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Abstract—The results of the palynological study of the Paleogene and the underlying Cretaceous sediments
of the Cis-Donets Monocline, drilled by borehole 1238, are presented. Analysis of dinoflagellate cysts
enabled the recognition of the Apectodinium hyperacanthum, Axiodinium augustum, and Ochetodinium roma-
num/Samlandia chlamydophora zone intervals and the Rhombodinium draco–Deflandrea spinulosa layers in
the Paleogene part of the section. The age of regional formations and beds was updated: the Buzinovka For-
mation is dated by the early Thanetian; the Veshenskaya Formation is late Thanetian–earliest Ypresian age;
the Surovikino and Osinovaya Beds are early–middle Ypresian; and the Ventsy and “Poltava” Beds are of the
late Rupelian–Chattian age. Two major stratigraphic hiatuses, corresponding to the Maastrichtian–Selan-
dian and the upper Ypresian–lower Rupelian, were recognized in the borehole 1238 section. The analysis of
the quantitative f luctuations of different palynomorph groups through the section permitted to reconstruct
changes in depositional environments of the Peri-Tethys Basin margin during the early and late Paleogene:
the Buzinovka and Veshenskaya formations and the Surovikino and Osinovaya Beds were accumulated in an
open-marine environments during the long late Paleocene–early Ypresian transgressive stage, whereas the
Ventsy and “Poltava” beds were deposited in the half-landlocked basin during the Chattian.

Keywords: biostratigraphy, dinoflagellate cysts, palynomorphs, Cretaceous, Paleocene, Eocene, Oligocene,
Cis-Donets Monocline, Peri-Tethys, Paratethys
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INTRODUCTION
The principal task of the present-day geological

studies of the Paleogene is the reconstruction of the
evolution of marine basins during various time inter-
vals and related possible migrations of various fauna
and flora groups. It is obvious that the deepest parts of
paleobasins are naturally characterized by the most
complete stratigraphic successions and paleontologi-
cal characteristics, whereas the marginal parts, as a
rule, demonstrate wide facies variations, often the
absence or low saturation of fossils. This often leads to
disagreement in understanding of the age and volume
of local and regional lithostratigraphic units.

The subregion of the eastern surrounding of Don-
bass is one of these marginal marine basins in the
south of the Russian Platform (Akhmetiev and Benia-
movsky, 2003). Initially this territory belonged to the
Donets Syneclise of the Dnieper–Donets Depression
(Leonov, 1961) and later, to the subregion of the
Voronezh Anteclise (Semenov, 1965, 1975). Gener-
ally, during the Paleogene, the Dnieper–Donets
Basin, Voronezh Anteclise, and the eastern part of the
Greater Donbass represented a single marine area
inside the Peri-Tethys, through which, during several
Paleogene intervals, sublatitudinal communications

with the seas on the territory of the present-day
Belarus, Poland, the Baltics, as well as the former
North Sea Basin were carried out.

Three structural-facies zones (SFZs), differing in
lithological structure and thicknesses (and sometimes
in the enlistment) of their lithostratigraphic units and
taking into account their facies and structural features,
have been established in the Regional Paleogene
Stratigraphic Scheme for the Subregion of the Eastern
Greater Donbass, approved in 2000 by the Interde-
partmental Stratigraphic Committee of Russia (here-
after the Scheme of 2000): (1) the Cis-Donets Mono-
cline; (2) directly Eastern Donbass; and (3) the south-
ern and eastern surroundings of the Donbass (Fig. 1)
(Postanovleniya…, 2001; Akhmetiev and Beniam-
ovsky, 2003). The established SFZs reflect facies tran-
sitions from the shallow-water sediments in the north
to the deeper ones in the south, sometimes taking the
effect of local consedimentary structures (depressions
and uplifts) into consideration.

The lithostratigraphic units for the Cis-Donets
Monocline, which occupies the northernmost posi-
tion in the subregion and is characterized by the terrig-
enous and terrigenous–siliceous facies, were estab-
lished first by Leonov (1936, 1939, 1961) and later by
65
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Semenov (1965) (Fig. 2); it should be noted that the age
of most of them was based on the malacofauna data.

According to Akhmetiev and Beniamovsky (2003),
the early Paleogene horizons on the territory of the
Cis-Donets Monocline correspond to eponymous
formations. Thus, in the Scheme of 2000, for the
whole subregion of eastern Greater Donbass, the
Sumy suprahorizon is used as a regional Paleocene
subdivision and includes the Tatsinskaya, Buzinovka,
and Veshenskaya horizons; the Sal horizon (with three
subhorizons), the Kuberla, Keresta, Kuma, Kiev, and
Obukhov horizons are used for the Eocene; and,
finally, the Khadum suprahorizon and the Tsimlya-
nskaya, Solenaya, Kalmykia, and Bereka horizons are
used for the Oligocene (Fig. 2) (Postanovleniya…,
2001). Thus, the stratigraphic scheme applies the hori-
zons of Northern Ukraine (Sumy Superhorizon; Kiev,
Obukhov, and Bereka horizons); the lithostratigraphic
units of Semenov (1975) for the Voronezh Anteclise;
and from the schemes of the Lower Volga region,
Scythian Platform, and the North Caucasus. On that
point, it was noted (Akhmetiev and Beniamovsky,
2003, p. 48) that the Paleogene horizons of Northern
Ukraine were used for the SFZs of the Cis-Donets
Monocline. At the present time, different groups of
specialists use local lithostratigraphic units for the
subdivision of the Paleogene deposits in this region,
proposed for Northern Ukraine and the Voronezh
Anteclise as well as for the Volga region and Scythian
Platform. This complicates the understanding of the
spatial and temporal relations between the sequences
and their exact stratigraphic ages.

It is important to note that during the last time
Ukrainian and Russian specialists introduced a number
of modifications and precisions to the stratigraphic
scheme of the northern regions of Ukraine (for
instance, the Sumy Superhorizon was abolished) (Zosi-
movich et al., 2005, 2013, 2015, 2016, 2017; Zosimov-
ich, 2013; Zosimovich and Shevchenko, 2014, 2015;
Oreshkina and Iakovleva, 2007; Iakovleva, 2015; Musa-
tov and Ryabokon’, 2017) as well as to the schemes of
the Voronezh Anteclise (Gorbatkina and Iosifova,
2004; Shpul’, 2005, 2006, 2007, 2008, 2009, 2010;
Bugrova et al., 2016; Musatov, 2020) and the Pre-Cas-
pian and Volga regions (Vasil’eva, 2013, 2019; Musatov
et al., 2014; Musatov and Bogachkin, 2019a, 2019b;
Unifitsirovannaya…, 2015; Zastrozhnov et al., 2019).

Recently, Beniamovsky (2016, 2017a, 2017b, 2017c),
on the basis of new or recently published data, under-
took the revision of the Scheme of 2000 for the subre-
gions of the eastern part of the Greater Donbass and
the Voronezh Anteclise, which he united into a single
Voronezh–Cis-Donets subregion. Beniamovsky pro-
posed his own structural-facies zonation and used all
formations, horizons, and superhorizons from
Semenov’s scheme in the draft version of the new
regional scheme. It should be noted that almost all
local lithostratigraphic units in this version of the
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
regional stratigraphic scheme for the subregion con-
tain hiatuses and that none of them has conformable
contacts (Beniamovsky, 2017b); nevertheless, no
explanations for these facts were given in publications.

The insufficient paleontological knowledge of the
Paleogene of southern Russian Platform, the applica-
tion of different local lithostratigraphic units (forma-
tions, beds) by different groups of specialists, the
absence of a robust definition of the stratotypes of
regional stages, and, finally, the necessity to update
the unified regional Paleogene chronostratigraphic
scheme determine the importance of new integrated
studies in the region of the Cis-Donets Monocline
and Voronezh Anteclise.

The object of our studies in 2018 was the territory of
the Cis-Donets Monocline, where we tried to revise
the stratotypes of the lithostratigraphic units of the
Paleogene, introduced by Leonov as beds (1936, 1939,
1961) and upgraded to formations by Semenov (1965).
However, only some of these formations had paleon-
tological age based on the malacofauna. It should be
also noted that Leonov and Semenov considered the
Danian Stage as a part of the Cretaceous System. For
this reason, the characteristics of the Lower Paleocene
rocks were not included in the publications of these
two authors.

During our fieldwork, we found that most of the
type sections of the Kumovka, Buzinovka, Vesh-
enskaya, and Surovikino formations introduced by
Leonov are presently inaccessible for direct observa-
tion because of thick grass and forest coverage. Unfor-
tunately, the stratotypes of the Sheptukhovka and
Osinovaya formations established by Semenov and
located in the Russian–Ukrainian border zone, are
presently not available for examination. It was found
that the Paleogene deposits in the studied region are
exposed in the isolated small outcrops, as “windows”
on gully or clough slopes, or in shallow opencast
mines; however, their contacts with the underlying
and overlying strata have not been observed anywhere.
Field observations and analysis of published data sug-
gest that the Paleogene deposits in the Cis-Donets
Monocline are represented mostly by monotonous
sequences of sands, sandstones, siltstones, and opokas
with rare clay interbeds and lenses, and pebble or
phosphoritic horizons. Our integrated lithological–
petrographic and micropaleontological research in
more than ten natural Paleogene outcrops of the
Paleogene revealed the absence of foraminifers, dia-
toms algae, and silicoflagellates, as well as dinoflagel-
late cysts and spores and pollen in all collected sam-
ples. The paleontological characteristics (mostly by
dinoflagellate cysts and diatoms) in the studied region
were obtained only from a few boreholes.

The aims of this study were the detailed integrated
palynostratigraphic analysis of the Paleogene sedi-
ments in the section of borehole no. 1238, age update
for local and regional stratigraphic units of the Cis-
 Vol. 29  No. 1  2021
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Donets Monocline, correlation of these deposits with
the successions in adjacent regions, and reconstruc-
tion of depositional environments.

MATERIALS AND METHODS
In the scope of the present study, we analyzed

63 samples from borehole no. 1238, drilled in the
vicinity of Bazkovskaya Stanitsa of the Rostov oblast
(54°89′10′′ N, 77°27′47′′ E) by the North Caucasus
Geological Production Association and the Karpinsky
Russian Geological Research Institute (VSEGEI) in
the scope of geological survey work on the Geological
Sheet M-37-XXIV with the objective to subdivide the
Paleogene sequence (Fig. 1).

A field lithological description (from base to top) of
the section drilled by borehole no. 1238 according to the
scheme of Leonov (1961) is given below (Fig. 3). The
lithological description was made by A.S. Zastrozhnov
and S.V. Popov; the subdivision, by G.N. Aleksan-
drova.

Boguchar Formation:
Bed 1, 100–91.7 m. Gray and light-gray compact,

massive, micaceous marl with occasional mud eater
burrows filled by the light marly material.

Buzinovka Formation:
Bed 2, 91.7–90.2 m. Resting upon it with a well-

defined boundary are sands dark gray with a greenish
tint, glauconite–quartz, micaceous, inequigranular
and coarse with small (10–15 mm diameter) pebbles
and coarse phosphorite gravels at the base and grading
upward into medium and clayey sands.

Bed 3, 90.2–86.5 m. Resting upon them with a
well-defined boundary are dark gray to black compact
silty clays, which grade upward into clayey siltstones
with a greenish tint (by glauconite), slightly siliceous,
slightly bioturbated, with interbeds (up to 0.05 m) of
sandstones (siltstones) of the same composition.

Bed 4, 86.5–82.0 m. Dark gray medium to fine
clayey sand with glauconite at the base of the bed and
medium to coarse sand with glauconite grains in the
upper meter.

Bed 5, 82.0–81.7 m. Hard silicified fine (up to silt-
stone) glauconitic sandstone with a distinctive emer-
ald green color.

Veshenskaya Formation:
Bed 6, 81.7–5.5 m. Light-gray opoka-like clay,

very light, up to the tripolith (5 cm); above is slightly
siliceous micaceous clay with glauconitic inclusions.
The contact with the underlying rocks is distinct, with
a basal horizon, composed by gravel-size quartz and
phosphorite grains (1–4 mm in diameter).

Bed 7, 75.5–71.5 m. Resting upon it with indistinct
contact are dark gray sands with a greenish tint, clayey,
slightly siliceous, fine-grained, micaceous, with gray
and light-gray zones, which imparts a mottled appear-
ance to the rock.
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Bed 8, 71.5–67.5 m. Gray micaceous, slightly sili-
ceous clayey siltstones.

Surovikino Beds:
Bed 9, 67.5–60.5 m. Well-sorted fine and medium

quartz sand, white at the base (0.3 m) and with a yel-
lowish tint higher in the sequence. The contact with
the underlying rocks is not recovered.

Osinovaya Beds:
Bed 10, 60.5–59.6 m. Clayey siltstone with

bunches of fine clayey sand, with ferruginization
patches, interbeds, and bunches. The color of rock is
brown–crimson, ocherous.

Bed 11, 59.6–58.8 m. Brown “coffee” non-calcar-
eous clays with fine gray glauconite–quartz sand
bunches at the top of the bed.

Bed 12, 58.8–58.1 m. Light-gray fine opoka-like
light glauconite–quartz sandstone.

Bed 13, 58.1–57.4 m. Brown, slightly greenish clays
with indistinct platy parting and numerous mud eater
burrows filled with pale fine glauconite–quartz sand.

Bed 14, 57.4–56.5 m. Light-gray, slightly yellow-
ish-brown fine siltstone, slightly micaceous, with fer-
rugination stains.

Ventsy Beds:
Bed 15, 56.5–53.5 m. Greenish medium- and fine-

grain sandstone at the base (0.2 m). Above is gray
micaceous siltstone with dark gray clay lenses and thin
lenticular interbeds, which imparts a stratified appear-
ance to the rock, with numerous sorted small frag-
ments of plant tissues. The contact with the underlying
rocks is not recovered.

“Poltava” Beds:
Bed 16, 53.5–52.0 m. Compact variegated sandy

clay: greenish gray with interbeds of red and yellow
ferrugination (ferrugination intensity increases toward
the base of the bed) and light-gray siltstones, which
imparts a banded structure to the rock. The contact
with the underlying rocks is not recovered.

Bed 17, 52.0–45.3 m. Light-gray and greenish gray
siltstone with yellowish ferrugination interbeds; mica-
ceous. The ferruginous interbeds contain occasional
sandstone fragments. Greenish gray clay occurs in the
interval of 46.3–46.6 m.

Bed 18, 45.3–38.8 m. Dusty greenish-gray sand
with interbeds of red and yellow ferrugination. Light-
gray siltstone interbeds up to 5 cm thick at 44.1–44.2,
42.8, and 42.3 m depth. The contact with underlying
rocks is erosional.

Bed 19, 38.8–36.5 m. Fine greenish light-gray sand
with thin interbeds of light-gray siltstone and ferrugi-
nation. The latter impart a banded structure to the
rock (9–10 interbeds per 1 m of core). The contact
with the underlying rocks is marked by an increase in
the number of ferruginated interbeds.

Bed 20, 36.5–30.7 m. Resting upon it with a well-
defined boundary is fine yellow-green ferruginated
 Vol. 29  No. 1  2021
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sand with white cemented sand inclusions and thin
interbeds of light-gray clayey material.

Bed 21, 30.7–28.5 m. Resting upon it with a well-
defined boundary is light-brown massive fine sand.

Bed 22, 28.5–23.1 m. Resting upon it with a well-
defined boundary is yellow fine micaceous slightly
cemented sandstone with indistinctly layered texture,
with ferrugination in the form of red sinters. A white
sand interbed in the interval of 26.2–26.1 m depth.

Bed 23, 23.1–20.6 m. Resting upon it with a well-
defined boundary is a unit of alternating beds (25 cm)
of compact crimson, gray, and yellow clays; ocherous
siltstones; and soft fine red sandstones—the weather-
ing crust on the underlying sediments.

The section is overlain by solid brown Quaternary
loam 20 m thick.

Palynological samples were prepared according to
the standard techniques using at the Laboratory of
Paleofloristics, Geological Institute, Russian Acad-
emy of Sciences (GIN RAS): (1) the treatment of the
samples with 10% hydrochloric acid (HCl) in order to
remove carbonates; (2) the treatment with hot tetraso-
dium pyrophosphate (Na4P2O7∙10H2O) solution in
order to disaggregate the clayey material and the sub-
sequent washing of samples every two hours to remove
argillaceous compounds; (3) the centrifugation of
samples with a heavy liquid (K2CdI4) with a density of
2.25 in order to separate the organic fraction from the
heavier mineral particles; (4) the treatment with 70%
hydrofluoric acid (HF) in order to dissolve siliceous
matter; (5) the treatment with 10% hydrochloric acid
to remove f luorosilicate gels; and (6) washing of sam-
ples in distilled water and covering them with glycer-
ine. The macerate was not sieved.

The dinocyst taxonomy follows the DINOFLAJ3
Index (Williams et al., 2017). The quantitative palyno-
logical study of the material was performed in two steps:
(1) a minimum of 200–250 marine and terrestrial paly-
nomorphs (dinoflagellate cysts, acritarchs, prasino-
phytes, angiosperm and gymnosperm pollen, and fora-
miniferal linings) were counted in each productive sam-
ple; (2) a minimum of 200 dinocysts were counted;
subsequently, remaining material was scanned for rare
taxa. Paleoecological interpretation of quantitative
fluctuations in the Paleogene palynological assem-
blages was based on publications (Brinkhuis, 1994; see
Table 1 in Iakovleva and Heilmann-Clausen, 2020).
For interpreting possible paleoenvironments, dinofla-
gellate cysts were combined in 17 groups of morpholog-
ically close taxa: (1) Deflandrea-group (Deflandrea,
Lejeunecysta, Lentinia, Senegalinium); (2) wetzeliel-
loids; (3) Phthanoperidinium; (4) Fromea fragilis;
(5) Lingulodinium machaerophorum; (6) Areoligera-
group (Areoligera, Glaphyrocysta, Emmetrocysta, Adna-
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
tosphaeridium, Membranilarnacia); (7) Thalassiphora;
(8) Ochetodinium romanum; (9) Elytrocysta brevis;
(10) Cribroperidinium; (11) Carpatella rossica; (12) Cor-
dosphaeridium-group (Cordosphaeridium, Fibrocysta);
(13) Operculodinium; (14) Diphyes/Dapsilidinium;
(15) Spiniferites-group (Achomosphaera, Hystrichos-
phaeropsis, Hystrichostrogylon, Spiniferella, Spin-
iferites, Rottnestia); (16) Impagidinium; (17) other gon-
yaulacoids.

The chronostratigraphic age is given according to
Ogg et al. (2016).

Palynological material is stored at the Laboratory
of Paleofloristics, GIN RAS (Moscow).

RESULTS
The main objective of this study was the palynolog-

ical analysis of the Paleogene sediments, drilled by the
borehole no. 1238. Stratigraphic and quantitative data
are shown in Figs. 4–6. Palynological data from the
underlying Upper Cretaceous deposits recovered at
the bottom of this core are given in brief. The most
typical dinoflagellate cyst taxa from the Cretaceous–
Paleogene deposits are shown in Plates I–XI.

All samples from Bed 1, attributed to the Upper
Cretaceous Boguchar Formation, contain quantita-
tively rich palynomorph assemblages, which, however,
contain mostly poorly preserved dinocysts, single fern
spores and angiosperm pollen, and single prasino-
phytes (Palambages morulosa), acritarchs (Paralecan-
iella indentata, Michystridium sp.), and foraminiferal
linings.

Unfortunately, only 22 of 47 palynological samples
from the Paleogene part of the sequence revealed
quantitatively rich palynological assemblages; the rest
of them either contained a small number or were com-
pletely barren of palynomorphs. The Paleocene–
lower Eocene palynological assemblages are charac-
terized by the dominance of dinoflagellate cysts (30–
90%), common proportion (up to ~30%) of angio-
sperm pollen and spores, and a single peak in the
abundance of foraminiferal linings. Only at the base of
the middle part of the section, attributed to the Oligo-
cene Ventsy Beds, the assemblage is marked by the
dominance (~40%) of the bisaccate pollen of conifers.

Dinocyst assemblage from the Boguchar Forma-
tion is characterized by the predominance of Trythiro-
dinium suspectum and Trythirodinium cf. rhomboideum
as well as by the taxonomic diversity and common
occurrence of the genera Chatangiella (Ch. vnigrii,
Ch. bondarenkoi, Ch. cassidea, Ch. victoriense), Isabe-
lidinium (I. acuminatum, I. belfastense, I. microarmum,
I. magnum), and Spiniferites. The assemblage also con-
tains the species Acantaulax wilsonii, Apteodinium
Fig. 3. Lithology and stratigraphic subdivision of the geological section of borehole no. 1238. The colors inside the lithological
column correspond to rock colors.
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Fig. 4. Stratigraphic distribution of dinocyst species in the Paleogene part of the section of borehole no. 1238.
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deflandrei, Connexmura fimbriata, Circulodinium dis-
tinctum, Alisogymnium euclaense, Dinogymnium acum-
inatum, D. westralinum, Raetiadinium truncigerum,
Exochosphaeridium bifidum, Manumiella cretacea,
Odontochitina costata, Laciniadinium rhombiforme,
L. arcticum, Lanternosphaeridium lanosum, Spinidin-
ium echinoideum, S. uncinatum, Fromea chytra, Xenas-
cus gochtii, and Form 2 sensu Lebedeva. In general,
this dinocyst assemblage is taxonomically close to the
Campanian assemblages of the Polar Cis-Urals, Ust-
Yenisey region, and the Omsk Trough in Western
STRATIGRAPHY AND G
Siberia (Lebedeva, 2005, 2006, 2007; Lebedeva et al.,
2013). Taking into account the presence of species
Odontochitina costata, Chatangiella vnigrii, Manumi-
ella cretacea, Lanternosphaeridium lanosum, and
Form 2 sensu Lebedeva as well as the absence of strati-
graphically important species Surculosphaeridium?
longifurcatum, this assemblage can be preliminarily
compared with one of the Layers with Odontochitina
costata established in the Lower Volga region, in the
upper part of the Mezino–Lapshinovka Formation
and in the lower part of the Pudovkino Formation of
EOLOGICAL CORRELATION  Vol. 29  No. 1  2021
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Fig. 4. (Contd.)
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Santonian to Campanian transitional age (Aleksan-
drova et al., 2012). It should be noted, however, that
the common occurrence of the genus Trythirodinium
in the Lower Volga region was established strati-
graphically below, in the upper Santonian part of the
Layers with Surculosphaeridium? longifurcatum–Het-
erosphaeridium difficile. Consequently, sediments in
the interval of 100–91.7 m depth in borehole
no. 1238 are preliminarily dated as late Santonian–
early Campanian.
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
In terms of abundance, the dinocyst assemblage
from the Boguchar Formation is characterized by the
prevalence of the peridinioid genera Trythirodinium,
Chatangiella, and Isabelidinium, which may indicate
accumulation in littoral environments with a signifi-
cant nutrient supply.

A dinocyst assemblage including the stratigraphi-
cally important species Deflandrea oebisfeldensis,
Deflandrea denticulata, and Alisocysta sp. 2 sensu Hei-
lmann-Clausen, as well as Areoligera coronata, Areoli-
 Vol. 29  No. 1  2021
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gera senonensis, Palaeotetradinium minusculum, Trigo-
nopyxidia ginella, Tanyosphaeridium xanthiopyxides,
Hystrichosphaeridium tubuferum, Cerodinium cf. med-
calfii, Cerodinium speciosum, etc., was recognized in
the lower part of the Paleogene section, which was
attributed to the Buzinovka Formation (91.7–85.5 m).
The presence of Deflandrea denticulata allows to attri-
bute the sediments of the Buzinovka Formation to the
interval of the Alisocysta margarita dinocyst Zone from
zonations of Western Siberia (Iakovleva and Aleksan-
drova, 2013) and Western Europe (Powell, 1992) and
STRATIGRAPHY AND G
to the interval of Layers with Alisocysta sp. 2 of the Volga
region (Aleksandrova, 2013), and, consequently, to date
them by early Thanetian (~58.5–56.5 Ma).

Palynological assemblage from the Buzinovka For-
mation is characterized by the dominance of dinofla-
gellate cysts (30–70%); the abundance of acritarchs and
green algae does not exceed 5%; angiosperm pollen var-
ies from 10 to 30%; and spores do not exceed 10%. The
dinoflagellate cyst assemblage, in its turn, is marked
by the absolute dominance of the gonyaulacoid
groups, especially Areoligera (55–5%), Membranos-
EOLOGICAL CORRELATION  Vol. 29  No. 1  2021
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phaera (45–0%), Spiniferites (10–35%), Fromea (up
to 20%), and Cordosphaeridium (up to 15%); Impagi-
dinium was encountered as single finds; the peridini-
oid dinocysts, represented by the group of def lan-
droids, account for not more than 15% of the assem-
blage.

The second dinocyst assemblage was recognized in
the lower part of the Veshenskaya Formation (81.7–
76.4 m depth) by the occurrence of species Apectodin-
ium homomorphum and Apectodinium quinquelatum
and is attributed to the interval of the late Thanetian
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Apectodinium hyperacanthum dinocyst Zone from
zonations of the Volga region (Aleksandrova, 2013),
Western Siberia (Iakovleva and Aleksandrova, 2013),
and Western Europe (Powell, 1992). Species Phthano-
peridinium crenulatum, Tectatodinium pellitum, Areoli-
gera medusettiformis, Carpatella rossica, Hystrichokol-
poma rigaudiae, Melitasphaeridium pseudorecurvatum,
etc., appear within the assemblage. The stratigraphic
age of the lower Veshenskaya Formation is late Thane-
tian (~56.5–55.8 Ma).
 Vol. 29  No. 1  2021



76

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 29  No. 1  2021

IAKOVLEVA, ALEKSANDROVA

Fig. 5. Quantitative distribution of principal palynomorph groups in the Paleogene section of the borehole no. 1238.
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Fig. 6. Quantitative distribution of dinocyst ecogroups in the Paleogene section of the borehole no. 1238.
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Palynological assemblage of the lower part of the
Veshenskaya Formation is marked by substantial dom-
inance of dinoflagellate cysts (35–80%) with up to
10% acritarchs, up to 30% of land plant spores, 7–20%
angiosperm pollen, and up to 12% bisaccate pollen of
gymnosperms. Dinocyst assemblage in this interval is
characterized by the dominance of the peridinioid
group of deflandroids (up to 55%) and peaks in the
abundance of the gonyaulacoid species Carpatella ros-
sica (up to 40%); the Areoligera- and Spiniferites-
groups do not exceed 15% each; Impagidinium rep-
resents few percent. The dominance of the def lan-
droid cysts and the noticeable abundance of conti-
nental palynomorphs may suggest that the lower part
of the Veshenskaya Formation accumulated in
marine shallow water environments with reduced
salinity and nutrient supply from the f looded land.
The proportions of dinocyst groups by the end of the
interval (relative decrease in def landroids and a slight
increase in Areoligera-, Cordosphaeridium-, and
Spiniferites-groups) indicate a gradual normalization
of water salinity.

The third dinocyst assemblage, corresponding to
the Axiodinium augustum Zone of the eastern Peri-
Tethys (Iakovleva, 2017a), was recognized by the
appearance of Axiodinium augustum in the upper part
of the Veshenskaya Formation (73.6–70.1 m depth).
The dinocyst assemblage in this interval is quite diver-
sified: it contains, for the first time in this section, spe-
cies Apectodinium summissum, Adnatosphaeridium
robustum, Caligodinium amiculum, Dapsilidinium
pseudocolligerum, Hystrichokolpoma granulatum, Impa-
gidinium dispertitum, etc. The interval between the first
and last occurrences of Axiodinium augustum charac-
terizes the Apectodinium (=Axiodinium) augustum
Zone in Western Siberia (Iakovleva and Aleksandrova,
2013) and Southern England (Powell et al., 1996),
Subzone D5A in Northwestern Europe (Costa and
Manum, 1988), Viborg-6 Zone in Denmark (Heil-
mann-Clausen, 1988), and Subzone P6b in the North
Sea (Mudge and Bujak, 1994).

It is widely known that the base of the Apectodinium
(=Axiodinium) augustum Zone in many regions of the
world coincides with the beginning of a carbon isotope
excursion (CIE) event, associated with a short-term
(~200000 years) geological event, the Paleocene–
Eocene Thermal Maximum (PETM), whereas the
upper boundary of this zone is just slightly younger
than the end of CIE and, consequently, slightly
younger than the PETM event (Frieling et al., 2014;
Shcherbinina et al., 2016). Considering that the greater
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part of the interval of Ax. augustum Zone corresponds
to the PETM event (~55.8–55.6 Ma) and the associ-
ated global CIE event, we attribute the upper part of
the Veshenskaya Formation to earliest Ypresian
(~55.8– 55.6 Ma).

Palynological assemblage from this interval is char-
acterized by the dominance of dinoflagellate cysts
(50–70%) and a relative increase in acritarchs (up to
25%). Angiosperms are 25–10% of the assemblage,
whereas the spores of land plants and the bisaccate
pollen of conifers do not exceed 5–10% each. Dino-
flagellate cyst assemblage is dominated by the gonyau-
lacoid groups Spiniferites (~35–45%), Areoligera (10–
25%), and Operculodinium (up to 10%). Peridinioid
deflandroids do not exceed 15%, and Apectodinium
spp. are represented by few percent. Such ratios of
marine and continental palynomorphs as well as the
dominance of Spiniferites and Areoligera in dinocyst
associations indicate open-marine environments with
normal water salinity and the transgressive stage of
basin evolution.

The borehole section interval of 67.4–59.7 m
depth, attributed to the Surovikino Beds, is almost
barren of palynomorphs. Only single specimens of
Areoligera coronata, Corodosphaeridium gracile, Spin-
iferites ramosus and Hystrichosphaeridium tubiferum
with a wide stratigraphic distribution were noted here.

The fourth dinocyst assemblage was recognized in
the Osinovaya Beds in the interval of 59.3–57.0 m depth.
Based on the presence of species Ochetodinium roma-
num, Piladinium columna, and Samlandia chlamydo-
phora, this taxonomically diverse (more than 85 taxa)
and quantitatively rich assemblage corresponds to the
Ochetodinium romanum/Samlandia chlamydophora
dinocyst zone from the eastern Peri-Tethys Zonation
(Iakovleva, 2017). Species Samlandia chriskingii, Are-
oligera sentosa-group, Heteralaucacysta everriculata,
Homotryblium tasmaniense, Wetzeliella articulata,
Hystrichosphaeropsis obscura, Membranilarnacia gla-
bra, Thalassiphora gracilis, Turbiosphaera galatea, etc.,
were also noted in the interval. The stratigraphic age of
this part of the Osinovaya Beds is mid Ypresian
(~51.3–50.8 Ma).

Palynological assemblage in the interval of 59.3–
57.0 m depth is almost entirely represented by dinofla-
gellate cysts (more than 95%), whereas the foramin-
iferal linings and the angiosperms account for one or
two percent. Noticeable changes in acritarch abun-
dance (~24%) were encountered only at the top of the
Osinovaya Beds (57.0 m depth). Dinocyst assemblage
is primarily characterized by significantly varying per-
Plate I. Dinocysts from the Santonian–Campanian sediments from the borehole no. 1238. Magnification is given in microns
(μm). (1) Odontochitina costata (Alberti) Clark et Verdier, 92 m depth; (2) Manumiella sp., 92 m depth; (3, 6, 9, 12) Cribroperi-
dinium wilsonii subsp. trabeculosum Slimani et Louwye, 92 m depth; (4, 5) Laciniadinium firmum (Harland) Morgan, 92 m depth;
(7, 10) Xenascus ceratioides (Deflandre) Lentin et Williams, 92 m depth; (8, 11) Isabelidinium microarmum (McIntyre) Lentin et
Willams: (8) 96 m depth, (11) 92 m depth; (13) Chatangiella vnigrii (Vozzhennikova) Lentin et Willams, 93 m depth; (14, 15) Spin-
idinium echinoideum (Cookson et Eiselanck) Lentin et Willams, 92 m depth.
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centages of the Cordosphaeridium-group, from domi-
nant (20–71%) to insignificant (4–6%); the content
of peridinioid dinocysts (deflandroids and wetzeliel-
loids) here is up to 19% and 20%, respectively; the
content of the Spiniferites-group varies from 6 to 19%,
and it is almost absent at the top of the succession
(57.0 m depth). The genus Impagidinium (Impagidin-
ium wardii) attains up to 5% of the assemblage. Such
characteristics of palynological assemblage may indi-
cate once again a mid Ypresian transgressive cycle in
basin evolution history and the accumulation of the
Osinovaya Beds in shallow-water marine environ-
ments with normal water salinity, but considering the
notable abundance of the peridinioids in the dinocyst
assemblage, we may suggest nutrient supply from a
f looded land.

The fifth dinocyst assemblage was recognized in
the Ventsy Beds in the interval of 56.5–54.0 m, and we
ascribed it to the Layers with Rhombodinium draco and
Deflandrea spinulosa. It is characterized by the pres-
ence of Rhombodinium draco, Wetzeliella ovalis, Gla-
phyrocysta semitecta, Areosphaeridium diktyoplokum,
Charlesdowniea? rotundata, and Phthanoperidinium
geminatum, the first co-occurrence of which in the
eastern Peri-Tethys is observed at the end of Lutetian
and in Bartonian in the interval of the Rhombodinium
draco dinocyst Zone (Iakovleva, 2017). However, the
comparison of this assemblage with the middle and
upper Eocene dinocyst assemblages established in the
sections in Northern Ukraine, Voronezh Anteclise,
and the Scythian Plate indicates substantial differ-
ences between them (Zaporozhets, 1998, 2001; Oresh-
kina and Iakovleva, 2007; Andreeva-Grigorovich and
Shevchenko, 2007; Andreeva-Grigorovich et al., 2011;
Aleksandrova et al., 2011; Vasil’eva, 2013, 2019; Iakov-
leva, 2015). Thus, the predominance of Rhombodin-
ium draco and Deflandrea spinulosa and common
Thalassiphora pelagica and Wetzeliella articulata allow
us to correlate the dinocyst assemblage from the
Ventsy Beds in borehole no. 1238 with the Rhombod-
inium draco Subzone of the Chiropteridium partispina-
tum Zone, established earlier in the interval of transi-
tion from the Solenaya to the Kalmykia Formation in
borehole 45A in the Yergeni (130–94 m; Zaporozhets,
1998) and in the upper Morozkina Balka Fm–lower
Batalpashinsk Fm in the Belaya River section in the
North Caucasus (Zaporozhets and Akhmet’ev,
2017), where sediments are dated by late Rupelian–
early Chattian (Zaporozhets, 1998; Zaporozhets and
Akhmet’ev, 2017; Zastrozhnov et al., 2019). It should
be noted that Zaporozhets indicates the abundance of
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reworked Paleogene and even Mesozoic dinocysts
within the dinocyst assemblage corresponding to the
Rhombodinium draco Subzone in different parts of the
Peri-Tethys. It is quite possible that a part of taxa in the
dinocyst assemblage from the Ventsy Beds can also be
reworked. The recognized dinocyst assemblage from
the Ventsy Beds is also close to one from the transitional
Rupelian–Chattian interval in the Danish Basin (Śli-
winska et al., 2012).

The most part of the “Poltava” Beds, represented
by sands with secondary clay layers, contains rare pal-
ynomorphs; only the palynological assemblage from
the depth of 54.0 m (siltstone) was quantitatively rich.
A significant change in the dominant palynomorph
groups (in comparison to the underlying sediments)
was noted here: dominance of the bisaccate pollen of
conifers (46%); approximately equal quantitative con-
tent of angiosperms (26%) and dinoflagellate cysts
(23%); and a very small content (4%) of acritarchs.
Dinocyst assemblage, in its turn, is characterized by
the absolute predominance of peridinioids—deflan-
droids (38%), wetzelielloids (33%), and Phthanoperi-
dinium (5%); the gonyaulacoids occur in small num-
bers. Such ratios of palynomorph groups suggest the
accumulation of the lower part of the “Poltava” Beds
in littoral environments with reduced water salinity
and substantial nutrient supply.

DISCUSSION
Originally Leonov (1936, 1939) subdivided the

Paleogene deposits of the Middle Don River Basin
into five formations with numerical designation (I–V,
Fig. 2). Later, he replaced these formations by second-
ary local lithostratigraphic units (beds) or distin-
guished the beds within his formations (Leonov,
1961). Thus, Formation I became the Buzinovka
Beds, corresponding to the Proleika Formation in the
Lower Volga region; Formation II was subdivided into
the Veshenskaya and Surovikino Beds, corresponding
to the subformations of the Tsaritsyn Formation of the
Lower Volga region; Formation III was subdivided
into the Osinovaya and Chir Beds, compared with the
Stalingrad Formation (Mechetka and Yelshanka Beds,
respectively) in the Lower Volga region. Finally, For-
mation IV was subdivided into the Kiev and Kharkov
Beds from the unified Paleogene chronostratigraphic
scheme of Northern Ukraine, which Leonov cor-
related with the Aksai Beds and the lower part of the
Balykley Beds in the Lower Volga region. Higher in
the succession, Leonov recognized the Luchin Beds,
Plate II. Dinocysts from the Santonian–Campanian sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 2) Hystrichosphaeropsis quasicribrata (Wetzel) Gocht, 92 m depth; (3, 4) Chatangiella vnigrii (Vozzhennikova) Lentin et Willams,
96 m depth; (5) ?Alterbidinium sp., 92 m depth; (6) Subtilisphaera perlucida (Alberti) Jain et Millepied, 96 m depth; (7, 12) Isabelidin-
ium sp., 92 m depth; (8) Isabelidinium pellucidum (Deflandre et Cookson) Lentin et Willams, 92 m depth; (9, 10) Apteodinium deflan-
drei (Clarke et Verdier) Lucas-Clarck, 92 m depth; (11, 14) Isabelidinium acuminatum (Cookson et Eisenack) Stover et Evitt: (11) 92 m
depth, (14) 93 m depth; (13) Isabelidinium microarmum (McIntyre) Lentin et Willams, 93 m depth; (15, 16) Alisocysta sp. 2 sensu
Heilmann-Clausen, 1985, 90 m depth; (17, 18) Conneximura fimbriata (Morgenroth) May, 86.7 m depth.
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which he correlated yet again with the upper part of
the Balykley Beds in the Lower Volga region. The
uppermost part of the Paleogene sequence, Formation
V, was assigned to the Ventsy Beds, compared with the
Maykop Formation in the Lower Volga region, and
the so-called “Poltava” Beds, corresponding, with a
bit of convention, to the Poltava Group of Ukraine.

For the subdivision of the Paleocene and lower
Eocene, Semenov (1965) adopted most of the second-
ary local lithostratigraphic units introduced earlier by
Leonov (1961), such as the Buzinovka, Veshenskaya,
and Surovikino Beds; but, in addition, this author
upgraded them into formations (Fig. 2). Semenov also
introduced two new formations, Kumovka (the lower-
most Paleogene) and Sheptukhovka. Semenov unified
the Kumovka, Buzinovka, Veshenskaya, and Surovi-
kino formations into the Don Group (lower Paleo-
cene–lowermost Eocene). In turn, the Sheptukhovka
Formation (upper part of the lower Eocene), intro-
duced by Semenov, and the middle Eocene Khripun
and Osinovaya formations were unified into the Bogu-
char Group. As regards the upper Eocene in the Mid-
dle Don region, Semenov subdivided it into the Serge-
yevka, Tishki, and Kasyanovka formations, while he
subdivided the Oligocene deposits into the Kan-
temirovka and Zhuravka formations. The age of all
these formations was based mostly on comparison of
the malacofauna assemblages with those from the
Dnieper region (Ukraine). Later, these formations
were given in rank of regional horizons in the chronos-
tratigraphic scheme of 1975 of the Voronezh Anteclise
(Semenov, 1975). It should be noted that the forma-
tions established by Semenov are largely identical in
lithology and faunistic composition and have the most
typical features on the territory to the west from the
Cis-Donets Monocline, which, beginning from the
approval of Unified Scheme of 2000 is already
attributed to the SFZ of the Voronezh Anteclise,
while the Buzinovka and Veshenskaya horizons from
Semenov’ scheme of 1975 are reserved for the eastern
Greater Donbass subregion.

The upper Santonian–lower Campanian deposits
from the studied borehole no. 1238 section are over-
lain by the upper Paleocene (lower Thanetian) marine
deposits of the Buzinovka Formation. Based on this,
we suggest an important (~18 Ma) hiatus, correspond-
ing to the upper Campanian–Selandian. The absence
of the Danian–Selandian deposits in the borehole 1238
area more likely indicates the uplifted position of this
part of the Russian Platform during the early Paleocene.
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The Buzinovka Formation within the Cis-Donets
Monocline is represented by a succession (8–16 m) of
fine greenish-gray glauconite–quartz sands with dis-
continuous siliceous sandstone interbeds; a horizon of
non-rounded phosphorite nodules is present in the
middle of the sequence, and a second relatively thin
phosphoritic horizon is sometimes noted below
(Leonov, 1961). This formation with its typical fea-
tures is restricted to the Cis-Donets Monocline and is
not recognized west of the Tikhaya River mouth or in
the Voronezh Anteclise.

The exploration of the surroundings of the
Verkhnyaya Buzinovka village, which is a stratotype
region for the Buzinovka Beds (Leonov, 1961),
showed that there is only one natural Paleogene out-
crop, where only the upper part of the Buzinovka
Formation with an apparent thickness of 6.2 m and
its contact with the overlying Veshenskaya Forma-
tion are observed (Figs. 7a, 7b). The Buzinovka For-
mation is represented by a member of fine-grained
quartz–glauconite sandstones with a phosphorite
horizon (0.5 m) in the lower part. A bioturbation in
the form of silicified mud eater burrows (up to 1.5 cm
in diameter) is noted at the top of formation. The
Veshenskaya Formation overlies with the irregular
transgressive boundary. Its basal part is composed of
dark gray massive compact opoka, which makes up a
distinct edge in the wall.

One of the few most complete outcrops of the lower
Buzinovka Formation is situated farther west in the
vicinity of the Biryukovsky village (Figs. 7c, 7d). This
section demonstrates distinctly visible rhythmically
cyclic structure of the lower part of the Buzinovka Fm:
it is represented by quartz–glauconite greenish-gray
inequigranular, predominantly medium- and fine-
grained sands with occasional quartz gravel inclu-
sions, transgressively overlying the chalk. The base of
the formation is abrupt; the basal level (8–10 cm) is
composed of dark clay with small phosphorites,
rounded flatted pebbles, and reworked belemnites.
The sands contain gray slightly micaceous hard sand-
stone interbeds. The apparent top of the formation is
represented by a member of nodular phosphorites with
numerous quartz and black siltstone inclusions (up to
10 mm in diameter), which grades upward into a
stratiform phosphorite slab, containing mollusk shell
fragments. The thickness of the Buzinovka Forma-
tion is 5 m. Based on the assumption of Leonov that
phosphoritic levels occur in the middle part of the
Buzinovka Fm, we suggest the erosion of the upper
part of formation in the section near the Biryukovsky
Plate III. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 5) Axiodinium augustum (Harland) Williams et al., 70.1 m depth; (2, 6) Dracodinium samlandicum (Eisenack) Costa et
Downie, 59.3 m depth; (3, 4) Samlandia chlamydophora Eisenack, 59.3 m depth; (7, 8) Cerebrocysta bartonensis Bujak, 59.3 m
depth; (9, 10, 13) Impagidinium wardii Iakovleva et Heilmann-Clausen, 58.0 m depth; (11) Dracodinium brevicornutum (Heil-
mann-Clausen) Williams et al., 54.0 m depth; (12) Dracodinium sp., latiepeliform archeopyle, 58.0 m depth; (14, 15) Phtha-
noperidinium sp., 58 m depth; (16, 17) Membranilarnacia compressa Bujak, 58 m depth; (18, 19) Spiniferites ramosus (Ehren-
berg) Mantell, 59.3 m depth; (20) Ochetodinium romanum Damassa, 59.3 m depth.
EOLOGICAL CORRELATION  Vol. 29  No. 1  2021
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village. The Buzinovka Fm is transgressively, with
traces of erosion such as abundant quartz gravel and
sand pockets, overlapped by the Veshenskaya Forma-
tion. The Buzinovka Fm has the similar features in the
vicinity of the Kumovka village, where, however, it is
poorly exposed.

The Buzinovka Horizon in the Scheme of 2000 con-
tains a mollusk assemblage with Lyostrea reussi, ben-
thic foraminifers of the BF3 Zone, and the SP3 spore
and pollen assemblage and corresponds to the lower
Thanetian (Akhmetiev and Beniamovsky, 2003),
which is now confirmed by our dinocyst data. Based
on the new palynological data indicating that the Buz-
inovka Formation corresponds to the interval of the
early Thanetian Alisocysta margarita dinocyst Zone,
this formation can be correlated with the Saratov For-
mation of the Ulyanovsk–Saratov Trough and the
Precaspian Syneclise and with the lower Thanetian
Novouzenskaya Formation in the Precaspian region
(Unifitsirovannaya…, 2015). According to the palyno-
logical results from the borehole no. 1238, the Buzi-
novka Formation was accumulated during a transgres-
sive period, in the inner neritic zone with normal
salinity.

The Veshenskaya Formation with a thickness of up
to 15 m, overlying the Buzinovka Fm, is composed of
compact opoka-like or tripolith-like sandy clays, often
facially replaced by loose clayey, sometimes opoka-
like sandstones or compact clayey sands (Leonov,
1961). At the south ending of the Don–Medveditsa
Arch, the clays turn into variegated quartz–glauconite
sands interbedded with analogous sandstones. This
formation transgressively overlaps different levels of
the underlying deposits, and its base is characterized
by the appearance of gravel and pebble. The Vesh-
enskaya Fm is more widespread than the Buzinovka
Formation: to Boguchar town in the west and to
Novokhopersk in the north. In the Scheme of 2000,
the Veshenskaya Horizon contains a mollusk assem-
blage with Arctica (=Cyprina) morrisi, benthic fora-
minifers of the BF3 Zone, and the SP3 spore and pol-
len assemblage and corresponds to the upper Thane-
tian (Akhmetiev and Beniamovsky, 2003).

Outcrops of the Veshenskaya Formation are wide-
spread in the Cis-Donets Monocline; we identified
them in the environs of the Kumovka, Verkhnyaya
Buzinovka, and Surovikino villages and the Biryu-
kovsky and Kalininsky villages, as well as in the strato-
type region near Bazkovskaya Stanitsa. All these out-
crops represent only separate parts of this formation;
unfortunately, we did not find any complete outcrops
(Figs. 8a, 8b). In general, our observations confirm
Leonov’s data: the Veshenskaya Formation was accu-
mulated during the continued marine transgression in
open-marine environments.

Based on the new palynological data, a dinocyst
assemblage corresponding to the interval of the late
Thanetian Apectodinium hyperacanthum Zone was rec-
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ognized in the lower Veshenskaya Formation in the
borehole no. 1238 (81.7–76.4 m). This does confirm
the late Thanetian age of sediments, but only for the
lower part of the formation. Based on the dinoflagel-
late cysts, the lower part of the Veshenskaya Forma-
tion is correlated with the upper Thanetian Kamyshin
Formation of the Ulyanovsk–Saratov Trough (Alek-
sandrova, 2013; Unifitsirovannaya…, 2015) and the Nal-
chik Formation of Northern Caucasus (Shcherbinina
et al., 2016). As regards the upper part of the forma-
tion, drilled by the borehole no. 1238, it corresponds
to the interval of the initial Eocene Axiodinium
(=Apectodinium) augustum dinocyst Zone. This part of
the Veshenskaya Formation can be correlated in Peri-
Tethys with the coeval sediments of the Nalchik For-
mation in the North Caucasus (Shcherbinina et al.,
2016), the Bostandyk Formation in the Northern and
Central Precaspian region (Vasilyeva and Musatov,
2010а; Vasilyeva and Musatov, 2012), the Proleika
Formation in Volgograd region (Aleksandrova et al.,
2011), the sandy-clayey formation in Eastern Crimea
(Aleksandrova and Shcherbinina, 2011), and the Kali-
nin Formation from the Lower Volga region (Dyupa
Gulch; Aleksandrova and Radionova, 2006). More-
over, according to Oreshkina et al. (unpublished data),
a borehole drilled in the extreme west of the Cis-Donets
Monocline (close to Boguchar town, Voronezh region)
(Fig. 1) uncovered a stratigraphically younger part of
the Veshenskaya Formation corresponding to the inter-
val of the early Ypresian Stenodinium meckelfeldense
dinocyst Zone (~54.8–53.4 Ma). Consequently, based
on dinocyst data, the general age of the Veshenskaya
Formation can be estimated as late Thanetian–part
of the lower Ypresian (~56.5–53.4 Ma).

The Surovikino Beds, with a thickness of 8–10 m,
overlying the Veshenskaya Fm in the studied region,
are represented by light-gray and yellowish medium to
fine powdery quartz sands, slightly glauconitic in the
lower horizons, with discontinuous compact siliceous
sandstone interbeds and lenses (Leonov, 1961). Start-
ing from the 1950s, the Surovikino Beds were
attributed to the lower Eocene and correlated with the
lower parts of the Bakhchisaray Formation in Crimea,
the Kanev Formation in Ukraine, and the Upper Tsar-
itsyn Beds in the Volgograd sector of the Lower Volga
region (Leonov, 1939, 1961; Semenov, 1965, 1975;
Geologiya…, 1969; Stratigraficheskaya…, 1987).

During the recent fieldwork the complete outcrops
of the Surovikino Beds were not found; only their con-
tact with the Veshenskaya Formation (Fig. 8c) was
observed in the outcrop near the Surovikino village,
while an isolated outcrop of, most probably, the mid-
dle part of the Surovikino Beds was discovered near
the village of Kumovka. It should be noted that the
Surovikino outcrop section revealed a level with
numerous decapod burrows with a well pronounced
tubercular texture, very close to the Ophiomorpha
nodosa ichnospecies from the lower Ypresian Kalinin
Formation in the Lower Volga region (Yanin and
EOLOGICAL CORRELATION  Vol. 29  No. 1  2021
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Fig. 7. Photographs of the outcrops of the Buzinovka Formation from the Cis-Donets Monocline: (a) outcrop of the upper Buzinovka
Formation in the environs of the Verkhnyaya Buzinovka village; (b) the upper Buzinovka Formation exposed by stripping in the envi-
rons of the Verkhnyaya Buzinovka village; (c) outcrop of the lower Buzinovka Formation in the environs of the Biryukovsky village;
(d) phosphoritic horizon and the contact of the Buzinovka and Veshenskaya formations in the vicinity of the Biryukovsky village.

(a) (b)

(c) (d)
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Fig. 8. Photographs of the outcrops of the Veshenskaya Formation and the Surovikino and “Poltava” Beds from the Cis-Donets
Monocline: (a) outcrops of the upper Veshenskaya Formation in the environs of the Kumovka village; (b) outcrops of the lower
Veshenskaya Formation in the environs of Bazkovskaya village; (c) contact of the Veshenskaya Formation and the Surovikino
Beds in the environs of the Surovikino village; (d) horizon with decapod burrows and holes in the Surovikino Beds in the environs
of the Surovikino village; (e) bioturbation in the “Poltava” Beds in the environs of Bazkovskaya village; (f) low-angle cross-bed-
ding of the “Poltava” Beds in the environs of Bazkovskaya village.

(e)

(c)

(a) (b)

(d)

(f)
Plate IV. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 4, 7) Dracodinium samlandicum (Eisenack) Costa et Downie, 58 m depth; (2, 3) Fibrocysta bipolaris (Cookson et Eisenack)
Stover et Evitt, 59.3 m depth; (5) Fibrocysta essentialis (De Coninck) Brinkhuis et Zachariasse, 59.3 m depth; (6) Charlesdown-
iea coleothrypta (Williams et Downie) Lentin et Vozzhennikova, 59.3 m depth; (8, 9, 11, 12) Hystrichokolpoma spinosum Wil-
son, 59.3 m depth; (10, 13, 14) Impagidinium wardii Iakovleva et Heilmann-Clausen, 57.8 m depth; (15) Heteraulacacysta lep-
talea Eaton, 59.3 m depth; (16, 17) Deflandrea denticulata Alberti, 70.1 m depth; (18) Deflandrea cf. denticulata Alberti, 59.3 m
depth.
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Beniamovsky, 2018) (Fig. 8d). Lithology of the Suro-
vikino Beds suggests that they were deposited in a
shallow-water marine paleoenvironment.

Unfortunately, the Surovikino Beds in borehole
1238 revealed only few dinocysts, which do not permit
to precise the age of sediments. In the borehole sec-
tion, they are situated between the upper Thanetian–
lower Ypresian Veshenskaya Formation and the
Osinovaya Beds with the mid Ypresian dinocyst
assemblage of the Ochetodinium romanum/ Samlandia
chlamydophora Zone, which confirms the early Ypre-
sian age of the Surovikino Beds.

The overlying Osinovaya Beds rest transgressively
in the Cis-Donets Monocline, which is confirmed by
our palynological data. The base of these beds in the
studied region is characterized by the presence of
coarse sediments and one or two siliceous sandstone
interbeds. These deposits change upward by brownish
clays or fine sands (4–5 m), which, in turn, are over-
lain by variegated greenish-gray compact fine quartz–
glauconite sands up to 8–10 m in thickness, replacing
next by medium quartz sands (Leonov, 1961). The
Osinovaya Beds are not characterized paleontologically.

It should be noted that during the fieldwork the
natural outcrops of the Osinovaya Beds in the Cis-
Donets SFZ were not found. Based on the lithological
characteristics of these beds, only their lower part in
the interval of 60.5-57.0 m depth was recognized in the
borehole no. 1238, whereas their upper horizons are
probably eroded. Our palynological data from bore-
hole 1238 (60.5–57.4 m; Ochetodinium romanum/
Samlandia chlamydophora Zone) imply the mid Ypre-
sian age of the Osinovaya Beds.

It should be recalled that, from the middle of last
century (Semenov, 1965; Geologiya…, 1969;
Stratigrafiya…, 1975) to the present day (Gosudarst-
vennaya…, 2009), it is generally accepted that the
Osinovaya Beds (=Osinovaya Formation) rest erosively
(as indicated by a pebble or conglomerate layer) on the
Surovikino Beds, correspond to the lower part of the
Buchak Horizon, and are therefore attributed to the
middle Eocene (Lutetian). It must be emphasized that
Semenov took as the stratotype of the Osinovaya For-
mation the outcrops near the village of Osinovaya on
the Aidar River in Lugansk region of Ukraine (Fig. 1),
where, according to Leonov (1961), the Osinovaya
Beds condense and become coarser, whereas the over-
lying Chir Beds are either absent because of erosion or
poorly exposed. As a result, the recognition of these
lithostratigraphic units in the Aidar River basin was
conventional and required confirmation by additional
data. In the type section in the Lipovskii gully (the
STRATIGRAPHY AND G
right bank of the Don River, in the vicinity of the Chir
River mouth), Leonov correlated the Osinovaya Beds
to the lower part of the Stalingrad Formation, the
Mechetka Beds of the Lower Volga region, and with
the Cherkessk Formation of the Rostov Arch, the Cis-
Caucasian part of the Scythian Platform, and, to some
degree, with the lowermost Buchak Stage of Ukraine
(Leonov, 1961), which was recorded in the Regional
Scheme of the Paleogene Deposits (Geologiya…, 1969).

According to recent data, the Cherkessk Formation
in the North Caucasian Kheu River reference section
is Ypresian (early Eocene); within this stratigraphic
interval, among others, the mid-Ypresian Ochetodin-
ium romanum/Samlandia chlamydophora dinocyst
zone was recognized (Iakovleva, 2017; Shcherbinina
et al., 2020). Consequently, the Osinovaya Beds cor-
respond indeed to a part of the Cherkessk Formation
of North Caucasus and a part of the Bostandyk For-
mation in the Precaspian region (Vasilyeva and Musa-
tov, 2010a, 2010b, 2012; Vasilyeva, 2013; Musatov et al.,
2014), the Simferopol Formation in Crimea (King
et al., 2018), of the Kulsary Formation in Northern
Ustyurt (Iakovleva and Heilmann-Clausen, 2020), to
a part of the Lower Sal subhorizon of the Scheme of
2000 (Akhmetiev and Beniamovsky, 2003), and to the
upper part of the Proleika Horizon of the Lower Volga
region (Unifitsirovannaya…, 2015) (Fig. 2).

Long-term discussions are related to the age and
genesis of the sandstone member in the upper part of
the Paleogene in southern Russia. Most researchers
tend to correlate it with the so-called Poltava Stage of
the scheme proposed by Sokolov (1893) and to date it
by Oligocene–Early Miocene. Due to the absence of
fossils in this member, the Oligocene–early Miocene
age was determined by comparison with the Paleogene
lithostratigraphic units of the Dnieper River Basin,
Scythian Platform, or the Lower Volga region
(Leonov, 1936, 1939, 1961; Semenov, 1965, 1975;
Semenov and Stolyarov, 1988; Stratigraficheskaya…,
1987; Voronina et al., 1988; Popov et al., 1993; Gor-
batkina and Iosifova, 2004; etc.).

These sediments with a thickness of up to 30 m in
the Cis-Donets Monocline rest transgressively and
erosively on different Cretaceous and Paleogene hori-
zons. The reliably marine Oligocene sediments,
attributed to the Maykop Group, spread over the
boundary between the structural-facies zones of the
Cis-Donets Monocline and the eastern surroundings
of the Donbass, in the environs of the Tsimlyansk
hydroelectric complex. Based on the geographic loca-
tion and lithologic characteristics, the facies transi-
tional from the Maykop to the Poltava sediments,
Plate V. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 2, 6) Axiodinium prearticulatum Williams et al., 58.0 m depth; (3–5) Impagidinium wardii Iakovleva et Heilmann-Clausen,
58.0 m depth; (7, 8) Dracodinium sp. A, latiepeliform archeopyle, 58.0 m depth; (9, 10) Membranilarnacia compressa Bujak,
59.3 m depth; (11, 12) Phthanoperidinium sp., 58.0 m depth; (13, 14) Eatonicysta ursulae (Morgenroth) Stover et Evitt, 58.0 m
depth; (15) Diphyes pseudoficusoides Bujak, 58.0 m depth.
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established in the lower reaches of the Chir River, were
assigned to the Ventsy Beds (Leonov, 1961). They are
composed of dark (gray to black) humus-rich clays
with numerous thin lenticular fine-grained quartz
sand interbeds with a total thickness of up to 4 m.

Farther north are continental sediments classified
as the “Poltava Group” (Leonov, 1961; Semenov,
1965), which is represented by inequigranular quartz
sands, varicolored (white, yellow, red, crimson, gray,
greenish), loose, sometimes slightly clayey, com-
pacted. Thin varicolored clay interbeds and lenses (1–
4 m) are also reported here, predominantly in the
lower part, as well as ferruginous sandstone nodules. It
was assumed that the Donbass and the Don–Medve-
ditsa Arch were the line of facial boundary between the
Maykop and Poltava sediments.

Quantitatively rich palynological data from the
Ventsy Beds in borehole no. 1238 (57.0–54.0 m
depth), where the Layers with Rhombodinium draco–
Deflandea spinulosa of the late Rupelian–early Chat-
tian are now recognized, finally bring some certainty
on the stratigraphic position of the lower boundary of
the upper Paleogene horizons in the Cis-Donets
Monocline and on the problems of paleogeographic
reconstructions of the depositional environments. We
found that the Ventsy Beds in borehole no. 1238 rest
erosively on the Lower Eocene Osinovaya Beds, which
implies an important hiatus corresponding to the
upper Ypresian and most of Rupelian (~18 Ma).
Unfortunately, the overlying “Poltava” Beds, includ-
ing those that constitute the uplifted parts of the Cis-
Donets Monocline, do not contain fossil palyno-
morphs in borehole no. 1238, and no other fossils in
the outcrops were found during the fieldwork. As a
result, the age of the upper boundary of the “Poltava”
Beds still cannot be determined exactly.

Leonov (1961) interpreted the Ventsy Beds as near-
shore marine or even lagoonal deposits. The diversi-
fied dinocyst assemblage confirms the marine genesis
of the Ventsy Beds, while their regular underlying of
typical Poltava facies suggests that the Ventsy Beds are
the base of the upper sedimentary succession.

During our fieldwork we also examined the “Pol-
tava” Beds in natural outcrops and opencast mines,
where they are represented by thick members of varicol-
ored quartz sandstones with low-angle cross bedding,
clay levels, and extensive bioturbation (Figs. 8e, 8f). On
the basis of which a conclusion was made about their
shallow-marine genesis.

Taking into account the data of Goretsky (1982),
the Cis-Donets Monocline area was also the discharge
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zone of a large paleoriver, which he named the
“Solenaya River”; its f low was directed from north to
south, and the alluvium was composed mostly by
sands, which perhaps explains one of the sources of
terrigenous material supply (Fig. 9).

According to the lithological and paleontological
data, the marginal marine depositional environments
of the Poltava Group are also presumed for the west-
ern regions of the southern Russian Platform up to
southern Belarus and northern Ukraine (Savko et al.,
1995, 2012; Zinova, 2001; Sklyarenko, 2010; Zosi-
movich and Shevchenko, 2014, 2015; Boiko and Skl-
yarenko, 2014; etc.). It is assumed that during this time
there was a latitudinal marine strait, which connected
the basin of the Cis-Donets Monocline (as a part of
the Paratethys) to the West European basins (Fig. 9).
All that said and based on our evidences of develop-
ment of marine facies up to the westernmost regions of
the Cis-Donets Monocline, it is obvious that the Oli-
gocene marine transgression extended much farther
north than it was anticipated earlier (Leonov, 1961;
Voronina et al., 1988; Popov et al., 1993, 2009;
Semenov and Stolyarov, 1988; Stolyarov, 1991; Stol-
yarov and Ivleva, 2004a, 2004b).

Palynological data on the dynamics of changes in
dinocyst, prasinophyte, and spore and pollen assem-
blages during the Solenaya and Kalmykia time in the
adjacent regions of the Lower Don, Lower Volga, Yer-
geni, and North Caucasus (Zaklinskaya, 1953;
Ananova, 1974; Prakticheskaya…, 1990; Zaporozhets,
1998; Akhmetiev and Zaporozhets, 2014; Zaporozhets
and Akhmetiev, 2015, 2017; Zastrozhnov et al., 2019)
permit to reconstruct the stages of accumulation of the
Ventsy and “Poltava” Beds. Thus, the first stage is
characterized by an increase in abundance of the pol-
len of Taxodiaceae (Taxodium, Glyptostrobus, Sequoia,
Metasequoia) and the thermophilic and hydrophilic
plants (Juglans, Carpinus, Fagus, Tilia, Ulmus, Quer-
cus, Rhus, Myricaceae, Acer, Fraxinus, Hammamelis,
Ilex, Liquidambar, Nyssa, Nelumbo) during the Rupe-
lian, which was due to the development of a major and
led to significant formation of marshes on the adjacent
lands and climate warming, while the peak of warming
corresponds to the early Morozkina Balka time in the
North Caucasus and the early Solenaya time in the
Yergeni. This time interval corresponds to the forma-
tion of thin, predominantly argillaceous facies of the
uppermost Khadum Superhorizon in the North Cau-
casus. Marine phytoplankton assemblages ref lect the
unstable probably brackish depositional environments
with restricted water exchange.
Plate VI. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 4, 9) Axiodinium prearticulatum Williams et al., 59.3 m depth; (2, 3) Dracodinium sp. A, 57.8 m depth; (5) Axiodinium preartic-
ulatum Williams et al., 58.0 m depth; (6, 7) Carpatella rossica Iakovleva, 81.4 m depth; (8) Dracodinium sp. A, 58.0 m depth;
(9) Charlesdowniea coleothrypta (Williams et Downie) Lentin et Vozzhennikova, 59.3 m depth; (10, 11) Diphyes ficusoides Islam,
58.0 m depth; (12, 13) Kallosphaeridium yorubaense Jan du Chene et Adediran, 58.0 m depth; (14) Fibrocysta vectensis (Eaton)
Stover et Evitt, 58.0 m depth; (15) Membranilarnacia compressa Bujak, 58.0 m depth.
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Fig. 9. Paleogeographic map of paleobasins during the Chattian (modified after Popov et al., 2009).
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Plate VII. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1‒3) Cordosphaeridium gracile (Eisenack) Davey et Williams, 57.8 m depth; (4–7) Ochetodinium romanum Damassa, 59.3 m
depth; (8) Axiodinium prearticulatum Williams et al., 58.0 m; (9, 12) Samlandia chriskingii Iakovleva et Heilmann-Clausen,
59.3 m depth; (10, 11) Diphyes pseudoficusoides Bujak, 58.0 m depth; (13, 14) Hystrichosphaeropsis sp., 58.0 m depth.
Plate VIII. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 4) Thalassiphora dominiquei Iakovleva et Heilmann-Clausen, 59.3 m depth; (2) Cribroperidinium tenuitabulatum (Gerlach)
Helenes, 59.3 m depth; (3, 7) Rhombodinium draco Gocht, 54.0 m depth; (5, 6) Eisenackia circumtabulata Drugg, 59.3 m depth;
(8, 11) Piladinium columna (Michoux) Williams et al., 59.3 m depth; (9) Dracodinium eocaenicum (Agelopoulos) Williams et al.,
54.0 m depth; (10) Dracodinium sp. A, 57.8 m depth; (12, 13) Ochetodinium romanum Damassa, 59.3 m depth; (14) Rhombodinium
draco Gocht, free operculum, 54.0 m depth.
Plate IX. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 2, 4, 5) Cordosphaeridium inodes (Klumpp) Eisenack, 57.8 m depth; (3, 6, 11, 15) Achilleodinium biformoides (Eisenack) Eaton,
59.3 m depth; (7–10) Hystrichokolpoma cinctum Klumpp, 59.3 m depth; (12–14) Hystrichokolpoma cf. cinctum Klumpp, 57.8 m
depth.
Plate X. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 5, 9, 13) Hystrichosphaeropsis sp., 57.8 m depth; (2, 6, 10) Piladinium columna (Michoux) Williams et al., 59.3 m depth;
(3, 7, 11) Hystrichosphaeropsis sp., 57.0 m depth; (4, 8, 12) Areoligera sentosa-group, 58 m depth; (14) Tectatodinium pellitum
Wall, 59.3 m depth; (15) Phthanoperidinium sp., 58.0 m depth; (16) Piladinium columna (Michoux) Williams et al., 59.3 m
depth; (17, (18) Deflandrea oebisfeldensis Alberti, 70.1 m depth.
Plate XI. Dinocysts from the Paleogene sediments from the borehole no. 1238. Magnification is given in microns (μm).
(1, 2, 4, 5) Cribroperidinium tenuitabulatum (Gerlach) Helenes, 58.0 m depth; (3, 6) Charlesdowniea coleothrypta (Williams et
Downie) Lentin et Vozzhennikova, 59.3 m depth; (7, 8) Pentadinium laticinctum Gerlach, 59.3 m depth; (9, 10) Dracodinium sam-
landicum (Eisenack) Costa et Downie, 58.0 m depth; (11–13) Piladinium columna (Michoux) Williams et al., 58.0 m depth.
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The second stage, corresponding to the late Moroz-
kina Balka (or late Solenaya) time, is marked by free
communication between the Paratethys and the North
European basins in a still warm climate, as evidenced by
the first taxonomically diversified dinocyst associa-
tions, mollusk finds, and the composition of spore and
pollen assemblages (Zastrozhnov et al., 2019).

The third stage corresponds to the end of the late
Solenaya and the beginning of the early Kalmykia
time. According to spore–pollen data, this stage is
characterized by the cooling of the climate, still
remaining highly humid, while the peridinioid genera
Rhombodinium and Deflandrea started to dominate in
dinocyst assemblage. The beginning of the third stage is
also marked by the maximum abundance of reworked
palynomorphs, whereas the palynological associations
are marked by abundant Pinaceae (Pinus, Picea,
Tsuga, Abies) and the predominance of Betulaceae
(Alnus, Betula, Corylus) and Salicaceae among the
deciduous angiosperms, which indicates climate
humidification, increase in denudation, and the uplift
of the surrounding land. The combination of these
factors led to the increase in river discharges into the
marine basin and to the beginning of the accumulation
of thick sandstones of the Kalmykia Formation along
the northern periphery of the Paratethys (Stolyarov,
1991; Stolyarov and Ivleva, 2004a, 2004b). The late
Kalmykia time is characterized by a dinocyst assem-
blage dominated by the genus Deflandrea and the
depletion of the benthic molluscan fauna and fora-
minifers, which in general again reflects the environ-
ments of a restricted marine basin.

We believe that the pollen assemblage dominated
by Pinaceae in conjunction with common Rhombodin-
ium and Deflandrea of the Ventsy Beds can be cor-
related with those of the late Solenaya time, while the
overlying “Poltava” Beds could accumulate during the
early Kalmykia time. This allows correlating the
Ventsy Beds with the upper Solenaya Subformation
and, in turn, the “Poltava” Beds with the Kalmykia
Formation of the Yergeni and the Lower Volga region.

Based on lithological characteristics and strati-
graphic position of the Ventsy and Poltava Beds in
borehole no. 1238, these units can be correlated with
the Bereka Formation of the Voronezh Anteclise (Gor-
batkina and Iosifova, 2004) and with the Zmiev and
Sivash formations from Northern Ukraine (Stratigra-
ficheskaya…, 1987; Zosimovich and Shevchenko,
2014, 2015).

CONCLUSIONS

Based on the dinocyst data, the sediments at the
bottom of the borehole no. 1238, drilled in the Cis-
Donets Monocline, are dated as late Santonian–early
Campanian. The overlying marine Paleogene deposits
revealed the intervals of dinocyst zones from the chro-
nostratigraphic schemes of the Volga region and the
STRATIGRAPHY AND G
Eastern Peri-Tethys: Alisocysta margarita, Apectodin-
ium hyperacanthum, Axiodinium augustum, and
Ochetodinium romanum/Samlandia chlamydophora, as
well as Layers with Rhombodinium draco–Deflandea
spinulosa, which enabled us to precise the age of the sed-
iments. Thus, our data confirm the early Thanetian age
of the Buzinovka Horizon; the age of the Veshenskaya
Horizon has been revised and corresponds to the late
Paleocene–initial Eocene. The overlying Surovikino
and Osinovaya beds correspond to a part of the lower–
middle Ypresian. The upper part of the Osinovaya
Beds and the Chir Beds are missing in this borehole,
which requires the search of more complete and con-
tinuous sections. Lithological composition and strati-
graphic age of these beds permit to correlate them with
the Proleika Formation in the Lower Volga region and
a part of the Kanev Formation in Northern Ukraine.
The middle and upper Eocene and the most part of the
lower Oligocene sediments are not established on this
territory. The Ventsy and Poltava Beds are correlated
with the upper Solenaya Subformation and the lower
part of the Kalmykia Formation of the Yergeni High-
land. Two important hiatuses have been recognized in
the borehole no. 1238 section: first one corresponds to
the upper Campanian–Selandian and the other one,
to the upper Ypresian–lower Rupelian.

We demonstrated that the local lithostratigraphic
units proposed by Leonov in 1961 are quite applicable
for the subdivision of the Paleogene of the Cis-Donets
Monocline. We have established that the sediment
deposition within the Cis-Donets Monocline is timed
to the period of a major late Paleocene–early Eocene
marine transgression and to the time of the end of the
early Oligocene–late Oligocene regression in condi-
tions of restricted marine basin. The first phase is
represented by the Buzinovka and Veshenskaya for-
mations and the Surovikino and Osinovaya Beds,
while the second one is represented by the Ventsy and
“Poltava” beds.
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