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A decade ago Bulgaria entered the list of countries
with known records of non-avian dinosaurs (Mateus
et al., 2010). Albeit exciting, these first fossil finds
remained fairly obscure and failed to spark further
research. However, one lucky find, made by a local
fossil collector in the vicinity of the town of Tran,
led to the discovery of a new fascinating fossil site
(see Nikolov et al., 2020), which has yielded a diverse Late Cretaceous tetrapod fauna (Fig. 1a–h).
Part of the collected fossil material has been studied: Nikolov et al. (2020) described putative titanosaur bone fragments, three isolated teeth were
identified as belonging to allodaposuchid crocodylomorphs by Hristova (2020), and a description of
an almost complete plastron of a bothremydin turtle is soon to enter peer-review (Hristova, in prep.).
Using palynological data, Pavlishina et al. (2019)
dated the fossiliferous rocks to the late Santonian –
early Campanian, provided information on the ecology and the climate of the environment inhabited
by the fauna, and revealed the fossil site as one of
the potentially most important tetrapod fossil sites
in Europe from that time.
Located in the Western Srednogorie Zone,
the studied locality falls within the extent of the

Rezhantsi Formation (see Nikolov et al., 2020). The
various rock types featured in the sedimentary sequences (total thickness of approx. 1000 m) were
formed in diverse paleoenvironments, starting with
deposition in nearshore-foreshore conditions in the
lower Turonian, through deposition in inner, middle, and outer shelf from the middle Turonian to the
Coniacian, followed by sedimentation on the distal
part of the continental slope during the Coniacianmiddle Santonian interval, and finally nearshoreforeshore environments once again in the upper
Santonian-lower Campanian. The preliminary results based on newly obtained geological data indicate high fluctuations of the sea level – from lagoonal through shallow and open marine environments and then fast regression of the sea level and
again lagoonal to nearshore-foreshore conditions,
where the studied fossil site was formed.
The three palynological samples studied by
Pavlishina et al. (2019) were recently subjected to
a palynofacies analysis. The study of sedimentary
organic matter and palynofacies patterns are considered to highlight a specific set of environmental
conditions, such as duration of transport, distance
to coast line, water depth, and depositional energy.
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Fig. 1. a, Left humerus in anterior view, scale bar: 10 cm; b, Complete right radius in posterior view, scale bar: 4 cm; c, Partially
preserved right ulna with missing lateral and medial processes, as well as small part of the diaphysis, in anterior view, scale bar:
4 cm; d, Caudal centrum, scale bar: 3 cm; e, Left ischium with missing distalmost extremity in lateral view, scale bar: 6 cm;
f, A putative humerus of a large pterosaur, scale bar: 8 cm; g, Left humerus of a ?turtle in anterior view, scale bar: 4 cm; h, Partial
long bone of yet indeterminate microvertebrate, scale bar: 1 mm; i, Osteohistology of an ornithopod tibia (specimen NMNHS FR
25): the outer cortex is composed mainly of bone tissues with highly organized bone matrix (the bright areas) and moderate to poor
vascularization; the zone with large radial (yellow arrow) and longitudinal (orange arrow) primary osteons probably represents a
muscle attachment site; scattered secondary osteons (white arrow) are present, as well as at least two LAGs (white arrowheads),
scale bar: 300 µm; j, Palynofacies ternary diagram illustrating the distribution of the palynological samples and the characteristics
of the depositional environment.

The distribution of palynofacies components from
available samples is illustrated in the ternary plot
of Tyson (1993) (Fig. 1j). One palynofacies type is
identified in all of them. It is represented by a combination of high abundance of the Phytoclast group,
moderate to small abundance of well-preserved palynomorphs, and very low AOM. In addition, all
samples yielded a fairly preserved palynological assemblage mainly of terrestrially derived pollen and
spore grains. The samples are distributed along the
phytoclasts - palynomorphs axis and in palynofacies Field I of Tyson’s (1993) ternary plot, which
is representative of deposition in highly proximal
shelf, or even oxidated lagoonal paleoenviron142

ments, with short transportation of the continental
elements, such as cuticles, spores, and pollen.
At least 6, but potentially more, tetrapod groups
are present at the fossil site, even though the exact
number of taxa is currently unknown. Fossils come
from 4 different layers. Non-avian dinosaurs are represented by ornithopods (Fig. 1a-d), an ankylosaur
(Fig. 1e), the aforementioned titanosaur, and metapodial elements of uncertain taxonomic affinities.
A thin-walled bone, originally suspected to be from
a theropod dinosaur, is now thought to be a humerus of a large pterosaur (Fig. 1f). Excavation work
has brought to light new turtle material (Fig. 1g).
Besides four new teeth, on-site sifting of the sedi-

ments and later preparation work have revealed
the first remains of Mesozoic microvertebrates in
Bulgaria (Fig. 1h). In addition to the vertebrate remains, macroscopic remains of plant life are also
present. They come in 3 forms: coal lenses, carbonized twigs, and fossilized wood. Some amount of
very fragile, transparent to semi-transparent fossil
resins was collected, but none of it has yet been
found to preserve any bioinclusions.
So far, only dinosaur material collected in 2017–
2018 has been subjected to histological analysis
(Fig. 1i). Observed bone histology is the typical for
non-avian dinosaurs: primary bone is made of moderately to highly vascularized tissues of the wovenparallel complex, with secondary remodeling being
almost ubiquitous. Preliminary data indicates that
all sampled specimens belong to sexually mature
individuals, with some of them possibly being skeletally mature. This is peculiar due to the small size
of most dinosaur fossils we’ve found so far. Further
analysis and more sampled specimens are necessary
to address the question whether these dinosaurs are
small-sized adult animals, or insular dwarfs. Two
of us (V.N., M.Y.) noticed that the mineral infillings of neurovascular and intertrabecular spaces
sport mineralogical and morphological differences
between specimens. What these mean for the bone
diagenesis of studied fossils is going to be a subject
of future research.
The new Bulgarian fossils offer important potential for understanding the origin, assembly, distribution, and ecology of European tetrapod faunas
from the Late Cretaceous, a time of high sea level when Europe was a flooded island archipelago
(Csiki-Sava et al., 2015). It is well known that latest Cretaceous (Campanian–Maastrichtian) Euro-

pean islands, like those whose fossils are found in
the modern-day Pyrenees and Transylvania, hosted
peculiar faunas of dwarfed herbivores, morphologically aberrant predators, and enormous pterosaurs.
The Bulgarian fossils can help test whether these
unique faunas were emplaced earlier in the Late
Cretaceous, or developed towards the very end of
the period. They also will give insight into the trajectory of European dinosaur evolution during the
run-up to the end-Cretaceous asteroid impact. Based
on what is currently known, the Bulgarian and later
Cretaceous records show that dinosaurs were still
diverse and abundant throughout the entire Late
Cretaceous in Europe.
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