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Горномиоценски фосили на китоподобни и хипариони от района  
на село Генерал Мариново, СЗ България
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Abstract. The fossils of cetaceans are common in the Miocene marine deposits of North Bulgaria and along the Black 
Sea coast, however, they had received little attention until now. We report on abundant whale fossil material from the 
area near General Marinovo Village, NW Bulgaria. The finding of a hipparion tooth in the same area as the rest of the 
material implies a late Miocene age for the fossils. Taphonomical, XRD, and palaeohistological analyses reveal details 
about the pre-burial history and palaeobiology of part of the studied cetacean fossils.
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The fossil remains of cetaceans are common in the 
Neogene marine deposits in North Bulgaria and 
along the Black Sea coast. Although a number of 
isolated skeletal elements, mostly vertebrae, are 
housed in several public palaeontological collec-
tions in the country, these have received little atten-
tion from palaeontologists, e.g., Simionescu (1931) 
described a diverse marine mammal fauna, includ-
ing cetaceans, from the area of Balchik, and Nikolov 
(1977) mentioned delphinid fossils from Nessebar. 

In this contribution, we report on recently col-
lected isolated cetacean vertebrae, ribs, limb ele-
ments, and indeterminate bone fragments, as well as 
a hipparion molar, from the area of General Marino-
vo Village, Vidin District (NW Bulgaria) (Fig. 1).  
Many of the fossils, and vertebrae in particular, are 

unusually heavy and their internal colouration differs 
from that of the bone surface. To rule out recrystal-
lisation and mineral substitution and to study the 
internal structure of the bones, we subjected part of 
the material to XRD and palaeohistological analyses. 
Additionally, some of the bones bear numerous signs 
of bioerosion and these are discussed in a taphonom-
ic context.

The area of Vidin and the nearby surroundings are 
part of the southern edge of the Moesian Platform in 
the extreme northwestern parts of Northwest Bulgar-
ia. It is mainly composed of Neogene clays, sands, 
sandstones and bioclastic limestones, which are over-
lain for the most part by loess and alluvial Quaternary 
deposits (Filipov et al., 1995; Fig. 1a). These depos-
its are part of the Fore-Carpathian (Dacian) Basin of 
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Fig. 1, a, simplified geological map of the area of General Marinovo Village (simplified from Filipov et al., 1995): 1, Archar For-
mation (upper Pontian); 2, Furen Formation (upper Bessarabian–Chersonian); 3, Krivodol Formation (Volhynian–Bessarabian); 
4, Quaternary; 5, location of the fossil remains; b, view of the field where most of the material was collected; c, partial whale 
vertebrae (arrows) as found in the field; d, bioclastic limestone (host rock of the fossils); e, fragmented hipparion molar (FM3646) 
in organogenic limestone matrix: efl, ectoflexid; lfl, linguaflexid; mco, metaconid; mst, metastylid; pofl, postflexid; prfl, preflexid;  
f, fragment of scapula (FM3591); g, humerus (FM3594) with an abraded, porous bone surface proximally (arrowhead); h, a cen-
trum (FM3628) with an abraded, porous bone surface; i, cetacean lumbar vertebra (FM3559); j, cetacean caudal vertebra (FM3560) 
with bioerosion marks (arrowheads); k, cetacean radius (FM3632); l, photomicrograph of a partial centrum (FM3638) in cross-
polarized light, showing a thick compact cortex (c) and medullary region (mr) filled with extremely compacted spongiosa.
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the Paratethys (Kojumdgieva, 1983; Kojumdgieva, 
Popov, 1989), which had complex palaeogeograph-
ic evolution during the middle and late Miocene 
(Rögl, 1998). The Neogene strata are well studied 
from both outcrops and boreholes, and a detailed 
lithostratigraphic subdivision is available for them 
(Kojumdgieva, Popov, 1988). In a local context, the 
locality from which our material has been obtained, 
belongs to the Furen Formation that consists of light-
coloured organogenic limestones. The specimens 
were collected on the surface in agricultural fields 
about 1 km east-northeast of General Marinovo Vil-
lage (Fig. 1b, c). Low relief and vegetation prevented 
outcrops of the fossil-bearing beds from being de-
tected, though some boulders of bioclastic limestones 
indicate the local sedimentary succession (Fig. 1d). 
The fossils may have been brought to the surface by 
mechanized tillage (Fig. 1c). In spite of this, they 
very likely came from the Furen Formation, since 
the site where they were collected is abundant with 
late Miocene bivalves, a characteristic fossil com-
ponent of this formation.

A total of 87 specimens, including vertebrae 
(complete or partial centra), ribs, and limb ele-
ments of cetaceans, as well as indeterminate bone 
fragments, were collected and housed in the pal-
aeontological collection of the National Museum 
of Natural History at the Bulgarian Academy of 
Sciences (NMNHS) under catalogue numbers from 
NMNHS FM3559 to NMNHS FM3645. An isolat-
ed hipparion molar was assigned a catalogue num-
ber NMNHS FM3646 and is kept with the rest of 
the material (Fig. 1e). Four specimens (FM3574 – 
partial centrum; FM3575 – partial centrum without 
epifaunal boreholes; FM3598 – bioeroded partial 
centrum; FM3628 – a complete centrum with po-
rous, cancellous bone-like surface) were sampled 
for XRD analysis. Two samples were taken from 
FM3574: one from the bone periphery and surface 
(a) and one from the inner parts (b). All samples 
were manually ground to powder and then analysed 
at the XRD laboratory of Sofia University using  
X-ray diffractometer TUR M62. Seven specimens, 
including: two centra (FM3606, FM3638), two rib 
fragments (FM3596, FM3630), a partial radius 
(FM3632), and two bone fragments (FM3589, FM 
3629); were sectioned for palaeohistological analy-
sis. Thin sections were prepared at the Petrographic 
laboratory of Sofia University following standard 
procedures. Bone histology was studied on a mi-
croscope Leica DM2700P in transmitted plane- and 
cross-polarized light.

The identifiable cetacean bones are all postcra-
nial remains. They represent an almost complete ra-
dius, a few appendicular bone fragments (two scap-
ulae, two humeri and one ulnar fragment), a few rib 
fragments, three lumbar and more than 15 caudal 

vertebrae and vertebral fragments (Fig. 1f–k). In 
both scapulae, only the proximal end with the gle-
noid fossa is preserved, while the coracoid process 
and acromion are missing. The radius is elongated 
(~200 mm in length), curved, and slightly wider dis-
tally. The radial crest is about 40 mm distally to the 
proximal articular surface. 

The hipparion molar (FM3646) bears biochro-
nological importance, and thus warrants detailed 
description. The specimen is a fragment of a lower 
cheek tooth, which is broken off close to the roots 
(Fig. 1e). It has broken occlusal surface, but the 
main enamel morphology can still be observed. 
FM3646 is m1 or m2, with rounded metaconid 
and square metastylid. The ectoflexid separates the 
metaconid and metastylid and the linguaflexid is 
U-shaped. Despite that, the observed occlusal sur-
face is about 28.6 mm above the roots, and thus, the 
tooth is not in heavily worn stage, the preflexid and 
postflexid exhibit weakly crenulated enamel. The 
enamel pattern morphology shows more advanced 
features (square metastylid and weakly crenulated 
enamel) than the one present in the first European 
Hippotherium species. It shows similarity with the 
Vallesian hipparions from Nessebar, SE Bulgaria. 
Even though the hipparions’ lower molars are not 
diagnostic at species or genus level, the more ad-
vanced features of the specimen suggest that it is 
middle Vallesian to Turolian aged (10.0–5.3 Ma). 
This correlates well with the late Bessarabian–
Khersonian age (i.e., ~11.2–7.65 Ma; late Miocene) 
of the Furen Formation, which is based on inverte-
brate fauna. Following this, it can be concluded that 
the vertebrate fossils are about 10.0–7.65 Ma old.

According to the XRD analysis, all sampled 
specimens consist predominantly or entirely of 
apatite, as expected for unaltered fossil bone (e.g., 
57.6% for FM3628 and 100% for FM3574-b and 
FM3598). Small amounts of calcite (11.1%) were 
also found in FM3575. The sample FM3574-a con-
tains 32.2% calcite, which can be explained by the 
presence of small amounts of rock matrix, particu-
larly shell detritus. The same explanation can be 
applied to the mineral composition of the sample 
FM3628, which contains calcite (23.6%), aragonite 
(14.0%), and quartz (4.8%). It is the only sample 
that contains quartz, and its presence is interesting, 
but whether quartz is terrigenous or diagenetic, or 
it is contamination by younger sediments or soils, 
cannot be determined.

All histologically studied cetacean specimens 
exhibit pachyosteosclerosis. This is particularly evi-
dent in one of the centra (FM3638), in which the cor-
tex is thickened and the medullary region is entirely 
filled with compacted trabecular bone (Fig.  1l). 
With a thinner cortex and extensively developed 
trabecular bone with well-defined intertrabecular 
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spaces medullary, specimen FM3629 is the least 
pachyosteosclerotic in the sample, yet macroscopi-
cally the bone is undoubtedly compact. The primary 
cortical tissues of studied bones are well vascular-
ized and of the ‘woven-parallel complex’ type. 
Bone remodelling is present in all specimens and 
is particularly intensive in FM3596 whose cortex is 
made almost entirely of Haversian bone. Recently, 
Dewaele et al. (2022) documented pachyosteoscle-
rosis in various mid- to upper Miocene Paratethyan 
marine mammals. These authors interpreted the 
bone densification as an adaptation to the hypersa-
line conditions in the Central Paratethys during the 
‘Badenian salinity crisis’. Why pachyosteosclerosis 
persisted after the hypersalinity episode in taxa in-
habiting the brackish to normal saline environments 
of the Paratethys during the late Miocene is less 
clear (ibid.), but in this context, the bone histology 
of the General Marinovo material is typical for the 
coeval whale fauna in the Paratethyan realm. 

Under a microscope the bone surface in all his-
tologically studied specimens appears to be abraded 
to a variable degree. These observations corroborate 
with the overall morphology of the bones, which 
shows broken off parts (e.g., the transverse process-
es and neural spines of the vertebrae), rounding (the 
margins of the articular surfaces of the vertebrae 
and bone extremities), and abrasion (porous bone 
surface) (Fig. 1f–i, 1k). The features described may 
result of transport or exposure to abrasive agents on 
the seafloor.

The remains of some vertebrae show numerous 
round to elliptical borings located only on one sur-
face of the bone (Fig. 1j). In general, the borings are 
2–12 mm in width, and conform to the morphology 
of structures resulting from invertebrate (bivalve) 
bioerosion (see Belaústegui et al., 2012 and refer-
ences cited therein). It is known that modern bivalve 
borer species make their dwellings using chemical 
or mechanical techniques on different substrates 
(ibid.). Mechanical borers are able to use a wide 
range of substrates, while chemical borers can use 
only carbonate bottoms. XRD analysis revealed 
that the studied fossils contain predominantly or 
entirely apatite, which indicates that the burrows 
were mechanically bored by bivalves. Taphonomy 
of the fossil bones leads us to hypothesize that the 
cetacean vertebrae laid on the seabottom for an 
extended period of time, during which the bivalve 

epifauna used them as a hard substrate. Afterwards, 
the bones were transported and reworked. This in-
terpretation is consistent with the biodetritic charac-
ter of the Furen Formation deposits, which indicate 
shallow marine palaeoenvironments with increased 
hydrodynamics.
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