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Abstract

We review here key geological heritage elements of the Hateg Country UNESCO
Global Geopark (Southern Carpathians, western Romania) represented by lat-
est Cretaceous continental vertebrate fossils and the sedimentary rocks enclosing
them. Based on available geological and paleontological evidence, these animals
were living on a tropical island. This paleogeographic setting led to the development
of some unusual paleobiological traits including dwarfing of the dinosaurs, high
levels of endemism, relictual characteristics, as well as uniquely derived anatomi-
cal, developmental, metabolic and/or sensory features. These unique characteristics
led to the establishment of the Hateg Country UNESCO Global Geopark over a
decade ago. Recently, the Geopark implemented several projects including specific
‘Dinosaur Island’-related thematic trails and visits to key geoheritage elements.
We focus on four key fossiliferous areas of the Geopark, highlighting the most im-
portant geoheritage elements of each, as well as the most significant geoproducts
created based on these particular elements.

Keywords: Cretaceous, Dinosaurs, Geopark, Geoproduct, Interpretation, Romania.

Article information

Received: 2021-03-24

DOI: 10.30486/GCR.2021.1926581.1089
How to cite: Csiki-Sava Z & Andrasanu A (2021). Meeting Island dwarfs and giants of the Cretaceous — The Hateg Country
UNESCO Global Geopark, Romania. Geoconservation Research. 4(2): 471-491. doi: 10.30486/gcr.2021.1926581.1089

Geoconservation Research  e-ISSN: 2588-7343  p-ISSN: 2645-4661
© Author(s) 2021, this article is published with open access at http://gcr.khuisf.ac.ir
This work is licensed under a Creative Commons Attribution 2.0 Generic License.

Accepted: 2021-07-17

471



Geoconservation Research Volume 4 / Issue 2 2021 / pages(471-491)

Introduction

The Hateg Country UNESCO Global Geopark
(hereafter the Geopark) is situated in the cen-
tral-southern part of Hunedoara County (west-
ern Romania; Fig. 1A), within the confines of a
small intra-mountain basin in the western part of
the Southern Carpathians branch of the Late Al-
pine-aged Carpathian Orogen. This intra-moun-
tain basin, the Hateg Basin or Depression, once
formed the core of an early Medieval local self-or-
ganized region, the so-called Hateg Country, one
of many such ‘countries’ that dotted the territory
of present-day Romania, especially around the
Carpathian Mountains. Indeed, ruins of small,
fortified headquarters (‘castles’) of minor feudal
landlords are still scattered throughout the area,
from Rachitova in the west to Banita in the east,
and from Colti in the south to Hateg itself in the
north. Further, the Hateg Depression lies close to
both the heartlands of the ancient kingdom of the
Dacians in the neighboring Sebes Mountains, as
well as to the administrative capital of the Ro-
man province of Dacia, the city of Ulpia Traiana
Sarmizegetusa.

Although it is an area with a very long and diverse
geological history, this small (30 x 40 km) depres-
sion is known worldwide for its uppermost Creta-
ceous (Maastrichtian, ~ 72 to 66 Ma) continental
deposits that host the fossils of a peculiar, unique
vertebrate fauna with some of the most intriguing
animals that inhabited southern Europe towards
the end of the reign of the dinosaurs. It is this dino-
saur-dominated paleofauna that was fundamental
in initiating the project for a ‘Hateg Country Di-
nosaurs Geopark’ over 20 years ago (Grigorescu
& Andrasanu 2000; Grigorescu 2020). This was a
grassroots project comprising a consortium of uni-
versities, local administrations, local and national
institutions coordinated by Dan Grigorescu from
the University of Bucharest, with consistent sup-
port from Dan Manoleli for biological and ecologi-
cal aspects as well as from one of the authors (A.A.)
who administered and oversaw the implementation
and reinforcement of the geopark concept, both

from the University of Bucharest, too. This project,
implemented through the years under the auspices
of the University of Bucharest has grown and mor-
phed into the present-day Hateg Country UNESCO
Global Geopark (Andrasanu 2017).

Our aim is to review the most important features
of the latest Cretaceous continental paleofauna
from Hateg Country, highlighting those features
that make it of outstanding scientific importance,
even unique worldwide, and which — alongside a
host of other natural, archeological, historical and
ethnographical elements of the local heritage (An-
drasanu et al. 2004) — prompted the creation of
the first Romanian Geopark in the Hateg region in
2005 (Grigorescu 2020).

Geological Background: Shifting Hateg Coun-
try Landscapes

The formation of the Hateg Basin, where dino-
saur-bearing continental beds accumulated near
the end of the Cretaceous, represents but one
event, although of paramount importance, in the
evolution of the region. Its geological history starts
in the later part of the Proterozoic and early part of
the Paleozoic, when rocks of its crystalline base-
ment were generated through geotectonic process-
es followed by low-to-medium grade metamor-
phism, with the latest tectono-metamorphic event
taking place probably during the Variscan orogeny
(Iancu & Seghedi 2017). These rocks form the hid-
den basement underlying the sedimentary cover of
the Hateg region, but they also outcrop, and can
be studied directly, in the surrounding mountain
chains to the west, north and east (Getic Domain)
and south (Danubian Domain).

The first deposits of the basin sedimentary cover,
as synthesized by Stilla (1985) are post-Variscan,
probably Permian, siliciclastics. Their deposition
is followed by a long sedimentary hiatus during
the Triassic, as recorded in the largest part of the
Getic Domain to which the Hateg area belonged.
Sedimentation began again in the Early Jurassic,
marking the progressive detachment of the Getic
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Domain from the margin of the Eastern European
cratonic area. Starting with the Mid-Jurassic, the
surroundings of Hateg became part of the spatially
extensive and geomorphologically heterogeneous
Getic Carbonate Platform that formed on top of
this detached continental sliver evolving on the
northern margin of the tropical Neo-Tethys Ocean,
with widespread carbonate sedimentation through
the rest of the Jurassic and most of the Early Cre-
taceous. Towards the end of the Early Cretaceous,
compressive tectonic movements initiated by the
northward advance of Africa led to the onset of
oceanic subduction and closure in the northern
Neo-Tethys. These were followed by local col-
lisions that mark the onset of mountain building
across large parts of Central and south-eastern Eu-
rope, including along the Carpathian Chain.

In the Hateg region, these ‘mid-Cretaceous’ com-
pressional events broke up the carbonate plat-
form, leading to local exposure and bauxite gen-
esis, as the Getic Domain was thrust towards the
neighboring continental crust-floored Danubian
Domain. More or less intense tectonic activity
became the norm for the rest of the Cretaceous, as
witnessed by the replacement of previously car-
bonate-dominated sedimentation by mainly silici-
clastic, including flysch-type, turbiditic deposits
well developed in the western and north-eastern
parts of the Hateg area (Stilla 1985; Melinte-Do-
brinescu 2010). This tectonic activity lasted until
nearly the end of the Cretaceous, when the Get-
ic Domain was finally thrust upon the Danubian
Domain, thus producing the large-scale struc-
tural make-up of the Southern Carpathians. The
thrusting phase resulted in regional emergence,
volcanism, mountain building and, once the ma-
jor compression ceased, local collapse of the
over-thickened crust that produced depressions
within the newly formed orogen. These rapidly
subsiding depressed areas were filled with sedi-
ments derived from erosion of the uplifting near-
by mountain ranges, entombing within these sed-
iments traces of the continental ecosystems that
occupied the newly formed drylands, including

fossils of the dinosaurs of the Hateg Country.

It was not until the Miocene that seawater in-
vaded again, for a short time. Connected to the
large interior seaway of Paratethys that once
extended from Central Europe to western Chi-
na, these shallow and warm seas left behind
fossil-rich sandstones, shales, and limestones,
only to withdraw shortly after. Finally, during
the Quaternary, glaciers advancing from the
surrounding mountains deeply carved the land-
scape and left behind swathes of coarse silici-
clastics, while in the late Pleistocene, almost
modern humans were setting up their shelters in
caves situated just outside the Geopark, in the
territory of the Gradistea Muncelului-Cioclovi-
na Natural Park.

Land of the Dinosaurs: The Hateg Island

The end of the Cretaceous marked an import-
ant turning point in the evolution of the Hateg
Country region when it was uplifted and became
dry land. It should be emphasized that this uplift
was progressive, as was also the withdrawal of
the sea (Vremir ef al. 2014), and neighboring
areas in the Transylvanian Basin, the Panno-
nian Basin and Eastern Carpathians remained
submerged well after the Cretaceous-Paleogene
boundary. This means that the uplifted areas
(Apuseni Mountains, parts of the Transylvanian
Basin as well as the Southern Carpathians that
host the Hateg Basin) were still surrounded by
marine waters, sometimes at least several hun-
dred meters deep and hundreds of km wide. They
were thus isolated as islands along the northern
fringes of the Neo-Tethys (Benton et al. 2010),
parts of a west-to-east trending archipelago that
marked this tectonically active area of conver-
gence between Europe and Africa (Csiki-Sava
et al. 2015). The famous paleontologist, Baron
Franz Nopcsa (1914, 1915, 1923a) was the first
to recognize the unique, insular qualities of the
Hateg dinosaurs, and his views were upheld by
most subsequent studies (e.g. Weishampel et al.
1991, 2010; Benton et al. 2010), except Jianu
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& Boekschoten (1999) and Krause et al. (2020)
gave dissenting views.

Based on reasonable estimates, the Hateg Island
(or Transylvanian Landmass) reached an area of
about 80,000 sq km, roughly the size of Hispanio-
la (Haiti) (Benton et al. 2010), following the ma-
jor withdrawal of the seas. Part (and result) of the
Europa-Africa convergence zone, it was at least
locally volcanically active, as witnessed by thick
piles of volcaniclastic and pyroclastic deposits
in the westernmost part of the Hateg Basin (near
Densus and Raéchitova; the ‘lower member’ of
the Densus-Ciula Formation; Barzoi & Seclaman
2010) and in the neighboring Rusca Montana Ba-
sin (e.g. Dinca 1977), as well as by the mainly
andesitic volcanic edifices and corresponding plu-
tonic bodies of the Apuseni-Banat-Timok-Sred-
negorie magmatic belt that line the western parts
of the Apuseni Mountains and Southern Carpath-
ians (Popov et al. 2002). At least locally, there is
evidence that the volcanic activity was synchro-
nous with the colonization of the island by plants
and animals (Csiki-Sava et al. 2016; Popa et al.
2016), whereas rare volcanic tuff levels, as well
as reworked, slightly altered andesitic lithoclasts
are also present in the overlying, mainly siliciclas-
tic, fossiliferous uppermost Cretaceous deposits as
well (‘middle member’ and “‘upper member’ of the
Densus-Ciula Formation; e.g. Vasile et al. 2011).

However, most of the fossil-bearing uppermost
Cretaceous continental deposits lack such volcano-
genic content. These siliciclastics are represented
by a variety of red, green, brown, and gray-black
conglomerates, sandstones, siltstones and mud-
stones; the fine-grained deposits often host more
or less well-developed calcrete levels suggesting
ongoing pedogenesis. The deposits occur over the
north-western, central, and central-eastern parts
of the Hateg Basin, matching the areal extent of
the Geopark. Several largely synchronous litho-
stratigraphic units have been discriminated, such
as the Densug-Ciula Formation in the north-west-
ern part of the basin, or the Sinpetru Formation in

the central part, as well as the informally named
Pui and Raul Mare ‘beds’, all yielding vertebrate
(including dinosaur) remains (Grigorescu 1992;
Csiki-Sava et al. 2016). Their Maastrichtian age
is constrained by magnetostratigraphy (Panaio-
tu & Panaiotu 2010), marine biostratigraphy
(Melinte-Dobrinescu 2010), palynostratigraphy
(Antonescu et al. 1983; Van Itterbeeck et al. 2005)
and radiometric dating (Bojar et al. 2011).

Sedimentological analysis of the fossiliferous de-
posits shows that they are mainly fluvial in origin,
representing channel-fill (graded, often poorly
sorted conglomerates and coarse sandstones), cre-
vasse splay (medium-to fine grained, sheet-like
sandstone bodies), and floodplain (calcrete-bear-
ing purple, red and red-brown, or else greenish or
dark gray siltstones and mudstones) depositional
environments (Van Itterbeeck et al. 2004; Ther-
rien 2005, 2006; Therrien et al. 2009; Botfalvai et
al. 2021). These alluvial beds were deposited by
(and near) rivers draining the surrounding moun-
tain ranges, and they yield a rich and diverse ver-
tebrate fauna, associated with plant and inverte-
brate remains as well as trace fossils.

The most remarkable feature of this fossil assem-
blage arises from its paleogeographic setting, in
that it represents an insular ecosystem. Islands
have long been considered natural laboratories
of evolution, where evolutionary processes pro-
duce often dramatic effects on shorter timescales
compared to the mainland. Nopcsa (1914, 1915,
1923a) identified their insularity based on the
small body size of most dinosaurs, contrasting
with the much larger dimensions of their mainland
relatives, a trait he interpreted as insular dwarf-
ing, with reference to the then-recently reported
dwarfed elephants of the Mediterranean islands
(Bate 1903). Their size reduction would enable
these megavertebrates to cope with reduced food
supplies in their newly colonized island homes.
Other evidence for insular dwarfing emerged
after the time of Nopcsa through growth series
comparisons (Jianu & Weishampel 1999) and os-
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teohistological surveys (e.g. Benton et al. 2010),
which both suggest that these dinosaurs were in-
deed dwarfed (i.e. had small adult body size by
dinosaurian standards). Besides the overall small
body sizes, Nopcsa (1915, 1923a) also noted the
primitive nature of several Hateg taxa, their high
degree of endemicity, as well as the low overall di-
versity of the fauna. He linked all these features to
their purported insular habitat that functioned as a
sanctuary, shielding them from invaders, whether
competitors or predators. These ideas of Nopcsa’s
were also strongly upheld by subsequent research
(e.g. Weishampel et al. 1991, 1993, 2003, 2010;
Pérez-Garcia & Codrea 2018).

The history of discovery and research of these
Hateg fossils has been reviewed by Grigorescu
(2010), and the fossils themselves and their sedi-
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mentary environments by Csiki-Sava et al. (2015,
2016). Here, we will highlight the significance of
the fossil assemblages as a basis for developing
the Geopark's interpretation strategy. We consider
interpretation as an educational activity to gain the
support and participation of local people and tour-
ists in geoconservation activities, based on knowl-
edge and understanding of local values. The re-
sults of scientific research and the paleontological
sites related to dinosaurs are combined with other
natural and cultural heritage assets to develop a
network of thematic trails, with small museums
and sites offering visitors the chance to travel in
space and time.

We consider four key areas (Fig. 1): the Sibigel
Valley near Sanpetru, in the center of the Hateg
Basin (Fig. 1, area A); the surroundings of Valio-
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Figure 1. Map of the Hateg Country UNESCO Global Geopark, showing main attractions and facilities; main fossiliferous

localities discussed in the text are highlighted as turquoise polygons, and marked A) Sanpetru, B) Valioara, C) Tustea, and D)

Pui. Inset shows the position of the Geopark within Romania (Map credit — Hateg Country UNESCO Global Geopark, Andrei

Tache).
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ara, in the northwestern part of the basin (Fig. 1,
area B); the egg-site locality Tustea, in the north
(Fig. 1, area C); and the Pui locality, in the cen-
tral-eastern part (Fig. 1, area D) of the basin.

Sanpetru: The Sibisel Valley and the Baron’s
Dinosaurs

The Sanpetru locality, lying south of Sacel and
Sanpetru villages (Fig. 1, area A), is represented
by a long exposure of strongly SW-tilted upper-
most Cretaceous continental beds, cropping out in
the sides of the low hills flanking the Sibisel Riv-
er. These deposits, dominated by yellow-brown
or green sandstones and conglomerates interbed-
ded with brownish-red, gray-green or dark gray
siltstones and mudstones, often with calcareous
concretions (Fig. 2A), were the first rocks from
the Hateg Basin to yield dinosaur and other Cre-
taceous vertebrate remains, at the end of the 19%
century (Nopcsa 1897). These fossiliferous rocks
were designated as the ‘Sinpetru sandstones’ by
Nopcsa;the Sibisel Valley succession was later
formalized as the type section of the Sinpetru For-
mation (Grigorescu 1992). Sedimentological re-
search along the Sibisel Valley showed that these
deposits were laid down in a low-relief plain by
braided rivers that created a dynamic, ever-shift-
ing mosaic of wetlands, temporal wetlands, and
better-drained, higher-lying floodplains (Therrien

;

Figure 2. Sanpetru locality. A) Out

crops of the Sinpetru Formation along the Sibisel Vaﬁey (foto credit Dan Grigorescu). B

2006; Therrien et al. 2009).

The Sibisel succession is richly fossiliferous. Ver-
tebrate fossils often occur in small-scale multi-tax-
ic bonebeds, called ‘fossiliferous pockets’ by
Nopcsa (1902a), although isolated remains are
also common. Some of these isolated bones were
described as the putative primitive bird Elopteryx
nopcsai (Andrews 1913), now recognized as actu-
ally a small theropod dinosaur (e.g. Le Loeuff ez al.
1992; Csiki & Grigorescu 1998; Fig. 2B). Elopter-
yx was the first Hateg fossil vertebrates named in
honor of Nopcsa, who was in fact a descendent
of a local noble family whose picturesque fami-
ly castle still stands in the nearby Sacel village.
These rocks along the Sibisel Valley also yielded
the type materials of three dinosaur taxa erect-
ed by Nopcsa, including the first dinosaur ever
named from the territory of Romania: the hadro-
sauroid (duck-bill) Telmatosaurus transsylvanicus
(Nopcsa 1900), alongside the rhabdodontid (basal
ornithopod) Zalmoxes robustus (Nopcsa 1902b;
Weishampel et al. 2003; Fig. 3A) and the armored
nodosaurid Struthiosaurus transilvanicus (Nopcsa
1915, 1929; Fig. 3B). The list is completed by the
primitive, basal testudinate Kallokibotion bajazi-
di (Nopcsa 1923b; Pérez-Garcia & Codrea 2018).
All four species represent survivors from much
older evolutionary stages of their clades, sort of

Exhibition in the House of Dwarf Dinosaurs at Sanpetru celebrating the predatory dinosaur Elopteryx nopcsai, whose remains

were discovered a few hundred meters to the south, in the Sanpetru fossiliferous locality (photo credit Hateg Country UNESCO

Global Geopark, Adrian Radulescu).
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‘living fossils’ of the latest Cretaceous, and at least
in the case of the herbivorous dinosaurs, they are
probable island dwarfs (Benton ez al. 2010; Osi et
al. 2014).

The Sibisel Valley section also yielded a mag-
nificently preserved skull of a multituberculate
mammal, designated as the holotype of Kogaion-
on ungureanui (Radulescu & Samson 1996); it is
the first near-complete mammal skull from the
Mesozoic of Romania, as well as from the entire

Cretaceous of Europe. The discovery of Kogaion-

on greatly expanded our knowledge of Cretaceous
mammals of Romania and Europe, following the
first report of their presence by Grigorescu (1984)
from the same Sibisel Valley beds. The impor-
tance of Kogaionon goes further, representing a
new family of multituberculates, the Kogaionidae,
characterized by unusual skull and dentition, and
identifying the true affinities of enigmatic isolated
multituberculate teeth reported previously from
the Cretaceous and Paleocene of Europe (e.g.
Pelaez-Campomanes et al. 2000). Further, togeth-
er with all the other vertebrates from the Sibisel

e o e o -

Figure 3. Iconic Transylvanian dinosaurs described by Nopcsa from Sanpetru. A) Head of the rhabdodontid ornithopod Zalmox-

es robustus, reconstruction at the House of the Geoparc, Hateg (photo credit Hateg Country UNESCO Global Geopark, Adina

Popa). B) Artistic, mosaic-technique full-sized reconstruction of the nodosaurid ankylosaur Struthiosaurus transylvanicus,

Sélasu de Sus Dinostop (photo credit Hateg Country UNESCO Global Geopark, Alicia Petresc).

Valley succession, the kogaionids are endemic to
the latest Cretaceous Hateg Island.

These outcrops along the Sibigel Valley are some
of the most accessible, and they represent one of
the focal points of Geopark’s interpretation activi-
ties. The existence of strange ‘giant’ bones’ seems
to have been known in the Sibisel valley area long
before the first scientific research, which meant
that the villagers felt the work of the ‘crazy baron’
Franz Nopcsa was cloaked in an aura of mystery.
Now, after more than a century of discoveries,
heralded nationally and internationally, the valley
has become a point of special interest for tourists
and local people. One of the first steps in geocon-
servation activities was the establishment of the

‘Sanpetru paleontological reserve’ (a category IV
site according to the IUCN ranking), followed by
the selection of a custodian in charge of protection
and guidance activities.

The ‘Dinosaur Valley’ thematic trail was later
developed to respond to the heightened interest
of tourists and local inhabitants. Based on the
Geopark’s hallmark holistic concept of ‘protec-
tion, education and sustainable development’, the
10 km long trail integrates cultural, natural and
geological assets, and fosters local community
activities. The ‘House of Dwarf Dinosaurs’ which
opens the trail is a small visiting center in Sanpet-
ru that showcases a reconstructed paleontological
dig site, illustrating the lengthy process from ex-
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cavation of bones to the full scientific and artis-
tic reconstruction of a dinosaur. A diorama of the
carnivorous dinosaur Elopteryx nopcsai (Fig. 2B),
discovered and described from the Sibisel Valley
more than a century ago, is accompanied by rele-
vant scientific explanations and other 2D artistic
reconstructions of the different Hateg dinosaurs,
including some made by the local geo-explorer
kids’ club called ‘The little friends of the dwarf
dinosaurs’. More than 30,000 tourists visited the
house and trail during the last five years, preparing
the stage for further initiatives such as the devel-
opment of the ‘Traditions House’, the School of
Dinosaurs and Crafting, the involvement of the
Santamaria Orlea Women’s Association, and the
creation of the Sanpetru Dinostop. All of these
represent integrative parts of the new geoproduct
concept developed by the Geopark.

Vilioara: Volcanoes and Flying Beasts, Large
and Small

Vilioarais asmall village located in the north-west-
ern corner of the Hateg Basin, part of the Rachi-
tova commune. It shares with the Sibisel Valley
some historically important, fossil-rich uppermost
Cretaceous continental deposits, here belonging
to the Densus-Ciula Formation. At Valioara, dino-
saur discoveries started with the fortuitous iden-
tification of their fossils at the beginning of the
20" century by field-mapping geologist O. Kadi¢,
followed by an intensive campaign of yearly ex-
cavations led by him (Kadi¢ 1916). His rather
rich dinosaur quarries were afterwards, however,
left to oblivion in this very heavily forested area,
until they were recently re-located, and their sur-
roundings surveyed by Botfalvai et al. (2021).
The Vilioara area has special research importance
because of several rich microvertebrate bonebeds,
alongside other significant fossil occurrences.

Unlike the Sibisel Valley, the area around Valio-
ara is more heavily vegetated, and partly farmed
by locals. Thus access, and especially by visitors,
is limited and almost impractical, so there are no
formally designated protected sites around the vil-

lage. However, the scientific importance of these
deposits is paramount, as they document a slight-
ly different paleo-environment, dominated by al-
luvial fans that descended from the surrounding
mountain ranges into extensive wetlands, before
the area became dominated by more stable, bet-
ter-drained (probably higher-lying) floodplains
crossed by rivers (Botfalvai et al. 2021). Further,
Vilioara is located much closer to the areas affect-
ed by explosive volcanic eruptions near the end of
the Cretaceous. Although the deposits near Valio-
ara show few signs of this volcanic activity, large
amounts of volcanic products are present, with
significantly better outcrops (Fig. 4A), slightly to
the west, around Rachitova and Densus (e.g. Bar-
zoi & Seclaman 2010).

The presence of this ancient volcanic activity, in
direct connection with the dwarf dinosaurs’ island
during the Late Cretaceous, is another important
asset for interpretation within the Geopark. The
best outcrops with volcanically-derived rocks
feature in the ‘Volcano Trail’ which connects the
two key areas of Densus and Réchitova. Along
the trail, different volcaniclastic rocks such as
volcanic bombs, base surges, accretionary lapil-
li, volcanic tuffs, and lava flows are highlighted
and briefly explained to visitors. The ‘Volcanoes
House’, located along the trail (Fig. 4B), offers an
educational and imaginary experience of the lost
world of volcanoes and dinosaurs, and showcases
diverse geological elements in close relation with
other natural and cultural assets.

Despite difficult access, uppermost Cretaceous
exposures around Valioara have nonetheless con-
tributed numerous important paleontological dis-
coveries. Based on material collected by Kadic,
Nopcsa erected two new taxa, the titanosaurian
dinosaur Magyarosaurus dacus (Nopcsa 1915;
Huene 1932) and the basal eusuchian crocodyli-
form Allodaposuchus precedens (Nopcsa 1915,
1928). Allodaposuchus, although hailed as a sur-
prisingly modern crocodilian by Nopcsa, actually
turns out to be a core member of a rather basal
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Figure 4. The land of volcanoes, at Densus, near Valioara. A) Outcrops of volcano-sedimentary deposits of the basal Den-

sus-Ciula Formation upstream of Densus (photo credit Ioana Csiki-Sava). B) The House of Volcanoes, visitor center of the

Geopark at Densus (photo credit Hateg Country UNESCO Global Geopark, Vlad Dumitrescu).

eusuchian family, one with exclusively European
membership (e.g. Narvéaez et al. 2020). In turn,
with its remarkably small body size (estimated to
about 6 m in length, and not surpassing 1 ton in
mass; Fig. 5A), Magyarosaurus soon became the
quintessential Hateg dwarf dinosaur, a suggestion
by Nopcsa, and supported by subsequent studies
(e.g. Jianu & Weishampel 1999; Stein et al. 2010).

This idea of Magyarosaurus as an emblematic
dwarf Hateg dinosaur was the focus of a nov-
el project in 2014, The Transylvanian Dinosaurs
Museum (Seghedi ef al. 2017). Two Canadian art-
ists, dinosaur sculptor Brian Cooley and painter
Mary Ann Wilson, his wife, created a full-scale
artistic reconstruction of Magyarosaurus, which
was shipped from Canada to Belgium. There, the
two artists and a movie team organized a caravan
to travel and present the reconstruction across Eu-
rope on its way to the Hateg Geopark. This two
week-long trip allowed the team to promote pa-
leontological discoveries, dinosaurs, and Roma-
nia. Events were organized near the UNESCO
headquarters in Paris (France), at the Messel Pit
UNESCO site (Germany), in the Bakony Bala-
ton Geopark (Hungary), as well as in Bucharest,
Constanta and other places in Romania, before fi-
nally arriving in Hateg. The documentary film ‘A
Sauropod Abroad’, directed by the Canadian art-
ist Anna Cooley and telling the story of this jour-

ney (see https://nonviolentfilmfestival.wordpress.
com/tag/a-sauropod-abroad/), was released in
2016 (Fig. 5B), and won four international prizes,
including Best Feature Documentary at the 2016
edition of the Bragov International Film Festival
and Market.

The Valioara region has also yielded other scien-
tifically important fossils. Venczel & Csiki (2003)
described from here fossils of two frogs, Paralato-
nia transylvanica and Hatzegobatrachus grigores-
cui. In addition, the rocks around Vilioara yield-
ed the holotype of the largest inhabitant of Hateg
Island, the pterosaur Hatzegopteryx thambema,
described by Buffetaut ef al. (2002). This be-
longs to the family Azhdarchidae, and may have
had a skull about 1.5-2 m long, and an estimated
wingspan of 10-12 m. Although the wingspan is
disputed, as the fossils are incomplete, it is clear
that Hatzegopteryx was not only a real giant on
the island of dwarf dinosaurs, but may have been
one of the largest flying animals that ever lived
on Earth. Other, more fragmentary fossils from
Vilioara suggest that it might not have been the
only dragon-sized creature to soar above the heads
of the dwarf dinosaurs and over the volcanoes of
the island (Vremir ef al. 2018). It is worth noting,
however, that not all supposedly flying animals
that lived in the Valioara region were gigantic; the
same beds that yielded the holotype of Hatzego-
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batrachus also yielded remains of a thrush-sized
bird (Wang et al. 2011). The fossils show this was
a member of the lineage leading to modern birds,
the Ornithurae, and it was the first such animal to
be described from the entire Transylvanian area,
but the remains are too incomplete to be identified
more precisely.

Just as with the dinosaurs, turtles and mammals
from Sanpetru, the new taxa from Valioara (Para-
latonia, Hatzegobatrachus, Hatzegopteryx, Mag-
yarosaurus, and Allodaposuchus) are all endemic
to the Transylvanian landmass. They thus provide
further evidence for the insularity of the entire lat-
est Cretaceous Transylvanian fauna.

Tustea: Eggs, More Eggs, Nests, More Nests,
and... Baby Dinosaurs

Lying close to the northern border of the Hateg
Basin, and of the Geopark, Tustea village belongs
to the commune of General Berthelot. Gener-
al Berthelot hosts another former Nopcsa manor
(now restored and refurbished as a local research
facility of the Romanian Academy of Sciences), as

well as one of the Geopark’s visitor centers which
was the first Romanian home of Brian Cooley’s
life-sized Magyarosaurus reconstruction (Fig.
5A). But Tustea, a small village of less than 300
inhabitants, is the real local point of scientific in-
terest.

Continental uppermost Cretaceous sediments from
the Tustea area also belong to the Densus-Ciula
Formation, but they differ from those near Valio-
ara in that they represent overall better-drained
floodplain environments, dominated by red and
purplish calcrete-bearing mudstones interbedded
with gray-greenish crevasse splay sandstones and
thick, poorly sorted, cross-bedded channel con-
glomerates and coarse sandstones (Grigorescu et
al. 2010).

The area around Tustea is also heavily overgrown
with vegetation and farmed/grazed, and the most
important local outcrop was created in the late
1980s by a fortuitous landslide. This exposed a
sedimentary succession several meters thick at the
summit of Oltoane Hill, north of Tustea, a succes-

My parents have
been building g
dinosaurs together for
over 30 years and

their relationship with F]
each other and with
their art has always

fascinated and
inspired me.

AFilm by
Anna Cooley

Figure 5. Magyarosaurus dacus, the dwarf dinosaur of Valioara. A) Life-sized reconstruction of a rearing Magyarosaurus

dacus, made by Canadian paleoartist Brian Cooley, in front of the House of Science and Arts, General Berthelot (photo credit
Hateg Country UNESCO Global Geopark, Dan Dinu). B) Poster of the documentary “4 Sauropod Abroad” featuring the

cross-European travel of the life-size replica of Magyarosaurus, presented at the Brasov International Film Festival (Romania)

in 2016, directed by Anna Cooley, and produced by Anna Cooley and Mark Allan.
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sion that yielded the first dinosaur eggs and nests
from the Cretaceous of Central and Eastern Europe
(Grigorescu et al. 1990). Although subsequently
several other egg- and nest-bearing sites were also
discovered in the Hateg Basin, within the territory
of the Geopark (e.g. Codrea ef al. 2002; Smith et
al. 2002; Grigorescu & Csiki 2008; Csiki-Sava et
al. 2018a), Tustea-Oltoane still retains a special
status for two reasons.

First, the position of the fossiliferous beds at
Tustea allowed large-scale excavations, including
using heavy machinery to remove the overburden.
This opened up several dozen square meters of the
fossiliferous strata (Fig. 6A) and revealed a genu-
ine nesting horizon with several nests (e.g. Grigo-
rescu et al. 2010; Grigorescu 2017). Further, anal-
ysis of the excavation records after most of the
excavation work at Tustea concluded showed that
there were actually two superposed nesting hori-
zons (Botfalvai et al. 2017), mirroring situations
reported at other sites such as Totesti and Nalat-
Vad, and suggesting some degree of site fidelity of
the nesting animals.

But what makes Tustea unique among egg local-
ities in the Cretaceous of Europe is the co-occur-
rence of eggs and nests with remains of neonate

dinosaurs at the same locality. This co-occurrence
came to be known as the ’Tustea puzzle’, since
whereas the eggs referred to the Megaloolithidae
appear to be of titanosaurian affinities (Grigorescu
et al. 1990), the baby remains definitively belong
to hadrosauroids (Weishampel et al. 1993; Fig.
6B). Excavation activities at Tustea ceased several
years ago (Botfalvai et al. 2017), and the former
excavation site is now abandoned, largely covered
and overgrown with vegetation, but some nests
with megaloolithid eggs from this locality are on
display in different institutions across Romania
(University of Bucharest; Geological Museum of
Romania; University of Petrosani) including, nat-
urally, the Geopark itself (Fig. 6A).

Secondly, although Tustea-Oltoane is best known
as a dinosaur nesting locality, it also yielded a large
number of other vertebrate fossils, unlike similar
nesting localities worldwide. These include type
materials of two new taxa, the madtsoiid snake Ni-
dophis insularis (Vasile et al. 2013) and the basal
neosuchian (atoposaurid or paralligatorid) croco-
dyliform Sabresuchus (‘Theriosuchus’) sympiest-
odon (Martin et al. 2010; Tennant ef al. 2016). Of
course, these taxa are endemic to Hateg Island, and
Sabresuchus also represents a significant range
extension of the genus into the latest Cretaceous,

Cc

Figure 6. Tustea, the unique dinosaur nesting site. A) Close-up of megaloolithid egg nest excavated at Tustea, now on display
at the House of Science and Arts, General Berthelot (photo credit Hateg Country UNESCO Global Geopark, Dan Dinu). B)
Incomplete Telmatosaurus transylvanicus baby dentary discovered at Tustea, associated with the megaloolithid eggs (photo
credit Zoltan Csiki-Sava). C) Artistic reconstruction of the life at the Tustea nesting site about 68 million years ago; a pair of
Telmatosaurus protecting its nest from a pack of harassing small bird-like theropod dinosaurs (image credit Hateg Country
UNESCO Global Geopark, Theodora Niculescu).
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being another living fossil of its age. Finally, it is
worth mentioning that Tustea-Oltoane is the only
locality in the Geopark that yielded definite fossils
of an iconic Romanian dinosaur, the double sick-
le-clawed Balaur bondoc (Brusatte et al. 2013).
This taxon is otherwise described from deposits
of roughly similar age around Sebes-Alba (Alba
County) in the southwestern Transylvanian Basin,
and which were deposited on the same Hateg Is-
land (Csiki et al. 2010).

The ‘House of Science and Art’ located in Gener-
al Berthelot, was already mentioned as the home
of the life-sized Magyarosaurus replica. Further-
more, this space hosted through the years different
paleontology- and art-themed exhibitions, dedi-
cated to paleontological discoveries and Earth ma-
terials. A new exhibition to present in more detail
the Tustea discoveries is currently in preparation.

Pui: The Mammalian Treasure Trove

The last locality, Pui, is also the most peculiar. Un-
like most dinosaur sites around the world, it is lo-
cated in (and restricted to) the active riverbed and
immediate shores of the picturesque Barbat River
(Fig. 7A) that flows from the Retezat Mountains
northward until it discharges into the Strei River
(the main river-course through the Geopark) near

Pui. The exposure of uppermost Cretaceous con-
tinental deposits extends from Pui village south-
wards for a few hundred meters, but it is dynamic,
continuously and actively eroding, with a high
level of probability that fossils may be eroded and
destroyed before recovery. The number of fossils
discovered at this locality is outstanding, as is of-
ten their state of preservation, ranging from asso-
ciated specimens (even partly articulated incom-
plete skeletons) to small-sized, delicate skulls. The
deposits here are mainly brown-red to brick-red
silty mudstones, often with calcrete horizons, in-
terbedded with gray-greenish conglomeratic sand-
stones and coarse-grained sandstones (Fig. 7B)
and (very rarely) dark gray to blackish mudstones.
They are reminiscent of the deposits exposed at
Tustea, except that the calcrete levels are thicker
and more continuously developed (suggesting a
more advanced degree of pedogenesis or paleosol
formation), and the coarser-grained beds are much
better sorted. Sedimentological studies suggest
their deposition in well-drained distal floodplains
subjected to long periods of pedogenesis, and oc-
casionally incised by river courses (Van Itterbeeck
et al. 2004; Therrien 2005), in a seasonally vari-
able semiarid climate.

Several vertebrate taxa were described for the first

Figure 7. Pui fossiliferous locality. A) Outcrops of the ‘Pui Beds’ along the Barbat Valley, south of Pui (photo credit Ioana Csi-

ki-Sava). B) Details of the calcrete-bearing red silty floodplain mudstones typical for the ‘Pui Beds’, interbedded with minor

greenish channel sandstones (photo credit Zoltan Csiki-Sava). C) Close-up of the holotype dentary of the large lizard Barbat-

teius vremiri, described from Pui locality (photo credit Matyas Vremir).
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time from this locality, most representing small-
sized animals, microvertebrates living alongside
the dinosaurs. These include several normal-sized
lizards (Becklesius nopcsai, Bicuspidon hatze-
giensis: Folie & Codrea 2005), both of which rep-
resent significant temporal range extensions for
their respective genera, alongside the much larger
teiid Barbatteius vremiri (Venczel & Codrea 2016;
Fig. 7C) and the small atoposaurid crocodyliform
Aprosuchus girai (Venczel & Codrea 2019). Al-
though both Beckelesius and Bicuspidon had wide
paleogeographical distributions and are thus not
endemic to Hateg, in the Maastrichtian they are
only known from this area. Accordingly, they rep-
resent further examples of late-surviving mem-
bers, endemic relicts of more ancient (latest Juras-
sic to ‘mid’-Cretaceous) lineages. Meanwhile, the
genera Barbattteius and Aprosuchus appear to be
endemic to the Hateg Island, and Aprosuchus, like
its close relative Sabresuchus (‘ Theriosuchus’), is
also a late-surviving member of its clade.

The most intriguing and exceptional fossils from
Pui are the mammals. Several extremely well-pre-
served specimens, including almost complete
skulls and associated postcranial remains, docu-
ment kogaionid multituberculates, including the
holotypes of two new genera, Barbatodon tran-
sylvanicus (Radulescu & Samson 1986), the first
Mesozoic mammal to be named from the terri-
tory of the Geopark, but also the entire Central
and Eastern Europe, and Litovoi tholocephalos
(Csiki-Sava et al. 2018b). Besides these scien-
tifically unique specimens, rich referred material
of Barbatodon was also discovered at Pui (Csi-
ki et al. 2005; Smith & Codrea 2015; Solomon
et al. 2016) making it currently the best-known
kogaionid, and also one of the best-known lat-
est Cretaceous multituberculates (and mammals)
worldwide. The importance of the Pui locality
for Cretaceous mammalian palacontology, espe-
cially in Europe, is attested by the abundance of
fossils, whereas mammalian remains are usually
either absent or extremely rare in other areas with
Upper Cretaceous continental deposits across the

rest of Europe (Gheerbrant & Astibia 2012; Csi-
ki-Sava et al. 2015). Further, where present, these
scarce latest Cretaceous mammalian remains be-
long to either eutherians or metatherians, where-
as multituberculates seem to have been absent in
those areas. Thus, even though both Barbatodon
and Litovoi are endemic to the Hateg Island, it is
important to emphasize that the entire clade of
kogaionid multituberculates appears to have been
a Transylvanian endemic group during the latest
Cretaceous, documenting the presence of a unique
insular radiation of multituberculates in this area
before the Cretaceous-Paleogene boundary. Fur-
ther, at least Lifovoi displays some peculiar crani-
al features, especially in the size and morphology
of its brain and sensory organs, such as relative-
ly small endocranial volume and encephalization
quotient compared to its body size, as well as rath-
er well-developed senses of olfaction, hearing and
balance (Csiki-Sava et al. 2018b). These modifi-
cations have been interpreted as adaptations to its
insular environment.

The Pui locality is relatively easily accessible, but
far less rewarding for visitors compared to the
Sibisel Valley section because the exposures are
mostly underwater. Visiting the site, especially
during periods of high water from heavy rains or
snow melt in the Retezat Mountains may even be
dangerous, and is definitely not recommended. No
formally designated and conserved visitor sites
are (or can be) established at this locality because
of the actively eroding and constantly changing
riverbed geomorphology.

The Geopark — Tales of Dragons and Men

UNESCO Global Geoparks are generally bot-
tom-up constructions in unified areas where geo-
logical sites of international significance, together
with elements of the natural heritage and of the
cultural heritage, are managed with an integrat-
ed approach towards conservation, education,
geotourism, and socio-economic development.
Geoparks are territories of innovation and coop-
eration where local geodiversity is used as a re-
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source for socio-economic development. Starting
from the idea of protection of the local geological
heritage for the benefit of local communities, in
2000 four European territories created the Euro-
pean Geoparks Network (Zouros 2004; Zouros
& Veliakos 2010). This initiative then rapidly
evolved into a Global Geoparks Network (GGN)
which currently comprises 169 territories from 44
countries and is growing continuously. Since the
launch of the Geopark concept, UNESCO sus-
tained it and in 2015 adopted the new Geoscience
and Geoparks Program to celebrate Earth Histo-
ry and to promote local sustainable development
(UNESCO, 2015). Based on the same principles,
each geopark should be adapted to the unique lo-
cal socio-economic and cultural context, and aims
to play an active role at national and internation-
al level. Furthermore, each geopark is evaluated
and revalidated every four years to remain part
of this global network. The Hateg Country Dino-
saurs Geopark, later to become the Hateg Country
UNESCO Global Geopark, a UNESCO Global
Geopark Network member, was created at the be-
ginning of the millennium along the same guide-
lines of integrated management of a diverse local
heritage of natural, cultural, and immaterial assets
in the Hateg Country. It joined the GGN in 2005
and has been since revalidated several times.

The cornerstone asset of this project is the dwarf
dinosaurs discovered more than a century earlier
by Franz Nopcsa. Indeed, dinosaurs are strong at-
tractors and important assets in interpretation and
geotourism development. During the last 20 years
more than 60 areas with dinosaur-bearing sites
were transformed worldwide into attractions for
dino-tourism, and Hateg Country is one of these
(Cayla et al. in preparation). Geotourism started
to be developed in the early 1990s as a new type
of tourism and has evolved since then (Gonza-
les-Terada et al. 2017). This type of tourism of-
fers an excellent opportunity for geologists and
geo-conservationists to interpret and present to
visitors the results of their scientific research and
to generate economic impact for local communi-

ties at the same time (Frey et al. 2006). Geotour-
ism is regarded as a distinct type of sustainable
tourism, developing its tools and aiming to make
visitors explore first-hand the different geological
features of the Earth as well as their connections
to biodiversity and local culture (Newsome &
Dowling 2018). The Arouca Declaration (2011)
represents an important milestone in the process
of harmonization between different interpreta-
tions of this concept, especially between that of
the Centre for Sustainable Destinations — Nation-
al Geographic Society and those of the Geoparks.
This document recognizes the significant role
geotourism can play in sustaining and enhancing
the identity of a territory with a holistic approach
to its local values, together with the wellbeing of
its residents.

Interpretation is a key element in geoconservation
and geotourism, as well as an important part of
geopark management. In particular, interpretation
of local geodiversity needs to be connected with
the natural and cultural heritage, as an expression
of the dialogue between people and Earth. To ad-
dress such a challenge, the interpretation approach
developed in the Hateg Country Geopark is inno-
vative, and it targets several objectives.

The first objective is to build a territorial brand
combining Earth history and the history of the lo-
cal community. And as a result, Voyage through
Ages became the Geopark’s invitation addressed
to all visitors to discover the traces left by the ages:
the oldest rocks known in the area, the remnants of
the Tethys Ocean, the world of dwarf dinosaurs
from the former Hateg Island, scours and marks of
the Ice Age, but also buildings and (arti) facts of
ancient, medieval and recent people.

The second objective is to combine in an innova-
tive manner tangible and intangible heritage to tell
stories about rocks, dinosaurs, places, and people,
and to connect mythology to local geodiversity.
One such example is the permanent exhibition
in the main visitor center at Hateg, dedicated to
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‘Balaurs, Dragons and Dinosaurs’. Old legends
about ‘balaurs’ (the Romanian popular name for
dragons), the famous dragon-like Dacian battle
flag (as Hateg lies very close to the heartlands of
the ancient Dacian kingdom), and the fantastic re-
cent discovery of the predatory dinosaur Balaur
bondoc (‘stocky dragon’) are connected here with-
in an educational and touristic circuit. Paleontolo-
gists are presented as modern heroes bringing to
life beasts of the past, and new stories about their
scientific endeavor are thus becoming part of the
local culture.

The third objective aims to develop a series of
unique geo-products reflecting stories about peo-
ple and the places they inhabit, geo-products that
in the meantime are able to generate income for
the local communities (Andrasanu & Ciobanu
in preparation). The small visitor centers of the
Geopark — the House of Dwarf Dinosaurs, the
House of Volcanoes, the House of Traditions, the
House of Rocks, the House of Science and Art, and
the House of the Geopark — are examples of such
geoproducts. Six thematic trails integrate these
houses with other historical, natural, and cultur-
al assets, and allow their touristic exploitation.
Based on this model, similar approaches will be
developed for some other “houses” in the future.

Dinostops are special geoproducts developed in
local partnerships. Each dinostop is unique and
is dedicated to one local species of dinosaur, in-
tegrating three basic elements: presentation of
sound scientific data concerning this dinosaur, an
artistic reconstruction of the dinosaur itself, and a
location near a partner restaurant, coffee shop or
souvenir shop. A dinostop thus combines science
and tourism, and all the costs involved are sup-
ported by each respective dinostop partner. Three
dinostops are already in place (see Figs. 1, 3B) and
four more are yet to come.

Concluding Remarks
The Hateg region of western Romania — circum-
scribed geographically by the Hateg Basin or

Depression, and named historically as the Hateg
Country — is well-known globally for its fauna of
dwarf island-dwelling dinosaurs that lived about
70 million years ago, near the end of the Creta-
ceous Period. The importance of these dinosaurs,
however, surpasses their ‘simple’ scientific value,
as silent yet telling witnesses of a long-gone era
in Earth’s history. These dinosaurs, as unique and
weird as they and their environments were, (and
are) instrumental in conceptualizing, creating,
setting up and then running Romania’s first (and
flagship) geopark, the Hateg Country UNESCO
Global Geopark, started more than 20 years ago as
the Hateg Country Dinosaurs Geopark. In this re-
view, we briefly survey the component of the local
geoheritage represented by fossils of these latest
Cretaceous beasts (dinosaurs and their contem-
porary crocodilians, turtles, mammals, and other
critters) and by the sedimentary archives that en-
close them. We do so by focusing on their known
record in four fossil-rich areas of the Geopark, and
by highlighting the importance, uniqueness and
scientific relevance of each particular local fossil
record at regional and/or global level.

In parallel, we also emphasize the ways these el-
ements of the local geological heritage were used
in the development as well as the education and
promotion efforts of the Geopark, since dinosaurs
(or other ancient creatures living alongside them)
and their interpretation have a huge potential to
connect ancient mythology, scientific research,
education, and vivid personal experience of the
visitors. They are thus key elements in promotion
activities within the framework of the Geopark
from several points of view: (i) as elements build-
ing, focusing and cementing local identity, by
connecting local geodiversity with local identity;
(i1) as management tools, integrated within the
geopark development plan and its local partner-
ships system; and (iii) as marketing elements,
expressing an economic and market-oriented ap-
proach in geoproduct development. Most of the
geoproducts are related to dinosaurs, and through
this connection, they — strange and intriguing gi-
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ants and dwarfs that disappeared tens of millions
of years ago — play an important role in geopark
development, by associating the geopark mission
with local geodiversity and sustainable local so-
cio-economic development.
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