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Introduction
Since 2010 the Transylvanian Museum Society (Cluj-Napoca, Romania), the “Ioan
Raica” Municipal Museum (Sebeş, Romania), the University of Bucharest
(Romania), the American Museum of Natural History (New York, USA), and the
University of Southampton (UK) have collaborated on a project focused on the
vertebrate paleontology and geology of the Late Cretaceous of the Sebeş region of
Romania. The aim of this project is to better understand the peculiar dinosaurbearing faunas of the European terminal Cretaceous, which included bizarre
dwarfed and late-surviving relict species that inhabited an ancient island
archipelago.1 The most notable result of our project thus far has been the
discovery of the aberrant new dromaeosaurid theropod Balaur bondoc, a close
relative of the iconic Central Asian Velociraptor mongoliensis. The type specimen of B.
bondoc was discovered by M. Vremir, described by our joint Cluj-Bucharest-New
York team in 2010,2 and later monographed by our group.3 Here we describe a
fragmentary, but intriguing, new specimen collected during fieldwork in 2011: the
tibia of a small ornithopod dinosaur that may have been less than one year old at
the time of death.
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Geological Setting
The specimen described here, MMIRS (SN) 654,4 was discovered by D. Naish in
June 2011 during a joint fieldtrip that included many of the authors of this paper
(S. Brusatte, G. Dyke, M. Vremir, Z. Csiki-Sava). It comes from the basal-most
part of the continental Sebeş Formation (SBF), well exposed at the Petreşti-Arini
(PT) locality (Sebeş, Alba County) in the southwest Transylvanian basin. Here,
Upper Cretaceous (Campanian-Maastrichtian) sedimentary deposits form part of a
large-scale regressive cycle involving both deep - and shallow-water marine
deposits as well as continental red beds.5
The PT site is a recently exposed (2007, AHE-Sebeş) artificial outcrop
created during the construction of a hydrotechnical project (fig. 1). Six closelypositioned fossil vertebrate-bearing horizons have been identified in the basalmost
section of the Sebeş Formation (L0-L5, fig. 2), all located within a 50 m thick
paludo-fluvial sequence of latest Campanian-earliest Maastrichtian age.6 This
sequence lies conformably above the underlying marine Bozeş Formation (BOF).
The PT vertebrate assemblage includes the rhabdodontid ornithopod dinosaur
Zalmoxes (which is represented by well preserved cranio-dental, axial and
appendicular elements); freshwater pleurodiran turtles (Dortokidae); a large
pterosaur (Azhdarchidae?); and multituberculate mammals. Specimen MMIRS
(SN) 654 originated from layer 1B: a dark-red calcareous silty-claystone. From a
taphonomic point of view, layers 1 to 4 have yielded strictly autochthonous and
parautochthonous skeletal elements well preserved in a riverbank floodplain
environment.
Based on calcareous nannoplankton assemblages identified from the top of
the conformably underlying neritic-estuarian sequence,7 a lowermost Maastrichtian
age has been proposed for the portion of the section from which MMIRS (SN)
654 was discovered.8 The stratigraphically lower vertebrate layer L0 (estuarine
facies), which has yielded a large sized pterosaurian wing-bone fragment (wph2?)
and a single parautochthonous Zalmoxes specimen (incomplete femur), is most
likely latest Campanian in age (being conformly situated a few meters above the
late Campanian turbidites), and the oldest well dated Late Cretaceous vertebrate
horizon identified so far in Romania. A similar littoral to paludo-deltaic transitional
facies referred to the lower Maastrichtian Vurpăr Fm9 is known from the mouth of
the Stauini valley (Vinţu de Jos area, VS in tab.1), where numerous plant remains, a
crocodylomorph tooth10 and an indeterminate dinosaurian long-bone shaft were
collected.

MMIRS (SN) 654: “Ioan Raica” Municipal Museum Sebeş (Natural Science Collection).
Codrea et alii 2010; Vremir 2010.
6 Ibid.; Csiki-Sava et alii 2012.
7 Ramona Bălc personal communication, 2012.
8 Csiki-Sava et alii 2012.
9 Codrea, Dica 2005.
10 Nopcsa 1905.
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Fig. 1. The Petreşti-Arini site, where the new specimen MMIRS (SN) 654 was
discovered. This site is a recently opened (2007) artificial outcrop that preserves the basalmost portion of the continental Sebeş Formation (latest Campanian?-Maastrichtian, Late
Cretaceous): A: downstream section of the outcrop, 45-110 m above the base of the
formation; B: the fossiliferous layer L1B with the location of MMIRS (SN) 654, indicated
by R. Totoianu (August 2012); C: S. Brusatte and G. Dyke investigating fossiliferous layer
L4 (now covered) from where several associated Zalmoxes sp. specimens were collected
(June 2012)

Specimen Preparation
The specimen was prepared in the field by M. Vremir and final preparation was
performed by Amy Davidson at the American Museum of Natural History
(AMNH). A preparation record is held in the AMNH Division of Paleontology
database. During final preparation, the bone surface was scrubbed with a stiff
brush in tap water and remaining matrix scraped off with a carbide needle. Water
was used to improve visibility of the cancellous bone when carving off matrix from
the epiphysis. Two previous adhesive joins were taken apart, matrix was scraped
off the contacts, and the fragments were rejoined with a mixture of 3M Scotchlite®
glass microballons and Paraloid® B-72 (Rohm and Haas Company), an ethyl
methacrylate and methyl acrylate copolymer.
Specimen Description
Specimen MMIRS (SN) 654 is a partial left tibia that measures 72.7 millimeters in
preserved proximodistal length (fig. 3). This fragment includes the complete distal
end and much of the shaft. The shaft is slender and gracile. It is slightly medially
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bowed in anterior view and is anteriorly concave when seen in medial or lateral
views. The cross section at the preserved proximal end of the shaft is ovoid in
shape, 9 millimeters in mediolateral width by 10 mm in anteroposterior length. The
cross section becomes more triangular in shape distally, due to ridges on the lateral
and posterior surfaces. The lateral ridge becomes more prominent, and also shifts
slightly anteriorly, as it continues distally along the shaft before it merges with the
lateral edge of the lateral malleolus.
The distal end is expanded relative to the shaft, especially in the mediolateral
direction; it is 24 millimeters wide by 12.5 millimeters in maximum length. The
flaring of the distal end into lateral and medial malleoli is slightly asymmetrical, in
that the medial malleolus is somewhat larger than the lateral one. The lateral
malleolus extends slightly ventrally relative to the medial malleolus, and neither
malleolus is offset from the shaft by a distinct notch or inflection point. Yet, the
lateral edge of the lateral malleolus is partially eroded, so this structure may
originally have been more extensive laterally. There is a deep fossa between the
lateral and medial malleoli along the ventral edge of the anterior surface of the
tibia, which continues onto the distal end of the bone. This smooth surface which is visible in both anterior and distal views - would have articulated with the
astragalus. Immediately dorsal to this articular surface, on the anterior face of the
tibia, is a small flat region that would have been overlapped by the ascending
process of the astragalus. Lateral to this, the anterior surface of the lateral
malleolus is flat and marked by a series of proximodistally oriented striations. This
surface would have articulated against the posterior surface of the distal end of the
fibula.
The posterior surface of the tibia is marked by a conspicuous
proximodistally oriented ridge, which is positioned slightly closer to the medial
edge of the bone than the lateral edge. As a result of this ridge, the distal end of the
tibia is triangular in distal view, with the ridge and the two malleoli forming the
apices. The ridge is most prominent distally but quickly diminishes as it continues
proximally, such that it completely merges with the posterior surface and is no
longer recognizable as a discrete structure approximately 20 millimeters proximal
to the distal edge of the bone. The posterior surface of the tibia medial to the ridge
is approximately flat whereas lateral to the ridge it is concave. These appear as
straight and concave edges, respectively, when the tibia is seen in distal view.
Specimen Histology
Petrographic diaphyseal cross-sections of the tibia were prepared to examine bone
histology and infer the developmental stage of the individual at the time of death.
These sections were taken near the proximal-most preserved tip of the specimen,
where it was naturally fractured. Although fungal infestation has obscured many of
the histological details, the majority of the cortex is composed of fibro-lamellar
bone tissue with longitudinally-oriented primary vascular canals (fig. 4A). Bone
with circumferentially-oriented vascularization is present in one quadrant of the
cortex and spans approximately 13% of the circumference. Some incomplete
vascular canals are present at the periosteal surface, thereby giving it a scalloped
630

An Infant Ornithopod Dinosaur Tibia from the Late Cretaceous of Sebeş

profile (fig. 4B). Trabecular bone lines the walls of the medullary cavity and
occupies the majority of the cross-sectional area. The hollow medullary cavity and
the bone cortex each compose 15-20% of the diameter. Secondary osteons, growth
lines (e.g. lines of arrested growth, annuli), and changes in vascular/fibrillar pattern
nearer the periosteal surface are absent. Collectively, this suggests that the MMIRS
(SN) 654 was a young, rapidly growing individual at the time of death, and was
perhaps less than a year old. Notably, the vascularization pattern composed of
longitudinal and circumferential primary vascular canals resembles the histological
features observed in the mid-diaphyseal femoral sections of a juvenile Tenontosaurus
figured by Werning11, although the canals are less dense in MMIRS (SN) 654.
However, another femoral section of Telmatosaurus figured by Benton et alii12
exhibits sub-plexiform bone texture, which is distinct from the fibro-lamellar
texture in MMIRS (SN) 654.
Specimen Identification
Although specimen MMIRS (SN) 654 is incomplete, the presence of several
anatomical characters allows us to determine its phylogenetic affinities and
identification. First, the size and general shape of the bone are suggestive of its
dinosaurian nature. The distal end of the tibia is subrectangular and transversely
expanded and has a distinct lateral malleolus, which are characteristics of dinosaurs
and their closest relatives.13 Furthermore, the facet on the anterior surface of the
distal tibia indicates that an astragalar ascending process would have been present,
also a feature of dinosaurs and close relatives.
When compared to dinosaur taxa previously reported from the Haţeg
Basin14 and its surroundings,15 MMIRS (SN) 654 is not similar to the tibiae of
nodosaurids, which are heavily built, robust, and have a massive distal end.16
Furthermore, it is dissimilar to the tibiae of sauropods, which are only weakly to
moderately expanded mediolaterally at the distal end, somewhat club-like, and have
a reduced medial malleolus.17 Superficially, MMIRS (SN) 654 shows similarities
with the tibiae of small and/or juvenile theropods, which are often gracile, are
expanded mediolaterally at the distal end, and have distinct lateral and medial
malleoli. A large number of theropod taxa have been reported from the
Transylvanian Upper Cretaceous, but most of these are based solely on teeth18.
Among Transylvanian theropods, associated skeletal remains, including a tibia, are
known only for the dromaeosaurid Balaur bondoc19, while isolated distal tibiae have
also been reported for the controversial taxa Heptasteornis and Bradycneme.20 In all of
Werning 2012, figure 5A.
Benton et alii 2010.
13 Benton 2004; Brusatte et alii 2010; Nesbitt 2011.
14 Weishampel et alii 2010.
15 Codrea et alii 2010.
16 Vickaryous et alii 2004.
17 Upchurch et alii 2004.
18 Csiki, Grigorescu 1998; Codrea et alii 2002.
19 Csiki et alii 2010.
20 Naish, Dyke 2004; Csiki et alii 2010.
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these cases, the tibiae are fused to the proximal tarsals to create a tibiotarsal bone,
whose ginglymoid distal articular surface is distinctly different from that seen in
MMIRS (SN) 654. Although it is possible that MMIRS (SN) 654 lacks tibiotarsal
fusion because of its early ontogenetic stage, there are no known examples of a
theropod taxon lacking a ginglymoid articular surface as a juvenile but gaining one
later in adulthood. Therefore, MMIRS (SN) 654 cannot be assigned to any
currently known Transylvanian theropod. A theropod affinity is furthermore
unlikely because theropods usually have a lateral malleolus that is offset from the
shaft by a distinct inflection point and lack the deep, notch-like articular surface for
the astragalus that encroaches onto the anterior surface of the distal end of the
tibia.
MMIRS (SN) 654 does, however, exhibit marked similarities to the tibiae of
the Transylvanian ornithopods Zalmoxes and Telmatosaurus. The tibiae of both taxa
are fortunately well-known because they are represented by several specimens,21
including a partial ontogenetic series for Telmatosaurus.22 This wealth of information
enables a detailed comparison between small and large individuals of these taxa
and the new specimen MMIRS (SN) 654. The shaft of MMIRS (SN) 654 is slightly
laterally bowed in anterior view, a feature reminiscent of the tibiae of Zalmoxes, but
differing from the straight tibiae of Telmatosaurus. The pattern and degree of
expansion of the distal end is also similar to the condition in Zalmoxes, in that the
medial margin is continuously and smoothly arched with no inflection point
separating it from the shaft. In contrast, an inflection point is present in both
neonate and adult tibiae of Telmatosaurus (and also in other derived hadrosauroids,
such as in Charonosaurus).23 The histology of the new specimen is also most
consistent with Zalmoxes, as it is nearly identical to the histology of a small Zalmoxes
femur described by Benton et alii, but does not exhibit the plexiform vascularizaton
pattern seen in femoral histological sections of Telmatosaurus.24 Although the
possible comparisons are limited, the above observations suggest that MMIRS
(SN) 654 is most probably referable to the rhabdodontid ornithopod Zalmoxes.
Two species of Zalmoxes are currently known from the Upper Cretaceous of
Transylvania. The tibia of Zalmoxes shqiperorum can be differentiated from that of Z.
robustus by being more gracile and less laterally bowed.25 Despite the incomplete
nature of MMIRS (SN) 654, it appears to be more similar to the morphology
described for Z. shqiperorum than that known in Z. robustus, suggesting that the
Petreşti specimen belongs to Z. shqiperorum. With that being said, we acknowledge
that this identification is very tentative, because the general rarity of early juvenile
stage tibiae of Zalmoxes (especially those referable to Z. robustus) makes
comparisons difficult.
The small tibia from Petreşti is greatly similar, both in its relative
proportions and its morphological features, to that of a juvenile Zalmoxes specimen
Weishampel et alii 2003; Godefroit et alii 2009.
Grigorescu, Csiki 2006.
23 Godefroit et alii 2001.
24 Benton et alii 2010.
25 Godefroit et alii 2009.
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from Vălioara (Haţeg Basin), described by Weishampel et alii26 and referred by
them to Z. shqiperorum LPB (FGGUB) R.1087 (fig. 5). Nevertheless, MMIRS (SN)
654 is significantly smaller than (about 55% the size of) the Vălioara tibia. Based
on direct comparisons with LPB (FGGUB) R.1087, which is complete and 171
mm long, the estimated total length of MMIRS (SN) 654 would be around 94 mm.
This makes MMIRS (SN) 654 the smallest ornithopod tibia reported so far from
the Transylvanian area, with the exception of the definitively neonate, baby
hadrosauroid remains from the Tuştea nesting site. Its diminutive size - the
smallest ever recorded, to our knowledge, in any rhabdodontid specimen - is
concordant with our histological data identifying the individual represented
MMIRS (SN) 654 as being a very early juvenile (see also below).
Discussion
Implications for Understanding Dinosaur Dwarfism and Ontogenetic Changes:
Because the new specimen MMIRS (SN) 654 is so small and young it does not
contribute any substantial new information on ornithopod dwarfism. Yet it may
contribute, however, to our understanding of the tempo, mode, and timing of
ontogenetic development in the endemic European ornithopod clade
Rhabdodontidae.
The bone histology of MMIRS (SN) 654 clearly suggests that the individual
was very young at the time of death, possibly less than one year old. It contrasts
with long bones of the closely related, somewhat dwarfed rhabdodontid
ornithopod Mochlodon from Hungary and Austria, which, despite their diminutive
sizes, exhibit osteohistological characteristics commonly associated with somatic
maturity, including smaller sized lacunae, secondary bone remodeling, and the
presence of external fundamental system (EFS) with tightly spaced growth lines
near the bone periphery.27 Even the smallest individuals included in the
rhabdodontid sample surveyed by Ősi et alii28 (e.g., MTM V 01.101, a tibia that is
148 mm long) are markedly larger than the individual represented by the new tibia
MMIRS (SN) 654. Although some results of the Ősi et alii survey are still difficult
to interpret (such as the conflicting association between smaller absolute body size
and more advanced ontogenetic stage suggested by osteohistology, reported in
several specimens), it is clear from both its absolute size and osteohistological
characteristics that the Petreşti specimen represents a less advanced ontogenetic
stage than documented thus far in the rhabdodontid clade.
The Vălioara tibia LPB (FGGUB) R.1087 was not sampled histologically,
but histologic data is available for its associated femur LPB (FGGUB) R.1088. As
in the new tibia MMIRS (SN) 654, longitudinal canals are present in the cortex of
the femur. These vascular canals extend to the bone periphery, suggesting that
active bone growth was occurring at the time of death.29 However, features of the
osteohistology of LPB (FGGUB) R.1088 indicate a more advanced ontogenetic
Weishampel et alii 2003.
Ősi et alii 2012.
28 Ibid.
29 Benton et alii 2010.
26
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stage than that of MMIRS (SN) 654, including bone remodeling in the inner cortex
of the bone.30 Another femur assigned to Z. robustus LPB (FGGUB) R.1387 shows
dense remodeling across the inner and middle cortex and a total of eleven reported
growth lines, indicating an even later ontogenetic stage for the individual.
Based on the estimated body length of the juvenile Zalmoxes specimen LPB
(FGGUB) R.1087,31 the young Petreşti individual would have been only around
65-70 cm long if isometric growth is assumed. Due to the ambiguous species-level
classification of MMIRS (SN) 654 and dearth of somatically mature specimens of
Zalmoxes, the body size of fully grown individuals is uncertain (previous estimates
ranging from 2.5 m32 to 4.0-4.5 m33). In addition, the lack of growth lines in
MMIRS (SN) 654 prevents growth rates from being inferred and compared to
growth rates in other rhabdodontid specimens. Age estimates and size indices (e.g.,
body size estimates) would allow construction of life history curves for dwarf
rhabdodontids, which could be compared to those of other ornithopods.
However, such work is outside the scope of this paper. With such data, the present
specimen, as the youngest rhabdodontid specimen yet reported, could provide a
critical data point that affords insight into heterochronic processes (i.e., neoteny,
post-displacement, progenesis) that may have led to dwarfism in several
rhabdodontid taxa.
The Distribution of Zalmoxes in Romania
In the latest Campanian?-Maastrichtian continental deposits of Transylvania,
ornithopod dinosaurs are represented by the hadrosauroid Telmatosaurus and the
more common rhabdodontid Zalmoxes.34 Specimens referable to either Zalmoxes
robustus or Z. shqiperorum are known from more than 24 localities from the
Maastrichtian Sînpetru and Ciula-Densuş formations in the Haţeg Basin,
distributed in various channel, overbank, and floodplain facies.35 Recently, Zalmoxes
was recorded in the Maastrichtian of the northern Transylvanian basin in the Jibou
area,36 as well as in the Rusca Montană Basin,37 in red overbank facieses.
Zalmoxes is also well represented in the Upper Cretaceous terrestrial deposits
of the Sebeş area; all known occurrences in this area are listed in Table 1. Nopcsa38
was the first to identify Zalmoxes specimens (at that time referred to Mochlodon) in
the Sebeş area, at Vurpăr (the type locality of Z. shqiperorum). More recent field
studies indicate a wider stratigraphic and geographic distribution for Zalmoxes on
both sides of the Mureş passageway, as specimens of this taxon can be confidently
identified at 9 vertebrate localities, spanning the whole terminal Cretaceous

Ibid.
Ősi et alii 2012.
32 Ibid.
33 Benton et alii 2010.
34 Codrea et alii 2010.
35 Weishampel et alii 2003.
36 Codrea, Godefroit 2008; Codrea et alii 2010.
37 Codrea et alii 2009; Codrea et alii 2012.
38 Nopcsa 1905 (type material housed in BMNH London; Weishampel et alii 2003).
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continental succession in Romania (Tab. 1).39 This list now includes the PetreştiArini site, where the small tibia MMIRS (SN) 654 was found.
Frequency of Zalmoxes
Regarding the frequency and relative abundance of Zalmoxes in the Sebeş area, two
vertebrate fossil sites are worthy of mention. The classic Nopcsa site at Vurpăr
(near Vinţu de Jos) exposes the basal portion of the Romanian uppermost
Cretaceous continental succession. This relatively small outcrop has until now
provided more than 100 identified specimens referable to Zalmoxes (60% NISP), of
which one third belongs to four partial skeletons (including the holotype of Z.
shqiperorum). About half of the isolated specimens and two partial skeletons (again,
50%) assigned to this taxon represent young/subadult individuals. Interestingly,
the only other dinosaurian taxa identified here are the basal nodosaurid
Struthiosaurus transylvanicus (two partial skeletons and several other isolated
postcranial and armor elements)40 and a possible small theropod.41 The absence of
sauropod or hadrosaurid dinosaur remains is notable, and may be the result of
their particular paleoecology (these taxa were present in the area during the time of
deposition, but did not frequent the local environment on account of their
ecological preferences), paleobiogeography (sauropod and hadrosaurid dinosaurs
did not live in the area during the deposition of the Vurpăr deposits), age
differences between the different localities (sauropods and hadrosaurids colonized
the Transylvanian region only after the deposition of the basal part of the
continental succession), or sampling biases (we have yet to record these taxa even
though they existed in this region).
The second, more restricted site where Zalmoxes is relatively well represented
is Petreşti-Arini, the site where the small tibia MMIRS (SN) 654 was found, and
which exposes the basal-most portion of the Romanian terminal Cretaceous
continental succession. Zalmoxes is represented here by several cranio-dental, axial
and appendicular elements, including isolated frontal and parietal, teeth, vertebrae,
femurae, closely associated rib, coracoid and tibia (possibly belonging to one
individual); and the juvenile tibia MMIRS (SN) 654 described here. These represent
roughly 75% of the identified specimens from the site. A preliminary ontogenetic
evaluation indicates that half of the Zalmoxes specimens (MNI=6) were young or
subadult animals (as in Vurpăr). However, MMIRS (SN) 654 is the only extremely
small, early-stage juvenile specimen (an animal a few years of age or younger)
known so far from the Sebeş area, and indeed, from the whole Transylvanian
region.

Vremir 2001, unpublished MSc Thesis (materials collected between 1999 and 2001); Codrea et alii
2010; Jipa 2012, unpublished PhD Thesis.
40 Codrea et alii 2010.
41 Therrien et alii 2002 (this material was never published or figured and its identity remain
problematic).
39
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Fig. 2. Stratigraphic log of the uppermost Campanian-lower Maastrichtian at the
Petreşti-Arini site (base of the Sebeş Formation), where the new specimen MMIRS (SN)
654 was discovered. See the text for a brief description of the fossiliferous layers (labeled as
L0, L1, L2, L3, and L4). The arrow on the right denotes the point in section where the new
tibia specimen was discovered. The double-headed arrow on the left indicates the
hypothesized position of the Campanian-Maastrichtian boundary. The x axis on the
bottom denotes grain size, ranging from mudstone-claystone on the left to conglomerate
on the right

636

An Infant Ornithopod Dinosaur Tibia from the Late Cretaceous of Sebeş

Fig. 3. Specimen MMIRS (SN) 654, a partial left tibia of the basal euornithopod
Zalmoxes cf. Z. shqiperorum, from Petreşti-Arini, in anterior (A), posterior (B), lateral (C),
medial (D), and distal (E) views. In E the anterior surface is towards the bottom of the
image. Scale bar equals 1 cm. Photos by Mick Ellison

Fig. 4. Transverse histological thin sections of specimen MMIRS (SN) 654,
sampled along the proximal diaphysis of the bone near the proximal-most preserved tip
(fractured end) of the specimen. Scale is 1,000 microns and 500 microns in B
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In all other listed sites in Table 1, which cover mainly the middle and upper
portions of the southwestern Transylvanian continental succession, Zalmoxes
specimens are relatively rare (NISP 5-20% of local faunas). The significance of this
distributional pattern is as yet poorly understood, but it is certainly worthy of more
detailed investigation.

Fig. 5. Specimen LPB (FGGUB) R.1087, a left tibia (with associated astragalus) of
the basal euornithopod Zalmoxes (Z. shqiperorum), from Vălioara (Haţeg Basin) (see
Weishampel et alii 2003), in anterior (A), posterior (B), lateral (C), medial (D), proximal (E),
and distal (F) views. In F the anterior surface is towards the top of the image. Scale bar
equals 5 cm
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Tibia unui pui de dinozaur ornithopod din Cretacicul superior de la Sebeş, Romania
(rezumat)
Faunele de dinozauri Cretacic târzii din Transilvania sunt printre cele mai ieşite din comun la
scară globală, în principal prin prezenţa a numeroase specii relictuale şi pitice. Prezenta contribuţie
descrie un element scheletic fragmentar, dar interesant, aparţinând unui astfel de dinozaur: o recent
identificată tibie parţială a unui ornithopod de talie mică. Specimenul a fost decoperit în 2011 în
succesiunea inferioară, Maastrichtian bazală, a Formaţiunii de Sebeş ce aflorează în situl Petreşti-Arini
lângă Sebeş, judeţul Alba, România. Caracteristicile diagnostice ale tibiei includ: capătul distal lăţit
transversal, cu condilul lateral extins uşor distal faţă de cel medial; lipsa unei deviaţii excesive (laterale
sau mediale) ale condililor articulari; prezenţa unei creste puternice pe faţa posterioară a capătului
distal şi existenţa unei fosete adânci pe faţa distală a capătului distal, fosetă extinsă şi pe faţa anterioară
a acestuia. Trăsăturile menţionate nu sunt caracteristice pentru dinozaurii nodosauride, sauropode sau
theropode cunoscute anterior din Cretacicul târziu din România, dar apar la cele două genuri de
ornithopode din Transilvania: Zalmoxes şi Telmatosaurus. Arcuirea laterală a diafizei tibiale, precum şi
conturul continuu al marginii mediale, la contactul dintre diafiză şi condilul medial, sunt trăsături
cunoscute anterior la Zalmoxes, sugerând că tibia de la Petreşti-Arini poate fi atribuită acestui taxon,
posibil pitic, de ornithopod rhabdodontid. Studiul osteohistologic al specimenului arată că exemplarul
de la care provine tibia era într-un proces rapid de creştere somatică şi probabil avea mai puţin de un
an în momentul morţii. Atât dimensiunile absolute, cât şi caracterele osteohistologice ale
specimenului sugerează că acesta reprezintă cel mai tânăr (imatur din punct de vedere ontogenetic)
exemplar de Zalmoxes cunoscut. Descoperirea specimenului descris a oferit şi oportunitatea
reexaminării distribuţiei şi frecvenţei genului Zalmoxes în Cretacicul superior transilvan. Această
analiză a demonstrat că specimene atribuibile acestui gen pot fi identificate cu grad înalt de certitudine
în nouă localităţi de vertebrate fosile, distribuite pe întreaga succesiune stratigrafică a Cretacicului
terminal continental din România, fiind deosebit de abundente în câteva dintre aceste localităţi.
Explicaţia figurilor
Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.
Fig. 5.

Situl de la Petreşti-Arini, unde a fost descoperit specimenul MMIRS (SN) 654. Situl
corespunde unui afloriment artificial deschis recent (2007) prin devierea râului Sebeş, şi
expune secţiunea bazală a Formaţiunii de Sebeş (Cretacic superior, Campanian superior?Maastrichtian). A: secţiunea aval a deschiderii, 45-110 m deasupra limitei inferioare a
formaţiunii; B: nivelul fosilifer L1B cu localizarea specimenului MMIRS (SN) 654, indicat
de R. Totoianu (august 2012); C: S. Brusatte şi G. Dyke investigând nivelul fosilifer L4 (în
prezent acoperit), de unde au fost colectate mai multe resturi fosile atribuite genului
Zalmoxes (iunie 2012).
Profilul stratigrafic al Campanianului superior-Maastrichtianului inferior din situl de la
Petreşti-Arini (baza formaţiunii de Sebeş), unde a fost descoperit specimenul MMIRS (SN)
654. Vezi textul pentru descrierea sumară a nivelelor fosilifere (marcate L0, L1, L2 L3 şi
L4). Săgeata din dreapta indică poziţionarea în profil a specimenului nou descoperit.
Săgeata dublă din stânga indică limita presupusă dintre Campanian şi Maastrichtian. Pe axa
x din partea de jos se indică caracteristicile granulometrice ale depozitelor, variind de la
argile (în stânga) până la conglomerate (în dreapta).
Specimenul MMIRS (SN) 654, tibie stângă incompletă aparţinând euornithopodului bazal
Zalmoxes cf. Z. shqiperorum, de la Petreşti-Arini, în vedere anterioară (A), posterioară (B),
laterală (C), medială (D) şi distală (E). În E faţa anterioară este orientată în jos. Scara
reprezintă 1 cm. Fotografii de Mick Ellison.
Secţiune histologică transversală a specimenului MMIRS (SN) 654, probat pe zona
proximală a diafizei - porţiunea fracturată). Scara = 1000 microni în figura A, respectiv 500
de microni în figura B.
Specimenul LPB (FGGUB) R.1087, tibia stângă (asociată cu astragalul) al euornithopodului
bazal Zalmoxes (Z. shqiperorum) de la Vălioara (Bazinul Haţeg) (vezi Weishampel et alii 2003),
în vedere anterioară (A), posterioară (B), laterală (C), medială (D), proximală (E) şi distală
(F). În figura F, faţa anterioară este orientată în sus. Scara = 5 cm.
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Tab. 1.

Distribuţia şi frecvenţa relativă a genului Zalmoxes în depozitele Cretacice superioare din
zona Sebeş.
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Locality

PetreştiArini
(PT)

Cuptorul
ui hill
(DC)

Vurpăr
(VP)

Stratigraphic
unit

Age

Top Bozeş
Fm. (layer 0)

Latest
Campanian

Base Sebeş
Fm.
(layers 1-5)

LatestCampanian? Earliest
Maastrichtian

“Şard” Fm.
lower section

Early
Maastrichtian

“Şard” Fm.
lower section

Early
Maastrichtian

SebeşGlod
(SbG/
A-D)

Sebeş Fm.
mid-lower
section

Late-early?
Maastrichtian

La Cutină
(Dl.FeţiiDF)

Sebeş Fm.
middle
section

Late-early?
Maastrichtian

Lancrăm
(LcB)

Sebeş Fm.
middle
section

Late-early?
Maastrichtian

Depositiponal environment
Brackish estuarian facies;
Tidal flat; (siltstone); Level
0
Fluvial; moderately to well
drained overbank facies;
dark red silty calcareous
claystone; purple mudstone
Fluvial; well drained
overbank facies; red
calcareous claystone; sandysilty pointbar facies
Fluvial; well drained
overbank facies; dark red to
brownish red calcareous
bioturbated sandy claystone,
mudstone; bluish-gray
siltstone
Fluvial: moderately and well
drained overbank facieses;
brownish-red, dark-red silty
calcareous claystone; purple
mudstone; pinkish-gray to
bluish-gray silty-sandstone
Fluvial: well drained
overbank facieses;
brownish-red silty claystone
Fluvio-paludal: bluish-gray,
dark- gray mudstone; sandypebbly cross-laminated
channel fills; crevasse splay;

Materials, skeletal elements,
ichnites, ontogeny (J=juvenile;
S=subadult; A=adult)

Frequency (Vr=vary rare; R=rare;
F=frequent;
relative % NISP -macrovertebrates);
Associated vertebrate taxa:

Z. robustus?
nearly complete femur A?

Vr
50%

Pterosauria indet. (Azhdarchidae, large size) Vr

Z. sp (Z. shqiperorum?).
Fragmentary cranio-dental;
isolated or associated axial and
apendicular elements J, S, A

F
60%

“Muehlbachia” (Dortokidae) Co; Ornithopoda indet.
Co; Multituberculata (Kogaionidae? indet. –small
morph) Vr

Z. sp.
fragmentary vertebrae A?

R

Kallokibotion -basal Testudines Co; ‘Muehlbachia’
Dortokidae R;
Struthiosaurus? Vr; Dinosaurian footprints
(?Hadrosaurichnus)

Z. shqiperorum type: partial
skeleton A;
Z. sp. : 3 partial skeletons A, S;
teeth, fragmentary axial,
appendicular elements S, A

Ab
60%

Allodaposuchus precedens R; Kallokibotion sp. R;
“Muehlbachia nopcsai” (Dortokidae) Co; Struthiosaurus
transylvanicus Co;
Theropoda indet. Vr; Aves indet. Vr

Z. sp. disarticulated, mostly
fragmentary axial and
apendicular elements A?

R
5%

Allodaposuchus Co; Crocodylomorpha indet. R;
Kallokibotion sp. Co; Dortokidae Co; Pterosauria,
Azhdarchidae(Eurazhdarcho langendorfensis); cf.
Hatzegopteryx sp. R;
Titanosauria (Magyarosaurus) Co; Hadrosauria
(Telmatosaurus) R;
Theropoda (Balaur bondoc) R; Dinosauria indet. Ab;
Avialae indet. Vr, Multituberculata (cf. Barbatodon sp.)
Vr.

Z. sp. isolated vertebra A?

R

Dortokidae (“Muehlbachia”) R; Kallokibotion? R;
Dinosauria indet. R

Z. sp. isolated fragmentary
limb bones (scapula, humerus,
radius, etc). A?
pair of footprints reffered to

R
10%

Kallokibotion? sp. Vr; Allodaposuchus R; Titanosauria
(Magyarosaurus) Co; Hadrosauroidea (Telmatosaurus)
R; Dinosauria indet. R;
footprints (Iguanodontichnus) Vr
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Co=common;

point-bar; coarse channel
lags; occasional reddish
overbank facies

Oarda de
Jos
(OdA,B)

Sebeş Fm.
middle
section

Late-early?
Maastrichtian

Râpa
Roşie
(RR)

Sebeş Fm.
upper section

Late?
Maastrichtian

Râpa
Lancrăm
(RL)

Sebeş Fm.
upper section

Late?
Maastrichtian

Fluvio-paludal: overbank,
brownish-red silty claystone,
sandy-pebbly channel fills,
crevasse splays; bluish-gray
siltstone-mudstone
Fluvial: cross laminated
sandy-pebbly shallow
meandering channel
facieses; mainly red
overbank claystonemudstone
Fluvial: cross laminated
sandy-pebbly shallow
meandering channel
facieses; overbank red
claystone

Zalmoxes? A?

Z. sp. isolated teeth; mostly
fragmentary axial and
appendicular elements
(humerus, femur) fragmentary
ischium A

F
10%

Lepisosteidae; Characiforme F; Albanerpeton Co;
Discoglossidae Co; Squamata Co; cf. Acynodon sp.
R; Doratodon sp. R;
Allodaposuchus precedens F; Kallokibotion sp. R;
Dortokidae Co; Pterosauria indet. Vr; Titanosauria
(Magyarosaurus?) R;
Telmatosaurus transsylvanicus R; Theropoda indet. Vr;
Enantiornithidae indet. R; Multituberculata
(Kogaionidae indet.) R; various eggshells R

Z. sp. various fragmentary limb
bones (humerus, femora) and
vertebrae, A?

R
5%

Allodaposuchus R; cf. Doratodon Vr; Kallokibotion R;
Testudines indet. Co; Pterosauria (giant
Azhdarchoidea) R; Titanosauria (?Magyarosaurus)
Co; Nodosauridae (Struthiosaurus?) Vr; Telmatosaurus
Vr; Theropoda indet. Vr. Dinosauria indet. Co

Z. sp. fragmentary distal caudal
vertebra A?

R
20%

Kallokibotion sp. R; Titanosauria indet. (cf.
Magyarosaurus) R; Dinosauria indet. Co.

Tab. 1. The distribution and relative frequency of the genus Zalmoxes in the uppermost Cretaceous continental deposits of the Sebeş area
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