cal crete
ho ri zon is miss ing but this may re flect short
ep i sodes char ac ter ized by higher deposi -
tional rates. Gen er ally the pedofacies var ies
from cumulic to bur ied soil pro files
(Daniels, 2003). Granulometric data show
that sand is the dom i nant frac tion for sam ple
74, while for the soil lev els (sam ples 70 and
70a) silt and sub or di nate clays are the main
com po nents. Small amounts of quartz and
feld spars and traces of cal cite are pres ent in
all sam ples. At Bãrbat Val ley all sam ples
con tain small amounts of gravel, and the clay 
con tent is gen er ally lower than at Tuºtea.
Smectite is again the most fre quent clay min -
eral, in the range of 40 to 57 mass per cent.
Illite be comes more fre quent than at Tuºtea,
and shows val ues of up to 37 mass per cent.
Chlorite is also pres ent in the clay frac tion
(9–23 mass per cent), the amount of kaolinite
be ing low (Ta ble 2).

The d13C iso to pic com po si tion of the
calcretes (Fig. 7) var ies be tween –8.0 to

–5.0‰ (PDB). The d18O val ues range be -
tween 23.6 to 24.5‰  (SMOW), be ing ~
0.5‰ lighter than the iso to pic sig na ture of the 
calcretes from Tuºtea quarry. 

The Sânpetru For ma tion crops out
mainly along the Sibiºel and Râul Mare val -
leys. De tailed map ping of the se quences and
the fa cies de vel oped in the Sibiºel Val ley are
shown in Fig ures 8–10. The val ley opens
from the cen tre of the ba sin to wards the
south, a pro file with pro gres sively youn ger
de pos its, with the ver ti cal thick ness reach ing 
ap prox i mately 2 km. Three dif fer ent lo ca -
tions along the val ley will be de scribed,
firstly in terms of the gen eral char ac ter of the 
fa cies de vel op ment, and sec ondly as re gards
the soils de vel oped at each lo ca tion. At lo ca -
tions 5 and 6, sand bod ies with trough
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1 2 3 4 5

Bãrbat Val ley 47.3 cal crete 23.9 –7.0

48.1 cal crete 23.9 –6.6

48.2 cal crete 24.3 –7.3

49 cal crete 24.2 –7.5

50.1 cal crete 23.9 –6.4

50.1 cal crete 24.0 –6.5

51.1 cal crete 24.1 –5.8

51.1 cal crete 23.9 –5.9

52.1 cal crete 24.0 –5.8

52.2 cal crete 24.3 –4.8

53.1 cal crete 24.5 –8.1

53.2 cal crete 24.0 –6.5

54.1 cal crete 24.2 –5.9

54.1 cal crete 24.0 –5.9

69 cal crete 24.0 –6.1

71 cal crete 24.1 –5.7

75 cal crete 24.1 –7.4

76 cal crete 24.0 –6.7

77 cal crete 24.2 –8.5

78 cal crete 24.3 –6.7

80 cal crete 24.3 –7.3

81 cal crete 23.9 –6.9

82 cal crete 24.2 –5.5

56.1 cal crete 27.1 –7.4

56.2 cal crete 27.1 –7.4

Lo ca tion 3 Sibiºel
Valley

5 cal crete 21.5 –9.4

7 cal crete 22.0 –8.7

9 cal crete 23.3 –15.4  

9 cal crete 22.6 –14.2  

31.1 cal crete 23.5 –9.0

31.1 cal crete 23.4 –9.2

31.2 cal crete 23.7 –11.2  

31.2 cal crete 23.1 –11.2  

31.3 cal crete 23.5 –8.9

31.3 cal crete 23.6 –-8.8

Lo ca tion 5 Sibiºel
Valley

10.1 cal crete 22.8 –10.6 

10.2 cal crete 22.8 –10.6  

10.2 cal crete 23.5 –10.2  

32.1 cal crete 19.4 –15.7  

32.2 cal crete 20.0 –15.8  

35.1 cal crete 24.3 –9.6

35.1 cal crete 23.6 –10.6  

Tab.3 con tin ued



cross-bed ding oc cur (Fig. 9A, B). These
were de pos ited in chan nels iso lated in
floodplain sed i ments. The lat eral wings of
sand and silt rep re sent lev ees, which ex tend
lat er ally into overbank fines (Mjos et al.,
1993). The chan nel bot tom is char ac ter ized
by ero sional sur face and the pres ence of var -
i ous clasts. Be sides the chan nel fa cies,
sheets of sand stones up to 1 m thick with
par al lel bed ding were also ob served. The
bot tom of the sand bod ies show lit tle ero sion 
and are lat er ally as so ci ated with chan nels.
Cou plets of up to 0.5 m thick ness of sand -
stones and mudstones are also pres ent. The
sand stones usu ally have sharp bases show -
ing no sig nif i cant ero sion, and gradational
tops fin ing up wards into the mudstone-dom -
i nated part. To wards lo ca tion 5, the thick -
ness of the chan nel and sand-rich units in -
creases. The amount of gravel in creases to -
wards lo ca tion 3, where chan nels with mas -
sive to cross- bed ded con glom er ates and
sand stones are also pres ent (Fig. 9C). For
the mudstone- rich units, silt is again the
dom i nant grain size frac tion for all the three
out crops; the con tent of sand and clay frac -
tion be ing gen er ally low (Ta ble 1). Clay
min er als are pres ent in all sam ples but they
are less fre quent than in the pre vi ous pro -
files in ves ti gated. In con trast, feld spars be -
come more fre quent and are de tect able in all
sam ples in sig nif i cant amounts. Cal cite is
only pres ent in trace amounts, ex cept in
sam ple 85 where higher were de tected. 

At lo ca tion 6, the al lu vial plain shows
palaeosols for which the fol low ing ho ri zons
may be dis tin guished: a red ho ri zon with
par al lel lam i na tion, a level with mod er ately
to well-de vel oped con cre tions (up to 10 cm
di am e ter) un der lain by par al lel-strat i fied
mudstones, the col our of which changes
pro gres sively from red to mot tled tex tures
in volv ing grey-green and red (Fig. 10A).
Drab ha loes are also pres ent. Compressional 
struc tures, formed dur ing wet ting and dry -
ing of soils rich in swell ing clays
(Duchafour, 1982), are also ob served (Fig.
10B). Un der the mi cro scope, the con cre -
tions show a micritic tex ture (Fig. 10C). The 
palaeosols from this lo ca tion are sim i lar to
those along the Bãrbat Val ley, show ing bur -
ied pro files al though strongly de vel oped
con cre tion lev els, in di cat ing cumulic pro -
files, are lack ing. As in the Bãrbat Val ley,
there are palaeosol lev els with miss ing cal -
crete ho ri zons. Thus the type of palaeosoils
from this out crops is dom i nated by calcisols, 
only spo rad i cally vertisols with out a calcic
ho ri zon are pres ent. The clay con tent is
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1 2 3 4 5

Lo ca tion 5 Sibiºel
Val ley

35.2 cal crete 23.2 –12.5  

35.2 cal crete 23.5 –12.3  

35.1 cal crete 23.4 –10.2  

35.2 cal crete 23.4 –10.2  

36.1 cal crete 23.9 –11.1  

36.1 cal crete 24.0 –11.1  

38 cal crete 23.1 –9.1

39.1 cal crete 23.0 –10.1  

39.2 cal crete 23.2 –12.8  

39.3 cal crete 23.1 –9.8

40.2 cal crete 23.2 –10.9  

40.3 cal crete 23.3 –11.3  

40.3 cal crete 23.1 –11.3  

41.1 cal crete 23.4 –8.3

41.1 cal crete 22.7 –9.6

41.2 cal crete 23.2 –8.4

41.3 cal crete 23.1 –8.2

42.1 cal crete 22.7 –8.2

42.2 cal crete 22.7 –8.8

42.3 cal crete 22.8 –8.7

43 cal crete 23.2 –8.6

44.1 cal crete 21.2 –8.7

44.2 cal crete 22.6 –9.1

45.1 cal crete 22.8 –8.3

45.2 cal crete 22.7 –8.3

45.3 cal crete 22.8 –8.0

Lo ca tion 6 Sibiºel
Valley

18.1 cal crete 23.1 –9.0

18.2 cal crete 23.0 –9.40

18.3 cal crete 23.9 –11.3  

18.4 cal crete 24.1 –11.1  

20 cal crete 22.7 –8.4

22 cal crete 22.9 –9.4

22.8 cal crete 22.9 –10.3  

22.9 cal crete 22.9 –10.2  

22.10 cal crete 23.8 –10.1  

25.1 cal crete 24.9 –11.8  

25.2 cal crete 24.3 –10.4  

25.3 cal crete 23.1 –11.4  

27.1 cal crete 24.2 –7.7

27.2 cal crete 23.7 –7.9

29.1 cal crete 21.5 –8.4

29.2 cal crete 21.1 –8.8

Tab.3 con tin ued



lower, al though the min eral com po si tion is sim i lar to that in
the Bãrbat Val ley. Smectite is the most fre quent clay min eral,
com pris ing 55 to 68 mass per cent, sub or di nate chlorite and
illite be ing also pres ent. Pro gres sively, to wards lo ca tion 5, the 
pre dom i nant type of palaeosol changes from calcisols to
vertisols. At lo ca tion 5 and 3, palaeosols show the fol low ing
ho ri zons from top to bot tom (Fig. 10D): or ganic rich
grey-green mudstones, a mud stone level, and a cal crete level
un der lain again by grey-green mud stones. Vari a tions from
this type of soil oc cur, as the or ganic-rich or the cal crete layer
are lo cally miss ing. At lo ca tion 3, the amount of chlo rite and
illite ex ceeds that of smectite (Fig. 4c).

Along the val ley, to ward the top of the se quence, the ox y -
gen iso to pic com po si tions show a shift to wards lower val ues,
from around 24.0‰ at lo ca tion 6 to val ues around 22.0–23.0‰
at lo ca tion 5 and 3. The car bon iso to pic com po si tions show val -
ues be tween –8.0 and –11.0‰ at lo ca tion 6 and higher vari abil -
ity and gen er ally lower values at locations 5 and 3.

DISCUSSION AND CONCLUSIONS

The Mid dle Densuº-Ciula Sub-for ma tion is well rep re -
sented at Tuºtea quarry, with mas sive red muds, palaeosols and
sand stone/con glom er ate in ter ca la tions. The Sânpetru fa cies is
dom i nated by the de vel op ment of flu vial de pos its, as de scribed

along the Sibiºel Val ley. In fact, the two for ma tions rep re sent
the “end mem bers” of a tran si tion be tween: 

— a fa cies dom i nated by the de vel op ment of an al lu vial plain 
with low sed i men ta tion rates and fre quent palaeosol lev els,

— a fa cies dom i nated by the pres ence of al lu vial chan nels
and ad ja cent al lu vial plain.

 Gen er ally the flu vial fa cies are found in the centre and the
southern border of the basin. 

At Tuºtea, the red col our and the pres ence of calcretes
with a micritic tex ture in di cate that the soils formed above
the wa ter ta ble un der ox i diz ing, al ka line con di tions
(Retallack, 1991). These con di tions were fa vour able for the
pres er va tion of egg and bone ma te rial (Krumbein and
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Fig. 2. Fa cies dis tri bu tion at Tuºtea quarry and sta ble iso to pic 
com po si tion of calcretes, mudstones and di no saur eggs

 from Tuºtea quarry

A

B

C

Fig. 3. A —Tuºtea quarry, fron tal view; B — cal crete level;
C — well de vel oped ver ti cal roots



Garrels, 1952). The well-de vel oped ver ti cal root traces also
sug gest well-drained soils. The thick ness and dis tri bu tion of
the cal crete ho ri zons in di cate a suc ces sion of bur ied, mod er -
ately to strongly de vel oped soils (Retallack, 1998). As there
are no lat eral out crops, ob ser va tions re lated to the ge om e try
of the sand body are lim ited. The po si tion of the out crops,
not far from the north ern bor der of the ba sin, the good
drained palaeosols in di cat ing a higher, ter race po si tion as
well the struc ture and granulometry of the sand body de -
scribed, sup port rather de po si tion from an al lu vial fan, feed -
ing the ba sin (Stanistreet and Mc Car thy, 1993). The high
con tent of smectite (mont mo ril lo nite), up to 98 mass per -
cent, in di cates al ter ation of ba sic rocks. The ba sic ma te rial
may be of volcanoclastic or i gin re lated to the to banatitic
vol ca nism then ac tive in the South Carpathians. The
volcanoclastic ma te rial may be re worked, for ex am ple from
the Lower Densuº-Ciula Sub-fomation, sit u ated some 20 km 
north westwards.

The se quences along the Bãrbat Val ley were de pos ited at
the mar gin of an al lu vial plain. Palaeosols are char ac ter ized by
high ma tu rity in di cat ing dis tal po si tion with re spect to the main
ac tive chan nels. The drab-ha loes are in ter preted to have formed 
in pe ri od i cally wa ter logged soils, by an aer o bic bac te rial ac tiv -
ity in stag nant wa ter around roots (Retallack, 2001). Con cern -
ing this out crops, we ob tained sim i lar re sults as did Van 
Itterbeeck et al. (2004), al though the two stud ies were car ried
out in de pend ently. We would rather in ter pret the se quence not
as well drained (Van Itterbeeck et al., 2004) but as pe ri od i cally
wa ter logged, as in di cated by the pres ence of the drab ha loes.
This fea ture sug gests a higher po si tion for the wa ter ta ble and

pe ri odic fluc tu a tions. The lesser amount of smectite could be
re lated to the lower avail abil ity of volcanoclastic ma te rial.

On Sibiºel Val ley, the high pro por tion of sand stones and
mudstones, as well as the out crop ge om e try, in di cate a river
fa cies with a low flow gra di ent and de po si tion in rel a tively
shal low chan nels. The dis po si tion of the chan nels within the
out crop in di cates fre quent avul sion events. The sand -
stone-mud stone cou plets are in ter preted as formed dur ing
in di vid ual flood events. Each cou plet rep re sents a ris ing
flood stage and sub se quent fall ing stage with de po si tion of
silt and clay. The soils found at lo ca tion 6 are weakly to
mod er ately de vel oped, al though sim i lar to those de scribed
along the Bãrbat Val ley. The pro gres sive de crease in the soil 
ma tu rity from Bãrbat to Sibiºel is re lated to dif fer ent sed i -
men ta tion rates at the two sites and to the more dis tal po si -
tion of Bãrbat Val ley out crops rel a tive to the chan nel belt.
The ab sence of calcretes within some of the palaeosol lev els
may be re lated to short ep i sodes of higher depositional rates.
Along the Sibiºel Val ley, be sides the dif fer ence in ma tu rity
be tween the two al ready-men tioned sites, there are also
changes in palaeosol type. The gen eral char ac ter changes
from gen er ally well-drained, pe ri od i cally wa ter-logged soils 
(lo ca tion 6) to wards soils in di cat ing rather stag nant wa ter
con di tions (lo ca tions 5 and 3). At lo ca tions 5 and 3 the gen -
eral re duc ing con di tions and the lack of ox y gen fa vored ac -
cu mu la tion of an or ganic-rich layer at the top of some
palaeosols. The fa cies dis tri bu tion in di cates that the weakly- 
to mod er ately-de vel oped hydromorphic palaeosols formed
close to the ac tive chan nel belt. The mas sive chan nel con -
glom er ates at lo ca tion 3 in di cate cat a strophic flood ing
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Fig. 4. a — diffractometer anal y ses of the <2mm clay frac tion at

Tuºtea quarry; b— FTIR for the smectite frac tion <2mm, same

sam ple as for A; c — diffractometer anal y ses of the <2mm clay frac -
tion at Sibiºel Val ley, lo ca tion 3
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Fig. 5. Telmatosaurus transylvanicus

A — egg sur face; B, C — mi cro scopic ex am i na tion 
in par al lel light in di cates that the egg´s in ter nal
multistratified growth struc ture has been en tirely
pre served; D — cathodoluminescence of a thin sec -
tion per pen dic u lar to the egg sur face re veals a
brown non-luminescent mass; E — thin sec tion
through a cal crete nod ule show ing micritic tex ture
with dis persed de tri tal grains
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Fig. 6. Typ i cal pro file from the Bãrbat Val ley



events, pos si bly en hanced by up lift of the sur round ing
moun tains. Un sta ble tec tonic con di tions are also sug gested
by the change in clay min er al ogy from smectite- to
illite-chlorite dom i nated as well by an in crease in min er als
in di cat ing ero sion from crys tal line sub strates rich in quartz
and feld spar (Chamley, 1989). In con clu sion, the gen eral
trend to wards the top of the se quence points to ward an in -
crease in sed i men ta tion rates and a change from rel a tively
sta ble tec tonic con di tions to more un sta ble ones.

The dis tri bu tion of the flu vial fa cies, within the cen tre and
the south ern bor der of the ba sin may rep re sent the re sult of
chan nel forc ing into more rap idly sub sid ing ar eas of the
floodplain dur ing Maastrichtian times. The fa cies dis tri bu tion,
palaeosol sim i lar i ties and the sim i lar i ties in iso to pic com po si -
tion of the calcretes sup port a sim i lar age for the Tuºtea and
ãrbat pro files and lo ca tion 6 on Sibiºel Val ley. Palaeomagnetic
data in di cate that the se quences along the Sibiºel Val ley were
de pos ited dur ing chron C32-31; for the other two pro files no
palaeomagnetic in for ma tion is yet avail able.

INDICATORS OF PRECIPITATION 
AND TEMPERATURE

The pro files from the Tuºtea and Bãrbat val leys and lo ca -
tion 6 on Sibiºel show sim i lar types of soil de vel op ment. Field
ob ser va tions in di cate that the depth to the calcic ho ri zon was up 
to 40 cm; there fore, ac cord ing to Retallack (2001), the mean
an nual rain fall did not ex ceed 600 mm. More over, calcretes as -
so ci ated with red soils form in cli mates with pre cip i ta tion rang -
ing from 100 to 500 mm per year (Khadkikar et al., 2000). The
for ma tion of smectite is also fa voured by dry-wet cli ma tic con -
di tions (Chamley, 1989). The red col or ation of the mudstone
in ter ca la tions as well as the pres ence of these types of soils in -
di cates a cli mate with wet-dry sea sons and rain fall-evap o ra tion
in ter play (Mack and James, 1994).

For Maastrichtian times, the tem per a ture dis tri bu tion map
com piled by Chumakov et al. (1995) shows, for the Haþeg

area sit u ated at that time at lat i tude of 27±5°N, val ues of be -

tween 25 and 30°C. As to day, the red calcisols al ready de -
scribed are found in sub trop i cal re gions, tem per a tures be -

tween 25 and 30°C be ing too high for these types of palaeosol. 
There fore we con sider that tem per a tures be tween 20 and

25°C, in agree ment with Amiot et al. (2004), are more re al is -
tic for that time. These tem per a tures were cal cu lated for late
Campanian-mid dle Maastrichtian lat i tu di nal gra di ent, us ing

the d18O re cord of phos phates from con ti nen tal ver te brates. 
The iso to pic com po si tion of the soil wa ter in equi lib rium

with the cal cite may be cal cu lated us ing the mea sured ox y -
gen iso to pic com po si tions of calcretes and the in ferred tem -
per a tures (Fried man and O`Neil, 1977). For Tuºtea, the cal -

cu lated val ues of soil wa ter are be tween –5 (for 20°C) and

–4‰ (for 25°C); for Pui, be tween –5.7 and –4.7‰
(SMOW). Us ing the lin ear re la tion ship be tween soil car bon -
ate and me te oric wa ter de duced from ac tual pedogenic car -
bon ate con cre tions (Cerling and Quade, 1993) the rain wa ter 
in equi lib rium with the car bon ate con cre tions var ied be -
tween –7 to –5‰ for both out crops. 

Re gard ing the egg shells, the em pir i cal re la tion ship be -
tween egg shell and drink ing wa ter com po si tion (Sarkar and
Bhattachary, 1991; Tandon et al., 1995; John son et al., 1998), 

in di cates that the d18O of wa ter which the spe cies drunk was
around –1‰ (SMOW). This in di cates a 4 to 5‰ dif fer ence
be tween the iso to pic com po si tion of pre cip i ta tion cal cu lated

us ing the egg shell d18O and that cal cu lated us ing the com po si -
tion of palaeosol car bon ates. Cojan et al. (2003) mea sured the
iso to pic com po si tion of di no saur egg shells and calcretes of
Maastrichtian age from the Pro vence ba sin in France. They
found a cor re la tion be tween cli mate type and the dif fer ence in 

d18O (egg shell)– d18O (calcretes), and they con cluded that
strong evap o ra tion fa vours a larger dif fer ence. We pro pose
two dif fer ent mech a nisms in or der to ex plain the iso to pic dis -
tri bu tion ob served. 

One pos si ble ex pla na tion for the dif fer ence in d18O (egg -

shell)– d18O (calcretes) ob served at Tuºtea is the sea sonal dis -
tri bu tion of hu mid ity, for which there is al ready strong ev i -
dence. At that time, Haþeg area was sit u ated at a palaeolatitude 

of 27±5°N. Us ing the In ter na tional Atomic En ergy
Agency/World Me te o ro log i cal Or gani sa tion (IAEA/WMO,
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Fig. 7. Sta ble iso to pic com po si tion of calcretes
 along the Bãrbat Val ley



2001) da ta base we com piled all the lo cal i ties with pre cip i ta -
tion be tween 100 and 800 mm/year, sit u ated at lat i tudes be -

tween 25 and 35° north or south, and at el e va tions of less than

1000 m. For prac ti cally all sta tions, the sea sonal d18O vari a -
tion of rain wa ter is up to 5‰. The pre dom i nant pat tern is one

where a heavy d18O iso to pic com po si tion oc curs dur ing the
dry, warm sea son (14 sta tions). Only for 6 sta tions, mostly re -
lated to mon soon-type cli mate, the amount ef fect is dom i nant
over the tem per a ture ef fect. Dur ing Maastrichtian times, the
Haþeg ba sin was not sit u ated in the vi cin ity of an open oce anic 
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Fig. 8. Fa cies dis tri bu tion and sta ble iso to pic com po si tion of calcretes along the Sibiºel Val ley



do main but near to a land sur rounded by sea, at a lat i tude of

27±5°C, so there is no sup port for strongly mon soon-dom i -
nated cli ma tic con di tions. Mon soon con di tions also im ply

winds chang ing reg u larly in di rec tion with min i mal 120°,

sim i lar to winds which are pres ent now a days be tween 5° and

25° lat i tude (Goudie, 2002). Most likely the 18O-en riched rain 
was re lated to the warm/(dry or wet) sea son. On a world wide
scale, the cor re la tion be tween the iso to pic com po si tion of pre -
cip i ta tion and tem per a ture is well known (Dansgaard, 1964;
Fricke and O`Neil, 1999) but the new IAEA data, to gether
with palaeo geo graphi cal con straints con cern ing the po si tion
of the ba sin, make pos si ble semi-quan ti ta tive es ti ma tions. We 
dis cuss fur ther how sea son al ity could be re lated to the ob -
served 4–5‰ dif fer ences be tween drink ing wa ter (cal cu lated

us ing the d18O of egg shells) and  rain wa ter (cal cu lated us ing

the d18O of calcretes). Di no saurs needed some months to pro -
duce their eggs, but the time needed to elim i nate the iso to pic
sig na ture of the in gested wa ter was much shorter. For ex am -
ple, mod ern birds need ca. 2 weeks to elim i nate the iso to pic
sig na ture of pre vi ously  — in gested drink ing wa ter (Folinsbee 
et al., 1970). Thus the heavier iso to pic val ues cal cu lated for
drink ing wa ter could be ex plained by the fact that the eggs

pre served the sig na ture of the drink ing wa ter at the time they
formed, and this was dur ing the pe riod char ac ter ized by

heavier iso to pic com po si tions of rain fall. Heavy d18O val ues
of rain wa ter were as so ci ated with warm, dry or wet, sea sons.
In con trast, car bon ate con cre tions formed over a lon ger pe -
riod of time, from 10 to 100 ky, thus re flect ing a lower,

long-term d18O av er age value of rain wa ter. 
Oxygen iso tope com po si tions of egg shell car bon ate are pre -

cip i tated from di no saur body wa ters. In com par i son with the
warm-blooded ver te brates, di no saurs pos sess an ad di tional vari -

able — their body tem per a ture. For ver te brates, the d18O value of
body wa ter is 4 to 8‰ higher than that of drink ing wa ter (Luz and
Kolodny, 1985; D’Angela and Longinelli, 1993; Bryant and
Froelich, 1995) for which we as sume a sim i lar com po si tion as the
rain wa ter. The ob served 4 to 5‰ en rich ment ob served be tween

d18O (egg shell) and d18O (cal crete) could be due to the rel a tive en -

rich ment of d18O (body wa ter) to d18O (drink ing wa ter) which is
as sumed to be sim i lar to the com po si tion of rain wa ter.

In con clu sion, both mech a nisms, a dry sea son and en rich -
ment of body wa ter with re spect to pre cip i ta tion drive the ox y -
gen iso to pic com po si tion of eggs to heavier val ues, and we
cannot ex clude an interplay of them. 

218 Ana-Voica Bojar, Dan Grigorescu, Franz Ottner and Zoltan Csiki

Fig. 9. A — lo ca tion 3 in Sibiºel Val ley, front
view-pho to graph and sketch of lat eral de vel op ment
of fa cies; B — lokation 6, sketch of lat eral de vel op -
ment of fa cies; C — lo ca tion 5, sketch of lat eral de -
vel op ment of fa cies; D — for lo ca tion 3,
char ac ter is tic is the de vel op ment of coarse grained
chan nel fa cies and the rare oc cur rence of palaeosols



Along the Sibiºel Val ley, the shift by ca. 1‰ to wards

lower d18O val ues of car bon ates may be re lated to sev eral fac -
tors. For ex am ple, the pro gres sive in crease in the amount of
an nual rain fall will pro duce lighter pre cip i ta tion; con se -
quently the iso to pic com po si tion of con cre tions will be come
lighter. An in creased amount of pre cip i ta tion is also sup -
ported by the type of palaeosol, in di cat ing higher hu mid ity to -
wards the up per part of the Sibiºel sec tion. An other ex pla na -
tion may be a trend to wards de creas ing tem per a ture, which
has been doc u mented for chron C31r of the Maastrichtian
(Barrera, 1994; Barrera and Savin, 1999). This ex pla na tion
was pro posed also by Cojan et al., (2003) for a sim i lar iso to -
pic com po si tion trend from in calcretes formed within
palaeosols dur ing chron C31 in the Pro vence ba sin, France.
Both fac tors, in creased amounts of pre cip i ta tion and de creas -
ing tem per a ture, change the iso to pic com po si tion to wards
lower val ues, so that the neg a tive iso to pic ex cur sion ob served
along the Sibiºel Val ley may re flect an in ter play of them. As
tem per a ture con trols hy dro ly sis, the trend to wards lower tem -
per a tures is also sup ported by the change in com po si tion of

clay min er als from smectite-dom i nated (lo ca tions 6 and 5) to
illite- and chlorite-dom i nated (lo ca tion 3). 

The pres ence of C3 ver sus C4 bio mass (Park and Ep stein,
1960; Bender, 1968), soil res pi ra tion rates and the CO2 con cen -
tra tion in the air will con trol the car bon iso to pic com po si tion of
car bon ate con cre tions (Cerling, 1984; Quade et al., 1989). For
the Tuºtea and Bãrbat val leys, the car bon iso to pic com po si -
tions of calcretes vary be tween –8 and –6‰ and in di cate a pure

C3 eco sys tem with a d13C iso to pic com po si tion of plants
around –25‰. Along the Sibiºel Val ley, the val ues de crease
from –8‰ at the bot tom of the sec tion (lo ca tion 6) to wards
–12‰  at the top of the sec tion (lo ca tion 3). This may be due to
a change in the type of veg e ta tion, as so ci ated with more hu mid
con di tions. It is known that C3 plants grow ing un der more hu -
mid con di tions have lower C3 val ues than those grow ing on
drier sub strates. Fluc tu a tions of the car bon iso to pic com po si -
tion of a few percent may be in duced by this phys i o log i cal ef -
fect (Farquhar et al., 1989). 

For Tuºtea, the mea sured d13C sig na tures of eggs range be -
tween –13 and –14‰. We also know that the eggs be long also
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to a her biv o rous di no saur, Telmatosaurus transsylvanicus. Us -
ing the re la tion of Schaffner and Swart (1991), we have de ter -
mined that the iso to pic com po si tion of the food source was
around –29‰ (PDB). This value is sim i lar but some what
lighter than the iso to pic com po si tion of veg e ta tion de duced
from calcretes. This could be ex plained by the par tic u lar feed -
ing hab i tats of this di no saur and the pref er ence for some plants
rather than oth ers. 
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