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Analysis of the Upper Pennsylvanian phytozonal
units of the Donets Basin and the Northern
Caucasus using the ecostratigraphic approach

N.I. Boyarina

Institute of Geological Sciences of the NAS of Ukraine, Kyiv, Ukraine

AHani3 BepXHbONEeHCU/IbBAHCbKUX (PiTO30HaNbHUX Nigpo3ainis JoHeLbKoOro
6aceiiHy Ta MiBHiuHOro KaBkasy i3 3aCTocyBaHHAIM eKocTpaTurpadiuHoro nigxogy

H.l. bosipiHa

IHCTUTYT reonoriyHux Hayk HAH Ykpainu, Kuis, YkpaiHa

Floristic, palaeophytocoenotic and palaeoecological analyses of the Late Pennsylvanian vegeta-
tion cover of the Donets Basin and the Northern Caucasus were conducted for the time intervals
of five macrofloral zones to substantiate the Upper Pennsylvanian phytozonal units in the context
of palaeoecosystem changes. The vegetation cover of each basin was defined by a type of differ-
entiation reflecting plant community distribution and developmental features of plant commu-
nities shaped by ecological niche dynamics. The vegetation cover in the Donets intracraton basin
with post-rift paralic setting, where glacioeustatic sea level changes had a significant impact, was
characterised by a spatial differentiation into plant communities of coastal lowlands, deltaic and
floodplain plains, and river valley slopes in low-relief terrains and the emergence of new ecolog-
ical niches while changing dominant landscape types. The vegetation cover in the intramontane
basin of the Northern Caucasus with a fluvio-lacustrine setting, where a spatial distribution of
landscapes were influenced by changes in a local base level of erosion controlled by orogenic
processes, was characterised by a catenary differentiation into plant communities of lacustrine
coasts, deltaic-floodplain valleys and river valley slopes in sloping terrains with increased plant
species richness as a manifestation of the ecotone effect and the emergence of new ecological
niches as a result of niche overlap. The time intervals of macrofloral zones are aligned with the
stages of development of vegetation cover that are distinguished by progressive or regressive
phytocoenotic changes and phytocoenogenetic transformations of plant communities caused by
ecosystem-level factors. The analysis of the Late Pennsylvanian vegetation cover in the Donets
Basin and the Northern Caucasus indicates that the different landscape and ecological conditions
in different tectono-sedimentary basins determined the different types of vegetation cover dif-
ferentiation, dynamics of ecological niches and diverse phytocoenotic processes. The dynamics
of ecological niches and phytocoenotic processes in plant communities under conditions of dif-
ferent types of vegetation cover differentiation controlled the floristic composition of communi-
ties, which is reflected in stratigraphic ranges of key and characteristic taxa of macrofloral zones.

Citation: Boyarina N.l. 2026. Analysis of the Upper Pennsylvanian phytozonal units of the Donets Basin and the
Northern Caucasus using the ecostratigraphic approach. 2026. Geologicnij Zurnal, 1 (394), 3-20. https://doi.org/10.30836/
ig5.1025-6814.2026.1.343227
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Introduction

Ecostratigraphy is regarded as ‘ecosystem stra-
tigraphy’ that relies on the connection between
the evolution of the organic world and geological
processes controlling the development of the bio-
sphere as an ecosystem and reveals the relation-
ships between the palaeocommunities of biotic
groups and biostratigraphical zones (Martinsson,
1973; Krassilov et al., 1985). The ecostratigraphic
studies focus on identifying the links between bi-
otic evolution and environmental changes to de-
termine the specific events in the development of
ecosystems and their interregional correlations
(Martinsson, 1973, 1980; Krassilov, 1978; Boucot,
1984; Margalef, 1986). The basis for the correlation
of ecosystem events (changes) is such factors as
eustatic fluctuations, orogenic processes and cli-
matic changes, which combine evolutionary and
ecological changes. The close relationship be-
tween the evolution of biotic communities and
the sequence of ecological changes allows the
use of ecological community analysis for more
detailed biostratigraphy and the understanding of
discrepancies in the dating and correlation of bio-
stratons (Krassilov, 1977; Brenner, McHargue, 1988;
Gladenkov, 1990; Oloriz et al., 1996, 2012). In this
context, an important aspect of ecostratigraphic
research is the reflection of the sequence of bio-
stratons in the section as the stages (phases) of
development in natural complexes (ecosystems)
and the boundaries of biostratons as the trans-
formation boundaries of ecosystems under the
influence of external and internal factors in the
geological past (Krassilov, 1970, 1977; Martinsson,
1973; Meyen, 1989).

The identification and analysis of palaeoecosys-
tem changes at various hierarchical levels build
on the reconstruction of palaeocommunities and
the study of their dynamics. For ecostratigraphic
studies of continental deposits with plant fossils,
it was used the plant communities identified by
traditional phytosociological methods according to
plant genera and species, as well as the palaeo-
ecological interpretations of these communities
(Retallack, 1978).

Palaeophytocoenotic studies of the Late Penn-
sylvanian plant communities, carried out by the
author in recent years in the Donets Basin (Boya-
rina, 2022a, 2023, 2024) and the Northern Caucasus
(Boyarina, Kovalenko, 2023), allowed the analysis of
the macrofloral zones in an ecostratigraphic aspect
in this study. The ecostratigraphic analysis of the
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macrofloral zones was performed to reveal the fea-
tures of vegetation development in different tecto-
no-sedimentary basins.

Conducting such studies is significant for un-
derstanding the possible reasons of age incon-
sistencies of the boundaries of the some Upper
Pennsylvanian macrofloral zones in the Donets
Basin with paralic settings and the west Europe-
an intramontane basins of the Variscan belt. The
age inconsistencies were determined on the basis
of radioisotope-dated zone boundaries in Euro-
pean basins (Knight, Wagner, 2014; Oplustil et al.,
2016; Merino-Tomé et al., 2017; Knight et al., 2023)
and chronostratigraphic calibration of cyclostrati-
graphic constructions of the Upper Pennsylvanian
deposits in the Donets Basin (Davydov et al., 2010).
The diachronicity of the boundaries of floral zones
is due to the different stratigraphic ranges of some
key taxa in different basins that are considered as
a consequence of provincialism and migration time
lag (Oplustil et al., 2021). To identify the factors that
caused different taxon ranges, it is essential to
analyse vegetation development under changing
environmental conditions in various basins.

This study analyses the spatial structure and
composition of vegetation in the time intervals of
the Upper Pennsylvanian macrofloral zones in the
Donets Basin with paralic settings and the North
Caucasus with intramontane fluvio-lacustrine set-
tings and reveals the developmental features of
vegetation cover in these two basins of different
tectono-sedimentary types.

Geological and facies setting

The Donets Basin and the Northern Caucasus
(Fig. 1) in the Pennsylvanian were within the same
floristic province of the Euramerican region and
were located in its eastern part (Meyen, 1987).
At the same time, these two basins represent dif-
ferent sedimentary types. The Donets Basin is the
southeastern part of the Pripyat-Dnipro-Donets
intracratonic rift system or the system of avlako-
genic basins (Khayin, Mikhailov, 1985; Yakushova
et al., 1988; Stovba, Stephenson, 1999). The Upper
Pennsylvanian deposits of the Donets Basin, with a
thickness of more than 2700 m, are post-rift paralic
sedimentary strata that are composed of intercalat-
ed shallow marine, swamp, lake, delta, floodplain
and channel facies (Guidebook..., 1975; Chekunov,
1994; Stovba et al., 1996; Poletaev et al., 2011). In the
Northern Caucasus, the areas of sediment accumu-
lation in the Late Pennsylvanian were grabens or

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. No 1 | Geologicnij Zurnal. 2026. No. 1
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Fig. 1. Geological map of distribu-
tion of the Upper Pennsylvanian
deposits in the Donets Basin (modi-
fied from the materials of State
regional geological enterprise “Do-
netskgeology”, 1985) and the map
of the Northern Caucasus (Kara-
chay-Cherkess Republic) with the
localities of the Late Pennsylvanian
plant fossils: 1- Zelenchuk area (ba-
sin of the Velykyi Zelenchuk River);
2 - Teberda area (basin of the Te-
berda River)

semi-grabens within the continental orogenic belt,
as well as the foothills of the orogenic mountain
ranges (Adamia et al., 1987; Yanev, Adamia, 2010).
Under the conditions of the intramontane basin,
the lacustrine, fluvial and proluvial deposits were
formed with thicknesses ranging from 150-200 m in
the Velykyi Zelenchuk River valley to 400 m in the
Teberda River valley (Belov, Kizevalter, 1962; Lunev,
Reznikov, 1968; Novik, 1978; Shchegolev, 1979).

Materials and methods

The floristic analysis of the Upper Pennsylvanian
macrofloral zones was conducted based on the
study of collections of the fossil flora from the Do-
nets Basin and the Northern Caucasus, which were
collected in previous years by 0.K. Shchegolev and
the author of the present paper. The collections
are stored at the Institute of Geological Sciences of
the National Academy of Sciences of Ukraine under
numbers NMNH PC 2216, 1GS-OKS1 and 1GS-OKS-
NIB1. The flora description (Shchegolev, 1985, 1991;
Boyarina, 1994, 2010, 2022b) and the classification
of plant communities of the Donets Basin (Boyari-
na, 2022a, 2023, 2024), as well as the description of
the flora and vegetation of the Northern Caucasus
(Shchegolev, 1979; Boyarina, Kovalenko, 2023) were
used for the ecostratigraphic studies.

The macrofloral zones of the Donets Basin (Bo-
yarina, 2016) and the Northern Caucasus, which
are described for the first time in the present
paper, are identified on the basis of the strati-
graphic distribution of key taxa of the west Euro-
pean macrofloral biozones (Wagner, 1984; Cleal,
1991; Wagner, Alvarez—Vézquez, 2010). To reveal
the phytocoenotic and ecological-landscape fea-
tures of the vegetation in the two regions, the
description of the zones is supplemented by
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characteristic taxa that appear for the first time
or have the abundant distribution within the
zones of each region.

To compare the macrofloral zones of the Donets
Basin and the Northern Caucasus in an ecostrati-
graphic aspect, the phytocoenotic and ecologi-
cal-landscape affiliations of zone key and charac-
teristic taxa were identified. The phytocoenotic
affiliation indicates the type of plant communities
that included the key and characteristic species of
zones. The ecological and landscape affiliations
indicate the type of a landscape, within which the
plant communities were distributed.

Based on the palaeophytocoenotic and palae-
oecological characteristics of the key and charac-
teristic taxa of macrofloral zones, the correspon-
dence of the time intervals of macrofloral zones to
the stages of vegetation cover development was
established. The stage (phase) of vegetation cover
development is considered as the time interval of
the spread or dominance of plant communities
with a certain species composition within certain
landscape types. The stages are characterised by
phytocoenotic processes, which are identified as
phytocoenogenetic transformations, exodynamic
progressive and regressive changes in plant commu-
nities. Phytocoenogenetic transformations of palae-
ophytocoenoses were manifested in the formation
of plant communities representing new syntaxa (Su-
kachev, 1942). Exodynamic changes are traditionally
considered to be changes caused by external factors
such as climate, relief, soils and water regime (Suk-
achev, 1928; Shennikov, 1964), while the increases or
decreases in the species composition of communi-
ties in the absence of new dominants are identified
as the progressive or regressive changes in plant
communities without the formation of new syntaxa.



Floristic, phytocoenotic and
ecological-landscape characteristics
of the Upper Pennsylvanian
macrofloral zones of the Donets
Basin and the Northern Caucasus

The Donets Basin

Five macrofloral zones have been identified in the
Upper Pennsylvanian deposits of the Donets Ba-
sin using palaeobotanical criteria of phytozones
of the west European Stephanian Stage (Boyarina,
2016). The zone boundaries are aligned with the
limestone marker beds overlapping coal seams
that are the framework for intraregional correla-
tion of sedimentary rocks in the Donets Basin. In
this paper, the floristic criteria of the macrofloral
zones are supplemented by the data about phyto-
coenotic and ecological-landscape affiliations of
the key and characteristic taxa (Fig. 2) in line with
the palaeophytocoenotic study and classification
of the Late Pennsylvanian palaeophytocoenoses
of the Donets Basin (Boyarina, 2023, 2024), as well
as the time intervals of macrofloral zones are cor-
related with glacioeustatic sea-level changes (Eros
et al., 2012) and the Late Pennsylvanian glacial and
deglacial intervals (Montanez, Poulsen, 2013; Mon-
tafiez, 2022).

Odontopteris cantabrica Zone (n,-N,-0))

The lower boundary of the zone is drawn at the
level of the n, coal seam under the N, limestone on
the basis of the appearance of key taxa of Odon-
topteris cantabrica Wagner, Alethopteris bohemica
Franke and the disappearance of Mariopteris ner-
vosa (Brongniart) Zeiller (see Fig. 2). The appear-
ance of Sphenophyllum oblongifolium (Germar et
Kaulfuss) Unger, Crenulopteris lamuriana (Heer)
Wagner and Sphenopteris rossica Zalessky (Shche-
golev, 1991) in the middle and upper parts of the
zone and the change of the late Westphalian flo-
ra by the early Stephanian flora above the n.' coal
seam (marker horizon n.-N,) (Shchegolev, 1975;
Shchegolev, Kozitskaya, 1975) were the basis for
subdivision of the zone into two subzones, Aletho-
pteris bohemica and Sphenopteris rossica.

The plant fossils of key species were found
in the lacustrine mudstones, indicating that
these plants belonged to the calamital-
ean-fern-pteridosperm communities of coastal
lowlands. The zone interval almost completely
corresponds to the long-term period of relatively
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stable lower sea level (Eros et al., 2012; Boyarina,
2023), which is comparable to the earliest Kasi-
movian glacial interval (Montafiez, Poulsen, 2013;
Montafiez, 2022). According to available floristic
data, the wetland lycopsid-dominated forests of
coastal habitats were significantly reduced in the
late Lomovatkian (Fissunenko 1975, 1991, 2000)
corresponding to the time interval of the low-
er subzone. The onset of the formation of new
palaeophytocoenoses of the wetland calamital-
ean-fern-pteridosperm forests within coastal
lowlands have been traced from the beginning of
the Toretskian (n,' - 0,). This time interval corre-
sponds to the Sphenopteris rossica Subzone and
coincides with the end of the long-term period
of relatively stable lower sea level (final period
of the glacial interval), which is characterised by
frequent sea level fluctuations (Fig. 3).

Crenulopteris lamuriana Zone (0,-0,°)

The base of the Crenulopteris lamuriana Zone
is established by the O, limestone (see Fig. 2). This
level is characterised by the first appearance of
Nemejcopteris feminaeformis (Schlotheim) Bar-
thel and the disappearance of Macroneuropteris
scheuchzeri (Hoffmann) Cleal, Shute & Zodrow.
Above the O, limestone the common occurrence of
Cyathocarpus arboreus (Sternberg) Weiss and the
increase in abundance of Crenulopteris lamuriana
were revealed. The additional criteria of the zone
are the common occurrence of Acitheca polymor-
pha (Brongniart) Schimper in the upper part of
the zone and the presence of Sphenopteris ros-
sica and Sphenophyllum oblongifolium (Shchego-
lev, 1985).

The listed key and characteristic taxa of ferns
belonged to the calamitalean-fern-pteridosperm
communities of coastal lowlands except for the
Acitheca polymorpha ferns, which were also part
of the lycopsid-fern communities of deltaic plains.
The time interval of the zone was characterised
by the dominance of the wetland calamital-
ean-fern-pteridosperm forests of the Neuropteri-
do ovatae-Crenulopteridetalia lamurianae order
within coastal lowlands with the prevailing ferns
Crenulopteris lamuriana and pteridosperms Neu-
ropteris ovata. This wetland vegetation of coastal
lowlands was widespread during the early phase
(early Toretskian) of the long-term period of rela-
tively stable higher sea level at the beginning of
the late Kasimovian-early-middle Gzhelian degla-
cial interval (see Fig. 3).
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Analysis of the Upper Pennsylvanian phytozonal units of the Donets Basin and the Northern Caucasus using the ecostratigraphic approach

Sphenopteris mathetii (= Alethopteris

zeillerii) Zone (0,>-0,)

In this study the lower boundary of the Sphe-
nopteris mathetii Zone, which is analogous to the
west European Alethopteris zeillerii Zone, is placed
at the level of the O,° limestone with the under-
lying o, coal seam based on the appearance of
Sphenopteris mathetii Zeiller between interlayers
of the 0, coal seam (Shchegolev, 1985). The first
occurrences at the upper part of the zone have
the key taxa Sphenophyllum longifolium (Germar)
Geinitz and Sphenophyllum thonii subsp. nanum
Shchegolev. The zone is also characterised by the
appearance of Cyathocarpus lepidorachis (Brong-
niart) Mosbrugger, “Pecopteris” bredovii Germar,
“Pecopteris” potoniei Nemejc, Diplazites unitus
(Brongniart) Cleal, the common occurrence of Cy-
athocarpus hemitelioides (Brongniart) Mosbrugger,
Sphenophyllum amadokense Zakessky, S. verticilla-
tum (Schlotheim) Zeiller, as well as the presence of
Acitheca polymorpha and Neuropteris ovata Hoff-
mann (see Fig. 2).

The abundance plant remains of a diverse spe-
cies composition were mainly found in lacustrine
mudstones that indicate about wide spreading of
the calamitalean-fern-pteridosperm communities
of coastal lowlands. These plant communities be-
longed to the wetland forests of the same plant
order as and in the time interval of the previous
zone, namely the Neuropterido ovatae-Crenu-
lopteridetalia lamurianae order (Boyarina, 2023).
The forests of coastal lowlands continued to in-
clude the dominant ferns Crenulopteris lamuriana
and pteridosperms Neuropteris ovata, as well as
the ferns Acitheca polymorpha, Sphenopteris ros-
sica, “Pecopteris” bredovii, and were supplemented
by the ferns Sphenopteris mathetii, Cyathocarpus
hemitelioides, C. lepidorachis, “Pecopteris” poton-
iei, Diplazites unitus and the sphenophylls Spheno-
phyllum longifolium, S. thonii subsp. nanum and S.
amadokense Zalessky. The increase in the diversity
of the forests of the same order occurred during
the long-term period of relatively stable higher sea
level with frequent sea level fluctuations during
the late Kasimovian phase of the late Kasimovian-
early-middle Gzhelian deglacial interval (see Fig. 3).
Frequent sea level changes, i.e. transgressive-re-
gressive cycles (Eros et al.,, 2012), led to landscape
changes accompanied by the expansion of coastal
lowlands with humid climatic and edaphic condi-
tions in the early phase of a transgression, from
the middle to late low sea level, during each trans-
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gressive-regressive cycle (cyclotheme) (DiMichele,
2014). These conditions caused the expansion of
the wetland forests with a richer species composi-
tion, but no change in dominants.

Sphenophyllum angustifolium Zone (0_-P_°)

The base of the zone is established by the O,
limestone with the underlying o,* coal seam, above
which the first occurrence has the index taxon. The
main characteristics of the zone are the presence
of Sphenophyllum thonii subsp. nanum and the
appearance of Sphenophyllum thonii subsp. thonii
Shchegolev, the appearance below the O, limestone
and the abundance occurrence in the lower part of
the zone of Cyathocarpus densifolius (Goeppert)
Siminek et Ploch, the appearance in the middle
part and the abundance occurrence in the upper
part of the zone of Odontopteris schlotheimii, the
abundance occurrence of Sphenophyllum longi-
folium, and the appearance of Pseudomariopteris
busquetii (Zeiller) Danzé-Corsin, “Pecopteris” jong-
mansii Wagner, “Pecopteris” platonii Grand’Eury
and also the endemic ferns of “Pecopteris” miron-
ovana Zalessky et Tschirkova (Shchegolev, 1985).
The zone is subdivided into two subzones, namely
Cyathocarpus densifolius (0,~P,) and Odontopteris
schlotheimii (P,-P.°), according to the abundance
occurrence of index species.

The time interval of the Sphenophyllum angus-
tifolium Zone corresponds to two long-term peri-
ods of relatively stable higher and lower sea lev-
els (Eros et al., 2012). The formation of deposits of
the lower Cyathocarpus densifolius Subzone took
place during the early Gzhelian period of relative-
ly stable higher sea level with infrequent trans-
gressive-regressive cycles during the late Kasi-
movian—-early-middle Gzhelian deglacial interval
(see Fig. 3). At that time, the vegetation cover
was dominated by the wetland calamitalean-fern
forests of coastal lowlands of the Calamito suc-
kowii-Cyathocarpetalia densifoliae order includ-
ing the dominant ferns Cyathocarpus densifolius
and also the ferns Cyathocarpus arboreus, Dipla-
Zites unitus, and Nemejcopteris feminaeformis.
The sedimentary rocks of the upper Odontopter-
is schlotheimii Subzone were formed during the
middle Gzhelian period of falling sea level at
the end of the same deglacial interval. In this
time interval the reduction of coastal lowlands
and the expansion of deltaic plains and flood-
plains occurred, as evidenced by the lithologi-
cal and facies compositions of the deposits. The
vegetation of the zone interval was dominated
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by the calamitalean-fern and lycopsid-pterido-
sperm forests of the Subsigillario-Odontopteri-
detalia schlotheimii order on deltaic plains with
the predominant pteridosperms Odontopteris
schlotheimii Brongniart and the common pterido-
sperms Neuropteris crassinervis Shchogolev ms.
as well as the ferns “Pecopteris” mironovana and
“Pecopteris” platonii Grand’Eury. These processes
are consistent with the affiliation of the key taxa
of the lower subzone to the dominant plant com-
munities of coastal lowland forests, and the key
taxa of the upper subzone to the dominant plant
communities of deltaic plain forests.

Autunia conferta Zone (P.°-Q,)

The lower boundary of the Autunia conferta
Zone is marked by the first occurrence of the in-
dex taxon and other callipterid pteridosperms of
Autunia naumannii (Gutbier) Kerp, Lodevia nicklesii
(Zeiller) Haubold et Kerp, L. suberosa (Sterzel) Hau-
bold et Kerp above the P.°limestone (Shchogolev,
1960; Boyarina, 2010) (see Fig. 2). The zone is also
characterised by the appearance of Odontopteris
lingulata Goeppert and Sphenopteridium german-
icum (Weiss) Kerp et DiMichele and the abundance
occurrence of Cyathocarpus daubreei (Zeiller) De
Stefani. The zone was subdivided into two sub-
zones according to the occurrence of its index taxa:
Autunia naumannii (P*-Q,) and Sphenopteridium
germanicum-Cyathocarpus daubreei (Q,-Q,).

According to lithological and facies character-
istics, the formation of deposits of this zone took
place under conditions of further falling sea level
(Berchenko et al., 1993; Poletaev et al., 2011) at the
beginning of late Paleozoic glaciation (Fielding
et al.,, 2008; Montanez, Poulsen, 2013; Montanez,
2022). The falling sea level during the glacial in-
terval led to the shallowing and gradual isola-
tion of the marine basin. In the time interval of
the lower Autunia naumannii Subzone (P,°-Q,),
the seasonally dry pteridosperm woodlands of
floodplains and river valley slopes of the Autuni-
etalia conferto-naumannii order predominated.
They included the key and characteristic taxa of
the pteridosperms Autunia conferta, A. nauman-
nii (Gutbier) Kerp, Lodevia nicklesii (Zeiller) Hau-
bold et Kerp, L. luganica, L. suberosa (Sterzel)
Haubold et Kerp, Dichophyllum cuneatum. During
the time interval of the upper Sphenopteridium
germanicum-Cyathocarpus daubreei Subzone,
the plant communities of the wetland calamital-
ean-fern-pteridosperm woodlands of the Odon-
topterido schlotheimii-Cyathocarpetalia daubreei

N.I. Boyarina

order on coastal lowlands and the seasonally dry
fern-pteridosperm woodlands of the Sphenopte-
ridio germanici-Cyathocarpetalia daubreei order
on lagoon plains were widespread. These commu-
nities included the characteristic taxa of the ferns
Cyathocarpus daubreei, C. arboreus, “Pecopteris”
jongmansii and the pteridosperms Sphenopteridi-
um germanicum.

The Northern Caucasus

The Upper Pennsylvanian plant-bearing beds of
the Zelenchuk and Teberda areas of the North-
ern Caucasus were comparable to four macroflo-
ral zones of the Stephanian Stage of the regional
west European stratigraphic scale according to the
key taxa distribution (Boyarina, Kovalenko, 2023).
The deposits of the lower Odontopteris cantabrica
Zone of the Stephanian Stage have not been iden-
tified in the Caucasus that may be a consequence
of a sedimentary hiatus at the beginning of the
Stephanian or erosion. Below is the description of
the identified macrofloral zones on the basis of
the stratigraphic distribution of the fossil floras
(Shchegolev, 1979; Boyarina, Kovalenko, 2023). The
floristic criteria of zones were supplemented by
the ecological and phytocoenotic characteristics
of their key and characteristic taxa, which were
established as a result of palaeophytocoenotic
analysis of fossil plant assemblages in the North-
ern Caucasus (Boyarina, Kovalenko, 2023).

Crenulopteris lamuriana Zone (Teberda 1-4)

The zone corresponds to the plant-bearing beds
1-4 that include the key taxa of the ferns Neme-
jcopteris feminaeformis and Cyathocarpus arbo-
reus (Fig. 4). This interval is also characterised by
the presence of the ferns Cyathocarpus hemiteli-
oides, Acitheca polymorpha, “Pecopteris” bredovii,
“Pecopteris” monyi Zeiller, Diplazites unitus and
the pteridosperms Sphenocallipteris scythica (Za-
lessky) Kryshtofovich et Novik, Callipteridium gi-
gas (Gutbier) Weiss and C. pteridium (Schlotheim)
Zeiller. The fossils Crenulopteris lamuriana are not
found in the Northern Caucasus.

The plant remains of the listed species from
lacustrine and deltaic deposits indicate about
the similar species composition of the plant
communities formed the wetland calamital-
ean-fern-pteridosperm forests of lacustrine
coasts and deltaic valleys, in which the same ferns
Acitheca polymorpha and Cyathocarpus arboreus
were widespread.
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see Fig. 3
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Alethopteris zeillerii Zone
(Teberda 5-7, Zelenchuk 1-4)

In the Teberda area, the zone comprises the
plant-bearing beds 5-7, including the key taxon
Sphenophyllum longifolium in the upper part of
the zone and the stratigraphically important ferns
Acitheca polymorpha, Cyathocarpus arboreus, C.
hemitelioides, "Pecopteris” bredovii, Nemejcopteris
feminaeformis and pteridosperms Callipteridium
pteridium (Schlotheim) Zeiller, as well as the ferns
Cyathocarpus densifolius in the plant-bearing bed
7 (see Fig. 4). The lower boundary of the zone is
conditionally delineated by lithological and facies
criteria at the base of the plant-bearing bed 5. The
above-mentioned fossil remains were found in la-
custrine grey unlayered clay shales and siltstones.
The plants of named species formed part of the
calamitalean-fern-pteridosperm communities of
lacustrine coasts.

This zone in the Zelenchuk area is comprised of
the plant-bearing beds 1-4, and contains Spheno-
phyllum longifolium (Germar) Gutbier in the lower
part and Sphenophyllum thonii in the upper part of
zone interval (Fig. 5). The characteristic taxa of the
zone are the ferns Cyathocarpus arboreus, C. hem-
itelioides, Acitheca polymorpha and the pterido-
sperms Odontopteris brardii (Brongniart) Brongni-
art. The fossil remains of sphenophylls were found
in lacustrine grey clay shales and lacustrine-del-
taic siltstones, while ferns and pteridosperms are
common in deltaic-floodplain siltstones and sand-
stones. The plants of key and characteristic taxa
belonged to the calamitalean-fern communities
of lacustrine coasts and the lycopsid-calamital-
ean-fern-pteridosperm communities of deltaic-
floodplain valleys.

The species composition of plant fossil as-
semblages from lacustrine, deltaic and flood-
plain facies suggests that the vegetation cover
in the Northern Caucasus consisted of the wet-
land calamitalean-fern-pteridosperm forests of
lacustrine coasts and the lycopsid-calamital-
ean-fern-pteridosperm forests of deltaic-flood-
plain valleys of predominantly similar species
composition with slight differences. The plant
communities of the lacustrine coasts in the Teber-
da area, in particular, had a richer species com-
position of ferns with the same dominant Cya-
-thocarpus arboreus and Acitheca polymorpha as
in the time interval of the preceding zone and also
included those ferns that were part of the delta-
ic-floodplain communities in the Zelenchuk area.

N.I. Boyarina

However, the pteridosperm composition was dif-
ferent in these two areas. In general, the vegeta-
tion cover of lacustrine coasts and deltaic-flood-
plain valleys, which included as before the ferns
Cyathocarpus arboreus, Nemejcopteris feminae-
formis, Acitheca polymorpha, “Pecopteris” bredovii
and the pteridosperms Callipteridium pteridium,
C. gigas, was supplemented by the ferns Cyatho-
carpus hemitelioides, C. daubreei, C. densifolius,
Sphenopteris elaverica Shchegolev, the pterido-
sperms Odontopteris brardii, Dicksonites plucke-
netii (Schlotheim) Sterzel, Pseudomariopteris cor-
data-ovata, and the sphenophylls Sphenophyllum
longifolium and S. thonii.

Sphenophyllum angustifolium Zone
(Teberda 8-29, Zelenchuk 5-10)

The upper part of the Upper Pennsylvanian in
the Teberda River basin with the plant-bearing
beds 8-29 have been assigned to the Sphenophyl-
lum angustifolium Zone based on the presence of
the key taxa, such as the sphenophylls Spheno-
phyllum thonii Mahr, the pteridosperms Pseudom-
ariopteris busquetii (Zeiller) Danzé-Corsin, emend.
Krings et Kerp and the ferns Cyathocarpus densi-
folius (see Fig. 4). In addition, the characteristic
taxa of the zone in the Teberda area are the ferns
Cyathocarpus arboreus, C. hemitelioides, Acitheca
polymorpha, and “Pecopteris” bredovii, which con-
tinued to dominate in vegetation cover as in pre-
vious times, as well as the pteridosperms Pseu-
domariopteris cordato-ovata (Weiss) Gillespie
et al,, Callipteridium gigas, C. pteridium, and the
lycopods Subsigillaria brardii (Brongniart) Weiss
emend. Shchegolev. Plant remains of mainly the
same species composition were found both in
lacustrine shales and in mudstone and siltstone
deposits of deltaic and floodplain settings, except
for the lycopods and some pteridosperms, which
occur only in deltaic and floodplain deposits.
These floristic and facies data indicate that the
plants of key and characteristic taxa belonged to
the calamitalean-fern-pteridosperm communities
of lacustrine coasts and the lycopsid-calamite-
fern-pteridosperm communities of deltaic-flood-
plain valleys.

In the Zelenchuk area, the zone compris-
es the plant-bearing beds 5-10, which include
Sphenophyllum angustifolium (Germar) Goep-
pert in the bed 5 and Sphenophyllum thonii.
These beds are characterised by the diverse
flora, namely the ferns Acitheca polymor-
pha, Cyathocarpus arboreus, C. candolleanus
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Fig. 5. Stratigraphical ranges (data of O.K. Shchegolev (1979) with additions of the author) and the phytocoenotic and landscape affiliation of
the key and characteristic taxa of the Upper Pennsylvanian macrofloral zones of the Zelenchuk area. Legend of lithofacies see Fig. 3

(Brongniart) Weiss, C. hemitelioides, Diplazites
unitus and the pteridosperms Odontopteris brar-
dii, 0. schlotheimii, Dicksonites sterzelii (Zeiller)
Danzé, Callipteridium gigas, Sphenopteridium
germanicum (see Fig. 5). Plant remains found in
deltaic-floodplain grey mudstones and siltstones
and fine-grained sandstones suggest that the
plants of the listed taxa were part of the lyco-
psid-calamitalean-fern-pteridosperm communi-
ties of deltaic-floodplain valleys.

According to the floristic composition
of plant fossil assemblages in two areas,
the plant communities of both the wetland
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calamitalean-fern-pteridosperm forests of lacus-
trine coasts and the calamitalean-fern and lyco-
psid-pteridosperm forests of deltaic-floodplain
valleys were characterised by a diverse taxonomic
composition of plant communities with the same
dominant ferns as in the time interval of previous
zone, namely Acitheca polymorpha, Cyathocarpus
arboreus, and “Pecopteris” bredovii, and also the
more diverse and slightly different species com-
position of pteridosperms composed of Odon-
topteris brardii, O. schlotheimii, Dicksonites ster-
zelii, Callipteridium gigas, and Sphenopteridium
germanicum in Zelenchuk area.
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Autunia conferta Zone (Zelenchuk 11-19)

The Autunia conferta Zone is defined based on
the appearance of an index species. The pterido-
sperms Autunia conferta and other characteristic
pteridosperms Dichophyllum flabelliferum (Weiss)
Kerp et Haubold and Sphenopteridium germani-
cum were found in floodplain fine-grained sand-
stones (see Fig. 5). These pteridosperms belonged
to the communities of the seasonally dry pterido-
sperm-conifer forests of floodplains and river val-
ley slopes. In addition, typical for the zone are also
the diverse sphenopsids, ferns, and pteridosperms
that grown within deltaic-floodplain valleys. The
time interval of this zone is characterised by the
appearance of new communities of the seasonally
dry pteridosperm forests within floodplains as well
as the spread of the same wetland lycopsid-ca-
lamitalean-fern-pteridosperm forests with the
same dominants within deltaic-floodplain valleys
as in the previous time interval.

Comparative palaeophytocoenotic
analysis of Late Pennsylvanian
vegetation cover in the Donets
Basin and the Northern Caucasus

The vegetation analysis was carried out based on
the floristic and syntaxonomic compositions of the
vegetation cover of the Donets Basin established by
the author as a result of the classification of plant
communities using the Braun-Blanquet method
(Boyarina, 2023) and the taxonomic composition of
plant communities in the Northern Caucasus basin
(Boyarina, Kovalenko, 2023). The composition of the
Late Pennsylvanian vegetation cover in each basin
had distinctive features. The plant communities of
the Donets Basin during different time intervals of
the Late Pennsylvanian belonged to wetland ca-
lamitalean-fern-pteridosperm forests and calami-
talean-fern woodlands, and also seasonally dry
fern-pteridosperm woodlands of coastal lowlands;
wetland lycopsid-calamitalean-fern-pteridosperm
forests and calamitalean-fern-pteridosperm wood-
lands of delta plains; seasonally dry fern-pterido-
sperm woodlands of floodplains, and cordaitalean
and coniferous woodlands of river valley slopes.
According to the refined ecological and land-
scape interpretations in the present study, the
plant communities of the Northern Caucasus were
part of the wetland calamitalean-fern-pterido-
sperm forests of lacustrine coasts, wetland ly-
copsid-calamitalean-fern-pteridosperm  forests

N.I. Boyarina

of deltaic-floodplain valleys, and seasonally dry
pteridosperm and coniferous forests or woodlands
of floodplains and river valley slopes.

The palaeophytocoenotic and palaeoecological
characteristics of the plant communities discussed
above for five time intervals of macrofloral zones
provide an opportunity to identify the features of
the spatial structure and development of the Late
Pennsylvanian vegetation cover in sedimentary ba-
sins of different types.

The vegetation cover in the Donets Basin with
paralic settings was characterised by the chang-
es in the dominance of plant communities that
were associated with the landscape changes as a
result of glacioeustatic sea level fluctuations. The
differences in the composition of plant communi-
ties of different landscape types point to a clear-
ly expressed spatial differentiation of vegetation
cover in accordance with the landscape differen-
tiation, namely the vegetation differentiation into
the plant communities of coastal lowlands, deltaic
and floodplain plains and river valley slopes. And
thus, the differentiation of vegetation cove in the
Donets Basin reflects the spread of the plant com-
munities of the certain syntaxonomic type with a
characteristic species composition and dominants
across extensive low-relief terrains. The compari-
son of the time intervals of macrofloral zones with
glacioeustatic sea-level changes (see Fig. 3) and
the conducted analysis of plant communities show
that changes of the periods of relative sea level
with characteristic eustatic features (frequent or
infrequent fluctuations) and climatic changes led
to the changes in the spatial distribution and dom-
inance of different types of landscapes with their
characteristic plant communities. The expansion
of certain types of landscapes was accompanied
by the expansion of existing ecological niches and
the emergence of new ecological niches. The latter
played a key role in the evolution and distribution
of plants and palaeophytocoenoses (Odum, 1975;
DiMichele, Hook, 1992). The intensification of evo-
lutionary changes of vegetation occurred during
the periods with frequent eustatic fluctuations,
which took place in the time intervals of the Odon-
topteris cantabrica Zone and the Sphenopteris ma-
thetii (= Alethopteris zeillerii) Zone (see Fig. 3). In
contrast, the Gzhelian stepwise changes in domi-
nant landscapes from coastal lowlands and delta
plains to river valleys and lagoonal plains occurred
at the transition period from the late Kasimovian-
early-middle Gzhelian deglacial interval to the late
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Paleozoic glaciation under condition of a falling
sea level. These landscape changes were accom-
panied by the changes in the dominance of habi-
tat-specific plant communities that are reflected by
the subzones of the Sphenophyllum angustifolium
Zone and the Autunia conferta Zone.

The vegetation cover in the Northern Caucasus
with intramontane fluvio-lacustrine settings, over-
all consisting of the plant communities of lacus-
trine coasts and deltaic-floodplain valleys, had
differences in different areas. In the Teberda area,
wetland forest communities were widespread
within lacustrine coasts and deltaic-floodplain
valleys, whereas in the Zelenchuk area, wetland
forests of deltaic-floodplain valleys prevailed. The
changes of landscape settings and vegetation in
intramountain basins were traditionally associ-
ated with the changes of local base level driven
generally by fault- and fold-related subsidence
and uplift. The lithological and facies sequences
of deposits, in particular the stratigraphic posi-
tion of lacustrine strata with coal interlayers with-
in certain macrofloral zones in the Teberda area,
that corresponds to the position of shallow marine
strata with lacustrine and swamp sediments in the
same macrofloral zones in the Donbas, can signal
the possible role of glacioeustatic sea-level fluc-
tuations in the changes of the local base level of
erosion (lake levels in intramontane basins) during
periods of the relatively stable higher sea level in
the late Kasimovian-early-middle Gzhelian degla-
cial interval. However, such an impact of sea-level
fluctuations could be possible, provided that there
was a hydrological connectivity between the local
base level of these territories and the relative sea
level. But either way, the changes of the local base
level of erosion played a main role in the chang-
es of vegetation cover of the Northern Caucasus.
The intramountain type of the Northern Caucasus
basin within the continental orogenic belt, as well
as the taphonomic features and facies affiliation
of plant remains of diverse taxonomic groups dis-
covered in Teberda and Zelenchuk areas indicate
a catenary organization of vegetation cover. The
geobotanical studies of the catenary arrangement
of soils and plant communities have shown that
the sequence of soil types (catena) influences the
distribution of plant communities and is controlled
by the sequence of landscape conditions accord-
ing to micro-relief elements from watersheds to
a local base level and, consequently, landforms,
soils and vegetation reflect a catenary sequence
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(arrangement) from upland to lowland positions
(Milne, 1935; Bushnell, 1942; Krassilov, 1972, 1977;
Young, 1972). According to the lithological and fa-
cies features of deposits in the two studied basins,
the landscape catenary series included lacustrine
coasts, deltaic-floodplain valleys, and river valley
slopes located on sloping terrains. The import-
ant aspect of this catenary series is a directional
change of landscape structures along relief-relat-
ed topographic and drainage gradients. The sec-
ond important aspect is the mainly similar spe-
cies composition of plant fossil assemblages from
diverse facies (lacustrine, lacustrine-deltaic and
deltaic-floodplain). This provides evidence that
the plant communities of adjacent landscapes had
a similar species composition and identical domi-
nants in the intramountain basin with the catenary
sequence of plant communities and the narrowly
limited spatial distribution of landscape types, ex-
cept in lycopsids that were limited only to deltaic
settings. These phytocoenotic data and the facies
sequences of deposits suggest that the dynam-
ics of landscape types for a long time was main-
ly accompanied by an expansion of the ranges of
plant communities and the community interaction
of adjacent landscapes, which led to an increase
in species diversity of plant communities without
changing their dominants. The species diversity
and similar species composition of plant com-
munities of adjacent landscape types (lacustrine
coasts and deltaic-floodplain valleys) were most
likely a manifestation of the ecotone (edge) effect.
The ecotone effect is expressed in the biological
diversity of plant communities formed over long
periods of time in the vegetation cover of the tran-
sition zone between two adjacent ecologically dif-
ferent landscape types (Odum, 1975; Holland et al.,
1991). High species diversity in ecotones was con-
tributed by the emergence of new ecological niches
due to their overlap (Odum, 1975). The pronounced
manifestation of the ecotone effect in the devel-
opment of vegetation cover was most likely facil-
itated by the limited spatial distribution of these
landscapes within the intramountain basin. Such
features of the development of plant communities
of two landscape types are traced throughout the
time intervals of the macrofloral zones of Crenu-
lopteris lamuriana, Alethopteris zeillerii and, es-
pecially, the Sphenophyllum angustifolium Zone.
In addition, at this time the flora of the North-
ern Caucasus was also enriched by such endemic
species as “Pecopteris” angustissima Shchegolev,
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“Pecopteris” kaucasica Shchegolev, Sphenoneu-
ropteris elegans Shchegolev, S. brongniartii
Shchegolev, Neuropteris teberdensis Shchegolev
(Shchegolev, 1979).

The different differentiation types and phytoco-
enotic processes of plant communities in the Donets
Basin and the Northern Caucasus determined the
dynamics of vegetation cover over the Late Penn-
sylvanian. In the development of vegetation cover in
basins, several stages can be identified, which corre-
spond to time intervals of macrofloral zones.

In the Donets Basin, the time interval of the
Odontopteris cantabrica Zone corresponds to the
transitional stage of the replacement of lycop-
sid-dominated forests by fern-dominated forests
within coastal lowlands. The reduction in spe-
cies diversity of forests with dominant lycopods
(Fissunenko, 1991) indicates regressive changes
in plant communities. The vegetation changes of
coal-swamp environments were associated with
changes of climatic conditions in the long period
of the relatively stable low sea level within the ear-
ly Kasimovian glacial interval in the Donets Basin.
Therefore, the lower boundary of this zone marks
exodynamic regressive changes, i.e. the begin-
ning of the gradual decline of the wetland lycop-
sid-dominated forests.

The time interval of the Crenulopteris lamuriana
Zone corresponds to the stage of the dominance
of the wetland calamitalean-fern-pteridosperm
forests of the Neuropterido ovatae-Crenulopteri-
detalia lamurianae order on coastal lowlands in
the Donets Basin, as well as the stage of the dom-
inance of the wetland calamitalean-fern-pterido-
sperm forests of lacustrine coasts and deltaic val-
leys with the dominant ferns Acitheca polymorpha
and Cyathocarpus arboreus in the Teberda area of
the Northern Caucasus. The lower boundaries of
the zone in both regions mark phytocoenogenetic
changes in vegetation cover, namely the forma-
tion and spread of new communities of wetland
forests with a similar species composition of
sphenopsids and ferns, but with the different fern
dominants and the different taxonomic composi-
tion of pteridosperms in each of the basins. The
formation of new communities in both basins was
influenced by climatic conditions at the beginning
of the late Kasimovian-early-middle Gzhelian de-
glacial interval as well as regional ecological and
landscape factors. The new plant communities in
the Donets Basin were formed in conditions of
the emergence of new ecological niches within
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widespread coastal lowlands, while in the North-
ern Caucasus, the spread of new plant communi-
ties within lacustrine coasts and deltaic valleys
was controlled by the presence of ecotones in
vegetation cover.

The time interval of the Alethopteris zeille-
rii (= Sphenopteris mathetii) Zone in both basins
corresponds to the stage of the increasing spe-
cies diversity of the same communities as in the
time interval of the previous zone. In the Donets
Basin, this is the stage of the increasing species
diversity of the communities of the wetland ca-
lamitalean-fern-pteridosperm forests of the Neu-
ropterido ovatae-Crenulopteridetalia lamurianae
order on coastal lowlands, and in the Northern
Caucasus, this is the stage of the increasing spe-
cies diversity of the communities of the wetland
calamitalean-fern-pteridosperm forests with the
dominant Acitheca polymorpha and Cyathocar-
pus arboreus on lacustrine coasts and the lyco-
psid-calamitalean-fern-pteridosperm forests with
the same dominant ferns and the more common
pteridosperms Odontopteris brardii on delta-
ic-floodplain valleys. Consequently, the vegeta-
tion cover in both basins was characterised by
a predominantly similar species composition of
ferns, but with different dominants and different
composition of pteridosperms. The communities
of deltaic-floodplain valleys in the Northern Cau-
casus included other and more diverse pterido-
sperms. The lower boundary of the zone in each
of the basins marks the exodynamic progressive
changes in the same palaeophytocoenoses. The
increase in the species composition of ferns and
sphenophylls belonging to the plant communities
of coastal lowlands in the Donets Basin was as-
sociated with the periodic expansions of coastal
lowlands accompanied by the emergence of new
ecological niches during the late Kasimovian long
period of the relatively stable high sea level with
frequent sea-level fluctuations. In the Northern
Caucasus, the increase in diversity of species
composition of ferns, sphenophylls and pterido-
spems occurred under conditions of the expan-
sions of lacustrine coasts in the Teberda area and
deltaic-floodplain valleys in the Zelenchuk area
with the emergence of new ecological niches as a
result of changes of local base level.

The time interval of the Sphenophyllum angus-
tifolium Zone in the Donets Basin corresponds to
the stage of the formation and spread of new com-
munities with two successive substages: the early
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substage of the dominance of new communities
of the wetland calamitalean-fern forests of the
Calamito suckowii-Cyathocarpetalia densifoliae
order on coastal lowlands and the late substage
of the dominance of new communities of the ly-
copsid-calamitalean-fern-pteridosperm forests of
the Subsigillario-Odontopteridetalia schlotheimii
order on deltaic plains. The lower boundary of the
zone marks the phytocoenogenetic changes of pa-
laeophytocenoses that were presented by the for-
mation of new communities of the wetland forests
of coastal lowlands and deltaic plains with new
dominants. The formation of new palaeophytoco-
enoses of these environments took place in the
final phase of the late Kasimovian-early-middle
Gzhelian deglacial interval, during which the peri-
od of the relatively higher sea level was replaced
by the period of the falling sea level. The domi-
nance of coastal lowlands in the first half of the
time interval of the zone and deltaic plains in the
second half of this interval played a decisive role
in the spread of these two types of plant commu-
nities of different syntaxonomical types because
the dominance of landscapes was accompanied
by the expansion of existing and the emergence
of new ecological niches within each of these
landscape types. An important peculiarity in this
regard is the fact that the ferns and sphenophylls
of the zone key species were part of the plant
communities of dominating coastal lowlands in
the time interval of the lower Cyathocarpus den-
sifolius Subzone, and pteridosperms of the zone
key species belonged to the plant communities of
the dominating deltaic plains in the time interval
of the upper Odontopteris schlotheimii Subzone.
In the Northern Caucasus, the time interval of the
Sphenophyllum angustifolium Zone corresponds
to the stage of the increasing species diversi-
ty of the plant communities with former domi-
nants. The dominant ferns Acitheca polymorpha
and Cyathocarpus arboreus and non-dominant
pteridosperms Pseudomariopteris cordata-ovata
are known in the Teberda area. The ferns Acitheca
polymorpha and the pteridosperms Odontopteris
brardii continued to dominate in Zelenchuk area.
The lower boundary of the zone in the Northern
Caucasus marks exodynamic progressive changes
in paleophytocenoses. These community changes
were caused by the expansion of deltaic-flood-
plain valleys and the emergence of new ecological
niches in the Zelenchuk area. In the Teberda area,
the plant communities of lacustrine coasts and
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deltaic-floodplain valleys had a largely similar
species composition of ferns and sphenophylls,
but the composition of the pteridosperms of del-
taic-floodplain communities was more diverse
than the communities of lacustrine coasts. The
progressive changes in plant communities of the
Teberda area were most probably due to a mani-
festation of the ecotone effect and an overlap of
ecological niches.

The time interval of the Autunia conferta Zone
in the Donets Basin corresponds to two succes-
sive stages of vegetation development. The low-
er Autunia naumannii Subzone corresponds to
the stage of the formation and spread of new
communities of the seasonally dry woodlands
of the Autunietalia conferto-naumannii order
of floodplains and river valley slopes, while the
upper Sphenopteridium germanicum-Cyathocar-
pus daubreei Subzone - the stage of the forma-
tion and dominance of new communities of the
seasonally dry fern-pteridosperm woodlands of
the Odontopterido schlotheimii-Cyathocarpetalia
daubreei order on lagoon plains. The time inter-
val of this zone in the Northern Caucasus corre-
sponds to the stage, which is characterised by the
formation and spread of new communities of the
seasonally dry forests or woodlands including cal-
lipterid pteridosperms within floodplains and riv-
er valley slopes alongside the spread of the same
communities of the wetland lycopsid-calamital-
ean-fern-pteridosperm forests with the previous
dominant Acitheca polymorpha and Odontopteris
brardii in deltaic-floodplain valleys as in the pre-
vious time interval. Therefore, the lower bound-
aries of the zone in both regions mark the phy-
tocoenogenetic changes of palaeophytocenoses,
namely the formation and spread of new commu-
nities of the seasonally dry forests or woodlands
of floodplains and river valley slopes. The wider
spread of seasonally dry vegetation took place
during the late Gzhelian glacial interval, which ac-
companied by the long-term gradual increase in
aridity during the Late Pennsylvanian. However,
the Autunia conferta Zone in the Northern Cauca-
sus is distinguished by the more diverse flora of
river landscapes, namely the presence of pterido-
sperms of the Callipteridium genus (Callipteridium
gigas, C. trigonum Franke) and richer species com-
position of sphenophylls and ferns. This makes it
possible to assume that wetter conditions were
still maintained in the intramontane basin at the
end of the Late Pennsylvanian.
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Summarizing the above, it can be argued that the
different landscape and ecological conditions in
the two considered sedimentary basins determined
different types of differentiation of the vegeta-
tion cover reflecting plant community distribution
and developmental features of plant communties
shaped by ecological niche dynamics. The vegeta-
tion cover in the Donets Basin was characterised by
the spatial differentiation into plant communities
in coastal lowlands, deltaic and floodplain plains,
and river valley slopes in low-relief terrains and the
emergence of new ecological niches under condi-
tions of landscape expansion or change. The vege-
tation cover in the Northern Caucasus was marked
by the catenary differentiation into plant communi-
ties of lacustrine coasts, deltaic-floodplain valleys
and river valley slopes in sloping terrains with in-
creased plant species richness as a manifestation
of the ecotone effect and the emergence of new
ecological niches as a result of niche overlap. The
changes of landscapes occurred mainly as a con-
sequence glacioeustatic processes in the Donets
Basin and changes in the local base level with its
inherent erosion processes in the Northern Cauca-
sus against the backdrop of global climate changes
and tectonic processes within continental orogen-
ic belts. The landscape changes had an impact on
vegetation cover dynamics that are reflected in the
successive stages of vegetation development with
the different phytocoenotic changes of plant com-
munities. In the Donets paralic basin with the spa-
tial differentiation of vegetation cover, the phyto-
coenogenetic and exodynamic progressive changes
were characteristic for plant communities. In the

N.I. Boyarina

Northern Caucasus intramontane basin with the
catenary differentiation of vegetation cover, the
exodynamic progressive changes in plant commu-
nities predominated as a manifestation of the ec-
otone effect.

Conclusions

The comparative analyses of palaesophytocoenotic
and landscape data of Late Pennsylvanian vegeta-
tion in time interval of five macrofloral zones in the
Donets Basin with paralic setting and the Northern
Caucasus intramontane basin with fluvio-lacustrine
environments showed that the different landscape
and ecological conditions determined the develop-
mental features of vegetation cover. The vegetation
cover in different tectono-sedimentary basins was
characterised by different types of differentiation
reflecting plant community distribution, different
features of plant community development shaped
by dynamics of ecological niches and diverse phy-
tocoenotic processes. The dynamics of ecological
niches and phytocoenotic processes of plant com-
munities under conditions of different types of veg-
etation cover differentiation controlled the floristic
composition of communities, which is reflected in
stratigraphic ranges of plant fossil taxa and phyto-
stratigraphical zonation.
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MpoBeaeHo NOPUCTUUHI, NaneodiTOLEHOTUYHI Ta NaneoeKonoriuyHi aHaniam Mi3HbONEeHCUNbBAHCbKOTO POCAUHHOIO MOKPUBY
[JoHeubkoro 6aceitHy Ta MiBHiUHOro KaBka3y Ans 4acoBuX iHTepPBaniB MakpOMIOPUCTUUHMX 30H 3 METOI O6IPYHTYBAHHS BEpX-
HbOMEHCUIbBAHCbKMX (DiTO30HANbHUX MiAPO3AINIB Y KOHTEKCTI NaneoeKoCnCTeMHUX 3MiH. POCTMHHUA MOKPUB KOXHOTO 6Gaceii-
HY BiA3HauyaBcs TUMOM AudepeHuiauii, AKUn Bigo6paxkas po3TallyBaHHS POCAUHHUX YIPYyNoBaHb, Ta 0CO6/MBOCTAMMU PO3BUTKY
POCNVHHMX YrpynoBaHb, 06YMOBNEHUMMN ANHAMIKOIO €KOMOFIUHNX Hill. POCAWHHMI NMOKPUB [JOHELbKOro BHYTPilHbOKPATOHHOIO
6aceliHy 3 MOCTPUTOBOI NapaniuHow CeArMeHTaLli€l, e 3HAUHUA BMUB Manu raLioeBCTaTUYHI 3MiHW PiBHA MOpS, Xapak-
TEepM3yBaBCsA NPOCTOPOBOD AMDEPEHLiaLi€E HA YrpynoBaHHA NpUGepeXxxHUX HU30BMWH, AeNbTOBUX i 3aNNaBHUX PIBHUH i CXUNiB
PiUKOBMX JONMWH cnabopenbeHMX MiCLLeBOCTEN Ta NMOSBOI HOBUX €KONOMYHUX Hill NpyU 3MiHaxX AOMiHYBaHHA TUNIB NaHAWAMTY.
PocnuHHUI NoKpuMB Mixripcbkoro 6acenHy MiBHiUHOro KaBka3sy 3 thtoBianbHO-03epHUMU NPUPOAHUMU CEPEAOBMLLIAMN, Aie MPO-
CTOpOBUIA po3nofin naHawadTis ¢popMyBaBCa Nig BNAMBOM 3MiH MicLeBoro 6a3ucy eposii, KOHTPONbOBAHOTO OPOreHiYHMU NPo-
Llecamu, XxapaKTepu3yBaBCs KaTeHapHO AudepeHLialielo Ha POCIMHHI YrpynoBaHHA 03epHUX y36epex, AenbToBO-3annaBHUX
JONVH i CXWNIB PiUKOBNX AONTUH CXUMIOBMX MICLLEEBOCTEl i3 36inblweHnM BUAOBUM 6araTCTBOM POC/MH SIK NPOSB EKOTOHHOTO edek-
Ty Ta NOSIBOIO HOBUX €KOMOTIUHUX Hill Yy pe3ynbTaTi NepekpuTTa Hiw. YacoBi iHTepBanu MakpodnopuCTUUHNX 30H CKOPEbOoBaHi
3 eTanamu po3BUTKY POCAMHHOTO NMOKPUBY, IKi PO3Pi3HAOTHCA NPOrPecUBHUMU a6o perpecBHUMU (hiTOLEHOTUYHUMM 3MiHAMU Ta
(iTOLLEHOreHETUUHUMI 3MiHAMU POCAMHHMX YrPYNOBaHb, CPUUYMHEHUMM (DAKTOPaMK eKOCUCTEMHOTO PiBHS. AHani3 Mi3HbOMEH-
CUNbBAHCbKOIO POC/TIMHHOTO MOKPUBY B KOXHOMY Y4acOBOMY iHTepBasi M'ATU MakpohnopucTUUHMUX 30H [oHeubkoro 6acenHy Ta
MiBHIYHOro KaBKa3sy CBiguNTD, WO Pi3Hi NAHAWAMTHI Ta eKONOTiUHi YMOBU B Pi3HMX TEKTOHO-CeAMMEHTALiNHMX 6aceiiHax BU3Haua-
NN Pi3Hi TUNY audepeHLjiaLii pOCIMHHOTO MOKPWBY, AUHAMIKY €KOJTOTIUHMX Hill | Pi3HOMAHITHI (hiTOLEeHOTUYHI npouecu. AnHaMiKa
€KONMOTiYHNX Hill i hiTOLEHOTMUHI NpoLecH POCANHHUX YrPYNnoBaHb B yMOBAX Pi3HUX TUNiB AndepeHLjiaLii pOCIMHHOFO NMOKPUBY
KOHTpONoBanu (GnopUCTUUYHNIA CKNaf YrpynoBaHb, Lo BiA06paXaeTbcs y cTpaTurpacdiuHnX giana3oHax KNOUOBUX i XapaKTepHUX
TaKCOHiB MaKpOhNOPUCTUYHMX 30H.

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. No 1 | Geologicnij Zurnal. 2026. No. 1



Analysis of the Upper Pennsylvanian phytozonal units of the Donets Basin and the Northern Caucasus using the ecostratigraphic approach

References

Adamia Sh., Belov A., Kukelia M., Shavishvili I. 1987. Paleozoic
tectonic development of the Caucasus and Turkey. Prevari-
scan and Variscan Events in the Alpine-Mediterranean Belts.
Bratislava Alfa Publishers, pp. 23-50.

Belov A.A., Kizevalter D.S. 1962. The main features of structure
and history of the development of the Late Hercynian struc-
tural stage in the central part of the Northern Caucasus (Mid-
dle Carboniferous to Lower Triassic). Geology of the Central
and Western Caucasus, 3, 275-314 (in Russian).

Berchenko O.l., Boyarina N.l, Vakarchuk G.I., Vdovenko M.JV.,
Vinichenko L.G., Gorak SV., Grytsenko V.P, Zhikalyak M.V.,
Ishchenko A.A., Kiryanov V.V., Kozitskaya R.l., Kompanets G.S.,
Kononenko L.P, Konstantynenko L.I., Korenoy V.I., Lukin A.E.,
Matyushenok V.A.,, Nemirovskaya T.l., Neutrievskaya N.V.,
Nyaga V.I, Onufrishin S.F., Pogrebnyak V.A., Poletaev V..,
Pomyanovskaya G.M., Reznikov A.l., Ryabchun L.l., Samoy-
lyuk A.P, Skovorodnikova E.A., Ustinovsky Yu.B., Fissunen-
ko O.P, Khrushchev D.P, Tsegelnyuk P.D., Shchegolev A.K.
1993. Geological history of the territory of Ukraine. Palaeozo-
ic. Kyiv: Naukova Dumka (in Russian).

Boucot A.J. 1984. Ecostratigraphy. In: Seibold E., Meulenkamp J.D.
(Eds.). AAPG Special Publications, 16 (119), 55-60.

Boyarina N.l. 1994. Callipterid pteridosperms from the Early
Permian of Ukraine. Acta Palaeontologica Polonica, 39 (1),
117-133.

Boyarina N.I. 2010. Late Gzhelian pteridosperms with callipterid
foliage of the Donets Basin, Ukraine. Acta Palaeontologica
Polonica, 55 (2), 343-359.

Boyarina N.I. 2016. Middle and Upper Carboniferous (Pennsyl-
vanian) macrofloral zones of the Donets Basin. Geologicnij
Zurnal, 1(354), 21-35 (in Russian).

Boyarina N.l. 2022a. Late Pennsylvanian vegetation cover
changes in the Donets Basin: syndynamic aspect. Visnyk of
V.N. Karazin Kharkiv National University. Series “Geology.
Geography. Ecology”, 56, 8-23. https://doi.org/10.26565/2410-
7360-2022-56-01

Boyarina N.l. 2022b. Morphological analysis and palaeoecology
of seed ferns of the genus Odontopteris (Brongniart) Stern-
berg from the Late Pennsylvanian of the Donetsk Basin. Col-
lection of scientific works of IGS of the NAS of URraine, 15 (1),
65-77. https://doi.org/10.30836/igs.2522-9753.2022.267431 (in
Ukrainian).

Boyarina N. 2023. The Late Pennsylvanian vegetation of the
Donets Basin, Ukraine: Syntaxonomy of plant communities.
GEO&BIO, 24, 64-98. https://doi.org/10.15407/gb2406

Boyarina N. 2024. Late Pennsylvanian vegetation dynamics of
the Donets Basin, Ukraine. GEO&BIO, 26, 45-78. https://doi.
0rg/10.53452/gh2605

Boyarina N.I., Kovalenko G.G. 2023. Palaeogeobotanical analysis
of plant fossil assemblages from the Upper Pennsylvanian
deposits of the Northern Caucasus. Collection of scientific
works of IGS of the NAS of URraine, 16 (1), 81-97. https://doi.
0rg/10.30836/igs.2522-9753.2023.296583 (in Ukrainian).

Brenner R.L., McHargue T.R. 1988. Integrative stratigraphy, con-
cepts and applications. Englewood Cliffs, New Jersey Pren-
tice-Hall.

Bushnell T.M. 1942. Some aspects of the soil catena concept. Soil
Science Society of America Proceedings, 7, 466-476.

Chekunov AV. 1994. The geodynamics of the Dnieper-Donets rift
syneclise. Geophysical Journal, 16 (3), 3-13 (in Russian).

Cleal C.J. 1991. Carboniferous and Permian biostratigraphy.
In: Cleal C.J. (Ed.), Plant fossils in geological investigation:
The Palaeozoic. Ellis Horwood, Series in Applied Geology.
Chichester, pp. 182-215.

Davydov V.I., Crowley J.L., Schmitz M.D., Poletaev V.. 2010.
High-precision U-Pb zircon age calibration of the glob-
al Carboniferous time scale and Milankovitch band cy-
clicity in the Donets Basin, eastern Ukraine. Geochem-
istry, Geophysics, Geosystems, 11, 1-22. https://doi.
0rg/10.1029/2009GC002736

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

DiMichele W.A. 2014. Wetland-dryland vegetational dynamics in
the Pennsylvanian ice age tropics. International Journal of
Plant Sciences, 175, 123-164. https://doi.org/10.1086/675235

DiMichele W.A., Hook R.W. 1992. Paleozoic terrestrial ecosystems.
In: Behrensmeyer A.K., Damuth J.D., DiMichele W.A,, Potts R.,
Sues H.-D., Wing S.L. (Eds.), Terrestrial Ecosystems through
Time. Chicago, University of Chicago Press, pp. 204-325.

Eros J.M., Montanez I.P, Osleger D.A., Davydov V.., Nemyrovs-
ka T.I., Poletaev V.I., Zhykalyak M.V. 2012. Sequence stratigra-
phy and onlap history of the Donets Basin, Ukraine: Insight
into Carboniferous icehouse dynamics. Palaeogeography,
Palaeoclimatology, Palaeoecology, 313-314, 1-25. https://doi.
0rg/10.1016/j.palae0.2011.08.019

Fielding C.R., Frank T.D., Isbell J.L. 2008. The late Paleozoic ice
age - A review of current understanding and synthesis of
global climate patterns. In: Fielding C.R., Frank T.D., Isbell J.L.
(Eds.), Resolving the Late Paleozoic Ice Age in Time and Space.
Geological Society of America Special Paper, 441, 343-354.

Fissunenko O.P. 1975. The Donets Basin as a floristic standard of
the Carboniferous in the south of the European part of the
USSR. In: Timofeev P.P. (Ch. ed.), Stratigraphy of the Carbon-
iferous and geology of coal-bearing formations of the USSR:
Proceedings of the VIl International Congress on Stratigraphy
and Geological of the Carboniferous. Moskow: Nedra, pp. 90-
101 (in Russian).

Fissunenko O.P. 1991. Zonal phytostratigraphical scale of the
Lower and Middle Carboniferous of the Donets Basin.
Geologic¢nij Zurnal, 3 (258), 55-64 (In Russian).

Fissunenko O.P. 2000. On the problem of the Moscovian Stage.
Lygansk: Izdatelstvo LGPU (in Russian).

Gladenkov Y.B. 1990. Ecostratigraphy and the Northern Pacific
Neogen Holarctic. Palaeogeography, Palaeoclimatology, Pa-
laeoecology, 77, 195-197.

Guidebook for the excursion in the Donets Basin. VIII Inter-
national Geological Congress on Stratigraphy and Geology.
1975. Moscow: Nauka (in Russian).

Holland M.M,, Risser P.G., Naiman R.J. 1991. Ecotones: the role of
landscape boundaries in the management and restoration
of changing environments. New York, NY: Chapman and Hall.

Khain V.E., Michaylov A.E. 1985. General geotectonics. Moscow:
Nedra (in Russian).

Knight J.A., Wagner R.H., 2014. Proposal for the recognition of
a Saberian Substage in the mid-Stephanian (West European
chronostratigraphic scheme). Paleontologie, Stratigraphie,
Fazies, 22 (C 548), 179-195.

Knight J.A., Cleal C.J., Alvarez-Vazquez C. 2023. The challenge of
relating the Kasimovian to west European chronostratigra-
phy: a critical review of the Cantabrian and Barruelian sub-
stages of the Stephanian Stage. In: Lucas S.G., DiMichele W.A,,
Oplustil S., Wang X. (Eds.), Ice Ages, Climate Dynamics and
Biotic Events: The Late Pennsylvanian World. Geological So-
ciety, London, Special Publications, 535, 31-71. https://doi.
org/10.1144/SP535-2022-189

Krassilov V.A. 1970. Paleoecosystems. Proceedings of the USSR
Academy of Sciences. Series “Geology”, 4, 114-150 (in Rus-
sian).

Krassilov V.A. 1972. Palaeoecology of land plants (basic princi-
ples and methods). Vladivostok: Izdatelstvo BPI DVO RAN (in
Russian).

Krassilov V.A. 1977. Evolution and Biostratigraphy. Moscow: Nau-
ka (in Russian).

Krassilov V.A. 1978. Organic evolution and natural stratigraphical
classification. Lethaia, 11, 93-104.

Krassilov V.A., Zubakov V.A., Shuldyner V.I., Remizovsky V.I. 1985.
Ecostratigraphy. Theory and methods. Vladivostok: DVNTs AN
SSSR (in Russian).

Lunev A.L., Reznikov A.P. 1968. Upper Series of the Carboniferous
system. Geology of the USSR. 9. Northernern Caucasus. Mos-
cow: Nedra, pp. 128-130 (in Russian).

Margalef R. 1986. Sucesion y evolucion: su proyeccion bio-
geografica. Paleontologia i Evolucié. 20, 7-26.

19



20

Martinsson A. 1973. Editor’s column: ecostratigraphy. Lethaia, 6,
LE1-443,

Martinsson A. 1980. Ecostratigraphy: limits of applicability.
Lethaia, 13 (4), 363.

Merino-Tomeé O., Gutiérrez-Alonso G., Villa E., Fernandez-Suarez .,
Llaneza J.M., Hofmann M. 2017. LA-ICP-MS U-Pb dating of
Carboniferous ash layers in the Cantabrian Zone (N Spain):
stratigraphic implications. Journal of the Geological Society,
London, 174, 836-849. https://doi.org/10.1144/jgs2016-119

Meyen S.V. 1987. Fundamentals of Palaeobotany. Moscow: Nedra
(in Russian).

Meyen S.V. 1989. Introduction to the Theory of Stratigraphy. Mos-
cow: Nauka (in Russian).

Milne G. 1935. Some suggested units for classification and map-
ping, particularly for East African soils. Soil Research, 4, 183-198.

Montanez I.P. 2022. Current synthesis of the penultimate ice-
house and its imprint on the Upper Devonian through
Permian stratigraphic record. In: Lucas S.G., Schneider J.W.,
Wang X., Nikolaeva S. (Eds.), The Carboniferous Timescale.
Geological Society, London, Special Publications, 512, 213-245.

Montanez I.P, Poulsen C.J. 2013. The late Paleozoic ice age:
an evolving paradigm. Annual Review of Earth and Plan-
etary Science, 629-656. https://doi.org/10.1146/annurev.
earth.031208.100118

Novik E.O. 1978. Flora and phytostratigraphy of the Upper Car-
boniferous of the Northern Caucasus. Kyiv: Naukova Dumka
(in Russian).

Odum Y. 1975. Fundamentals of Ecology. Moscow: Mir (in Russian).

Oloriz F., Caracuel ).E., Ruiz-Heras )., Rodriguez-Tovar F.J.,
Marques B. 1996. Ecostratigraphic approaches, sequence
stratigraphy proposals and block tectonics: examples from
epioceanic swell areas in south and east Iberia. Palaeogeog-
raphy, Palaeoclimatology, Palaeoecology, 121, 273-295.

Oloriz F., Reolid M., Rodriguez-Tovar F.J. 2012. Palaeogeography
and relative sea-level history forcing eco-sedimentary con-
texts in Late Jurassic epicontinental shelves (Prebetic Zone,
Betic Cordillera): An ecostratigraphic approach. Earth-Sci-
ence Reviews, 111, 154-178.

Oplustil S., Schmitz M., Cleal C.J., Martinek K. 2016. A review of
the Middle-Late Pennsylvanian west European regional sub-
stages and floral biozones, and their correlation to the Geo-
logical Time Scale based on new U-Pb ages. Earth-Science
Reviews. 2016, 154, 301-335. https://doi.org/10.1016/j.earsci-
rev.2016.01.004

Oplustil S., Cleal C.J., Wang J., Wan M. 2021. Carboniferous mac-
rofloral biostratigraphy: an overview. In: Lucas S.G., Schnei-
der JW., Wang X., Nikolaeva S. (Eds.), The Carboniferous
Timescale. Geological Society. Special Publications, 512, 813-
863. https://doi.org/10.1144/SP512-2020-97

Poletaev V.I, Vdovenko M.V., Shchogolev O.K., Boyarina N.I.,
Makarov I.A. 2011. Stratotypes of the Carboniferous and
Lower Permian regional stratigraphic subdivisions of the
Don-Dnipro Depression. Kyiv: Lohos (in Ukrainian).

Retallack G.J. 1978. Floral ecostratigraphy in practice. Lethaia, 11,
81-83.

Stovba S., Stephenson R.A. 1999. The Donbas Foldbelt: its re-
lationships with the uninverted Donets segment of the
Dnieper-Donets Basin, Ukraine. Tectonophysics, 313, 59-83.

N.I. Boyarina

Stovba S., Stephenson R.A,, Kivshik M. 1996. Structural features
and evolution of the Dniepr-Donets Basin,Ukraine, fromre-
gional seismic reflection profiles. Tectonophysics, 268, 127-147.

Shchogolev 0.K. 1960. On the question of the Carboniferous and
Permian boundary in the Donets Basin. Geologicnij Zurnal,
20, 1(70), 47-57 (in Ukrainian).

Shchegolev A.K. 1975. Evolution of the flora and vegetation of
the territory of the south of the European part of the USSR
from the end of the Middle Carboniferous to the beginning
of the Permian. The volume and division of the upper, Steph-
anian, division of the Carboniferous system. In: Timofeev P.P.
(Ch. ed.), Stratigraphy of the Carboniferous and geology of
coal-bearing formations of the USSR: Proceedings of the VII
International Congress on Stratigraphy and Geological of the
Carboniferous. Moskow: Nedra, pp. 101-108 (in Russian).

Shchegolev A.K. 1979. The Upper Carboniferous of the Northern
Caucasus in the Zelenchuk-Teberda interfluve (flora, vegeta-
tion, stratigraphy, paleogeography). Kyiv: Naukova Dumka (in
Russian).

Shchegolev A.K. 1985. Evolution of the Late Carboniferous veg-
etation cover of the Westphalian Province, its regularities
and significance for stratigraphy: author’s abstract. dis. ...
doctor geol.-mineral. sciences: 04.00.09. Leningrad. 35 p. (in
Russian).

Shchegolev A.K. 1991. Lycopsida and Sphenopsida of the late
Carboniferous. Kyiv: Naukova Dumka (in Russian).

Shchegolev A.K., Kozitskaya R.l. 1975. To the question of biostra-
tigraphic substantiation of the Upper and Middle Carbon-
iferous boundary in the Donets Coal Basin. In: Stratigraphy
and biogeography of the seas and land of the Carboniferous
period on the territory of the USSR. Kyiv: Vishcha Shkola,
pp. 62-68 (in Russian).

Sukachev V.N. 1928. Plant communities (Introduction to phyto-
sociology). Moscow; Leningrad: Kniga (in Russian).

Sukachev V.N. 1942. On the principles of genetic classification in
biocoenology. Journal of General Biology, 1-3, 5-17 (in Rus-
sian).

Shennikov A.P. 1964. Introduction to Geobotany. Leningrad: Len-
ingrad State University Press (in Russian).

Wagner R.H. 1984. Megafloral Zones of the Carboniferous. In:
Sutherland P.K., Manger W.L. (Eds.), 9e Congrés International
de Stratigraphie et Géologie du Carboniféere. Washingtonand
Champaign-Urbana, 1979: Compte Rendu, 2. Biostratigraphy.
Carbondale and Edwardsville: Southern Illinois University
Press, pp. 109-134.

Wagner R.H., Alvares-Vazquez C. 2010. The Carboniferous floras
of the Iberian Peninsula: A synthesis with geological con-
notations. Review of Palaeobotany and Palynology, 162 (3),
239-324.

Yakushova A.F.,, Khain V.E., Slavin V.l. 1988. General Geology. Mos-
cow: Moscow State University Press (in Russian).

Yanev S., Adamia S. 2010. General correlation of the Late Palaeo-
zoic sequences in the Balkans and the Caucasus. Yerbilimleri,
31 (1), 1-22.

Young A. 1972. The soil catena: a systematic approach. Interna-
tional Geography, 22, 287-289.

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. No 1 | Geologicnij Zurnal. 2026. No. 1



AOCNIAHULbKI TA OrnaA0BI CTATTI

5 CEOTOM
S5
<5 e

I'H HAH YKPATHU

RESEARCH AND REVIEW PAPERS

3
B> s
)
R <
A Akagemn

https://doi.org/10.30836/igs.1025-6814.2026.1.350785

UDC 551.763(477.7)

E-mail: yakushin@ukr.net,
http://orcid.org/0000-0002-0963-2026;
hshevchuk@ukr.net,
https://orcid.org/0000-0001-7221-4540;
hor.ishchenko@ugv.com.ua,
http://orcid.org/0009-0002-3174-7978;
vivivajda@nrm.se,
https://orcid.org/0000-0003-2987-5559

Received / Haginwna go peaakuii:
29.11.2025

Received in revised form /
Hapinwna y pesisoBaHiit hopmi:
26.01.2026

Accepted / NpuiinsaTa:
27.02.2026

*Corresponding author /
ABTOp ANs KOPECNOHACHLT:
L.M. Yakushyn, yakushin@ukr.net

Keywords: Albian, palynostratigraphy,
Black Sea, drill core Pradniprovska-2.
KniouoBi cnoBa: ans6, naniHo-
cTpaturpadis, YopHe mope,
csepAnosuHa MpagHinposcbka-2.

© Bupaseub [HCTUTYT TEONOTIYHUX HayK
HAH YkpaiHu, 2026. CratTs ony6nikoBaHa 3a
YyMOBaMU BiAKPUTOro JOCTYNy 3a NileH3ieln
CC BY-NC-ND (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

© Publisher Institute of Geological Sciences
of the National Academy of Sciences of
Ukraine, 2026. This is an Open Access article
under the CC BY-NC-ND license (https://
creativecommons.org/licenses/by-nc-
nd/4.0/)

Early Cretaceous (Albian) strata identified by
palynology in the base of the Pradniprovska-2
well, Black Sea shelf, Ukraine

L.M. Yakushyn™, O.A. Shevchuk™, L.l.Ishchenko?, V. Vajda?

TInstitute of Geological Sciences of the NAS of Ukraine, Kyiv, Ukraine; 2Kyiv branch Ukrainian Research
Institute of Natural Gases, Kyiv, Ukraine; 3 Swedish Museum of Natural History, Dept. of Palaeobiology,
Stockholm, Sweden

PanHbokpengosi (anb6) Bigknaau, ineHTndikosaHi 3a naniHonorieo, y nigowsi
cBepanoBuHu MpagHinpoBcbka-2, wenbg YopHoro mops, YKpaiHa

N.M. dkywnH™, O.A. leBuyk', LI. lweHko?, B. Banga’

HCTUTYT reonoriyHmx Hayk HaH Ykpaiuu, Kuis, YKpaiHna; 2Kniscbke BigdineHHs YKpaiHCbKOro HayKoBo-
TIHC €010 ayk HaH Ykpa KuiB, YKpaiHa; 2KniBcbke B e YKpaiHCbKOro HayKOBO
[OCNIAHOTO IHCTUTYTY NPUPOAHMX rasis, Knis, YkpaiHa; 3 LUBeacbkuii My3eli icTopii npupoau, CToKronbm,
LBeuis

The borehole Pradniprovska-2, located within the inner part of the Black Sea shelf, Ukraine, intersects
a sedimentary succession of which the lowermost interval (2375-2370 m) is crucial yet controversial for
regional Mesozoic stratigraphy. To refine its relative geological age, a detailed palynolstratigraphical
investigation of core samples was undertaken.

The palynological analysis revealed well-preserved and diverse assemblages characteristic for a
near shore marine environment with pollen, spores and dinoflagellates present. The occurrence of
age-diagnostic angiosperm pollen such as Afropollis together with abundant Clavatipollenites indi-
cates an Aptian-Albian age, likewise Asteropollis, which first appear in the Barremian and reach a peak
in the Albian, strongly indicates an Albian age for the studied deposits. The presence of early angio-
sperm taxa such as Tricolpites maximus and Triorites spp., widely recognized as markers for the early
Albian, further supports this conclusion.

Gymnosperm pollen is present but subordinate, while fern spores and lycophytes constitute an
additional minor component of the palynoflora. The taxonomic composition and proportional rep-
resentation of the main pollen and spore groups show close similarity to Albian western European
palynological assemblages.

The newly established Albian age for the lowermost interval of Pradniprovska-2 well is further con-
sistent with long-term stratigraphic interpretations of Mesozoic sequences on the northwestern Black
Sea shelf, previously developed by teams of the Institute of Geological Sciences of the NAS of Ukraine
and SE “Naukanaftogaz”.

These findings refine the regional chronostratigraphic framework and contribute new evidence for
understanding the geological evolution of this inner shelf zone during the Early Cretaceous.
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Introduction

The Mesozoic sedimentary successions of Ukraine
record the long-term geological evolution of the
southern margin of the East European Platform and
its transition into the peri-Tethyan realm. Following
Late Paleozoic tectonic reorganization, large parts
of the territory were occupied by shallow epicon-
tinental seas and marginal-marine basins that ac-
cumulated predominantly Triassic - Cretaceous
siliciclastic and carbonate deposits. These succes-
sions are best developed within the Dnipro-Donets
Basin, the Donets Foldbelt, the Scythian Plate, and
the northwestern shelf of the Black Sea, where they
form a discontinuous but regionally extensive cover
above the Paleozoic basement. The Triassic and Ju-
rassic record is characterized by alternating conti-
nental, marginal-marine, and marine facies, reflect-
ing repeated transgressive-regressive cycles, while
the Cretaceous is dominated by widespread marine
sedimentation associated with the expansion of
epicontinental seas across southern Ukraine. De-
spite their stratigraphic importance, many Meso-
Zoic successions - particularly in deep subsurface
settings of the Black Sea shelf - remain poorly con-
strained in age due to limited macrofossil evidence
and reliance on indirect lithological or geophysical
correlations. Recent syntheses emphasize the crit-
ical role of palynology and integrated biostratigra-
phy for resolving these uncertainties and refining
regional chronostratigraphic frameworks.

One of the controversial issues in the stratigraphy
of Mesozoic sediments on the northwestern shelf of
the Black Sea of Ukraine is the certainty regarding the
presence of Jurassic deposits in deep wells (Khryash-
chevskaya et al., 2009). At present, the scientific liter-
ature presents differing viewpoints on the resolution
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of this issue. A vivid example of such debate concerns
the determination of the age of the successions at
the base of the Pradniprovska-2 well. While some re-
searchers interpret these deposits as Late Jurassic in
age (Dulub et al., 1999, 2001; Oil and Gas..., 2007; Stra-
tigraphy..., 2013) or as Late Jurassic-Early Cretaceous
(zhabina et al., 2015), others assign them to the Early
Cretaceous (Albian) (Gozhyk et al., 2006).

The Pradniprovska-2 borehole was drilled in 1993,
at the Pradniprovska rise on the northwestern shelf
of the Black Sea, Ukraine. We performed a palynolog-
ical analysis of sediment samples from the base of
the core with the aim to document and interpret the
age of the successions and to make correlation with
strata from North Crimea, Ukraine. We further aim
to clarify the potential for oil and gas deposits (Fig.
1). The Pradniprovska-2 borehole reaches a depth of
2375 m and based on the geological and geophys-
ical characteristics of the strata within the interval
2210-2375 m, and by comparing with other well suc-
cessions from the North Crimean trough, a decision
was made to stop further drilling as the Paleozoic
basement was thought to have been reached. How-
ever, paleontological studies of the sediments from
the core have not confirmed a Paleozoic age.

The Pradniprovska-2 well is a key succession in
understanding the features of the geological struc-
ture of the inner (platform) zone of the northwest-
ern shelf of the Black Sea. Although a stratigraphical
framework exists, the age of the sediments in the
lower part of the well are not known. To address this
issue, we carried out palynological analyses of core
samples from the base of the Pradniprovska-2 well
(interval 2375-2370 m). These studies included photo
documentation, systematic identification, and strati-
graphic interpretation based on the palynology.
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Geological setting

The Pradniprovska-2 well is located within the in-
ner, platform of the northwestern Black Sea shelf,
a region geologically situated at the junction be-
tween the southern margin of the East European
Platform and the northern sector of the Scythian
plate (see Fig. 1). This area represents a structurally
heterogeneous transition that experienced long-
term subsidence throughout the Mesozoic, forming
a system of depressions, uplifts, and monoclines
that conditioned sediment accumulation (Geo-
logical..., 2006). The well is drilled on the crest of
the Pradniprovska uplift - one of a series of gently
faulted structural highs that delineate the bound-
ary between the Kiliya-Zmiinyi uplift to the west
and the North Crimean trough to the southeast.

The succession in the region has been con-
strained by numerous geophysical investigations,
including seismic profiles across the Scythian plate
(Starostenko et al., 2015; Farfuliak, 2016), which re-
veal a relatively thin continental crust underlain
by a mosaic of fault-bounded blocks. Within this
framework, the northwestern shelf acted as a long-
lived peri-Tethyan passive margin during the Me-
so0zoic, receiving thick marine and marginal-marine
sedimentary successions. The sedimentary cover
of the platform sector is composed of an incom-
plete Jurassic-Cretaceous sequence unconform-
ably overlying the Paleozoic basement.

The presence of Jurassic depositsin the deep sub
surface has been a long-debated issue (Khryash-
chevskaya et al., 2009).

Previous stratigraphic models assigned the low-
ermost part of the Pradniprovska-2 section (below
~2210 m) to the Upper Jurassic or Lower Cretaceous
based on correlations with borehole successions
from the North Crimean trough. These interpreta-
tions were based on fragmentary macrofossil iden-
tifications and geophysical correlations, but lacked
palynological documentation. More recent regional
studies - including integrated seismic, lithological,
and biostratigraphic analyses (Geology..., 1984, 1985,
1987; Plotnikova et al., 2003; Gozhyk et al., 2006) —
suggest that Cretaceous deposits are much more
widespread in this part of the shelf than previously
assumed, and that Jurassic sediments may not be
penetrated at all by exploratory drilling in this struc-
tural zone.

The successions representing the basal part of
the Pradniprovska-2 well (2370-2375 m) compris-
es dark grey to black, dense siltstones and silty
mudstones with localized quartzitic and carbonate
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intercalations. The lithology indicates deposition
in a low-energy, offshore to nearshore marine envi-
ronment. These fine-grained siliciclastic units form
part of a thicker Mesozoic succession that accumu-
lated within a shallow, slowly subsiding shelf basin
influenced by periodic freshwater inflow from the
adjacent landmass. The presence of sparse, re-
worked Paleozoic palynomorphs within the interval
is consistent with erosion of older terranes on the
East European Platform and subsequent redeposi-
tion during the Mesozoic.

The Early Cretaceous geological evolution of the
region was marked by continued subsidence and
the establishment of a broad epicontinental sea.
During the Albian, widespread marine transgres-
sions occurred across the northwestern Black Sea
shelf, accompanied by increased clastic input from
the emergent platform. Comparable lithofacies and
biostratigraphic patterns have been documented
in neighboring areas, including the Odesa shelf
and the Karkinitsky trough (Geological..., 2006).
This regional context provides a coherent geolog-
ical framework for the palynostratigraphical study
of the Pradniprovska-2 succession.

Tectonic framework

The decisive role in the formation of the modern
geostructural plan of the northwestern shelf of the
Black Sea was played by the rift and post-rift stag-
es of the development of the territory lasting 60
million years (Early Cretaceous—Paleogene). The rift
stage (the stage of extension of the territory) lasted
from the Aptian (?), Albian to the Santonian, and
the post-rift stage (the stage of thermal submer-
gence) - from the Campanian to the Eocene (Late
Eocene ?) (Geological..., 2006; Farfuliak, 2016; Stov-
ba et al., 2020, 2023).

The tectonic evolution of the northwestern shelf
of the Black Sea, repeated transgressions and re-
gressions of the sea basin during the Early Creta-
ceous - Paleogene influenced the completeness of
the geological record of the studied region, the fea-
tures of sedimentation, the lithological composition
of rocks, the evolution of the organic world of the
specified territory and determined the sequence
of geological processes (events) that led to the for-
mation of the main elements of the hydrocarbon
system: oil and gas source strata, reservoir rocks,
shielding rocks and hydrocarbon traps.

The Early Cretaceous tectonic evolution of this
area was governed by passive-margin dynamics
along the northern Tethys. Subsidence affected
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most of the Scythian plate, forming a broad epi-
continental shelf (Khryashchevskaya et al., 2009).
This formed accumulation-space accommodating
thick marine clastic successions. Continued ex-
tensional deformation and block faulting played
a key role in the differentiation of structural highs
(such as the Pradniprovska uplift) and depres-
sions (such as the Karkinitsky and North Crimean
depressions) (see Fig. 1).

The structural position of the Pradniprovska up-
lift has important stratigraphical implications. As
a gentle, long-lived high separating adjacent dep-
ocenters, it was subject to reduced sedimentation
and periods of non-deposition, which partly ex-
plains the incomplete stratigraphic record and the
difficulty in resolving the age of the deeper inter-
vals. Furthermore, regional fault systems bounding
the uplift facilitated selective reworking of Paleo-
zoic units, contributing to the presence of redepos-
ited palynomorphs in Cretaceous sediments.

Materials and Methods

Materials

The study materials comprise core samples from
the lower part of the Pradniprovska-2 well from
the intervals: 1701-1697 m, 1717-1706 m, 2090-
2093 m, and 2375-2370 m (base). The samples were
collected in 2006 as part of a research project fo-
cusing on geological and geophysical exploration
of oil and gas and the future potential for hydro-
carbon exploration in the Ukrainian sector of the
Black and Azov Seas. The samples are hosted at
the Institute of Geological Sciences of the Nation-
al Academy of Sciences of Ukraine by the Research
Institute of Oil and Gas Industry of the National
Joint-Stock Company “Naftogaz of Ukraine” (ear-
lier - SE “Naukanaftogaz”).

Palynology Methods

Palynological processing of core samples was car-
ried out at Global Geolab Limited (Alberta, Can-
ada) according to standard palynological proce-
dures where 10 grams of sediment were treated
with hydrochloric acid (HCl) and then with hydro-
fluoric acid (HF, 30%). The organic residue was
sieved through a sieve with a 5-pm mesh size (to
prevent loss of small grains of angiosperms) and
fixed in epoxy resin on two microscope slides. In
addition, one slide with kerogen was prepared.
Subsequently, palynomorphs from an entire slide
were identified and the relative abundance (%) of
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the different groups was calculated. For detailed
processing information see Vajda & Kear (Vajda,
Kear, 2024).

Although this study focuses on the palynos-
tratigraphy of the basal, unknown 2375-2370 m of
the succession, samples from the intervals 1706-
1697 m and 1717-1706 m were also analysed using
scanning electron microscopy (SEM FEI Quanta
FEG 650, Swedish Museum of Natural History) to
obtain high-resolution images of dinophyte cysts
and angiosperm grains, as well as other pollen,
spores, and other microfossils of interest.

Palynomorphs were studied in permanent
slides using an Olympus BX51 biological modular
light microscope. The illustrated palynomorphs
were given specimen numbers used for palaeobi-
ology collections at the Swedish Museum of Natu-
ral History (NRM), also England Finder coordinates
have been provided. The slides and residues are
stored in the collections at the Department of Pa-
laeobiology at the Swedish Museum of Natural
History, Stockholm, Sweden.

Results and interpretation

The lithology of the studied interval of the Pradni-
provska-2 well (2370-2375 m) is chiefly represented
(according to the description of the core from the
well file) by dark gray siltstones, sometimes al-
most black and gray, dense, strong, quartz, weakly
micaceous, unevenly weakly calcareous, silty, with
quartzite-like and calcitized areas with rare layers
of dark gray and black, silty, weakly micaceous,
dense, strong, silty argillites (Fig. 2).

General composition of the
palynological assemblages

A palynological association was identified in the
studied samples, characteristic of marine envi-
ronments with presence of dinoflagellate cysts
in all samples. The organic content is high with
a varied palynofacies. Microfossils comprises
spores, both gymnosperms and angiosperm pol-
len, as well as dinoflagellates, green alga, wood
remains and plant cuticles. Spores constitute
15% of the flora; gymnosperm pollen about 25%
(mainly represented by bisaccate pollen grains
with a smaller portion of monosulcate pollen).
Angiosperm pollen comprises slightly less than
16% of the total relative abundance. Dinoflagel-
lates constitute approximately 38% of the total
number of palynomorphs (Fig. 3).
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Taxonomic composition of the
palynological assemblage

A total of 126 pollen and spore taxa were identi-
fied, below we outline selected main groups. Spores
are represented by 4 number of genera including
the trilete spores Gleicheniidites spp., Concavispo-
rites sp., Dictyophyllidites sp., and Leiotriletes sp.,
gymnosperm pollen (5 number of genera) are
mainly represented by Araucariacites australis
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Cookson, Cedripites sp., Pinuspollenites sp., and the
monosulcate Cycadopites sp. Angiosperm pollen (5
number of genera) are mainly represented by Clav-
atipollenites spp. Asteropollis spp., Afropollis sp.,
Tricolpites maximus (Couper) Kumar, and Triorites
sp. Marine palynomorphs include the dinoflagellate
cysts (8 number of genera) Leptodinium sp., Sentu-
sidinium sp., Kallosphaeridium sp., Batiacasphaera
sp., Ascodinium sp., and many broken cysts belong-
ing to Hystrichosphaeridium spp. Sparce Adnato-
sphaeridium spp. and Chlamydophorella sp. were
recovered. The green algae, Botryococcus braunii
Kiitzing, was also identified (Fig. &). Additionally,
reworked Paleozoic spores were identified in sedi-
ments from the interval 2375-2370 m (Fig. 5).

Age assessment

Based on key angiosperm pollen taxa, we interpret
the studied interval as Early Cretaceous, Albian in
age. In particular, the identification of Afropollis,
characteristic of an Aptian to Albian age, and the sig-
nificant occurrence of pollen belonging to the gen-
era Clavatipollenites spp. and Asteropollis sp., (which
both appear in the Barremian and reach their peak
of distribution in the Albian, for example: Clavati-
pollenites ascarinoides) support this interpretation.
Additionally, the occurrence of the pollen taxa Tri-
colpites maximus and Triorites sp., both belonging to
ancient angiosperm lineages, point to an Albian age.
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Fig. 4. Selected palynomorphs from the interval 2370-2375 m. Taxon, England Finder Reference. Scale bar = 10 pm. Fern spores (1-4):
1 - Concavisporites sp., L30-4; 2 — Gleicheniidites sp., H31-3; 3 — Dictyophylliidites sp., S10-2; 4 — Gleicheniidites toriconcavus, S18; Gym-
nosperm pollen (5-11): 5 - Cycadopites sp., U27-4; 6 — Araucariacites australis, T29; 7 - Cedripites sp., L21-4; 8 — Pinuspollenites sp., ])29-4;
9 - Pinaceae, L20; 10 - Pinuspollenites sp., Q29; 11 - Cedripites sp., S21-4; Angiosperm pollen (12-17): 12 - Triorites sp., H28-3; 13 - Clavati-
pollenites ascarinoides Mcintyre, 037; 14 - Clavatipollenites sp., Q30; 15 - Asteropollis sp., Q41-2; 16 — Tricolpites cf. maximus, O44-4; 17 -
Afropollis sp., T36-3; Plant matter (18-20): 18 - Wood fragment, D23; 19 - wood fragment F23-1; 20 - Cuticle with stomata, 042; Dinocysts
(21-30): 21 - Adnatoshaeridium cf. tutulosum Cookson and Eisenack, F24-4; 22 - Sentusidinium sp., G42-1; 23 - Chlamydophorella sp.,
H25-3; 24 - Kallosphaeridium sp., H26-3; 25 — Leptodinium sp., K39-3; 26 — Batiacasphaera sp., N27; 27 - Hystrichosphaeridium sp., L21;
28 - Batioladinium sp.? L22-3; 29 - Tubotuberella sp., M33-2; 30 — Ascodinium sp., H29-3; Green algae (31-32): 31 - Botryococcus braunii,
J29, 32 - Sp. indet. L30-3

Fig. 5. Example of reworked, Permian to Late Devonian spores, from the interval 2375-2370 m. Taxon, England Finder Reference, Scale
bar =10 ym. 1 - Spinosisporites sp., N37-3; 2 - Apiculatisporis sp., B15, N17; 3 - Tuberculispora sp.; & - Reticulatisporites sp., F13-1
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Although the oldest record of hysrichospherid-
ian dinocysts is in the Late Jurassic (Oxfordian-Ti-
thonian), the abundance and diversity of this group
in the studied samples indicates a Cretaceous age.
Particularly, the occurrence of Adnatoshaeridium
cf. tutulosum Cookson and Eisenack indicate an
age younger than Aptian (119.82-94.12 Ma (Ogg et
al., 2008)).

Discussion

Dating and comparison with other areas

Our results from the Pradniprovska-2 well are con-
sistent with results from previous studies of Albian
sediments in Ukraine and adjacent regions (Voro-
nova, 1972, 1975, 1983, 1984, 1994; Shevchuk et al.,
2021; Shevchuk, Pustovoitova, 2021), corroborating
our stratigraphical assessment of an Albian age.
A similar ratio of spore-pollen assemblages, dom-
inated by Clavatipollenites spp., Asteropollis spp.,
Afropollis sp., and the presence first appearance
datum of Tricolpites maximus and Triorites sp.,
was noted in sediments of both the northern and
southern regions of Ukraine, which indicates the
regional stability of this pollen-complex within the
Albian time interval (Voronova, 1994 ).

The obtained results are also in agreement with
the latest European palynological data (Shevchuk, Va-
jda, 2024), where similar associations of angiosperm
pollen and dinocysts are considered characteristic of
the Albian age. The consistent recurrence of assem-
blages with a similar composition hosting the paly-
nocomplex; Clavatipollenites + Asteropollis + Afropol-
lis + associated forms, from sections of sedimentary
basins of Europe, the Middle East, and North America
(Tanrikulu, Cornet, 2014; Barron et al., 2015; Schrank et
al,, 2017) indicates the reliability of these angiosperm
forms as markers for determining Albian sediments.
This provides the basis to consider this palynological
assemblage established in the section of the Pradni-
provska-2 well in the depth interval of 2370-2375 m as
a reliable stratigraphic Albian age-indicator.

Comparison with marine macro-
and microfossil data

Macrofossil remains, including fragments and
steinkerns of bivalves, Pseudolimea alternicostata
(Buvign.), Aulacomiella problematica (Furl.), Radu-
lopecten (Radulopecten) indequicostatus (Phil.), and
Plagiostoma (Aequipecten) laurae (Etall.) has been
reported from the depth interval 2242-2233 m (Du-
lub et al., 1999).
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From the depth interval 2265-2272 m, V.G. Du-
lub identified foraminiferal remains including Epi-
stomina cf. stellicostata Biel. et Paz., Belorussiella
volinianensis Biel., Verneulina sp., and Dentalina
sp. Additional foraminiferal assemblages were re-
ported from the interval 2375-2370 m, comprising
Anchispirocyclina cf. lusitanica (Egger), Anchispi-
rocyclina (?) sp., Rectocyclammina chouberti Hoff.,
Placopsilina sp., Pseudospirocyclina sp., Pseudo-
spirocyclina (?) sp. indet., Haplophragmium sp.,
and Bramkampella sp. indet. On the basis of the
occurrence of representatives of the genus Anchis-
pirocyclina, which are known from coeval deposits
of southeastern Crimea, these sediments were in-
terpreted as Tithonian in age (Dulub et al., 1999).
At the same time, the authors noted that the pres-
ervation of the identified forms was significantly
poorer than that of comparable taxa described by
G.M. Voloshyna from well sections in the Tambov
area (Voloshyna, 1977).

The same bivalve and foraminiferal taxa were
subsequently cited in the characterization of Up-
per Jurassic deposits of the Black Sea region in
Volume 1 of the monograph Stratigraphy of the Up-
per Proterozoic and Phanerozoic of Ukraine, where
they were assigned a Kimmeridgian-Tithonian age
(Stratigraphy..., 2013).

Based on a retrospective analysis of the strati-
graphic distribution of faunal remains identified
by RY. Leshchuk and V.G. Dulub, as well as drilling
materials from the Pradniprovska-2 well (Dulub et
al., 1999, 2001; Leshchuk et al., 1999; Oil and Gas...,
2007), Zhabina et al. (2015) concluded that the suc-
cession in the base of the well are of Tithonian-
Berriasian age.

It should be emphasized, however, that the
above-mentioned publications do not provide
photographic documentation of the fossil material,
which is an essential component of substantiated
paleontological and biostratigraphic interpreta-
tion. The absence of such visual evidence limits the
possibility of independent taxonomic verification
and complicates stratigraphic correlation.

In contrast, during the geological and geophys-
ical assessment of hydrocarbon potential in the
Ukrainian sector of the Black and Azov Seas (2004~
2006), conducted by the State Enterprise “Nau-
kanaftogas”, L.F. Plotnikova, analyzing the foramin-
iferal assemblage identified by N.A. Trofymovych
from the depth interval 2129-2375 m, noted a strong
similarity to assemblages from the Odeska-2 and
Bezimenna-2 wells. On this basis, it was suggest-
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ed that sediments of both Albian and Cenomanian
age may be present within this interval, with the
Albian-Cenomanian boundary tentatively placed
at approximately 2210 m according to geophysical
data (Gozhyk et al., 2006).

Paleoenvironmental interpretation

The palynological assemblage recovered from the
2370-2375 m interval of the Pradniprovska-2 well
provides important insights into the vegetation and
depositional environment of the region during the
Albian. The dominance of gymnosperms and ferns,
together with a diverse dinoflagellate component,
suggests that sedimentation occurred in a coastal
or near-shore marine setting receiving continuous
influx of terrestrial material from a well-vegetated
hinterland.

The terrestrial vegetation was markedly diverse
and stable, consisting mainly of conifers repre-
sented by Araucariaceae (pollen genus Araucaria-
cites), Pinaceae (Pinuspollenites, Cedripites), and
members of Cycadales (Cycadopites). Ferns were
also prominent, indicated by the presence of Con-
cavisporites, Gleicheniidites, and Dictyophyllidites,
pointing to humid and warm conditions that fa-
vored dense understory fern communities. These
data correspond to Albian floras reconstructed
from macrofossil evidence in other regions, where
conifer-dominated forest canopies coexisted with
extensive fern-rich understories.

Angiosperm pollen grains are well represented
and show moderate diversity, with key Albian taxa
such as Clavatipollenites, Asteropollis, Afropollis,
Tricolpites maximus, and Triorites. Their relative
abundance (=16%) is consistent with a phase of
early angiosperm expansion characteristic of the
Albian, when flowering plants began to diversify
and spread into coastal and fluvial environments.
These early angiosperms likely occupied a range of
ecological niches, including shrub-level vegetation
on floodplains and possibly aquatic or semi-aquat-
ic habitats.

The presence of abundant marine dinocysts
(=38%), including Hystrichosphaeridium, Kallo-
sphaeridium, Batiacasphaera, Leptodinium, and
Sentusidinium, indicates deposition in a marine
setting with normal salinity. The high diversity and
excellent preservation of hystrichosphaerid forms
are consistent with fully marine conditions typical
of the Cretaceous. At the same time, the occurrence
of freshwater-brackish green algae such as Botryo-
coccus braunii suggests periodic freshwater influx

L.M. Yakushyn, O.A. Shevchuk I.L.Ishchenko, V. Vajda

into the basin. This combination infers a coastal
shelf or lagoonal environment influenced by river
discharge, where terrestrial plant material was effi-
ciently transported into the marine system.

Vegetation signals show no sharp changes
throughout the studied interval, suggesting sta-
ble ecological conditions during the deposition of
these sediments. The balance between terrestrial
and marine palynomorphs implies a long-lived,
stable interaction between land and sea, perhaps
reflecting a broad coastal plain with adjacent shal-
low marine embayments.

Comparable Albian palynofloras from other re-
gions, such as the northern Black Sea shelf, the Mid-
dle East, and western Europé, show a similar dom-
inance of conifers and ferns, accompanied by the
characteristic Clavatipollenites—Asteropollis—Afropollis
angiosperm complex. Such similarities underscore
the regional climatic stability and widespread dis-
tribution of these plant communities across the
northern margin of the Tethys Ocean during the
Albian.

The preservation of organic material, including
delicate cuticles and plant tracheids, suggests low
levels of oxidation on the seafloor, consistent with
dysoxic bottom waters. The dark, dense siltstones
and mudstones support this interpretation, indi-
cating sedimentation in a low-energy environment
with periodically restricted circulation. However,
the presence of diverse and abundant dinocysts
implies that surface waters remained oxygenated
and biologically productive.

Conclusions

When integrating and comparing our results from
the detailed palynological analyses of both ma-
rine and continental palynomorphs with previous
results from local and regional studies we con-
clude that the base of the Pradniprovska-2 well is
Early Cretaceous in age, indicating that the core
only reached Albian sediments. Our study further
shows that the succession in the base of the Prad-
niprovska-2 well reflects sedimentation in a shal-
low-marine, nearshore environment influenced
by influx of freshwater. This sea was bordered by
conifer-dominated forests with expanding angio-
sperm communities growing in a relatively humid
environment. The palynological signatures confirm
a stable, warm-temperate to subtropical climate
and provide a coherent picture of Albian paleoen-
vironmental conditions that agrees with regional
and intercontinental data.
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The validity of our new conclusions about the
geological age of the studied section of the Prad-
niprovska-2 well is first confirmed by photo doc-
umentation of the studied microfossils in accor-
dance with accepted international standards. The
correlation of the composition of the identified
palynological assemblage with assemblages from
other intervals of the lower part of the Cretaceous
system of the territory of Ukraine and adjacent re-
gions indicates its regional stability within the Al-
bian time interval.

This new information revealing an Albian age of
these deposits is the result of many years of com-
prehensive stratigraphic studies of the sedimentary
succession of the northwestern shelf of the Black
Sea, obtained by specialists of the Institute of Geo-
logical Sciences of the NAS of Ukraine and the Re-
search Institute of Oil and Gas Industry of the Na-
tional Joint-Stock Company “Naftogaz of Ukraine”.

In addition to their stratigraphic significance, the
Mesozoic successions of southern Ukraine and the
northwestern Black Sea shelf are of considerable in-
terest for hydrocarbon exploration. Numerous Trias-
sic — Cretaceous intervals contain elevated amounts

of dispersed organic matter deposited under
low-energy marine to marginal-marine conditions,
providing favourable prerequisites for hydrocarbon
source rock development.

The results obtained are an important step towards
ant understanding of the geological structure of the
northwestern shelf of the Black Sea and further qual-
itative interpretation of seismic survey materials.
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CeepanosuHa MpaaHinpoBCcbka-2 po3TalloBaHa B MeXax YKPaiHCbKOro CeKTopy NiBHIYHO-3aXigHOrO Wenby YopHOro mops. 3 me-
TOI0 BCTAHOBJIEHHS BiAHOCHOIO re0/oriuHoro Biky BU6iNHOT YacTuHM po3pisy (iHTepsan rubuH 2370-2375 M), WO MAE KNIOYOBE 3Ha-
YeHHs ANa perioHanbHOI cTpaTUrpadii Me3030t0 LbOro perioHy, BAKOHAHO NaniHONOriYHI JOCNIAXEHHA KEPHOBOro maTepiany, ski
BKNtoYanu otodhikcaLito, TAKCOHOMIYHY ifeHTUiKaLito Ta cTpaTurpadiyHy iHTepnpeTawito BCix rpyn mikpodiTodocunin. 3a gono-
MOTO0 ManiHOMOriYHOro aHanisy BCTAaHOBNEHO HAsIBHICTb J06pe 36epexeHnX i TAKCOHOMIYHO Pi3HOMaHITHUX KOMMJIEKCiB, Xapak-
TEPHMX AN NpU6epexHo-MOPCbKUX YMOB 0CaJOHAKONMMUUEHHS, 32 YYaCTHO NUAKY, CNOP | AMHOLUCT. BUsiBNEeHHs BiKOBO-AiarHoCTMy-
HUX TAKCOHIB MOKPUTOHACIHHMX, 30KpeMma Afropollis y noegHaHHi 3 uncneHHumu Clavatipollenites, cBigunTb Npo anT-anb6CbKUiA BiK.
MpucyTHicTb Asteropollis, neplua nosBa skMx NpuypoyeHa Ao 6apemy, a MaKCUMyM MOLIMPEHHSA — [0 anbby, 06MeXye BiK Bigknaais
anbbom. HassHicTb Tricolpites maximus i Triorites spp., ki pO3rnsiAaTLCA K MapKepyu paHHbOro anbby, 4OAATKOBO MiATBEPAXKYE
Taky iHTepnpeTauito. MMIOK FONOHACIHHMX MAE NiIANOPSAAKOBAHE 3HAUEHHS, TOAI IK CNopyW nanopoTen i NikogiTiB hopmMyoTb HE3Ha-
YHWUIN KOMMOHEHT NaniHoCneKTpa. TaKCOHOMIYHA CTPYKTYpPA i CNiBBIAHOLWEHHS OCHOBHUX FPYN NU/KY Ta CMOP AEMOHCTPYIOTb BUCOKY
nogi6bHicTb A0 anb6CbKMX MaNiHONOMYHMX KoMnneKciB 3axigHoi EBponu. OTpMMaHi NaniHONOriUHiI AaHi 4O3BONAIOTL AATyBATU BU-
6illHY YaCTUHY CBepANOBUHM MpaaHinpoBCcbKa-2 anb6oM. BcTaHOBNEHUI BiK Y3roaKy€eTbCA 3 pe3ynbTaTaMu nonepeaHix crpaturpa-
thiuHMX gocnimkeHb Me3030MCbKMX BiAKNAAIB MiBHIYHO-3aXiAHOro Wenbgy YopHOro mops, Wo 6ynn oTpMMaHi CniBpo6iTHUKAMM
IHCTUTYTY reonoriuHnx Hayk HAH Ykpaiiu Ta AN «HaykaHadToras» npotarom 6araTtopiuHnx KOMMAEKCHUX AOCIIAXeHb 0CaAoBOro
4oXna Lboro perioHy. OTpMMaHi pe3ynbTaTyi yTOYHIOITb PerioHanbHy XpoOHOCTpaTUrpadiuHy Mofenb 0CafAoBOoro Yoxna Ta HafjawTb
HOBI AaHi ANA PO3YMiHHA reonorivyHOi eBONIOLIT L€l BHYTPILHBOI 30HM Wenbdy BNPOA0BX KPENA0BOro nepiogy.

References

Barron E., Comas-Rengifo M.)., Rodriguez-Lazaro J., Najarro M.
2015. Palynology of Aptian and upper Albian (Lower Creta-
ceous) amber-bearing outcrops of the southern margin of the
Basque-Cantabrian Basin (northern Spain). Cretaceous Re-
search, 52,292-312. http://doi.org/10.1016/j.cretres.2014.09.003

Dulub V.G., Leshchukh RY., Melnichuk P.M., Polukhtovych B.M.,
Turkevych YeV. 2001. New materials on Jurassic formations
in the Black Sea area. Tectonics and oil and gas potential of
the Azov-Black Sea region in connection with the oil and gas
potential of the passive margins of continents: Materials Con-
ference. Simferopol, pp. 41-46 (in Ukrainian).

Dulub V.G., Leshchukh RY., Melnychuk P.M. Polukhtovych B.M.,
Turkevych Ye.V. 1999. Jurassic sediments of the northwestern
shelf of the Black Sea. Geology and geochemistry of fossil
fuels, 4,101-110 (in Ukrainian).

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

Farfuliak LV. 2016. Deep structure of the western part of the
Scythian microplate according to modern seismic data:
Dissertation of Candidate of Geological Sciences. Kyiv. (in
Ukrainian).

Geology of the shelf of the Ukrainian SSR. Stratigraphy. 1984.
Kyiv: Naukova Dumka. (in Ukrainian).

Geology of the shelf of the Ukrainian SSR. Lithology. 1985. Kyiv:
Naukova Dumka. (in Ukrainian).

Geology of the shelf of the Ukrainian SSR. Tectonics. 1987. Kyiv:
Naukova Dumka. (in Ukrainian).

Geological and geophysical assessment of oil and gas potential
and allocation of priority hydrocarbon exploration sites for
the Ukrainian sector of the Black and Azov Seas. Report. (Sci-
entific Supervisor S.M. Stovba). 2006. Kyiv: State Enterprise
“Naukanaftogas”. (in Ukrainian).

29



30

Gozhyk P.F.,, Maslun N.V., Ivanik M.M., Plotnikova L.F., Yakushyn L.M.
Ishchenko I.I. 2006. Stratigraphy of Meso-Cenozoic sediments
of the northwestern shelf of the Black Sea. Kyiv: Lohos. (in
Ukrainian).

Khryashchevskaya O.l., Stovba S.N., Popadyuk LV. 2009. Stratigraph-
ic basis of geological and geophysical studies of the Odessa
shelf (northwestern part of the Black Sea): status, problems and
solutions. Geophysical Journal, 31 (3), 17-31 (in Russian).

Leshchukh RY. Permyakov V.V., Polukhtovych B.M. 1999. Jurassic
deposits of southern Ukraine. Lviv: Eurosvit. (in Ukrainian).

Oil and gas prospective objects of Ukraine. Scientific and prac-
tical foundations of the search for hydrocarbon deposits in
the northwestern shelf of the Black Sea. (Ed. Gozhyk P.F.).
2007. Kyiv: EKMO. (in Ukrainian).

0gg ).G., 0gg G., & Gradstein F.M. 2008. The Concise Geologic
Time Scale. 177. Cambridge, New York, Melbourne: Cambridge
University Press.

Schrank E., Kuss J., Ouda K. 2017. Palynology and stratigraphy of
the Albian-Cenomanian succession in Makhtesh Qatan, north-
ern Negeyv, Israel. Review of Palaeobotany and Palynology, 235,
73-95. http://doi.org/101016/].revpalbo.2016.09.008

Plotnikova L.F.,, Maslun N.V., lvanik M.M., Tsyhotska N.N., Shum-
nyk AV. 2003. Stratigraphy of Cretaceous-Paleocene deposits
and features of the geological development of the western
part of the northwestern shelf of the Black Sea. Geologicnij
Zurnal, 2 (304), 27-38. (in Ukrainian).

Schrank E., Kuss J., Ouda K. 2017. Palynology and stratigraphy of
the Albian-Cenomanian succession in Makhtesh Qatan, north-
ern Negev, Israel. Review of Palaeobotany and Palynology, 235,
73-95. http://doi.org/101016/].revpalbo.2016.09.008

Shevchuk 0.A., Mcloughlin S., Vajda V. 2021. The first Cretaceous
megaspores from Ukraine. Cretaceous Researc., 118, 104649.
https://doi.org/10.1016/j.cretres.2020.104649

Shevchuk 0., Pustovoitova D. 2021. Stratification of Cretaceous de-
posits of the section No. 29 - Zakhidnooktyabrska (Karkinits-
ko-North Crimean trough) by palynological data. Bulletin of the
Taras Shevchenko National University of Kyiv. Geology, 3 (94),
27-36. http://doi.org/10.17721/1728-2713.94.03 (in Ukrainian).

Shevchuk 0., Vajda V. 2024. Cretaceous (Albian-Coniacian) dino-
flagellate biostratigraphy of the Vomb Trough, southern Swe-
den. GFF, 145, 3-4, 165-176. https://doi.org/10.1080/11035897.
2024.2312575

Starostenko V.1, Janik T., Yegorova T., Farfuliak L., Czuba W., Sro-
da P, Thybo H., Artemieva I., Sosson M., Volfman Yu., Kolo-
miyets K., Lysynchuk D., Omelchenko V., Gryn D., Guterch A,
Komminaho K., Legostaeva 0., Tiira T., Tolkunov A. 2015. Seis-
mic model of the crust and upper mantle in the 675 Scythian
Platform: the DOBRE-5 profile across the northwestern Black
Sea and the 676 Crimean Peninsula. Geophys. J. Int., 201, 406-
428. http://doi.org/10.1093/gji/ggv018

Stovba S.M., Popadyuk LV., Fenota P.0., Khriachtchevskaia O.1. 2020.
Geological structure and tectonic evolution of the Ukrainian
sector of the Black Sea. Geophysical Journal, 42, 5, 53-106.
https://doi.org/10.24028/gzh.0203-3100.v42i5.2020.215072

L.M. Yakushyn, O.A. Shevchuk I.L.Ishchenko, V. Vajda

Stovba S., Stephenson R., Tyshchenko A., Fenota P., Ven-
grovych D., Mazur S. 2023. History of the geological
development of the Ukrainian sector of the Black Sea from
the middle of the Early Cretaceous to the beginning of the
Late Miocene. Geophysical Journal, 45, 3, 3-49. https://doi.
0rg/10.24028/gj.v45i3.282411 (in Ukrainian).

Stratigraphy of the Upper Proterozoic and Phanerozoic of
Ukraine. 1: Stratigraphy of the Upper Proterozoic, Paleo-
zoic and Mesozoic of Ukraine. (Cor. ed. Gozhyk P.F.). 2013.
Kyiv: Lohos. (in Ukrainian).

Tanrikulu 0., Cornet B. 2014. Early Cretaceous (Albian) spores
and pollen from the Glen Rose Formation, Texas, USA.
Berkeley eScholarship Repository, University of California
Publications in Geological Sciences. 146. P. 1-70. https://
escholarship.org/uc/item/7z38083b

Vajda V., Kear B.P. 2024. An earliest Triassic riparian ecosys-
tem from the Bulgo Sandstone (Sydney Basin), Australia:
palynofloral evidence of a high-latitude terrestrial verte-
brate habitat after the end-Permian mass extinction. Al-
cheringa, 48, 483-494. https://doi.org/10.1080/03115518.20
24.2392489

Voloshyna G.M. 1977. Microfauna and stratigraphic division
of Upper Jurassic and Lower Cretaceous sediments in two
wells of Eastern Crimea. Reports of the Academy of Scienc-
es of Ukrainian SSR. Ser. B, 3, 195-198 (in Ukrainian).

Voronova M.A. 1972. On the stratigraphic significance of
spores and pollen of the Lower Cretaceous sediments of
the East European Platform and its margins. Tectonics and
stratigraphy. 1, 60-69 (in Ukrainian).

Voronova M.A. 1975. To the issue of the evolution of the veg-
etation cover of Ukraine in the Albian-Cenomanian time
and the problem of the Lower and Upper Cretaceous
boundary. Fossil fauna and flora, 3, 122-126 (in Ukrainian).

Voronova M.A. 1983. Changes in the structure of ancient phy-
tocenoses in connection with the Albian-Cenomanian
transgression in the south of Ukraine. Paleontology and
reconstruction of the geological history of paleobaseins.
Theses of the XXIX session of the All-Union Paleontological
Society. Leningrad, pp. 12-13 (in Russian).

Voronova M.A. 1984. Miospores of the Early Cretaceous of
Ukraine. Kyiv: Naukova Dumka. (in Russian).

Voronova M.A. 1994. Palynostratigraphy of the Lower Cre-
taceous and development of Early Cretaceous floras of
Ukraine. Kyiv: Naukova Dumka (in Russian).

Zhabina N., Anikeeva 0., Kolodiy I., Mintuzova L. 2015. New
data on sediment stratigraphy and hydrogeochemical con-
ditions of the Pradniprovska area (northwestern shelf of
the Black Sea). Bulletin of the Taras Shevchenko Nation-
al University of Kyiv. Geology, 3 (70), 18-22. https://doi.
0rg/10.17721/1728-2713.70.03 (in Ukrainian).

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. N2 1 | Geologicnij Zurnal. 2026. No. 1


http://dx.doi.org/10.1016/j.cretres.2020.104649
http://doi.org/10.17721/1728-2713.94.03
https://doi.org/10.24028/gj.v45i3.282411 /
https://doi.org/10.24028/gj.v45i3.282411 /
https://escholarship.org/uc/item/7z38083b
https://escholarship.org/uc/item/7z38083b
https://doi.org/10.17721/1728-2713.70.03
https://doi.org/10.17721/1728-2713.70.03

AOCNIAHULbKI TA OrnaA0BI CTATTI

5 CEOTOM
S5
<5 e

I'H HAH YKPATHU

RESEARCH AND REVIEW PAPERS

3
B> s
)
R <
A Akagemn

https://doi.org/10.30836/igs.1025-6814.2026.1.344760

YAK. 550.93

E-mail: stepaniuk@nas.gov.ua,
https://orcid.org/0000-0001-5591-5169;
Ishumlyanskyy@yahoo.com,
http://orcid.org/0000-0002-6775-4419;
alek.vysotsky@gmail.com,
https://orcid.org/0000-0002-3542-4685;
baranandrew9@gmail.com,
https://orcid.org/0000-0002-5326-8014

Received / Haginwna go peaakuii:
2711.2025

Received in revised form /
Haginwna y pesizoBaHiit hopmi:
02.02.2026

Accepted / NpuiinnaTa:
27.02.2026

*Corresponding author /
ABTOp ANs KOPECNOHACHLT:
L.M. Stepanyuk, stepaniuk@nas.gov.ua

Keywords: granite, gneiss, zircon,
uranium-lead isotope method, Ingul
domain.

KntouoBi cnoBa: rpaHir, rHeic, LMPKoH,
ypaH-CBUHLEBUI i30TONHNIA MeTOg,
IHTyNbCbKUi Merabnok.

© Bupaseub IHCTUTYT TEONOTIYHUX HayK
HAH YkpaiHu, 2026. CratTs ony6nikoBaHa 3a
yMOBaMU BiAKPUTOro JOCTYNy 3a MileH3ieln
CC BY-NC-ND (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

© Publisher Institute of Geological Sciences
of the National Academy of Sciences of
Ukraine, 2026. This is an Open Access article
under the CC BY-NC-ND license (https://
creativecommons.org/licenses/by-nc-
nd/4.0/)

VpaH-CBUHLEBUN BiK 32 LUPKOHOM KPUCTaNiuHUX
nopia IHrynbCbKOro mera6noky

N.M. CrenaHtok™, /1.B. WymnsHcbkuin'??, 0.6. Bucoubknin', A.M. bapaH'

TIHCTUTYT reoximii, MiHepanorii Ta pyaoyTsopeHHs im. M.IM. CemeHeHka HAH YkpaiHu, KuiB, YkpaiHa; 2 IHCTUTyT
reofioriyHmx Hayk MonbCcbKoi akagemii Hayk, Kpakos, Monbua; > YHiBepcuteT KbopTiHa, MepT, ABCTpanis

Uranium-lead zircon age of crystalline rocks of the Inhul domain

L.M. Stepanyuk™, LV. Shumlyanskyy"?3, O.B. Vysotsky’, A.M. Baran’

"M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of the NAS of Ukraine, Kyiv,
Ukraine; 2 Institute of Geological Sciences of the Polish Academy of Sciences, Krakow, Poland; 3 Curtin
University, Perth, Australia

Supracrustal formations of the Inhul-Inhulets Group, which form the protolith for granitoids of the
Kropyvnytsky (formerly Kirovohrad) and Novoukrainka complexes, are the most widespread in the geo-
logical structure of the Inhul Domain within the Ukrainian Shield. In the eastern part of the domain,
Archean rocks of the Auly and Konka Groups occur, forming the protolith for plagiogranitoids of the
Mesoarchean Inhul Complex. The morphology of zircon crystals from plagiomigmatite of the Inhul
complex, plagiogneiss of the Spasove Formation of the Inhul-Inhulets Group, and porphyry-like gran-
ites of the Kropyvnytsky complex was studied using optical microscopy; their age determination was
performed employing U-Pb LA-ICP-MS and SIMS methods. The isotopic composition of Hf in zircon
from both plagiomigmatite and porphyry-like granite was also analysed. Zircon crystals from plagi-
omigmatite, based on the 207Pb/206Pb ratio, have ages ranging from 3251 + 16 Ma to 2564 * 53 Ma. The
plagiogneiss of the Spasove Formation predominantly contains zircon of Archean age, with 13 out of
15 analysed crystals being older than 2.5 Ga. Most crystals lie on a discordia that intersects the con-
cordia at 2939 + 90 Ma and 2103 + 210 Ma. Porphyry-like granites formed during the Paleoproterozoic
(2060-2040 Ma) through melting of ancient crust, as indicated by numerous inherited zircon cores and
the Hf isotopic composition (eHf ranging from -5.7 to -10.9, with a model age of approximately 3000 Ma
according to the felsic crust model).
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KpUCTaniuHmx nopif IHrynbcbKoro Merabnoky. reosnozidHul xypHan. 2026. N 1 (394). C. 31-47. https://doi.org/10.30836/
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Bctyn

Ha TepuTopii IHrynbCbKOro mera6noky 3a nnoueto
pO3BUTKY CYTTEBO NepeBaXalTb CynpakpycTanb-
Hi YTBOPEHHS, WO BIAHOCATb A0 iHIYNO-iHTyNeLb-
Koi cepii. Pa3om 3 TUM y WOro CXigHi YacTuHi
3aKapToOBaHO apXencbKi mopoau aynbCbKoi Ta
KOHKCbKOI cepiin, a B MiBAEHHO-3axXigHIN — AHi-
CTPOBCbKO-6y3bKoi ([lepxaBHa.., 2001, 2002,
2004). Mepwi npefcrtaeneHi Tunosumu ansa Ce-
pPeaHbOMNPUAHINPOBCHKOro panoHy acouiauiamu
nnariorHencis, amiboniTis i KPUCTANIUHUX CNIAH-
LiB, MO SKUX PO3BMBAKTLCA MariorpaHiToigu,
BMOKpPEM/EHi B LN YaCTMHI YKpalHCbKOro wWwuTa
B IHryneubknii Me30apxencbkuin kKomnnekc. Ao
JOHICTPOBCbKO-6Y3bKOT cepil, 3aKapTOBaHOI B MiB-
JIeHHO-3axifgHiN YacTuHi merabnoky, BifHeceHi ni-
POKCEHOBI MNariorHency Ta KpUCTaniuHi cknaHui
(Ecmnuyk 1a iH., 2004).

CynepKpycTanbHi YTBOPEHHA iHIYNo-iHryneub-
Koi cepil npeacTaBneHi 6ioTMTOBMMU, NipOK-
CeH-rpaHaTt-6ioTuToBMMM, amdibon-nipokceH-6i-
OTUTOBMMK nnariorHercamu, amdibonitamm Ta
KPUCTaNiUHUMMN CRaHUAMU 3 MignopsaaKoBaHUMM
npowapkamu rpaHat- i rpadit-6ioTMTOoBUX rHen-
cis (Crpaturpaduueckue.., 1985). Hapasi cepito
noainATb Ha (3HW3Y BBEpPX): 3eNeHOPiIYEHCHKY,
apTeMiBCbKY, POMIOHIBCbKY, KamM'SHO-KOCTOBAaL,bKY
(BikoBMI aHanor cnaciscbka) Ta polaxiBCbKy (Bi-
KOBUW aHanor yeueniiscbka) cBitu (EcMnuyk Ta iH.,
2004). Mo nopogax cepii po3BMUBaKOTbCA FPAHITOIAN,
BUOKPEM/IEHi B 1Ba KOMN/IEKCU — HOBOYKPATHCbKUNM
Ta KpONMBHULbKUN (KipoBOrpaacbkuii, 3a (Ecunuyk
Ta iH., 2004; LLlep6akos., 2005)).

IHryno-iHryneubKka cepisi KOpentoeTbCA 3 TeTe-
piBCbKOIO, MOWMPEHO B BONMHCbKOMY pavioHi,
Ta KPUBOPI3bKOI, PO3MOBCIOAKEHO B MeXax
IHryneubko-KpnBopi3bKoi WOBHOT 30HU (Ecu-
NUyK Ta iH., 2004). Bik iHryno-iHryneubkoi cepii
y KopensiuinHin xpoHocTpaturpad)iuHin cxemi
pPaHHbOTO AOKEeM6PIit0 YKPATHCbKOTO WKUTA BU3HA-
UEHO K Mi3HbOHEOAPXENCbKUNA — maneonpoTe-
po30McbKkuin. OfHAK HasfABHI HA TenmepiwHin yac
reoXpoHONOTIUHI AaHi, OTPUMaHI ANSA UMPKOHY i3
nopia iHryno-inryneupkoi cepii (Wep6ak u ap.,
1995; AptemeHKo n ap., 2019; NMoHomapeHKo Ta
iH., 2021), BKa3ylOTb HA MepPeBAXHO apXelCcbKui
iX BiK. Kpim TOro, mesoapxelcbkun BiK HOBO-
KPpWUBOPi3bKOT CBITU (HMXKHA CBiTa KPMBOPi3bKOI
cepii) nigTBepaXeHO HasABHICTIO B amdibonitax
KpUCTanis MeTamopgOreHHOro UMPKOHY BiKOM
2,97 mnpa pokis (CTenaHiok Ta iH., 2011a). Apxen-
CbKOMY BiKYy KpPMBOPi3bKOT cepii He cynepeuvatb

N.M. CtenaHiok, /1.B. lWymnaHcbkuin, O.6. Bucoubkuin, A.M. bapaH

Me30apXelcbKi ypaH-CBUHLEBI AaTu, OTPUMaHi
ONA KNACTOreHHOro LMPKOHY i3 KBapuuTiB na-
TiBCbKOro ropusoHTy (bo6poBs Ta iH., 2011) i ans
KNAaCTOreHHUX KPUCTaniB MOHALMUTY Ta LUUPKOHY
i3 CKeNnBaTCbKOT Ta caKcaraHcbkoi CBiT KpuBo-
pi3bkoi cTpykTypu (CTenaHiok Ta iH., 20116, 2020).

3BaXkalouy Ha [lesKy Hey3ro)KeHiCTb MiX HasB-
HUMUW F@OXPOHONOFIYHUMU BAHUMM TA MOMOXKEHHSAM
iHTyNo-iHryneubKoil cepil y YMHHIN KopenauinHin
XpoHOCTpaTUrpachiuHin Cxemi paHHbOro LOKeM6-
pito YKpaiHcbKoro wuTta (EcTnuyk Ta iH., 2004), Hamm
BMKOHAHO YpaH-CBMHLEBE i30TOMHE [aTyBaHHSA
KpUCTaniB UMWPKOHY i3 TPaHITOIAIB iHryneubKoro
KoMMneKcy, MeTamopdiuHUX nopig cnaciBcbkol
CBIiTW iHTYNO-iHIyNeLbKoT cepil Ta rpaHiTie, Wo no
HUX PO3BUBAIOTbCA.

06’ekTu pocnimxeHHa. [na ypaH-CBUHLEBOTO
i30TOMHOTO AaTyBaHHs Hamu 6yno Bigi6bpaHo psAfg
npo6 rpaHiToigie: npo6a 22/15 - nnariomirmaTnT
(iHryneubkuit KOMNMeKc), BiACNOHEHWUN y niBomy
60pTy p. IHryneup, Ha niBaeHb Big C. TepHyBaT-
Ka (puc. 1 b); npo6bu 12534/4 i 12534/15 - rpaHitu
nopdiponogi6Hi (KPONMUBHULIKUIA KOMMEKC), Bi-
Li6bpaHi i3 KepHa cB. 12534, . 50,8 Ta 119 M, Bia-
nosiaHo (poaioHiBCbKMUI NPOdinb, 3aNMLIKN KepHa
i3 cBepAnoBuMH, AKi 36epiraloTbCca Y KEPHOCXOBU-
Wi IHCTUTYTY reoximii, miHepanorii Ta pyaoyTBoO-
peHHs im. M.M. CemeHeHKka HAH Ykpaiuu). Cynep-
KpYCTanbHi YTBOPEHHS penpe3eHTye nnariorHenc
(cmaciscbka cBiTa iHryno-iHryneubkoi cepif), npo6a
12537/2, Bigi6paHun i3 cB. 12537, rn. 31,5 M, TOro X
poaioHiBCbKoro npodinio (puc. 1 c).

MeToau gocnimKeHHa. [1aTyBaHHA KPUCTaniB Un-
pkoHy U-Pb i3oTonHMM meTofoM 6yno BMKOHAHO
3a [I0MOMOrol Mac-CneKTpoMeTpil 3 iHAYKTUBHO
3B'AI3aHOI0 M1a3MOI0 3 Na3epHolo abnsaLie (LA-
ICP-MS) y John de Laeter Centre, Curtin University,
Australia. A6nsiLito LMPKOHY NPOBEAEHO 3a AOMO-
moroto cuctemm Resonetics RESOlution M-50A-LR 3
BUKOPUCTAHHAM eKcumepHoro Yd-nasepa COMPex
102-193 HM, NiAKMOYEHOro [0 Mac-CneKkTpomeTpa
Agilent 8900 QQQ. LupkoHieBuin ctaHgapt OG1
(3465 + 0,6 mnH pokis (Stern et al., 2009)); yci no-
XMBKN HaBeAeHO Npu 20) CNyryBaB OCHOBHUM eTa-
NOHHMM MaTepianom Ta aHanisyBaBcA B 6/10Kax
pasoMm i3 BTOPUHHUMM cTaHgaptamu GJ-1 (601,2 +
0,4 mnH pokie (Jackson et al., 2004)), PleSovice
(337,13 + 0,37 mnH pokie (Slama et al, 2008)) Ta
Maniitsoq (3008,70 + 0,72 mnH pokis (Marsh et al.,
2019)). BTOPUHHI €TafioHn Jann cepeaHbo3BaXeHi
3HAUEHHSA BiKy 2Pb/25Pb Ta 22U /2°°Pb y mexax no-
XU6KN PEKOMEHA0BAHUX 3HAUEHb.
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Puc. 1. leorpaciuHe po3TawyBaHHs LifSHOK reOXPOHONOTIYHOrO
onpo6yBaHHA. @ — CynyTHUKOBA KapTa. b — hparmeHT reonorivuHoi
kaptu (State..., 2002), TepHyBaTCbKa AiNAHKA, 3i CMPOLIEHHAMN
aBTOpPiB, YMOBHi MO3HAYeHHs: 1 — NAariorHencn Ta nnariomir-
MaTWUTW iHTYNeLbKOro KOMMEKCY, 2 — rPaHiTu KPONUBHULIbKOTO
(KipoBOrpafCcbKoro) Komnnekcy, 3 — po3niomu, 4 — micue Big6opy
papioreoxpoHonoriuHoi Npo6u nnariomirmatuty, npo6a 22/15.
€ - hparMeHT reonoriyHOI KapTy paroHy PoAioHIBCbKOro npodi-
nto (PewweTHaAK U Ap., 1967*), 3i CNPOLEHHAMM aBTOPIB, yMOBHI No-
3HAYeHHs: 1 - rHencm 6ioTuToBi, ami6on-6ioTUTOBI CnaciBCbKOT
cBiTm (State..., 2002; Yesypchuk et al,, 2004); 2 - meTanickoBuku
nonboBOLWNAT-6i0TUT-KBAPLOBI, NONbOBOLWNAT-KBAPLOBI, CNaH-
ui KBapu-nonboBownar-6ioTUTOBI YeueniiBcbkoi cBiTM (State...,
2002; Yesypchuk et al., 2004); 3-7 — rpaHiTOigN KPOMUBHMLBKO-
ro (KipoBOrpaacbkoro) Kommnnekcy: 3 — MirmMaTuti Ta rpaHitm
NNarioknasosi, 4 — rPaHOAIOPUTU Cipi Ta TEMHO-Cipi 6i0TMTOBI,
5 — rpaHiTn cipi, cepeaHbo-KpynHO3epHUCTI, 6ioTUTOBI, Nopdi-
po6nacTuuHi 3 KceHoniTamn GiOTUTOBUX THENCiB, 6 — rpaHiTh
Cipi cepeaHbO-APiI6GHO3EPHUCTI, 7 — XWAU anniTiB, NErmaTuTiB;
8 — KOHTaKTK cTpaturpacdiuHi; 9 — posnomu; 10 — CBepANOBUHN
pogioHiBcbKoro npodinio Ta ix Homepwu

Fig. 1. Geographical location of geochronological sampling
sites. a — satellite map. b - Fragment of the geological map
(State..., 2002), Ternuvate site, simplified by the authors, Le-
gend: 1 - plagiogneisses and plagiomigmatites of the Ingulets
complex, 2 - granites of the Kropivnitskyy (Kirovograd) com-
plex, 3 - faults, 4 - location of the radio-geochronological
sample of plagiomigmatite, sample 22/15. ¢ - fragment of the
geological map of the Rhodonian profile area according to
(Reshetnyak et al., 1967*) with simplifications by the authors.
Legend: 1 - biotite gneisses, amphibole-biotite gneisses of the
Spasivska suite according to (State..., 2002; Yesypchuk et al,,
2004), 2 - feldspar-biotite-quartz, feldspar-quartz metapebble
rocks, quartz-feldspar-biotite schists of the Checheleivs-
ka suite according to (State..., 2002; Yesypchuk et al., 2004);
3-7 - granitoids of the Kropivnitskyy (Kirovograd) complex, 3 -
migmatites and plagioclase granites, 4 — gray and dark gray
biotite granodiorites, 5 - gray, medium-coarse-grained, biotite
granites, porphyroblastic with xenoliths of biotite gneisses, 6 -
gray medium-fine-grained granites, 7 — veins of aplites, peg-
matites; 8 - stratigraphic contacts; 9 - faults; 10 - Rodionov
profile wells and their numbers

LinpKoHun 3 npo6u 22/15, 3 ornaay Ha CKNagHun
CNeKTp OTPUMAHUX BiKiB, 6y NOBTOPHO AAaTOBaHi
B i30TOMHIN nabopartopii TpuHiTi kKonemky (Trinity
College), Nly6nin, lpnauaia. Ana uboro 6yna Bu-
KOopucTaHa nasepHa a6nsuinHa cuctema Photon
Machines Analyte Excite 193 Hm ArF, 3'egHaHa 3
mac-cnektpomeTtpom Agilent 7900. Mpu BU3HAUEHHI
i30TOMHOTrO BiKy LLMPKOHY PO3Mip Nla3epHOro nyuka
CTaHOBUB 20 MKM. 06po6Ka i30TonHUX gaHux U-Th-
Pb 3piiicHeHa 3a gonomoroto naketa IOLITE (Paton
et al,, 2011). MepBUHHUM €TaNOHHMM MaTepianom
ANnA KanibpyeaHHA 6yB UMPKOH 91500 (2°°Pb /28U
BiK CTaHOBMTb 1065,4 + 0,6 mnH pokis (Wiedenbeck
et al.,, 1995)), a BTOpUHHMMM — LMPKOH PleSovice,
AKWIA Nif Yac Halol aHaNITUUHOT cecii AaB Bik 338,7
+ 1,0 MIH POKiB, i UMPKOH WRS 1348 (2°5Pb /28U Bik

carae 526,26 + 0,70 (Pointon et al., 2012)), akun gas
BiK 526,6 * 2,0 M/TH POKiB.

B oaHin 3 npo6 (npoba 12534/15) Kpuctanm ump-
KOHY faTyBanu metofom SIMS B Australian National
University, m. KaH6eppa, ABCTpania. AHaniTuuHa
npoueaypa Ta ymosu U-Pb aHanisy 6ynu nogi6Hu-
MK 10 onucaHux y poboti (Williams, 1998). IHTeH-
CUBHICTb MepBUHHOrO nyuyka ioHiB 0% cTaHoBMNA
4-5 HA, a po3Mmip aHaNITUUYHOI NASMMU — NPUBAN3HO
25 MKM.

BU3HaueHHA i30TONHOrO cknagy ragHilo 6yno
nposegeHo metogom LA-MC-ICP-MS y na6opato-
pii MILESTONE (R&GEF ISOTOP-MTP, Geosciences
Montpellier, MoHnenbe, ®paHuia) 3 BUKOPUC-
TaHHSIM Mmac-cnekTpomeTrpa Thermo Scientific
Neptune XT y No€aHaHHi 3 Na3epHO abnsALinHOW0

*PeweTHsK B.B., Pary3os H.T., Konbiua M.M., ®egtownH C.E., Amutpues E.H., Ceprees A.[l., MoHakoB ®.K. OTUeT No CTPYKTYPHO-NpOtnb-
HOMy 6ypeHuto Ha OBHSIHCKOM, POAMOHOBCKOM M AfleKCaHAPOBCKOM yyacTKax 3a 1964-1966 rr. Kpusown Por, 1967. 219 c.
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cuctemoto Teledyne Cetac Analyte Excite+. [leta-
ni aHaniTMuHoi npoueaypu HaBeaeHo B Po6OTI
(Artemenko et al., 2024). Po3paxyHOK Mo4aTKoBUX
3HaueHb "°Hf/"’Hf Ta eHf ana HeBigOMMX LNPKOHIB
BUKOPWUCTOBYBAB NPUNHATUN BiK X KpUcTanisauii,
KOHCTaHTy po3nagy A”6Lu = 1,867x10™ (Séderlund
et al, 2004) i Taki napameTpu AN Cy4acHOro
XOHAPUTOBOro ofgHopigHoro pesepsyapa CHUR:
"6Hf/77Hf = 0,282785 Ta "5Lu /"’Hf = 0,0336 (Bouvier
et al., 2008).

BHYTpiwWHI0 6YA0BY KPUCTASiB LUPKOHY BUBYANU
y WTYYHNUX NpenapaTtax MeToAOM KaTodo/oMiHec-
LeHLiT Ta B NnpoxigHOMY CBIiTAi Nig 6iHOKyNApoMm i
NonaApu3aLinHUM MiKpOCKOMOM, a CMiBBiAHOWEHHS
3 MOPOAOTBIPHUMM MiHEpanamu — B NPO30PUX Wili-
thax nig nonAapusaLinHUM MiKPOCKOMOM.

Kpuctanu umpkoHy BUBYanu Ta hoTtorpadysanu
nig onTUUHUM Mikpockomnom Carl Zeiss Axio Imager
2 for materials Ta 6iHOKYNApPHMM MiKpOCKOMOM
SZM-45T2.

Pe3ynbTaTy Ta iXHA iHTepnpeTauis

NnariomirmaTuT (6n1acToKaTakNasuT no TOHANITY)
6ioTuToBUIM, Npoba 22/15, BIACIOHEHHA Y NiBOMY
60pTy p. IHryneub, Ha NiBaeHb Big €. TepHyBaTKa.
Mopoaa cBiTnoO-Cipa, AiNsiHKaMU poXeByBaTo-Cipa
Lpi6HO-cepeHbO3epHNCTA, cnabo BMBITPEHA, MO
TpilWMHaX crnocTepiraloTbCs CipyBaTo-6ypi nnsmu
rinpookucis 3anisa. PoxeByBaTuii BiiTIHOK nopoai
HafalTb FiAPOOKNUCY 3aNi3a, AKi NOWNPIOTLCA MO
30HKax peKkpucTanisauii. CrpykTypa TeKTOHOrpaHo-
K/lacToBa 3 efieMeHTamu MOWKiNiTOBOI, peKkpucTa-
nisauiviHa. OCHOBY nopoAM CKNagakwTb Kpucta-
noknacT nnarioknasy i rpaHo6nacToBi Manxe
i30METPUUHI CKynueHHs KBapLy, 061IMOBaHi CMy-
ramy 3 posgyBamun ApPi6HO-TOHKO3epPHUCTOrO rpa-
Ho6MacToBOro MmaTtepiany ToBWMHOW Big 0,1 Ao
1,5 MM, @60 X TaKi KpUCTANOKNACTUA NePETUHAKTLCS

N.M. CtenaHiok, /1.B. lWymnaHcbkuin, O.6. Bucoubkuin, A.M. bapaH

TOHKUMW, NPAMONIHINHUMKU TOHKOrPaHO6NACTOBM-
My xunkamu (puc. 2). 06’em TeKTOHOMATPUKCY CTa-
HOBUTb 25-35 %.

MiHepanbHuin cknag nopoau (06. %): nnario-
Knas - 53-63, kBapul, — 32-39, 6i0TUT — 4-9, MyCKO-
BiT — 40 1. AKLLeCOpHi — TUTAHIT, anaTuT, LMPKOH.

Mnaziokna3 yTBOPIOE KpMcTanu 6inyBaTo-ciporo
KONbOPY po3mipamu 1-3 mm. K npaBu/Io, BOHW Ma-
I0Tb MAKpO- Ta MIKPOCKOMIYHO BMAUMI peKpucta-
nizauinHi o6NaMiBKM TOBWMHOW A0 0,5-1 mMm.
3a CKnagom BiANoBiga€e oniroknasy, yacto Mae
MOMNICUHTETUYHI ABIMHUKU. B [esKux Kpuctanax
fo6pe NOMITHI cnigm nnacTuuHol gedopmauii: ae-
hopmauinHi cMmyru, BUCAUi ABINHUKKN, BUKPUBMEHI
NONICUHTETUYHI ABINHUKKN. [loCUTb YacTo nnario-
Kna3 MiCTUTb MOWKINITOBI BKMAOUEHHSA KBapLy po3-
mipom a0 0,1 mm. MiHepan cna6o BUBITPiNnun, yepes
Wwo B wWnithax HabyBaE HEPiBHOMIPHOIO Cipo-Ko-
puruyHeBOro 3a6apBneHHs. TakoX BiH € CK/Iaf0BOO
UACTUHOI TEKTOHOMATPUKCY.

Keapy cBitno-cipun, yTBoptoe 61M3bKi 4o i30-
METPUYHMX CKYMUYEHHS PO3MIipOM O 4 MM, CUJb-
HO BUJOBXEHi CKYMUeHHsA MiX KpucTanoknactamm
nnaarioknasy, a TakoX NPUCYTHIN Y TOHKO3EPHNCTO-
My peKpuctanizoBaHoMy maTepiasni. 3racaHHs Mi-
Hepany 3a3Buyan XBUNACTe.

BinblwicTb nycok 6iomumy CKOHUEHTPOBaHi
y 6iNblLI-MeHLW i30METPUUYHUX CKYMUEHHSIX PO3Mi-
pom 0,7-3,5 MM, IKi NPUCYTHI B YCiX YaCTMHAX NOPO-
AW, ane rycTuHa 1a po3mip TaKUX CKYMUEHb He 3aBX-
IV piBHOMIpHI. K NpaBuUo, BOHU po3TaWOBaHi Ha
CTUKY [BOX-TPbOX KPMWCTANOKNaCTiB naarioknasy
Ta 6n1acTiB KBapLy. ICTOTHO MeHLa YacTka 6ioTuty
HEepiBHOMIPHO PO3MiLLY€ETLCA Y peLTi TEKTOHOMa-
TPUKCy. PO3Mip Nycok miHepany — AecaTi YacTKu Mi-
nimetpa. OKpeMmi nyckn 6ioTUTY MIEOXPOIOIOTb Bif
CBITNOro 3eneHyBaTO-KOPUUYHEBOIO O KOPUUHIO-
BaTO-3€/1eHOr0 KONbOpY, @ B CKYNUeHHAX — Bif CBiT-
NO-KOPUYHEBOI0 A0 TEMHO-6PYAHO-KOPUUHEBOTO.

e "
[ETLEEERARRERINS

Puc. 2. Nnariomirmatut, npo6a 22/15, nisuit 60pT JONMHMK p. IHIyNeub,
Ha niBaeHb Bif . TepHyBaTKa

Fig. 2. Plagiomigmatite, sample 22/15, left bank of the Inhulets River
south of the village of Ternuvatka
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Hambinbw rycti cCKynueHHsa 6i0TUTY CUNBbHO HAcCuU-
YeHi TOHKO3EpPHUCTUM TUTaHITOM. MiHepanbHWi
CKMag OAHOro 3 TaKWX CKYNMueHb, PO3Mip SKOTo
CTaHOBUTb 1,5x1,5 MM, Takuii (%): 6i0TUT — 39-45,
KBapL, — 30-34, TUTAHIT — 24-28, MyCKOBIT, nooau-
HOKIi KpUCTanu LUpKOHYy.

Myckogim pyxe HepiBHOMIpHO po3noAineHui
y nopogai. Moaekyan po3BUBAETLCSA B OKPEMUX 3ep-
Hax Nnarioknasy, NepeBaXKHO MiCTUTbCA Y TEKTOHO-
MaTpPUKCi, N1LLEe B MOOLNHOKUX BUNAAKAX YTBOPIOE
i30MeTpUYHI CKynueHHA nodibHo A0 6i0TUTOBMUX,
afie BOHW iCTOTHO MEHLIOro po3mipy — Ao 0,4 mm.
Po3Mip nycok miHepany cAira€ Bifi COTUX YacTOK Mi-
nimeTpa Ao 0,5 MM, NOBHICTIO 6e36apBHUIA.

LupkoH yTBOpIOE A0BOMi KpynHi (nepesaxHa
6inbWicTb KPUCTaNiB KOHLEHTPYETbCA Y pakuil
noHag 0,1 MM) NpU3MaTUYHI Ta BUAOBXKEHO-NPU3-
MaTUYHI (KBW1 - Bif 2,0-4,0 40 5) CUNBHO TPiLLNHY-
BaTi JJOCKOHANo OrpaHeHi Kpuctanu. IX orpaHeH-
HS 3ymoBneHe KOMGiHaLi€ rpaHen 060X NMPUsM,
Wwo 34e6inbWoro MawTb NPUGIN3HO OLHAKOBUN
pO3BUTOK, Ta 060X rpaHei Tynux Ginipamig i wo-
HaliMeHlle i3 OfHiel 3 rocTpux rpaHen. Konip
KpucTanie cipyBarto-6inuin (6nusbko 10 %), pyanin,

cipysato-pyaun (80-85 %) 1o cipo-6yporo (maixe
5 %) y CUNIbHO 03aMi3HEHMX KpuUcTanax.

Y nonipoBaHNX 3pi3ax BUABNAETbCA CKMafHA 6y-
JOBa KpuUCTanis, 06ymoBNeHA NMOEAHAHHAM TPbOX
(y nooauHokux kpucranax) i asox (y 6inblwocTi) re-
Hepauii unpkoHy (puc. 3). LMpKoH nepuioi reHepa-
Wi cnocTepiraeTbcsa y BUMNAAI HEMPO30PUX i 3piaka
HaniBnpo3opux saep BCepeauHi Kpuctanie, Mae
TEMHO-KOpUYHeBe 3ab6apBneHHAM. [pyra reHepa-
Lif YTBOPIOE 060NOHKN HABKONO LUPKOHY nepLioi
reHepadii, 3a3BMYan Ma€ CBiTne poxese 3abapB-
neHHA. TpeTa reHepauifs YTBOPKE ManoMNoOTYXHi
HapOCTAHHS NepeBaXHO Ha rofiBKax KpUCTanis Ha
LMPKOHI apyroi reHepauii (puc. 3 i, j, |, n, o). Ce-
pea KpuUCTanis UMPKOHY nepuwoi reHepauii (agep)
MOXHA BUAINUTW ABa TWNU. [INA Neploro xapak-
TEPHUMU € NpaBUNbHI KpuctanorpadiuHi KoHTy-
pn Ta TOHKAa «MarmMaTuuHa» 30HanbHicTb (puc. 3
e-h, m, o). MpucyTHi cKnagHi aapa, BCepeauHi
AKX CnoCTepiraloTbCs He30HanbHi ainaxkmn (puc. 3
k-p). lapa apyroro TMMy TaKoX MakTb MpaBUib-
Hi KpucTtanorpadiuHi KOHTYpMW, ane He30HaSNbHI
(puc. 3 a-d). TpannaTbCA NOOANHOKI HE30HANbHI
Aapa i3 3aokpyrneHumu Koutypamu (puc. 3 i).

Puc. 3. MikpodoTorpadii nonipoBaHux 3pi3ie KpUCTanis LMPKOHY i3 nnariomirmatuty, npo6a 22/15, NpocBiuyioumnii NoNspm3aLinHni

MiKPOCKOM, 338 OAHOr0 Hikons

Fig. 3. Microphotographs of polished sections of zircon crystals from plagiomigmatite, sample 22/15, transmission polarising micro-

scope, at one analyser
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Ta6nuuga 1. Pesynbtatn U-Pb i3oTonHoro aatysaHHsa (LA-ICP-MS, Curtun University) LMPKOHY i3 KpUCTaniyHux nopig IHrynbCbKOro paioHy
Table 1. Results of U-Pb isotope dating (LA-ICP-MS, Curtun University) of zircon from crystalline rocks of the Inhul region

Isotope ratio measured Isotope age, Ma

=3y 2SE 207ph 2SE 206ph 2SE 207ph 207ph
206pp 235 238 35 206ppy

Sample 22/15, plagiomigmatite

1 166 0.2189 0.0057  1.9180 0.0363 15.739 0.569 0.5237 0.0101 0.66 2712 2850 2968 39 8.6
2 99 0.2095 0.0068  3.4300 01754 8.7108 0.487 0.3015 0.0135 0.78 1692 2281 2900 53 417
3 173 0.2028 0.0037  1.8579 0.0327 14.993 0.373 0.5401 0.0094 0.68 2782 2810 2842 #30 21
4 80 0.1939 0.0037 22686  0.0471 11.757 0.303 0.4436 0.0096 0.68 2364 2580 2768 31 14.6
5 96 0.2112 0.0077 2.6555 0.1802 1.374 0.732 0.3958  0.0227 0.80 2133 2516 2900 60 26.4
6 58 0.2057 0.0094  2.0031 0.0550  14.192 0.678 0.5058  0.0143 0.33 2633 2760 2862 76 8.0
7 123 0.2088  0.0044  2.6373 0.1083 11.030 0.344 0.3872 0.0113 0.81 2106 2517 2887 36 271
8 265 0.2439 0.0046  1.9022 0.0608  17.949 0.653 0.5355 0.0174 0.83 2757 2976 3139 30  12.2
9 95 0.2085 0.0047  2.9507 01018 9.7126 0.349 0.3420  0.0121 0.78 1891 2397 2884 +37 344
10 263 01773 0.0047 3.8704 0.1552 6.5262 0.386 0.2664 0.0112 0.93 1518 2025 2614 5 419
1 61 0.1945 0.0038 2.0890 0.0459  12.895 0.364 0.4826  0.0107 0.67 2535 2665 2773 32 86
12 327 01725 0.0052  2.7282 0.0847  8.8096  0.451 0.3685 0.0113 0.89 2018 2303 2564 53 213
13 243 0.1810 0.0050 21632 0.0654  11.705 0.551 0.4696  0.0140 0.87 2476 2563 2648 #5 6.5
14 310 0.1907 0.0045  2.5735 0.0450  10.161 0.239 0.3903 0.0068 0.28 2123 2445 2737 39 224
15 157 0.2249 0.0076 1.9014 0.0416 16.244 0.544 0.5301 0.0118 0.34 2738 2881 2995 +55 8.6
Sample 12534/4, porphyry granite
1 2619 0129 0.0024  2.5517 0.0396  7.0071 01760  0.3932 0.0063 0.75 2137 2108 2082 +32  -26
2 1458 01299 0.0032 2.4960 0.0364  7.445 01838 0.4016 0.0056 046 2175 2129 2083 43 -44
3 2305 0.1326 0.0028  2.7612 0.0324 6.6696 01556 0.3624  0.0042 0.38 1993 2065 2131 39 6.5
4 1773 0.1258 0.0027 2.5200 0.0309  6.8541 01478 0.3965  0.0051 0.33 2152 2089 2030 38 -6.0
5 3236 0.1249 0.0025 2.6813 0.0372 6.4200 01473  0.3727 0.0056 0.54 2041 2031 2019 #3511
6 2727 0.1250 0.0020  2.6794 0.0601 6.4666 01697 0.3756 0.0083 0.76 2054 2036 2023 29 -15
7 3856 0.1256 0.0023  2.6352 0.0442  6.5815 01743  0.3803 0.0064 0.62 2076 2052 2035 34 2.0
8 975 01252 0.0038 2.6005 0.0380 6.5732 01918 0.3848 0.0056 0.23 2098 2049 2012 54  -43
9 2217 0.1286 0.0024  2.6443 01250 6.8095 0.4541 0.3864  0.0230 0.99 2091 2062 2070 33 -1.0
10 4663 01493 0.0027  2.9586 01196 7.0559 0.4322  0.3397 0.0145 0.97 1894 2105 2331 31 187
1 4311 0.258 0.0023  2.7405 01241 6.5429 0.3461  0.3793 0.0187 0.94 2062 2032 2039 32 -11
12 477 01174 0.0063  2.7026 0.0513 5.9302 0.3274 0.3698  0.0075 0.19 2027 1952 1875 96 -8.1
13 1571 01279 0.0018  2.5584 0.0366  6.8753 01600 0.3909 0.0062 0.87 2126 2092 2065 24 29
14 15034 0.1255 0.0015 2.6596 0.0921 6.5620  0.2550 0.3824  0.0127 0.94 2082 2043 2033 21 24
15 4280 01323 0.0026  1.7038 0.1878 15.800 31670  0.8291 01583 1.00 3816 2674 2128 32 -79.4
Sample 12537/2, plagiogneiss

1 85 0.2131 0.0068  1.7635 0.0336  16.527 0.5596 0.56788 0.0110 0.43 2896 2898 2910 52 0.5
2 127 0.2027 0.0076 1.8672 0.0393 14.926 0.5025 0.53690 0.0110 0.19 2767 2800 2848 56 2.8
3 208 0.2048 0.0067  1.8146 0.0332 15.352 0.4745  0.54989 0.0105 0.21 2822 2840 2863 60 1.4
4 190 01356 0.0047  2.5382 0.0385  7.3021 0.2640 0.39232 0.0056 0.28 2133 2139 2158 58 1.2
5 97 0.2060 0.0108  1.7947 0.0506  15.549 0.6865 0.55659 0.0157 0.06 2870 2833 2825 +86 -1.6
6 38 0.2047 0.0055 1.8124 0.0287 15.455 0.4501 0.55109 0.0089 0.45 2828 2842 2851 44 0.8
7 306 0171 0.0058  2.3280 0.0439  10.044  0.3224 0.42980 0.0081 0.26 2303 2431 2547 56 9.6
8 293 0.2104 0.0069 1.8315 0.0348 15.724 0.4513  0.54479 0.0108 015 2800 2853 2898 +53 3.4
9 554 0.2071 0.0054  1.9138 0.0487  15.065 0.7010 0.52572  0.0135 0.88 2719 2801 2871 42 53
10 1595 01824 0.0050  1.9945 0.0530  12.750 0.6137  0.50509 0.0137 0.87 2631 2642 2660 7 11
1 1778  0.1909 0.0050 1.9536 0.0487  13.621 0.5682 0.51436 0.0123 073 267 2709 2737 43 2.4
12 699 0.2019 0.0052  1.8206 0.0349  15.247 0.5023 0.54962 0.0108 0.60 2821 2822 2837 40 0.6
13 880 0.2021 0.0038  2.0293 0.0298  13.708 0.2902 0.49157 0.0072 0.60 2576 2726 2836 31 9.2
14 349 01334 0.0036  2.4990 0.0306  7.3130 0.2055 0.39792 0.0051 0.26 2159 2149 2145 +42  -0.6
15 830 0.1976 0.0036  1.8730 0.0244  14.496 0.3137 0.53216 0.0068 0.56 2749 2782 2800 #30 1.8

Mpumimku. Rho - kopensyis mix 2°°Pb /28U ma 2’Pb/?*U. D, % - duckopdaHmHicmsb, po3paxosyembcs 3a 100 x (27Pb /2%5Pb — 206Pb /238)) / 207Pb /206Pp,
Notes: Rho - correlation between 2°6Pb /U and 2’Pb /*:U. D, % - discordance, calculated as 100 x (*’Pb /2%6Pb — 206Pb /?38U)) / 27Pb /26Pb.
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Ta6nuuga 2. Pesynbratn U-Pb isotonHoro gatysanHs (LA-ICP-MS, Trinity College, Dublin) kpuctanie umpkoHy 3 nnariomirmatuty, npoba 22/15

ppm

Table 2. Results of U-Pb isotope dating (LA-ICP-MS, Trinity College, Dublin) of zircon from plagiomigmatite, sample 22/15

Isotope ages, Ma

205Pb 207Pb 207Pb
?JBU ZSE 735U ZSE ZOGPb

Isotope ratios
U
2SE| Th

1 14.6495 0.7682 0.5123 0.0172 0.87 0.2081 0.0051 1.9644 0.0683 -0.28 2664 74 2786 50 2896 43 1.6 869 555 8023
2 11.3167 0.2271 0.3972 0.0059 0.50 0.2077 0.0038 2.5204 0.0372 0.29 2156 27 2549 19 2885 29 16 168 108 1513
3 14.2328 0.1463 0.4973 0.0050 0.65 0.2075 0.0019 2.0134 0.0201 0.41 2602 21 2765 10 2884 15 11 207 191 2718
4 13.9598 0.2995 0.4882 0.0074 0.74 0.2079 0.0030 2.0509 0.0310 -0.07 2563 32 2746 20 2887 23 19 242 135 1867
5 145627 0.3083 0.5012 0.0143 0.60 0.2089 0.0053 2.0050 0.0569 0.63 2617 61 2786 20 2902 38 13 160 127 1725
6 23.8988 0.2688 0.6650 0.0093 0.68 0.2610 0.0026 1.4996 0.0190 0.61 3292 34 3264 11 3251 16 1.2 183 147 2500
7 16.5274 0.2954 0.5435 0.0119 0.61 0.2249 0.0048 1.8454 0.0416 0.68 2797 50 2907 17 3013 34 11 176 161 2395
8 16.3133 0.2647 0.5709 0.0105 0.76 0.2067 0.0031 17581 0.0327 0.27 2910 43 2894 16 2877 24 11 83 75 1169
9 135992 0.2321 0.4794 0.0091 0.81 0.2067 0.0019 2.0899 0.0396 0.30 2524 40 2722 16 2879 15 12 430 367 5245
10 11.5630 0.2683 0.4895 0.0096 0.87 01723 0.0021 2.0542 0.0419 -015 2567 42 2567 22 2577 20 24 1170 479 6350
11 114517 01493 0.4054 0.0069 0.73 0.2082 0.0023 24756 0.0429 0.66 2193 32 2562 13 2896 18 42 536 125 1658
12 19.3955 0.3713 0.5996 0.0124 0.73 0.2351 0.0034 1.6707 0.0345 0.44 3027 50 3061 19 3086 23 19 257 134 2280
13 157593 0.3215 0.5611 0.0129 0.83 0.2027 0.0023 17809 0.0387 0.47 2870 53 2861 19 2846 19 19 457 239 3695
14 214756 0.4170 0.6386 0.0118 0.78 0.2418 0.0031 1.5721  0.0292 0.14 3182 46 3158 19 3130 20 27 515 205 3225

Mpumimku. Rho - kopensyis mix 2°°Pb/%2U ma ?’Pb/?*U. 2 SE - noxu6ka - 20.
Notes. Rho is the correlation between Pb/**U and ’Pb/?°U. 2SE is the standard error - 20.
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Puc. 4. YpaH-CBMHLEBA Aiarpama 3 KOHKOpPAIEw Ans Kpuctanis
LUMPKOHY i3 nnariomirmatuty, npo6a 22/15. HMWXHiA nepeTuH
NPWB’'A3aHUI A0 TenepilHbOro Yyacy. YopHUM KONbOPOM NOKa-
3aHO pe3ynbTaTu, oTpuMaHi B Trinity College, Ay6niH, Ipnaxais,
yepBoHUM -y Curtin University, MepT, ABCTpanis

Fig. 4. U-Pb concordia diagram for zircon from plagiomigmatite, Puc. 5. CepeaHbo3BaxeHuit 2Pb [*°Pb Bik Ans kpuctanis umpko-

sample 22/15. The lower intercept is anchored to the present. Black
ovals show results obtained at Trinity College, Dublin, Ireland; red
ovals show results obtained at Curtin University, Perth, Australia

Hy i3 nnariomirmatuty, npo6a 22/15

Fig. 5. Weighted average *’Pb/**°Pb age for zircon from plagio-
migmatite, sample 22/15

Pe3ynbTaTi BUBUEHHS YpPaH-CBUHLEBOI i30-
TOMHOI CUCTEMU KPUCTaNiB UUPKOHY HaBeAeHo
B Tabn. 1, 2 i Ha puc. 4, AKi cBigYaTb NPO CKNafHy
6araToeTanHy icTopito po3BUTKY, KpiM TOro 3 no-
PYWeHHAMMN 3aKPUTOCTI, BipOrigHO, B rinepreHHnx
ymoBax (HanBiporifgHilwe, 3aXonneHHAM ypaHy me-
TaMiKTU30BaHUMU insAHKaMmn KpucTanis). Lle 3ymo-
BWMO 3HAYHY ANCKOPAAHTHICTb. BiK, po3paxoBaHui

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

3a BigHOwWeHHsAM 27Pb [2°6Ph, BapitoeTbca Bif 3251 +
16 00 2564 + 53 MAH pokis (Ta6n. 1, 2). 3a BepxHim
nepeTMHOM KOHKOPAIT AUCKOPAiElo, Npu Npus’a3Li
HWKHbOTO MepeTMHY A0 TenepiwHboOro vacy, 6ys
o6umncneHnn Biky 2896 + 68 mnH pokis (puc. 4). Ce-
peaHbo3BAXEHUI 27Ph /2%5Ph Bik CTAaHOBMUTb 2882 +
54 MAH poKiB (puc. 5). BiporigHo, BiH Bifo6paxae
yac hbopMyBaHHS naariomirmaTuTy.
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FpaHiTM 6ioTuToBI Nopdiponoai6Hi KPONUBHULL-
Koro (KipoBorpaacbkoro, 3a (Ecunuyk Ta iH., 2004))
KOMnAeKcy

FpaHiT nopdiponoai6Hun, npo6a 12534/4, rn. 50,8 m.
FpaHiT 6ioTnTOBMI NOPgiponoAi6HUNA, Cipuid, MacnB-
HWUW, cnabo BuBITpiNui. CTpykTypa nopdipononi6Ha
3 efleMeHTaMM MipMeKiTOBOI, OCHOBHOT Macu —Finigio-
MOphHO3EPHUCT], APiIGHO-CepeaHbo3epHuCTa. Mop-
thipononi6Hi BuaineHHs cknapatotb 10-12 % 06’emy
nopoau, npeactaB/ieHi KpucTasamn KanieBoro no-
NbOBOrO LWMNaTy po3mipamu 5-10 mm (puc. 6).

MiHepanbHuin cknag nopoau (06. %): nnario-
knas - 35-40, kaniwnart - 31-36, kBapy - 20-24,
6ioTUT — 12-15, MyCKOBIT — 0 1. BTOPUHHI MiHepa-
NN — CepULUT, MYCKOBIT, KBapL, XI0pUT, enifoT. Ak-
LLeCOPHi — anaTuT, ULMPKOH.

Mnaziokna3 cknagae 6inbly YacTUHY OCHOBHOI
macu nopoau, NpeacTaBneHMin ofiroknasom. He-
PiBHOMIpPHO CEpUUMTU30BAHWUIA Ta NEeMiTU30BaAHUN.
MogeKyan MiCTUTb MNPOCTi Ta NMONICUHTETUYHI ABIN-
HUKW. Po3Mmip 3epeH carae 0,2-3 mm. MposABnse igi-
omopdi3m Mo BigHOWEHHIO A0 Kaniwnaty 0CHOBHOI
macu. MpucyTHin Ak nepTutn B nopciponogibHux
BUAINEHHAX Kanilnary.

Kaniwnam npeactaBneHun mikpokniHom, y nop-
thiponofibHMX BKpanneHHUKax iHTEHCUBHO nepTu-
TW30BaAHMWMN, MiCTUTb PiAKICHI MONKINITOBI BKNOUEH-
HSl KBapLy i 6iOTUTY, A TAKOX NMepPTUTK NNarioknasy.
MepTuTV TOUKOBI, CTPYMEHUCTI. lOCUTb YacTo nop-
thiponoaibHi BUAiNneHHA KaniwnaTty aBns0Tb 06010
NPoCTi ABINHWUKN. AK Yy KPYMHUMX, TaK i B APiGHUX
3epHax OCHOBHOI MacK 4acTo CMOCTepiraETbca Tu-
noBa MiKPOK/iHOBa rpaTtka. Mogekyan no kaniwna-
Ty PO3BMBAKOTLCA OAWHWUHI 3epHa MYCKOBITY. Becb
KaniwnaT YaCTKOBO MeNniTU30BaHUN.

biomum nowmnpeHMn B OCHOBHIN Maci nopoawu
y BUMMAAI NYCOK PO3MipOM Bif A€CATUX YaCTOK Mifli-
meTpa o 1,8 Mm. M71e0XPOIOE Bif CBITNO-KOPUUYHEBOTO
[0 TeMHO-KOPWUYHEBO-6yporo Konbopy. MooanHOKiI

N.M. CtenaHiok, /1.B. lWymnaHcbkuin, O.6. Bucoubkuin, A.M. bapaH

NYCKU XNTOPWUTU3YIOTbCS, OLHOYACHO BiABYBAETHCS
onaunTn3aLid 3 BUAINEHHAM MYYKiB rONOUYOK pyTuny.

Keapy cBiTno-cipuii, posnogineHun y nopogi
[OCUTb HepiBHOMIpHO, 3a3BuuUaii YTBOPIOE 3epHa
pi3HOT hopmu i po3mipy (0,2-2,0 Mm), a TaKOX He-
Be/INKi BULOBXEHI CKyMUeHHs. 3racaHHsa Mo3aiuHe,
B NMOOAMHOKMX 3€PHAX XBUNACTE.

Myckogim po3BUBAETLCA Y BUINAAI NOOAUHOKUX
NYCOK MO BCiX NOPOAOTBiPHUX MiHEpanax.

LLMPKOH YTBOPIOE MPU3MATMUHI Ta KOPOTKO-MNPU3-
MaTWUUHi KpucTanu (KM1 - Big 1,2 no 2,0-2,5), 3piaka
TPannATbCA BUAOBXKEHO-NpU3MaTMuHi 3 K Ao
4-5, OrpaHeHHs 6inblIOCTi KPMCTaNiB NPOCTe, 3yMOB-
neHe KombiHalji€lo rpaHen Tynux 6inipamig i rpaHen
OJHIE€l i3 NPU3M MPU3MATMYHOIO NosAcY. B okpemmx
Kpuctanax y opmyBaHHS roniBokK 3afisiHi rpaHi ro-
cTpux 6inipamig. Kpuctanam y uinomy nputamaHHi
3Q0KpYINeHi KOHTYpU, Hacamnepen rofiBku Ta pe-
6pa NpnM3mMaTMYHOro noscy. oBepxHsa rpaHen piBHa,
6/11CKyya, BTiM y 6araTbox LWarpeHesa.

CrnocTepiraeTbCs WMPOKA KONbOPOBA rama: Bif
6Mif0-KOPUYHEBMX, CBITNO-KOPUUYHEBMX HaNiB-
Npo30puX A0 CipyBaTO-KOPUUYHEBMUX i KOPUUHEBUX
Henpo3opux. bnnck cknaHum.

Y nonipoBaHux 3pi3ax 6inbWicTb KPUCTanis ump-
KOHY XapaKTepu3y€eTbCs TOHKOK «MAarMaTUUyHO» 30-
HanbHicTio (puc. 7 a-d, i, j). B geaknx kpucranax npu-
CYTHI penikTn upKoHy nopig cyéerpary (puc. 7 e-h, k,
[). B NoOAMHOKMX, 3a3BMUAN HENPO30PUX KpUCTanax
LIeHTparbHi YacTuHY i3oTponizosaHi (puc. 7 b, c).

Pe3ynbTaTi ypaH-CBUHLEBOrO i30TOMHOMO pAa-
TYBaHHS KPUCTANiB LUUPKOHY i3 rpaHiTy HaBedeHo
B Tab6/. 1 i Ha puc. 8. ANCKOPAAHTHICTb BiKy Bapito-
€TbcA BiA 18,7 Ao -79,4 %, UMCNOBi 3HAYEHHS BiKY
Big 2331 + 31 00 1875 + 96 MAH POKiB. YTiM, ANCKOP-
JaHTHITb MeHLWe HiX 3 % MatloTb 10 i3 15 gaTyBaHb
(ame. Tabn. 1). CepeaHe 3BaXeHe 3HAUEHHA BiKy 3a
BifIHOLWEHHAM 27Pb [2°%Ph, po3paxoBaHe ana 13 Aar,
LVNCKOPAAHTHICTb AKUX MeHwe 10 %, CTaHOBMUTb 2056
+ 22 MIH pokis (puc. 9).

Puc. 6. MpaHiT nopdiponoai6Huit, npo6a 12534/4, AiameTp KepHa CTaHOBUTbL 90 MM
Fig. 6. Porphyry granite, sample 12534/4, core diameter 90 mm
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Puc. 7. MikpodoTtorpadii
nonipoBaHMx 3pi3iB Kpuc-
TaniB UMPKOHY i3 mopdi-
ponoai6Horo rpaHiTy, Nnpo-
6a 12534/4 (poaioHiBCbKMIA
npocinb, cB. 12534, .
50,8 M), NpoCBiuyUnii No-
NAPU3aLIHUIA MiKpOCKOm,
3a ogHoro Hikona (a-l, R)
Ta 3 aHanisatopom (j, )

Fig. 7. Microphotographs
of polished sections of zir-
con crystals from porphyry
granite, sample 12534/4
(Rodionivka profile, dh
12534, depth 50.8 m), trans-
mitted polarisation micro-
scope, with one (a-1, k) and
two analysers (j, )

data-point emor elipses are 20
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Puc. 8. YpaH-CBMHLEBa Aiarpama 3 KOHKOPAI€ ANa LMPKOHY i3

nopdiponoai6Horo rpaHity, npo6a 12534 /4

Fig. 8. U-Pb diagram with concordia for zircon from porphyry gra-
nite, sample 12534/4

data-point emor symbols are 2u
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Mean= 2056122 |1.19%] 95% conf.
Witd by data-pt errs only, 0 of 13 rej.
2160 MSWD = 5.2, probability = 0.000
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Puc. 9. CepeaHbo3BaxkeHnin 27Pb /5P BiK Ana KpUCTanis LupKo-
Hy i3 nopdiponogi6Horo rpaHity, npo6a 12534/4

Fig. 9. Weighted average *’Pb/%%Pb age for zircon from porphyry
granite, sample 12534/4

FpaHiT 6ioTuToBMI nopdiponoai6éHuii, npo6a
12534-15, cB. 12534, rn. 119,0 M. CrpykTypa nopdipo-
nomi6Ha, OCHOBHOI Macu — cepeaHbo-APi6GHO3epHU-
CTa, aN10TPioMOpPHO3EPHICTA, aHTUNEepTUTOBA. Mop-
thiponogi6bHi BuAineHHs npeacTaBneHi Kaniwnatom
po3mipom 5-7 x 1,5-3 mm (puc. 10). TekcTypa MacusHa.

MiHepanbHWI CcKNag rMnopoauM B MeXax wWhi-
tha (06. %): nnarioknas - 44-50, kaniwnar - 11-16,
KBapL, - 31-37, 6ioTUT — 4—7. BTOPMHHI MiHepanu — ce-
PULNT, MYCKOBIT, €nifoT, XnopuT. AKLLeCOPHI — anaTuT,
LIMPKOH.

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

Mnarioknas ApibHO- Ta cepeAHbO3epPHUCTUN,
npeacTaBneHnin oniroknasom. HesHauHo Ta Hepis-
HOMipHO CepuUMTN30BaHWN, afie AOCUTb iHTEHCUB-
HO MeniTM30BaHWN. Mae aHTMNepTUTOBY 6ynOBY.
AHTVNEPTUTU KanilunaTy pPi3HOK Mipoto BUAOBXKEHI,
pO3TaLIOBYIOTbCA Cy6napanenbHo OAWH A0 OAHOTO,
NMOMipHO OAHOMAHITHI B KOXXHOMY i3 3epeH. Y MeH-
Win YaCTWHi 3epeH nnarioknasy aHTUNEepPTUTU NOOo-
JOMHOKI, 6M113bKi 10 0BanbHOI UM OKpyrnoi opmu.
[esAki 3epHa nnarioknasy ABNATb CO600 NPOCTI
LBIVIHWKM, Lie piale TpannseTbcs cnabo nposineHe
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NoNiCMHTETUYHE ABINHUKYBAHHA. ONiroknas He Mae
BUPAXKEHOro igiomopiaMy LLIOAO iHWWUX NOPOAO-
TBipHUX MiHepanis. [ly)xe pigKo No HbOMy po3BUBa-
€TbCS BTOPUHHUIA MYCKOBIT.

Kaniwnat, kpim nopdipoBugHuX BugineHb, npu-
CYTHIN TaKOX B OCHOBHIl Maci nopoau, ae posno-
LiNAETbCA [elo HepiBHOMIPHO, YTBOPIOE AK MNO-
OAVHOKI APi6HI Ta cepeaHiXx pPo3MmipiB 3epHa, Tak
i BUAOBXEHi CKynueHHs Api6HMX KpucTanis. Ham-
6inbLli 3epHa MiCTATb Y MAnNin KiNnbKOCTi NOWKINITOBI
BK/IOYEHHS KBapLy, a TaKOXX NepTUTW Nnarioknasy.
Y npi6HNX 3epHax NPosBASETbCA AO6pe BUpaXeHa
MiKpOK/iHOBa rpaTtka. JaHuii MiHepan meHLue neni-
TW30BaHUN MOPIBHAHO 3 Narioknasom.

KBapL, OCUTb PiBHOMIPHO PO3MNOAiINeHNUN y No-
pofi, YTBOPIOE 3epHa pi3HOT hopmu Ta posmipy,
a TAKOX HeBeNUKi, felo BUAOBXKEH X CKynueHHs.
IHOAI MiCTUTb NOAIGHI 4,0 NONKINITOBUX BKNIOUYEHHSA
Kaniwnarty. Y mMeHWMUX 3epHax MAe mo3aiuHe 3ra-
CaHHA, y HAWBINbWNX — NAAMUCTO-XBUNACTE.

N.M. CtenaHiok, /1.B. lWymnaHcbkuin, O.6. Bucoubkuin, A.M. bapaH

BioTUT yTBOPIOE MepeBaXKHO HEBEJUKI CKyNUeHHs
B OCHOBHIi Maci mopoau, po3mip Nycok — Big neplumx
[ecATMX uacTok MiflimeTpa Ao 1,2 Mm. [1e0xpotoe
Bifl CBITNO-KOPMUYHEBOIO 10 TEMHO-6YPOro KONbopy.
J10 HbOrO TAXIilOTb API6HI KpucTanu anaTtuty. IHoAi
6i0TUT 3aMiLLYETbCS XNOPUTOM, NPY LiboMy BifbyBa-
€TbCA BUAINEHHS roNYacToro pyTuny. B nooanHoKmx
BMNAAKax Mo HbOMY PO3BMBAETLCS MYCKOBIT.

Cepepn KpuCTaniB LMUPKOHY MepeBaXkalTb CBiT-
No-KOPUYHEBI Ta KOPUYHEBI, B NiANOPSAKOBAHIN
KinbkocTi (o 20 %) MPUCYTHI KOpWYHIOBATO- Ta
CBiTNO-pOXeBi. BANCK CKNSIHNI. 32 BUAOBXEHHAM
KpUCTanum KOpPOTKO-MPU3MATUUHI Ta NPU3MATUUHI
(KW— Big 1,0 Ao 2,0, 3piaka — A0 2,5). OrpaHeHHs
KpUCTaniB nepeBaXKHO FaLMHTOBOrO TMMNYy, 3yMOB-
neHe KoMGiHaUi€l rpaHei ofHiel, 3piaka 060x
Tynux 6inipamia Ta oAHi€l i3 rpaHen npuamaTny-
HOro nosicy. ins 6inblIOCTI KPUCTaniB XapakTepHi
3a0KpYrNeHi KOHTYpU. 3a0KpYrneHuMun € AK rofis-
KN KpUCTanis, Tak i pe6pa Npu3mMaTUUHOro noscy.

Puc. 10. I'paHiT nopdiponogi6Huin, npoba 12534/15, aiamerp
KepHa CTaHOBUTb 90 MM

Fig. 10. Porphyry granite, sample 12534/15, core diameter 90 mm

Puc. 11. MikpodoTtorpadii
nonipoBaHmx 3pisiB Kpuc-
Tanis LMPKOHY i3 nopchipo-
nogibHoro rpawity, npo6a
12534/15,  pOAiIOHIBCbKMIA
npociny, cB. 12534, rn. 119
M, MPOCBiUyOUMIA nonapu-
3auifiHMIA  MiKpockom, 3a
ofgHoro Hikons (a-l, k) Ta
y cxpeleHux Hikonsax (j, )

Fig. 11. Microphotographs
of polished sections of
zircon crystals from por-
phyry-like granite, sample
12534/15, Rodionivka pro-
file, dh. 12534, depth 119
m, transmission polarising
microscope, with one ana-
lyser (a-I, k) and in crossed
analysers (j, [)
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Ta6nuuga 3. Pesynbratn fgatyBaHHsa (SIMS, Australian National University, Canberra) kpuctanie UMpKOHy i3 rpaHity nopdiponogi6Horo,
npo6a 12534/15
Table 3. Results of U-Pb dating (SIMS, Australian National University, Canberra) of zircon from porphyry granite, sample 12534/15

Isotope ratio
Isotope ratio calculated

Concentration, ppm

Rt

1 242 77 870 942 112 21E-5 01246 0.315 5.56
2 988 496 3249 5405 1.72 4.6E-6 0.1254 0.497 6.12
3 532 82 1838 907 0.51 6.6E-6 0.1257 0153 5.83
4 21 92 672 975 1.50 4.3E-5 01261 0.433 6.33
5 72 19 290 235 0.84 21E-4 01263 0.264 4.90

=70

0.7
0.4
0.6
0.9
21

Isotope age, Ma

206pp*
233U

032 0.6 0.86 1811 10 2019 6 1765 17  +12
035 04 092 1954 7 2033 £3 1969 13 +4
034 05 090 1872 #8 2037 4 1951 33 +9
037 0.8 0.89 2008 14 2037 7 2024 23 +2
029 19 092 1631 +#27 2006 14 1714 40  +21

Mpumimku. Moxu6ku ekazawi Ha pieHi 10; Pb* — eumipsHul emicm 8idnoeidHo20 i3omony. (1) yacmka padiozeHHo20 i30MoNy CBUHUIO, CKOPU20BAHO20 HA 8UMIPAHUL 2*“Pb. Rho -

Kopenayia mix °Pb/?U ma 27Pb/?*U. D, % —

duckopdaHmHicmeb, po3paxosyembcsa 3a 100 x (27Pb /26pb - 206ph /238()) / 207Pp [206Pp,

Notes. Errors are at 10; Pb* - indicates the measured amount of the respective isotope. (1) Common Pb corrected using measured Pb. Rho - correlation between 2Pb/**U and

207pp /235, D, % - discordance, calculated as 100 x (27Pb/2¢Pb - 206Pb /238)) / 27Pp /296Pb,

data-point emor ellipses are 68.3% conf.

039 | 206pp 4
238y 3

037 |

035

033 ¢

0,31

-

st Intercepts at
197+160 & 2039.748.2 [+10] Ma
MSWD = 1.6

029

3
027 | P4 e
P 2351
025 7 : : : : : :
42 46 50 54 58 62 66

Puc. 12. YpaH-cB/HLEBa fiiarpama 3 KOHKOPAIEI ANs KpUCTanis
LMPKOHY i3 nopdiponoai6Horo rpaHity, npo6a 12534/15

Fig. 12. U-Pb diagram with concordia for zircon from porphyry
granite, sample 12534/15

BTim, rpaHi fo6pe po3BUHEHI, IX MOBEPXHA 3a3BU-
yaii lWarpeHeBa, B OKPeMMX KpUcTanax rmageHbka,
6nuckyya. Kpuctanu Api6Hi, oCHOBHa maca uup-
KOHY CKOHLEHTpOoBaHa Yy pakuii ApibHIiWin 3a
0,050 mm.

Y nonipoBaHux 3pi3ax 6inblicTb Kpucrtanis
nonisoHanbHi (TOHKO30HaNbHi, XapakTepHi Ans
marmatuuHux nopia (puc. 11 a-d)), BcepeaunHi ok-
peMux Kpuctanis BuasnaTbea aapa (puc. 11 g-1),
AKi CUNbHO TEKTOHI30BaHi, pPoO36UTI YMCNEHHUMU
TPilLMHKAMM Ta 3aMiKOBaHi UMPKOHOM, CUHNETPO-
reHHUM rpaHiTy. B 6araTbox KpucTanax LeHTpanb-
Hi yacTMHK a3oHanbHi (puc. 11 e, f), a 30BHIWHI iX
RiNSHKN MAIOTb BUPa3Hy NONI30HaNbHY CTPYKTYpY.

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

HasBHICTb CUNbHO TEKTOHI30BaHUX fAEp LUPKOHY
JO3BOJIAIE MPUNYCTUTK, WO MaTepUMHCbKa nopopa
nepeg nnasneHHaAM (yTBOPEHHAM rPaHiTHOroO pPo3-
nnasy) 3a3Hana iHTeHCMBHOI aedopmalii.

AHaniTMUHI pe3ynsTaTu AaTyBaHHA MOJi30HaNb-
HUX KpUCTaniB UMPKOHY meTogom SIMS HaBeaeHo
B Tabn. 3. Ha giarpami 3 KoHkopgieto (puc. 12) nixia
perpecii, po3paxoBaHa 3a aHaNITUUHUMKU AAHUMU,
nogaHumn B Tabsn. 3, NepeTWHAE KOHKOPAIlo, Lo
Bignosigae Biky 2039,7 + 8,2 MiH pokiB. Lle fo6pe
Y3TOJ)KYETbCS 3 BIKOBUM iHTepBanom popmyBaHH#
rPaHiTiB KPOMUBHULKOTO KOMMAEKCY.

MnariorHeiicu poRioHiBCbKOI CBiTH

MnariorHeiic ami6on-6ioTuToBMit, Nnpoba 12537/2,
¢B. 12537, rn. 31,5 m. [lopofaa TeMHo-Cipa, Api6HO-
3epHUCTa, TeKCTypa cnabo nNposBfeHa, CMmyrac-
1a (puc. 13), Ha NoBepxHi cnocTepiralTbCa APi6HI
NAsSmMu 3 YepBOHYBATUM BiATIHKOM. MiJ MiKpPOCKO-
NMOM MPOSIBASETbCA CMYracTU PO3NOAIN TeMHO-
KONipHWX MiHepanie, 3i cMmyramu 36arayeHumu:
1) 6iOTMTOM i HE3MIHEHUM OpPTUTOM; 2) 6ioTUTOM,
amdibonom i cnabo 3amiHeHUM opTUTOM; 3) amdi-
60M10M i 3MiHEHUM OpTUTOM. MiXX CMyramm Hemae
UiTKO BMPAXEHMX KOHTaKTiB. MiKpOCTpyKTypa no-
poau HemaTonenigorpaHo6nacToBa. MiHepanbHUR
cknag (06. %): nnarioknas - 50-56, kBapu, — 38-43,
6i0TUT — 4-6, OpTUT — 1, amibon — MeHwWe HixX 1,
XNOPUT, CePULMT, LOI3UT. AKLECOpHi — anaTuT, uu-
PKOH.

Mnazioknasz  npepcTaBneHWA  ONIrOKNa3om,
po3mip 3epeH csrae 0,2-0,8 mMMm. HepiBHOMIp-
HO 3amillyeTbca cepuunTom. MoaeKkyau NpucyTHI
NONICUHTETUYHI ABIMHUKMN Ta NPOSABASETbCA OCKO-
Hana cnamnHicTb. € TEHAEHLiS A0 TOro, WO Y CMyrax,
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Puc. 13. Nnariornenc amegi6on-6ioTutoBuit, npo6a 12537/2, aiametp kepHa
CTaHOBUTb 90 MM

Fig. 13. Amphibole-biotite plagiogneiss, sample 12537/2, core diameter 90 mm

36araueHux Ha amdi6on, ABINHUKN CTatOTb GinbLy
YITKUMK Ta B HUX 36iNbLIYETbCA KiNbKiCTb 3epeH 3
BMPAXEHOI AOCKOHAMNO0 CNAWHICTHO.

Keapy pocnTb piBHOMIpHO po3nogineHnin y no-
poAi, NpoTe NPOCTEXYETbCSA HE3HAUHE 3HUKEHHS
noro Kinbkocti no6nu3sy amdi6onis. YTBOpOE Hal-
KPYNHiLWi 3epHa B aHiii nopogi, ix po3mip 3aranom
BapitoeTbca Big 0,1 40 1,2 mM. 3racaHHA MiHepany
Mo3aiuHe, iHoai 6nokoB.e.

biomum pewo HepiBHOMIpHO po3nogineHni y
nopogi. ®opmMye okpemi nycku posmipom o 0,8-
1,0 mm. Mneoxpoloe Big cBiTNo- Ao 6ypyBaTo-Ko-
pUYHEBOro KONbopy. MicTUTb PiAKICHI NIeOXPOiUHiI
ABOpuKKU. Micusmn 3amiyeTbca 6nigo-3eeHnm
XNOPUTOM 3 aHOMANbHUMK TEMHO-CipO-UOPHWU/b-
HUMMU, iIHKONU TEMHO-CiPO-KOPUYHEBUMM KONbOpa-
MU iHTepdepeHLuil.

Amci6on npepacTaBneHnii porosod 06MaHKOI,
O YTBOPIOE OKpeMi BMAOBXEHI 3epHa Henpa-
BUNIbHO-TabnuTtyactoi Gopmu. [neoxpoloe Big
)XOBTYBATO-CBIiTNO-3€/1€eHOoro  abo  CBiTNO-Kopuu-
HI0BaTO-3€M1€HOTr0 0 3eieHoro Ta 6ypysaTo-3ene-
HOro Konbopy. [lesaki 3epHa MalTb HepiBHOMipHe
3a6apBrieHHs. B NOOAMHOKMX BMNAAKax Ha Kpasx
il 3epeH KpUCTanisylTbcs pagianbHO-NpoMeHe-
Bi arperatu amgi6ony aKTUHONIT-TPEMONITOBOIo
pagy. MpUCcyTHI TaKoX NOOAMHOKI 3epHa CUHIOBa-
TO-3eNeHOro HaTpieBoro amdi6ony, Wo acouilotoTb,
AK MpaBuno, 3 6ioTutom.

Opmum nepeBaXHO YTBOPHE KCEHOMOPMHI
3epHa HenpasunbHOI hopmu. JocuTb piBHOMIpP-
HO PO3MOAiNeHNn y nopoai. 3amillyeTbCs HENpPO-
30pot0 6ypo-4yepBOHOK PEUYOBUHOK, 0COHAMBO
3MiHEHUMM € 3epHa, Wo acouitoTb 3 amdibo-
nom.

LupkoH cnocTepiraeTbCa y LWMPOKIA rami
BiAHOCHO Api6HuX (nepeBaxkHa 6inblWicTb A0
0,040 mm, 3pigka - moHag 0,1 MM) KpucTanis 3a
KO/IbOPOM, BUWAOBXEHHSIM Ta OrpaHeHHsM. 3a
KOMIbOPOM rMepeBaXalTb CBITNO-KOPUUYHEBI Ta
KOpPUYHEeBi HaniBnpo3opi, B NiANOPSAKOBAHIN
KiNbKOCTi HafABHiI CBiTNO-poXeBi NMpo3opi Kpuc-
Tanu. 3a BUAOBXEHHAM MPUCYTHI MPU3MATUUHI
3 K,y 1,572,5, BUAOBXEHO-MPU3MATUUHI 3 Ko 2:5-
3 Ta AK NOOAMHOKI cnuconofi6Hi 3 K., B0 5. Orpa-
HEHHA 6iNbWOCTi KpUcTanis 06yMoBNeHO KOMbi-
HaLi€lo rpaHen 060X MPMU3M i rpaHen AeKiNbkox
6inipamig, y Tomy uncni roctpux. 9Kk nOOAUHOKI
TPANASOTbCA KPUCTANMN LUPKOHOBOTO Ta MaLuH-
TOBOro TuNiB. Mpy Ubomy B 6inbWOCTi KpUCTanis
KOHTYypu (pe6bpa Ta roniBku) Aewo 3aokpyrie-
Hi, MOBEPXHS rpaHen liarpeHesBa A0 ApPiGHOAM-
yacToi.

Y nonipoBaHux 3pi3ax Ans 6inbloCTi Kpucta-
NniB XapakTepHa TOHKA «MarmaTuuHa» 30HaNbHICTb
(puc. 14 a-c, f-i), B LEHTPaANbHUX YACTMHAX AeAKNX
KpWCTanis BifAMiualoTbCA a30HanbHi AinaHku (aapa)
(puc. 14 e, i). 060n0HKM (060M10HKa 1), WO HapoCTa-
I0Tb Ha 30HANbHUI LMPKOH, a30HA/bHI (p|/|c. 14 b,
f, g). MOXHa NPUNYCTUTK, WO MK KpUCTanisauieo
TOHKO30HaNbHOMO LMPKOHY /i a30HaNbHOI 060MOH-
KU 1 icHyBana nepepsa, Npo L0 MOXYTb CBIAUUTM
kpuctanu (puc. 14 a, c).

O60M0HKM 2 ManonoTY)XXHi, NPUCYTHI He Ha BCiX
KpucTanax i HamuacTilwe po3BMBAIOTbHCA HA rofiB-
Kax Kpuctanis (puc. 14 a, b, d, f-i).

AHanNiTUYHi pe3ynbTaTM i30TONOro0 [AaTyBaHHSA
KpUCTaniB LMpPKOHY i3 am¢i6on-6ioTuToBOro nna-
riorHency HasegeHo B Tabn. 1 (npo6a 12537/2) Ta
Ha pwuc. 15.
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0,62
205Ph
0,58 238()
0,54
0,50
0,46
042 Intercepts at
: 2103£210 & 2939:90 [+91]
Ma
0,38 MSWD =7.3 207pp
0,34

Puc. 14. MikpodoTorpacii noni-
poBaHUX 3pi3iB KpucTanis uu-
pKOHY i3 amdibon-6ioTuToBoro
nnariorvency, npoéa 12537/2, po-
nioHiBCbKUM npodinb, cB. 12537,
rn. 31,5 M, NpOCBiuylouUiA nonsapu-
3aUifIHWIA MIKPOCKOM, 332 OLHOr0
Hikons

Fig. 14. Microphotographs of pol-
ished sections of zircon crystals
from amphibole-biotite plagiog-
neiss, sample 12537/2, Rodionivka
profile, Dh. 12537, depth 315 m,
transmission polarizing micro-
scope, at one analyser

Puc. 15. YpaH-CBMHLEBA Aiarpama 3 KOHKOPAIEI0 AN KPUCTaNiB LMPKOHY i3 am-
¢ibon-6ioTuToBOrO NNariorHeicy, npoéa 12537/2

235) Fig. 15. U-Pb diagram with concordia for zircon from amphibole-biotite plagiog-
. neiss, sample 12537/2

Ik BunNnmBae 3 Tab6bn. 1 Ta BUAHO Ha puc. 15,
B amdibon-6ioTutoBomy nnariorHeici (npo6a
12537/2) pogioHiBCbKOrO Npodino NPUCYTHI fAK
AAaBHI Me30apxeicbKi Kpuctanu umMpkoHy (Bik Bia
2910 [0 2547 MAH POKiB), TaK i 3HAUYHO MonoALi
(aBa Kpuctanu Bikom 2145 i 2158 MAH pokiB) naneo-
npoTepo3omnchbki (Bik 3a i30TOMHMM BigHOLWEHHAM
207pp [206ph),  BiporigHO, HaKMNadeHi B pe3ynbrarTi
npoueciB meTamopgi3amy Ta rpaHiTOYTBOPEHHS.

I3oTONHUI cKNag ragHito

[30TOMHMIA CKNMAZ radHil0 BM3HAUYEHO B KpWCTanax
LIMPKOHY 3 ABOX Npo6: Nnpo6a 22/15 — nnariomirmaTuT;
npo6a 12534/4 — rpaHiT nopgiponogi6Huii. MouaTko-
Bi 3HaueHHs "°Hf/"’Hf Ta eHf BupaxoByBanu Ans Biky
y 2,9 Mnpg pokiB Ans nepioi npo6u Ta 2,05 mapg po-
KiB — Ansi Apyroi. PesynstaTit BUSHAYEHHS i30TOMNHOMO
cknapay radHilo nogaHo Ha puc. 16 Ta B Tabn. 4.

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

LMpKoH 3 npo6u 22/15 yTBOpHE ABi rpynu
KpUCTanie, WO YiTKO PO3pPi3HAOTbCA 3a i30TOMN-
HUM cknagom ragHito. Kpuctanu nepwoi rpynu
MaloTb IOBEHINbHUI i30TONHWA cknag: VsHf/7Hf =
0,280884 + 0,000005 Ta €Hf = 0,4 + 0,3. MadHiIn
B KpuUCTanax Apyroi rpynu MeHW pajioreHHun:
7Hf[77Hf = 0,280779 + 0,000018 Ta eHf = -3,4 +
0,6. Kpuctanu uupkoHy 3 npo6bu 12534/4 3Hau-
HO BapilolOTbCA 3a i30TOMHUM CK/1agoM radHito:
76Hf/Hf Big 0,281164 go 0,281310 (cepeaHbo-
3BaXkeHe 0,281242 + 0,000022), €Hf Big -5,7 #o
-10,9 (cepeaHbo3BaxeHe -8,3 * 0,4). MoaenbHi
BiKM 32 MOAenno KWcnol Kopu Ans KpucTtanis
nepwoi rpynu 3 nnaariomirmatuTy CTaHOBNATb
6n113bko 3300 MAH poOKiB, ANs KpuUcTanie Apy-
roi rpynu — mamxe 3500 MAH poKiB, a ANA LKU-
PKOHIB 3 nopciponofi6bHOro rpaHiTy - 6n1nM3bKO
3000 m/H pokiB.
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12 4 Puc. 16. I130TonHWUI CcKNag raHio B ump-
KOHax 3 nnariomirmatuty (npo6a 22/15) Ta
. f;:;m noptipoBuaHux rpanitis (npo6a 12534 /4)
A6 I R Fig. 16. Hf isotopic composition in zircon
1500 1700 1900 2100 2300 2500 2700 2900 3100 3300 3500 from plagiomigmatite (sample 22/15) and

207pp/206Ph age (Ma)

porphyry granite (sample 12534/4)

Tabnuus 4. 130TONHKUIN CKNaj radHilo B LMPKOHAX i3 KPUCTANiYHUX NOpia IHIyNbCbKOro panoHy
Table 4. Hafnium isotopic composition in zircon from crystalline rocks of the Ingul region

TS Hf [ Hf 6Ly [7Hf +1SE

176Yh I177Hf

TSHE[TTH, eHf,

Sample 22/15, plagiomigmatite

1 0.280826 0.000999 0.000043 0.028057 0.280769 0.000009 -3.7 0.7 3520 3925
2 0.280929 0.000803 0.000020 0.026000 0.280883 0.000009 0.3 0.7 3306 3555
3 0.280948 0.001055 0.000012 0.032763 0.280888 0.000008 0.5 0.6 3297 3541
4 0.280808 0.000548 0.000013 0.014379 0.280777 0.000008 3.4 0.6 3505 3898
5 0.280840 0.000812 0.000030 0.024852 0.280794 0.000008 -2.8 0.6 3473 3843
6 0.280894 0.000226 0.000002 0.006291 0.280881 0.000008 0.3 0.6 331 3563
7 0.280839 0.001173 0.000008 0.033759 0.280772 0.000009 -3.6 0.7 3514 3914
Sample 12534/4, porphyry granite
1 0.281311 0.001659 0.000020 0.050963 0.281246 0.000008 -8.0 0.6 2994 3669
2 0.281201 0.000931 0.000025 0.028573 0.281164 0.000018 -10.9 1.3 3145 3928
3 0.281287 0.001162 0.000042 0.035168 0.281242 0.000010 -8.1 0.7 3001 3681
4 0.281278 0.001034 0.000006 0.033206 0.281237 0.000009 -8.3 0.7 3009 3696
5 0.281297 0.001370 0.000037 0.039934 0.281244 0.000010 -8.0 0.7 2998 3676
6 0.281326 0.001888 0.000030 0.062668 0.281252 0.000009 -1.7 0.7 2982 3650
7 0.281392 0.002084 0.000045 0.061884 0.281310 0.000010 -5.7 0.7 2874 3465
8 0.281276 0.001439 0.000033 0.045590 0.281220 0.000008 -8.9 0.6 3042 3752
9 0.281274 0.001174 0.000017 0.040189 0.281229 0.000007 -8.6 0.5 3026 3724

06roBopeHHs pesyabrarTiB

3a pesynbTatamy ypaH-CBUHLEBOIO i30TOMHOIO Aa-
TYBaHHA KPUCTANiB LMPKOHY i3 rpaHiToidiB i meTa-
MopdiuHuX nopia (rHelicis), nowKUpeHnx B IHryNb-
CbKOMY PanoHi YKpaiHCbKOro WMTa, 3'ACOBaHO, LIO
MPaKTMYHO BCi MOpoAwW, B TOMY YMC/Ii mnariomirma-
TUTKW iHTYNELbKOro KOMM/eKCy, MiCTATb naneonpo-
Tepo30iicbKi KpucTanu (reHepauii Kpuctanis) Lboro
MiHepany, popMyBaHHA AKMX, BOUEBUab, 06yMOBNe-
He npouecamm metamopdiamy Ta rpaHiTOYyTBOPEHHS
KponueHMubKoro (KipoBorpaacbkoro, 3a (Ecunuyk

Ta iH., 2004)) etany. MNopdiponoaibHi rpaHiTh, po3-
KPUTi CBEpANOBMHAMU POAIOHIBCbKOro npodinto,
chopmyBanucs B naneonporeposoi (2060-2040 mnH
POKiB TOMy) BHACNiAOK NMaBfeHHA apXencbKol Ko-
POBOI PEUOBWHMW. iX BiK 36iraeTbCs 3 BIKOBUM iHTEp-
Ba/IoM (DOPMYBAaHHS FPAHITOIAIB KPOMUBHMULBKOIO
komnnekcy (LWep6ak A.H. u ap., 1995; Lllepbak H.M. n
ap., 2008; LymnaHcbkun, NetpeHko, 2015; bapaH Ta
iH., 2024; CTenaHIoK Ta iH., 2024), xoua 3a i30TONHUMU
XapaKTepuCTUKaMu BOHM Pi3Ko Biapi3HatoTbea (yCHi
NOBiJOMMIEHHA aBTOPIB).
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Kpuctanu UMPKOHY 3 NNariomirMatutiB MaioTb
apxencbkuin BiKk 6nM3bko 2900 mMnH pokiB. Mpu
LbOMY AefiKi 3 KPUCTAsiB 3HAUHO AaBHilli, WO, BO-
ueBMAb, BKA3Yye Ha Ix AeTputoBe abo ycnagkoBaHe
NoxomxeHHs. Mpo reTeporeHHicTb nonynsAuii uup-
KOHY B Lili MOpoAi CBigumMTb i 3HauHa BapiabinbHICTb
i30TOMHOro cKNagy radHito — AesKi KpUCTanm MawTb
MaHTIWHi i30TOMHI XapaKTepuCTUKK, a AeakKi 3acBia-
UyloTb NOXO)KEHHSA 3 6ifbll AaBHIX KOPOBMX MOPiA.

Amci6on-6i0TMTOBI MNnariorHeicyn Cnaciscbkol
cBiTn (pomioHiBCbKOrO Mpodinio) ronoBHUM Uu-
HOM MiCTATb KPUCTaNMN AaBHbOTO apXeriCbKOro BiKY.
I3 npoaHanizoBaHux 15 Kpuctanis Bik 13 i3 HUX €
JaBHIiWMM 3a 2,5 MApa pokis. Mpu UbOMy Npak-
TUYHO BCi KPWUCTANK PO3TallOBYOTbCA Ha AUCKOP-
Ail, AKa NpoxoauTb uepes ABi NOAIT — Bikom 2939 +
90 MH poKiB Ta 2103 + 210 mnH pokis (auB. puc.
15). [aBHia nogia BiAMNOBigA€ uacy yTBOPEHHS
nopoau Ta 6nm3bka, HaNpUKNag, A0 Yacy yTBOpPeH-
HA eHAepb6iTiB Tawnuubkoro komnnekcy (MoHo-
MapeHKO Ta iH., 2021), Togi AK Monofla Npunaaae
Ha yacC ManeonpoTepo30MCbKOro MeTamopdismy
amdibonitToBoi hauii Ta rpaHiTOyTBOPEHHS Kpo-
nuBHMUbKOro (KipoBorpaacbkoro) etany. Takum
UMHOM, YacC NOYATKOBOI KpuCTanisauil nNpoTonity
cyyacHux amdi6on-6ioTUTOBMX NNAriorHencis cna-
CiBCbKOI CBiTU CTQHOBUTb 6/IM3bKO 2,9 MNIPA POKIB.

BiH TaKoX BiAMNOBifa€ yacy YyTBOPEHHS PO3NOBCHO-
[DKeHUX Yy panoHi nnariomirmatuTtiB Ta eHaepb6iTiB,
a TaKOX paHille OTPMMAHMM JAHUM ONS LUMPKOHIB
3 nopia iHryno-inryneupkoi cepii (benesues Ta iH.,
1971; LLlep6ak A.H. u ap., 1995; ApTemeHKo 1 Ap., 2019).

BucHoBKU

1. Mopoau, Wo CKNaaalTb NOPoAHY acoujauito IH-
ryNbCbKOrO paloHy, B TOMY 4ucii (yHOAMEH-
Ty — NAariomirmaTuTM Ta THENCU iHryNneLbKoro
KOMMJIeKCY, 3a3HaNu CTPYKTYPHO-MeTamMopdiuHUX
nepeTBOpeHb B Naneonpotepo3oi (KponuBHULb-
KW eTan).

2. NopdiponogibHi rpaHiTk, WO pPO3BNBAOTHLCSA

Mo nopojax CraciBCbKOI CBiTW, copmyBanucs

y naneonpotepo3oi (2060-2040 M/IH POKiB TOMY)

BMPOAOBX KPOMUBHULBKOrO eTany. OTpumaHi Bi-

AOMOCTI MPO i30TOMHUIA CKNaA radhHilo B LLMPKOHaX

MiATBEPMAXKYIOTb MOXMIUBICTb PO3BUTKY nopdipo-

noAi6HMX rpaHiTiB MO NOpPoAax CnaciBCbKOI CBITH.

FHencn Ta NNariomirmaTuTU MIicTATb NepeBaXXHO

KpWUCTanu LUpKoHY, chopmoBaHi B apxei. Li gaHi

pPa3oM 3 OTPMMAHUMU paHille pe3ynbratamy iH-

WMX aBTOPiB BKA3ylOTb HA ME30-HE0APXENCbKI,

a He naneonpoTepo30WCbKUWA BIiK iHIYNO-iHry-

neubKoi cepil.

w

Y reonoriyHin 6ynoBi IHryNbCbKOro Merabnoky Hambinbll NOWUPEHUMYU € CYNPAKPYCTaNbHI YTBOPEHHS iHFYN0-iHTyewubKol cepii, no
AKNX PO3BUBAKTLCA FPAHITOIAM KPOMMBHULLKOTO (KipOBOrpaAacbkoro) Ta HOBOYKPAIHCbKOTO KOMMEKCIB. Y WOro CXigHi yactuHi
NPUCYTHI apXelicbKi NOPOAK ayNbCbKOT Ta KOHKCbKOI Cepili, N0 SKMX PO3BMBAKOTLCSA NNAriorpaHiToiaN, BUOKPEeMNeHi B iHTyneLbKui
Me30apXenCcbKuii KOMNEKC.

MeToaammn oNnTUUYHOT MiKPOCKOMIT BUBYEHO aHATOMIO KPUCTANiB LMPKOHY i3 NAArioMirMaTuTy iHrynewubKoro KoMmnekcy, nnario-
rHemncy cnaciBCbKoil CBITU iHIY0-iHrynewbKoi cepii Ta nopdiponoaibHMX rpaHiTiB KPONMBHULBKOIO (KipOBOrpafCbKOro) KOMMEKCY.
BMKOHAHO iX AaTyBaHHSA YpaH-CBUHLEBMM i30TOMHUM (LA-ICP-MS Ta SIMS) MeToA0M, @ TAaKOX BM3HAUEHO i30TOMHUIA CKNaA radHito
B KpUCTanax LUMPKOHY i3 nnariomirmatuty Ta nopciponogi6Horo rpaHity. Bik KpucTaniB LUMPKOHY i3 nnariomirmatuTy, po3paxoBa-
HWUI 32 BiAHOWEHHAM 27Pb /2¢Pb, BapiloeTbcA Bif 3251 + 16 M/IH POKIB 10 2564 * 53 M/TH POKiB. MnariorHenc cnaciscbKoi CBiTY ronoBs-
HUM YMHOM MiCTUTb KPUCTANW LIUMPKOHY apXelicbKoro BiKy. I3 npoaHanisoBaHmx 15 KpUCTaniB Bik 13 i3 HUX € AaBHIWMM 3a 2,5 MpA
pokiB. Mpu LbOMY NPAKTUUHO BCi KpUCTanu po3TallOBYOTbCA HAa AMCKOPAIi, AKa NPOXOANTb Yepe3 ABi nodii — Bikom 2939 + 90 MAH
pOKiB Ta 2103 + 210 MAH pokiB. Mopdiponofi6Hi rpaHiTH, WO PO3BMBAIOTLCSA MO NOPOAAX CNACIBCbKOI CBiTU, ChopMyBanucs y na-
neonpoTepo30i (2060-2040 M/IH POKiB TOMY) BNPOAOBX KPONUBHULLKOTO (KipOBOrpaacbKoro) erany 3a paxyHoK AaBHbOT KOPOBOT
peuoBmMHN. MPO Le CBigUYaTb UMCIEHHI pi3HOPIAHI penikTu (aapa) LMpKoHY nopia cy6CTpaTy Ta isoTonHuid cknag radHito (eHf Big -5,7
10 -10,9, MofieNbHUIA BiK 32 MOAENTIO KUCNOT — 6113bKo 3000 MAH POKIB).
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NiTocisnuHa 6yaoBa BigknagiB cepesHbOro
[EBOHY I'Iepenno6pyn3b|(oro NporuHy
B KOHTEKCTi TPULLIAPOBOI Moaeni pe3epByapis

K.I. Tpuropuyk, B.M. MHigeus*, N1.6. Kowinb, M.b. IKoBeHKO

IHCTUTYT reonorii i reoximii roptounx konanuH HAH Ykpainu, /1bBiB, YkpaiHa

Litophysical structure of Middle Devonian deposits of the Dobrudja Foredeep in
the context of the three-layer reservoir model

K.H. Hryhorchuk, V.P. Hnidets*, L.B. Koshil, M.B. Yakovenko

Institute of Geology and Geochemistry of Combustible Minerals of the NAS of Ukraine, Lviv, Ukraine

In the work, for the first time, models of a three-layer lithophysical structure were developed for the
Middle Devonian sediments of the Dobrudja Foredeep, which showed a rather complex picture of the
spatial and age development of fluid-resistant packs and reservoir rocks, which is most clearly ob-
served on the Skhidnosaratska structure, and is recorded by the lateral variability of the thicknesses
of true fluid-resistant packs, reservoir horizons, as well as wedging or stratification of false fluid-resis-
tant packs. In the area of the Yaroslavskaya, Saratskaya and Rozovskaya structures, the lithophysical
structure of the stratum is more stable and homogeneous. For the Skhidnosaratskastructure, arched
hydrocarbon traps are outlined, which in most productive horizons are composed not only of reservoir
rocks, but also of false fluid-resistant packs, which often form the main volume of the reservoir. In
the area of the Yaroslavska structure, the presence of partially tectonically shielded traps (horizons
e-1-e-3, g-2-g-4) is predicted, which are also of interest due to the increased thickness of the reservoir
rock horizons and the relatively insignificant development of false fluid-resistant packs. Local or zonal
natural reservoirs were discovered in the latter units, which include sulfate-carbonate reservoir rocks.
This, as well as the heterogeneous mosaic structure of carbonate reservoir rocks and the specific
properties of the “Saratskaya” oil, require special technological approaches when testing wells. In-
stead, the latter were carried out using traditional methods, which is one of the reasons for obtaining
small and unstable hydrocarbon inflows. Failure to take into account the lithofacies and lithophysical
features of the Middle Devonian deposits did not allow for the application of the optimal regime of
reservoir opening and well development and, accordingly, obtaining significant oil inflows. In addition,
the test intervals usually covered several productive horizons, probably with different energies, which
could cause fluid interflow and negatively affect the results of oil field tests. The regional nature of the
distribution of various signs of oil content probably records the migration paths of hydrocarbons at
different stages of catagenesis. In this regard, it is planned to reconstruct the history of postdiagenesis
in the future, including in the context of its influence on the formation of false fluid-resistant packs.

LUuTyBaHHs: puropuyk K., MHigeup B.M., Kowinb /1.6, ikoBeHko M.B. fliTodhiznuHa 6yaoBa Bifknaais cepesHboro
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Bctyn

MocTaHoBKa npo6nemu. baratopiuHi HadToraso-
nowykoBi po6oTtu y MNMepenao6bpyasbkomy npo-
rMHi He NpUBeNu 40 BUABMEHHS iCTOTHUX Byrne-
BOJAHEBUX CKynueHb. Ha gaHui yac 3a HasBHOCTI
UMCNEHHUX BYINMeBOAHEBUX NPOABIB Yy cynbgaT-
HO-Kap6OHATHIN TOBLi CEPeAHbOr0 Ta BEPXHbO-
ro AeBOHY BCTAaHOB/MeHO Nulue CxigHocapaTcbke
Ta XoBToApcbKe HagToBi poaoBulla. Mpu Ubo-
My XapaKTEepHOW € MOAIGHICTb pe3ynbTaTiB BuU-
npo6yBaHHA CBEpPASIOBUH: He3HAuHi, WBUAKO
3aTyxatoui npunnueu HadTu. Lle, a TaKoX Hee-
(heKTMBHICTb 3aCTOCYBAHHA METOfiIB iHTEHCU-
tdikauii npunnusis i pparmeHTapHi pesynbtaTun
netporpadiuHux AOCHIAXeHb, a TaKOX crneum-
thika HaTM fann nigcTaBy Ay)XXe NECUMICTUUHO
CTAaBUTUCS 10 MOX/IMBUX NEePCNeKTUB CepeHbo-
JEBOHCbKOIO 0Caf,0BOr0 KOMMNEKCY, Wo A03BO-
NMNo 3po6MTM BUCHOBOK MPO HEAOLiNIbHICTb NO-
AanblWUX NOro HayKoBMX AocnigxeHb (flasapyk,
Masniok, 2023). BnacHe, ue i ctano niacTasolo
ANl NOBTOPHOrO 3BEpPHEHHS A0 npo6nemu Bu-
BUEHHSA NITOreHEeTUUHNUX 0COBMMBOCTEN BigKna-
JliB cepelHbOro AeBOHY B acnekTi (hopMyBaHHA
Ta MOWMPEHHS NPUPOAHUX KOMEKTopiB i dto-
inoTpusis.

MeTa Ta 3aBAAHHA. [loCNigXXeHHA cnpsAMOBaHi
Ha YTOUHEHHSA NiTodi3nuHoi 6ynoBK, 3'ACYyBaH-
HA MPUYUH HU3bKOI pe3ynbTaTUBHOCTI HadTOo-
reonoriyHux AocnigXeHb Ta BpelTi-pewT Bu-
3HAUYeHHS CTyneHs HaTorasonepcneKTUBHOCTI
BiZlkNadiB cepeqHbOro AeBOHY.

Mpeamer Ta 06'eKT po6oTu - niTochisnuHa
CTPYKTYypa cepeiHbOA€BOHCbKUX BiaKnaais Cxig-
HOCaApaTCbKOT Ta CYCiAHIX CTPYKTYP Y KOHTEKCTI
KOHLeNUii Tpuwaposoi 6ya0BM pe3epByapis.

Ornap nonepeaHix AocnimxeHb. Pe3ynbratu
nonepeaHix pocnimkenb (MHigeub Ta iH., 2003,
2021) noKasanu 3HAUYHO CKNAAHIWY KapTUHY
NMPOCTOPOBO-BIKOBOrO PO3BUTKY Y BigKnagax
cepefHbOro JEeBOHY KONMEKTOpiB i noigoTpu-
BiB, HiXX TpaauuiiHO BBaXanocs. 30Kpema, Ha
BiAMiHY Big icHyiouux nornaais (Atnac..., 1998)
WOA0 HAsABHOCTI Nnuwe ABOX NMPOAYKTUBHUX rO-
pusoHTie (M), 6yno BuAineHo AeB’ATb TaKuUx
YTBOPEHD, AKi CKMaAeHi aHrigpuTo-meprenbHu-
MU eKpaHylUMMK Nauykamu, Wo nepekpuBawTb
NPUPOAHI KONEKTopu nepeBakHO Kapb6OHaTHO-
ro cknaay. bynu 3’'acoBaHi oco6nuBocTi noluu-
peHHs umux M, OCHOBHI pucu nokanisauii pesep-
BYyapiB, XapakTep PO3BUTKY MNOpPif-KONeKTopiB
pPi3HOro TUMNy W AKOCTi. Ha uWin ocHOBI cnpo-

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

rHO30BaHO HaABHICTb NAaCcTOK ByrnesoaHiB (BB)
i 3[iNCHEHO OLiHKY mepcnekTuB BuAaineHux Mr.
Pe3ynbTaTu MoAeNoBaHHA iCTOpii KaTareHesy
Ta Had)TOra3oyTBOPEHHS 3aCBiguUMNM BUCOKMIA
noTeHuian B acnekTi hopMyBaHHA CKynueHb BB
yacTuHu Ty3niBCbKOT genpecii, ge po3TawoBsa-
Ha CximHocapaTcbka cTpykTtypa (MHigeub Ta iH.,
2003).

Btim, gesaki mocnigHukn (Nasapyk, Maeniok,
2023), FPYHTYIOUMCb HA pe3ynbTatax BUMNPO6y-
BaHb CBEPANOBUH, BNACTMBOCTEN HA(T i NEBHMUX
netporpadiuHux AaHuX, AWM BUCHOBKY Mpo
6€e3nNepCneKTUBHICTb XEeMOTeHHO-Kap6oHaTHOI
TOBLLi CepefHbOro Ta BEPXHbOro AEBOHY 3a-
XigHoro MpuuopHomop’da. Ha Haw nornsg, uen
BUCHOBOK € nmepegyacHum. Y AaHin po6oTi po3-
rMAAATLCA MOXAUBI MPUUYUHN TUX HETATUBHMUX
nokasHukis (03HaK), AKi Npu3Benu 3ragaHux as-
TOpPiB 10 TAKOTO MECUMICTUUHOIO 3aK/I0UEHHS.

MeTogonoriuHi 3acagu paocnimxeHb. 3rigHo
3 MeTol po60oTK, yBara nepeaycim 6yna 3ocepe-
J)KeHa Ha nokanisauii HenpaBaUBUX abo XUBHUX
dnigotpueis (XP). Ua npobnema y perioHi pa-
Hille He po3rnaganacs. HaTtomicTb, 3a gaHUMK
(XuTpos., 2013), KONEKTOpU B CEPeAHbOMY CKna-
narTb nuwe 20-25 % TOBLWWUHN 0CaA0BOro YoX-
na, X® - 6nun3bko 60-65 % i Tinbky 10-15 % npu-
najgae Ha ictuHHi dnoigotpusu (10).

3 TpaauLinHoT Toukn 30py X BigirpatoTb ne-
peBaKHO HeraTUBHY POJib, OCKI/IbKA 3MEHLYIOTb
KopucHuii 06’em pesepsyapiB. OgHak ponb XP
y npouecax reHepauii, mirpauii v akymynauii BB
€ 3HAYHO CK/IaAHIWO Ta LM HEe BUUEPNYETbCSA
(Pune, 2013). Ha aymky B.A. InniHa (MnbuH, 1986),
BflacHe no nopogax X® Bia6yBa€TbCsA OCHOBHA
mirpauis BB. X MOXyTb MaTu NepBUHHY ceau-
MeHTaLiiHy npupoay, 30Kpema Le nputamaHHe
NoNiLNKNIUHUM KAap6OHATHO-XeMOTFeHHUM ¢hop-
MaLisim 3 NOC/iAOBHMM YepryBaHHAM y po3pisax
pucoreHHUx BanHaKiB — cynbaTHO-Kap6oHaT-
HUX nopia - aurigputie (UnbuuH, 1986). Bnac-
He, TaKi YTBOPEHHSA Yy AOCAiIAXYBAHOMY perioHi
thopmyloTb NPOAYKTUBHY TOBLLY CepeaHboro
JleBOHY, B fAKill BuAaineHo aes’atb uuknitie (MHi-
Aelb Ta iH., 2003), cepeaHi eNeMeHT AKNX MOX-
Ha iHTepnpetyBaTu AK X®. [1ns BU3HAYEHHA Xa-
pakTepy NOWWPEHHS OCTAHHIX 6ynn npoBefeHi
6inblWw AeTaNnbHi AOCAIAXEHHS, FPYHTYIOUNCD HA
pe3ynbTatax BUBYEHHS NMITONOMIYHOI CTPYKTYpK
po3pisis endenbcbkux Biaknaais (MHigeub Ta
iH., 2021) Ta JOAAaTKOBO BUKOHAHUX nobynos no
HallapyBaHHAX XUBETY.
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Pe3ynbTaTi Ta IXHE 06rOBOPEHHSA

3aranbHa reonoriyHa XapakTepucTmka

PanoH gocnigxeHb, 3rifHO i3 CTPYKTYPHOI Cxe-
moto (MHigeub Ta iH., 2003), pO3MilLEHNIA B MEXax
Capartcbko-banabaHiBCbKOi 30HM CKNaAok, KOTpa
NPOCTATAETbCA Y MiBHIYHO-3aXiAHOMY HAMpPAMKY
i po3ginae Ty3niBCcbky Ta HMXKXHbOMPYTCbKY Ae-
npecii(puc. 1). Bynu po3rnaHyTi Bigknaan cepen-
HbOro AeBOHY fpocnaBcbkoro, PosiBcbkoro, Ca-
paTcbkoro Ta CxigHocapaTCbKOro nigHATb, Aeski
3 AKNUX YCKNAAHEHI PO3PUBHUMUN NOPYLLEHHSAMMN.

HawapyBaHHs elenbCcbKOro Ta XUBETCbKOTO
APYCiB BXOAATb A0 CKMaAy repLUHCbKOTO CTPYK-
TYPHO-NITONOMNIYUHOrO KOMMJIEKCY Ta MpeacTaB-
neHi cynbaTHO-Kap6OHATHUMU YTBOPEHHSAMU
UUKNIYHOT 6yA0BU, WO CIPUYUHEHO PUTMIUHOIO
3MiHOI YMOB cefiumeHTauil. MoTyXHicTb BigKkna-
ais y Ty3niBCbKin genpecii BapitoeTbca Big 350
[0 750 M, a B MeXax Teputopii gJocnigxeHb — Bif
450 po 640 m.

MowwupeHHsa GnOigOTPUBIB, NOPiA-KONEKTOpiB

i NPOrHO3Hi NACTKM ByrneBoAHIB

XO®, 3rigHO 3 gaHumu pobit (UnbuH, 1986; NyKiH,
2011), Biapi3HaAOTbCA Bif IO i KONEKTOPCbKUX roO-

PU3OHTIB MPOMIKHUM XapaKTepom NiTONOriuHol

6ynoBu. Ha OCHOBIi Takumx oco6nuBoCTEn Hamu
34iicHeHO niTodiznuHy Tunisauilo po3pisiB ce-
pegHboro aesBoHy. 1D y pocnigpkeHux Bigkna-
Jax NpefCTaBfieHi MepelapyBaHHAM aHTigpuUTIB
(0,6-4,2 m), meprenis (0,5-2,8 M) i NOOAUHOKMNX
npowapkis (0,2-1 m) nenitomopdHUX KapboOHAT-
Hux nopia (puc. 2). CepeaHin BmicT (aue. Tabnu-
L1I0) QHTIAPUTIB CTAHOBUTb 52 %, meprenis — 43 %,

K.I. Tpuropuyk, B.M. MHigeub, /1.b. Kowinb, M.b. ikoBeHko

Kap6oHaTHUX nopig — 5 %. OCTaHHI npeacTaBneHi
rofI0BHO NeNiTOMOPHUMUN BaNHAKAMU Ta TOHKO-
3ePHUCTUMU JONOMITAMMN.

X® xapaKTepusylTbCA UepryBaHHAM Yy po3-
pi3ax BanHAKIB, y TOMY UMC/i AONOMITU30BaHUX
Ta aHrigpuTusosaHux, (1,2-5,6 m), meprenis (0,2-
2,6 m), anrigputis (0,7-12 m), aprinitis (0,2-1,4 m),
nickoBukis Ta anesponitis (0,6-1,0 M), AONOMITIB
(0,1-0,8 m). CepeaHiit BMIiCT BanHAKIB i 4ONOMITIB
CTaHOBUTb 48 %, meprenis — 31 %, aHrigpuTie -
10 %, aprinitiB — 5 %, NiCKOBUKIB Ta aneBponi-
TiB — 4 %. KapboHaTHI Nauky NOTYXHICTIO 3-9 M,
BOUEBU/b, ABNAOTb CO60I0 CNOPaAUYHi NOKaNbHi
a60 30HaNbHi NpupoaHi pesepsyapu BB, Wwo aae
MeBHi NiACTaBM NO3UTUBHO OLiHIOBATM Mepchek-
TUBHICTb XO.

Konektopu TpilMHHO-NOPOBOrO TuUny npea-
ctaBneHi naukamu (1,5-14 M) opraHoreHHux, opra-
HOreHHO-Y/TAMKOBUX BaMHAKIB Pi3HOrO CTyneHs
JonomiTu3aLii W aHrigpuTu3aLii, po3mexoBaHMX
npollapkamm MmepresiB TOBWMHOW A0 12-14 M.

Ta6bnuug. CepefHii CKnag 0CHOBHUX NITODI3NUHMX BiAMIH
Table. Average composition of the main lithophysical varieties
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Puc. 1. NMonoxeHHa Teputopii gocnigxeHb (a), OCHOBHI CTPyK-
TypHi enemenTn (6) (THigeub Ta iH., 2003) Ta Nokanisayia BuBYe-
HUX CBEPANOBUH i NepeTuHis (8)

Fig. 1. Location of the research area (a), main structural ele-
ments (6) (Hnidets et al., 2003), and localization of the studied
wells and sections (8)
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Puc. 2. TUNoBi NITONOriYHi PO3pPi3n OCHOBHUX NITO(I3IUUHMX
BiAMiH. 1 — BanHaAKW, 2 — BanHAKN J0MOMITU30BaHI, 3 — BanHA-
KU aHTiAPUTU30BaHI, 4 — 4ONOMITH, 5 — Mepreni, 6 — MiCKOBUKM,
aneBponiTh, 7 — aHrigpuTyK, 8 — aprinitu
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Fig. 2. Typical lithological sections of the main lithophysical va-
rieties. 1 - limestones, 2 - dolomitized limestones, 3 - anhy-
dritized limestones, 4 - dolomites, 5 — marls, 6 — sandstones,
siltstones, 7 - anhydrites, 8 - mudstones
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B okpemux NI cnocTepiraloTbCA TEPUTEHHI MauKu
(mo 7-8 m), cknageHi nepelwapyBaHHAM apriniTis,
nickoBuKiB Ta anesponiTis (1,0-1,6 m). Taki yTBOpeH-
HA PO3rNAAATHCA AK KONEKTOPY TPILMHHOIO TNy
(THigeub Ta iH., 2021).

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

Ha nigctaBi aHanisy oTpuMaHux AaHux Ans
BiAKNagiB cepefHbOro [JeBOHY CTBOPEHi MoO-
geni niToisnyHOT CTPYKTYpM Ta BU3HAUeHi
NPOCTOPOBO-BiKOBIi 0CO6AMBOCTI 1i MiHAMBO-
CTi B Mexax gocnimkeHol ainanku (puc. 3, 4).
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Puc. 4. Mogeni nitoianuHoi 6yf0oBM Ta pe3ynbTaTtyn BUNpPo6y-
BaHHA CBepAnoBuH. 1— 1M, 2 - XD, 3 - KONEKTOpU, 4 — PO3PUBHI
NOPYLEHHS, 5 — NPOrHO3HUIN piBeHb BOAO-HA(TOBOIO KOHTAKTY,
6 — iHTepBan i pe3ynbTaTm BUNPo6yBaHb

Fig. 4. Lithophysical structure models and well test results. 1 -
TC, 2 - FC, 3 - reservoir-rocks, 4 - faults, 5 - predicted water-oil
contact, 6 — interval and test results
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Puc. 5. FincomeTpia nigowsu I® i nporHo3Hi nactku BB. 1 — cBepAnoBuUHa, rMubumHa
nigowsy; 2 — i3orincu; 3 — po3puBHi NOPYLIEHHS; 4 — nacTku BB

Fig. 5. Hypsometry of the TC base and predictive HC traps. 7 - well, base depth; 2 -
isohypses; 3 - faults; 4 - HC traps

Kpim Toro, no6yqoBaHoO cxemu rincomeTpii nigoweu
ID ana koxHoro MI (puc. 5). KoHdirypauis isorinc
rpyHTyBanaca Ha (hakTUUHUX MaTepianax ans mi-
NAHKM CXigHOCapaTCbKOT CTPYKTYPK, a AN palioHiB
cTpykTyp Capatcbka Ta PosiBcbKa — JaHux po6oTu
(Nasapyk, Nasniok, 2023). B oCTaHHbOMY BUMNAAKy
i30MiHIT MaloTb MPOrHO3HUN XapaKTep, Wo He [03-
BOJISIE AOCTOBIPHO BU3HAUYMTK JIOKASi3aLlilo Ta MOp-

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

thonorito moxnmBUx NacTok BB, xoua He BUKNOUAE
IXHbOTO iCHYBaHHA. BapTo 3a3HauuTy, Wo nitono-
riuHa, a, BignoBigHo, i niTodisnuHa 6ynosa cepea-
HbOJEBOHCbKMUX BiAKNadiB L€l AiNAHKM CYTTEBO
BiApi3HAETbCA Big pewTun Teputopii (aus. puc. 3),
L0, BOUEBMAb, BKA3Y€E HA KOHCEAUMEHTALINHNIA Xa-
paKTep po3BUTKY 6/10KiB, 06MEXEHUX PO3PUBHU-
MK nopylieHHAMN. MogibHe MOXHA CKasaTh i Npo

53



54

panoH cB. CxifHOCapaTCcbKa-3, e po3pi3, HA BiAMI-
Hy Bif 6iNblIOCTI CBepANOBUH, XapaKTepusyerbcs
TOHKOLWapyBaTolo 6yaoBoto. ApocnaBcbKa AinsiH-
Ka TaKOX Bifpi3HSAETbCA MEBHOK NITO(i3MUHOI
cneundikolo BiAKNaaiB cepeaHboro AeBoHy (ans.
puC. 3, 4), WO NPOABNAETLCA Y MEHLLOMY MOLINPEH-
Hi XD Ta 6inbluin poni NpMpoLHNX KONEKTOPIB.

TpulwapoBuii BapiaHT 6yaosu NI AemMOHCTpye
(ave. puc. 4) goBoni ckNagHy KapTMHY NPoOCTOpoO-
BO-BiKOBOI0 pPO3BMTKY (PNIOIROTPUBIB i NOPia-Ko-
nekTopiB. HalBuMpasHiwe Ue cnocTepiraeTbcs
y Bigknagax endenbcbkoro Biky CxigHOCapaTCbKOi
CTPYKTYpU. TyT (IiKCYOTbCA CYTTEBA MIHNUBICTb
TOBWMHN AK ID, TaK i KONEKTOPCbKUX FOPU3OHTIB,
a TAKOX YacTe BUKINHIOBAHHA abo po3wWwapyBaH-
HA X®D. Y 3axiAHUX i NiBHIYHO-3aXiAHUX AinAHKAX
Teputopil pocnimkeHo nitodiznuHa 6ynoBa ToBILi
€ 6inbll BUTPUMAHOIO N OQHOPIAHOM0.

3pincHeHi no6ynoBU [03BONAKOTb MNO-HOBOMY
PO3rAAHYTU MOPCONOriYyHi Ta CTPYKTYPHO-peUo-
BVWHHI 0CO6MBOCTI IMOBIPHMX NACTOK i BYrNeBoA-
HEBUX CKyNueHb.

Hacamnepen po3risHEMO Le NMUTAHHA HA Npu-
knagi CxigHocapaTcbKoro pogoBuuia. /lokanisauis
NacToK BU3HAYAETbCA rincomeTpielo nigowsu 1O,
Tak, y Ml e-1 BUMANbOBYETbCA CKNEMNiHHUN pe3ep-
Byap, NMOTEHLiiHO 3anoBHeHuU BB y painoHi cB. 1
Ta 2 (aue. puc. 4). Ha npodini I-1 BuAHO, WO B ani-
KanbHin yacTuhi (cB. 1) BiH cknageHun Xd, Toai K
y CB. 2 BiH NpeAcCTaB/ieHNI NOpPoAaMu-KONeKTopa-
MU 3aBTOBLIKN 6—8 M. NacTKa rOpU30OHTY e-2 TaKOX
oXonse 06MaBi CBEPANOBUHN 3i CKNENiHHAM Y Ai-
NAHUI CB. 2, Ae pPO3BUHEHA NOTYXHa (noHag 70 m)
nauka NpUpoAHMX KONEKTOPIB, AKa Y HANPAMKY 10
cB. 1 peaykyeTbca Ao 16 m. Y M e-3 cnocTepiraerb-
€Sl MeBHOIO Mipoto nofi6Ha KapTWHA, 32 BUHATKOM
TOrO, WO Y CB. 1 KONEKTOPCbKUIA FOPU3OHT 3aMmilly-
€TbcA XD. MacTka ropusoHTy e-4 € cnabo Bupaxe-
HOo: ToBWMHA XD nepeBuLLyeE il BUCOTY, TOMY, He-
3Ba)kKaloun Ha HaABHICTb BUTPUMAHOTO FOPU3OHTY
nopia-konektopis (6nnsbko 20 m), akymynsuia BB
morna siféysatucs nuwe y nopogax X®. Mactka
M e-5 € TaKOXX ManoamnniTyAHO, 3i CKNENiHHAM,
NokKanisoBaHWM Yy CB. 1; pesepByap CKMAaAeHUN ne-
peBaxHO XP i nuwe no61n3y CB. 2 — YACTKOBO MO-
popamu-KonekTopamu. MacTku XXUBETCbKOTO ApyCy
(AT g-1-g-4) TaKOX NPUypoUeHi A0 paoHy cB. 11 2.
Y ropusoHTi g-1 nig notyxHum (30-50 m) IO mox-
NMBe HaKoMuueHHA BB y KoNekTopax 3aBTOBLIKU
He 6inble 4-5 M. Y rOpUM30oHTI g-2 TOBLUUHA KOJEeK-
TopiB 3pocTae Ao 20 m (cB. 1), TOAI AK Y rOPU30H-
Ti g-3 - He nepesulyye 10 M yepe3 po3BUTOK XD.

K.I. Tpuropuyk, B.M. MHigeub, /1.b. Kowinb, M.b. ikoBeHko

Hanbinblw o6’eMHUM € pe3epByap FOPU3OHTY g-4,
[le KOJTIeKTOPM MOXYTb 6yT HahTOHACMUEHUMU Ha
BCIO TOBLMHY Wwapy (npubnnsHo 30 m).

Y panoHi ApocnaBCbKOT CTPYKTYpU 3a KOHIry-
paLi€lo i30rinc NPOrHo3yeTbCcs HaABHICTb YaCTKOBO
TEKTOHIUHO eKpaHOBaHMX MacTok BB (Nr e-1-e-3,
g-2-g-4). LA AinsiHKa CTaHOBUTb 3HAYHMIA iHTEpec 3
ornagy Ha BENUKY TOBLLWHY FOPU30HTIB Mopia-Ko-
nektopiB (10 60-90 M) i B TOW e yac BiAHOCHO
cnabkuii po3suTok X® (aus. puc. 4, 5).

MepcnekTUBHUMM € TAKOX Bigknaau 6nokKis
cBepanoBuH CapaTcbKa-6 i Po3iBCbKa-1, siKi Xxapak-
TepPU3yTbCa CNPUATIMBAM ANs akymynauil BB cnis-
BigHOLWeEHHAM KonekTopis, X Ta ID. O6MexyBanbHi
PO3PUBHI MOPYLUEHHS, IMOBIPHO, NEPiOANUYHO BU-
KOHYBann posib NPOBIAHMKIB htoifdiB, y TOMY uncni
BYINEBOAHEBUX. YTiM, YUepe3 HefoCTaTHICTb reono-
rivyHoi iHchopmauii Ha JaHOMy eTani ClPOrHo3yBaTy
TOUHY NTOKANi3aLito NacTOK He BUAAETLCS MOXIUBUM.

Deski netpodisunuHi oco6nmneocTi Bigknaais

Mopoan cepefHboOro AeBOHY, 32 Na6OpaTOPHUMM
naHumm (cnpasm cBepanoBuH, NoHaa 400 aHanisise),
3arafioM XapaKTepusylTbCA HU3bKMMKU inbTpa-
LiNHO-EMHICHUMI BNAaCTUBOCTAMM: NOPUCTICTb — 0
1 %, NPOHMKHICTb — MeHwWe Hix 0,01 mA. Y nnacro-
BMX YMOBAX Lji MOKa3HUKMW, IMOBIPHO, MalOTb AeLL0
BULLi 3HAUYeHHS. Tak, 3a pesynbtatamu [AC, 3HaUeH-
HSl MOPMCTOCTI BapitooTbeca Big 0-2 Ao 12 %. Kpim
TOro, BAPTO BPAX0OBYBATU, L0 HaN6iNbLW NOPMUCTi Ta
NPOHUKHI NOPOAN YaCTO PYNHYIOTbCA Npu Bigbopi
KepPHQ, WO YCKNAAHIOE TX 4OCTOBIPHY OLiHKY.

OcKinbKM CTyniHb BUNy4YeHHs BB 3 nnacTiB nepe-
[yCiM 3aneXuTb Bif NPOHUKHOCTI, OCHOBHY yBary
6yN0 30Ccepe;)XeHO Ha eKCTpemMasibHUX 3HAUEHHAX
LbOro NapameTpa Ta NpoaHani3oBaHo 0co6ANBOCTI
oro Bapiauin (68 npo6) y nopogax OCHOBHUX Ni-
To(isnuHmx Biami (puc. 6). Monpu HepiBHOMIpHE
3a N npeacTaBneHHs Pi3HUX NITOTUNIB, NPOCTEXY-
I0TbCA NEeBHi TeHAEHL,T.

No-nepue, Le HasiBHICTb y X nopij 3 BUCOKUMU
3HAUEeHHAMM MOPMCTOCTI Ta MPOHMKHOCTI, L0 MOXe
BKa3yBaTW Ha BipOrigHiCTb iCHyBaHHS 0cepeaKoBuMX
noknaais y nokanbHux (a6o 30HanbHUX) pesepsy-
apax. Konektopamy B OCTaHHiX MOFMKU CNyryBaTy
i cynbhaTHO-Kap6oOHaATHI nopoau, AKi XxapakTepu-
3yl0TbCA [OCUTb BUCOKMMU DiNbTPaLiNHO-EMHIC-
HUMK BNACTUBOCTAMU. Yepe3 cBOi cneundivHi gi-
3UKO-XiMiUHi BNacTUBOCTI BOHU, 3riAHO 3 AaHUMU
po6iT (MnotHUkoB u Ap., 2000), MOrAKU 3yMOBNIO-
BaTM HeCTabiNbHICTb MOMOXEHHA BYrNeBOAHEBUX
cKynueHb (Tak 3BaHUX «B6NYyKaOUUX» NOKNAAIB).
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Puc. 6. EKCTpemanbHi 3HAUeHHA NeTPOodi3UYHNX MapameTpiB.
1- 1@, 2 - XD, 3 - KONEKTOPCbKi Nayuku, 4 — MiHimanbHe (a) Ta
MaKkcumanbHe (6) 3HaueHHn

Fig. 6. Extreme values of petrophysical parameters. 1-TC, 2 - FC,
3 - reservoir packets, 4 - minimum (a), and maximum (6) values

Mo-apyre, 3HAYHA MiHAMBICTb NETPORI3UYHMX
napameTpiB y KapboHATHUX KONeKTopax 3acBifl-
uye iX CKnafiHy Mo3aiuHy (KnactepHy) 6ynoBy — Tak
3BaHy aXypHY NpoCTOPOBY KOHCTPYKLito, 3a (Tpo-
XUMEHKO, 2013). MO€EAHAHHSA TPILUMHHOT CiTKU 3 Nno-
poBol0 MaTpuuetlo popmye cknagHy inbTpalinHy
CMCTEMY, WO CMPUYUNHSAE HECTABINbHNUIA PEXNUM Ha-
thToBUNYUEHHS. Kpim TOro, 3rigHO 3 JaHUMNK npaLi
(TpoxumeHnko, 2013), KapboHaTHi pe3epsyapu He-
PiAKO He MaloTb rigpPOANHAMIUHOMO 3B'A3KY 3 MpU-
POAHUMU BOAOHAMIPHUMK CMCTEMAMM Ta XapaKTe-
PU3YHOTbCA MOHWKEHO NNACTOBO eHeprieto. Taki
0C061MBOCTI NOTPe6YIOTb 3aCTOCYBaHHA crewiani-
30BaHWX TEXHOMOTIUHUX MiAXOAIB Mif 4Yac BUMpPO-
6yBaHHA CBEPA/IOBUH i BignpaLloBaHHA NOKNagis.

Pe3ynbTaT BUNPO6YBaHHA CBEPAJIOBUH
Ta iHWi 03HaKN HA(hTOHOCHOCTI

3icTaBneHHsA BYINeBOLHEBMUX MPOMBIB Yy po3pisax
3 iX niToizanyHMMn 0cobnMBOCTAMM [O3BOMUMO
MEeBHOK MipOl MOSICHUTU HU3bKY e(deKTUBHICTb
pe3ynbTaTiB BUNPO6YBaHHSA CBEPANOBUH.

Huue 6inblu feTanbHO 3ynuHMMOCA Ha Cxia-
HOCApaTCbKi CTPYKTYpi, A€ BUSIBNIEHO pofoBULLE
HadTK.

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

Y ¢B. CxigHocapaTtcbka-1 BUNpPo6yBaHHS hak-
TUUYHO 6yNKn NpoBefeHi y TPbOX iHTepBanax po3pi-
3y (ame. puc. 4). HuxHin (noHag 100 m) - oxonnte
Bigknagm Ml e-1 Ta vactkoso Ml e-2. Y nepwomy
BMNAAKY, 3riAHO 3 NOGYAOBAHOK MOAENN, Ha-
(pToHacmueHummn moram 6yTn nuwe nopogu X®,
a y Apyromy - nauka rnopifa-Konektopis. IMoBipHo,
OCHOBHa yacTuHa BB (9 M3/p,o6y) Hagxoauna came
3 oCTaHHix. CepefHin iHTepsan (50 m) nokanisoBa-
Hun y N e-3, e HATOHACMYEHICTb MPOTrHO3YETbCA
y nopogax X®, Wo 3yMOBMUIO HE3HAUHI NMPUNANBK
(0,3 M3/ o6y HadbTu Ta 1,1 M3/ go6y BoAM). Boaa, imo-
BipHO, HaAXOAMNA 3 HUXUYOI MauKyM KONEeKTOPCbKUX
nopia. 3 BepxHboro iHTepsany (6113bko 60 M) 3 pe-
3epsyapa NI g-4 0OTpUMaHO NPUNANB HATK 3 rA30M
5 m3/pnoby. Llen 06'ekT BUMNAAAE HaMBinbll oNnTu-
MafibHO — MPOrHO3HA TOBLiMHA Ha(PTOHACUUYEHOrO
KONeKTopa cTaHoBMTb 6n1m3bko 30 m. Lonpasaa, pa-
30M 3 OCTaHHIM TecTyBaBcs i XD, Wo MOrno NeBHOW
MipOI0 HEFATUBHO BM/IMHYTW Ha pe3y/bTaT.

Y cB. CxigHOCapaTcbKa-2 BUNPO6YBaHHA 3[ilic-
HeHi y wecTu iHTepBanax (aue. puc. &), aki 3ge-
6inblworo BKAouanu gekinbka Mr. AMosipHo, came
e CTano rofioBHOK MPUUMHOK OTPUMAHHSA NUle
HEe3HAUHUX NPUNIUBIB HadTu. MpoaykLia Haaxo-
ANNa 3 FOPU3OHTIB, WO, 3TiAHO 3 NO6YA0BAHO MO-
aennmo (ane. puc. 4, 5), MalTb NOTEHUiNHY HadTO-
ra3oHOCHICTb.

Y cB. CxigHocapaTcbka-3, fika 3a 6inblicTio NI
3HAXOAMUTbCA 3a MEXaMU KOHTYPiB MPOrHO3HMX MO-
Knagie, Npunnueis HadTu He 6yno, 3a BUHATKOM
Nr g-4 (24 M3/ 006y HadTK). 3 LKX XKe YTBOPEHb OT-
pUMaHo npunaue HadTh y cB. CXigHOCApaTCbKa-4.
Y pewTi AoCNigXeHUX CBEPANIOBUH iHTepBanu Bu-
npo6yBaHb TaKOX BK/AKOYANW Mo Aekinbka MI, wo
3yMoBWn0 abo BiACYTHICTb NpUNAuBIB, a6o iX He-
3HauHi ne6itu (ame. puc. 4).

TakMmM UYMHOM, HedooUiHKa niTodauianbHUX
i niTodhisnuHMx ocobnnBoCTEN Po3pisy NpusBesna ao
HeeeKTUBHOIO BU6GOPY PEXUMIB PO3KPUTTA nnac-
TiB Ta OCBOEHHA CBEPASIOBUH, WO, CBOEI Yeproto,
06MEXNNO OTPUMAHHSA MPOMUCIIOBUX NPUNIMBIB.

Y TOWi e Yac y KepHi No BCboMy po3pi3y cepea-
HbOIO A€BOHY SIK Y MeXax, TaK i N03a MeXaMu iHTep-
BasiiB BUNPO6YBaHHA CMOCTEPiraloTbCA MPUMasKu
HaTH, @ TaKOX 6iTyMM y wnichax gk No TpiwmMHaXx,
TaK i B OCHOBHiN maci nopig (puc. 7). BuasneHo ge-
Kinbka Tunie 6iTymis: pyxomi (cBitno-»osTi), ma-
nopyxomi (6ypi) Ta Hepyxomi (TemHO-6ypi, YOPHI)
(rHigeupb Ta iH., 2003). Y noeaHaHHi 3 pesynbrata-
MW MoJenioBaHHA ictopil kaTtareHesy (MHigeub Ta
iH., 2003) Ta gaHumun pobotn (OKkpenkuii, 2003) e
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Puc. 7. MposBu 6iTymiB y nopogax. 1 — BanHAK nNenitomopHui,
HacUUeHUIn CBITNO-XOBTUMM 6iTymamu, cB. CapaTcbka-3, .
2944-2953 M, 36. 60, HiK. Il; 2 — BaNHAK rpyAKyBaTUI NepeKkpucTa-
ni30BaHuUi 3 YopHUMK 6iTyMammn y cTunoniti, ce. CxigHocapar-
CbKa-4, . 2732,8 M, 36. 60, HiK. X; 3 - BanHSAK OpraHOreHHO-eTpu-
TOBUW 3 XOBTUMU 6iTyMamMu y MPOXWAKY N OCHOBHIW Maci
nopogau, cB. CxigHocapaTtcbka-3, iHT. 3070-3079 M, 36. 60, Hik. II;
4 — BamnHAK OCTPAKOAOBWN AHTIAPUTU30BAHUI 3 NPOXUIKAMU
TeMHO-6ypux 6iTymiB, cB. CxigHocapaTtcbka-3, r. 2711,5 m, 36. 60,
HiK. II; 5 — AONOMIT KPYNMHOKPUCTANIYHMI i3 YOPHUMKN BiTyMamu,
cB. CXigHocapaTcbKa-1, . 2987-2992 M, 36. 60, Hik. II; 6 — BaNHAK
neniTomopHUM i3 CBITNO-6ypUMM BiTyMamMn y NPOXUKY Kaib-
unTy, cB. Capatcbka-3, iHT. 3188-3191 M, 36. 90, Hik. Il

K.I. Tpuropuyk, B.M. MHigeub, /1.b. Kowinb, M.b. ikoBeHko

Fig. 7. Manifestations of bitumen in rocks. 1 - pelitomorphic
limestone, saturated with light yellow bitumens, well Sarats-
ka-3, depth 2944-2953 m, inc. 60, nick. II; 2 - lumpy recrystallized
limestone with black bitumens in stylolite, well Skhidnosar-
atska-4, depth 2732.8 m, inc 60, nick. X; 3 - organogenic-detrite
limestone with yellow bitumens in the vein and the main mass
of the rock, well Skhidnosaratska-3, depth 3070-3079 m, inc 60,
nick. 1; 4 - ostracod anhydritized limestone with veins of dark
brown bitumens, well Skhidnosaratska-3, depth 2711.5 m, inc
60, nick. II; 5 — coarse-crystalline dolomite with black bitumens,
well Skhidnosaratska-1, depth 2987-2992 m, inc. 60, nick. Il; 6 —
pelitomorphic limestone with light brown bitumens in a calcite
vein, well Saratska-3, int. 3188-3191 m, inc. 90, nick. Il

CBIJUNTb MPO iCHYBaHHSA KifIbKOX eTaniB Mmirpauii
ByrneBogHeBux (nioigiB. PerioHanbHUM Xxapak-
Tep pi3HopaHroBux nposeiB BB, nMoBipHO, dikcye
WNAXW TX JaBHbOT Mirpauii Ha pi3HUX eTanax Karta-
reHesy, WO NoTpebye NpPOBEeAEHHS AeTanbHOI pe-
KOHCTPYKLiT AUHAMiKN OCTAaHHbOTO.

Bunagku 3aneuyatyBaHHSA MOPOXHUH HEpPyXOMU-
mun 6itymamu (asapyk, Masniok, 2023), oueBUaHO,
noB'si3aHi 3 BNNBOM TEXHOFeHHUX UNHHUKIB. BapTo
3a3HAUMTH, WO 3a i3NKO-XIMIYHUMMN BIACTUBOCTSA-
MK HaTa cepeaHbOAEBOHCbKMX BigKnamis, 3rigHO
3 hisnko-ximiuHumu kputepiamm (Mycnumos, 2005),
HaneXuTb 4O KaTeropil BaXKOBMAOGYBHUX. ICHY-
toui metoau il BUAOGYBAHHSA, NMOBIPHO, He nuwe
He Cnpusnn NOKPaLWeHHIO pe3ynbTaTiB, a NoAeKy-
IV MOTipwyBanu cuTyawito. 30Kpema, 3aKauyyBaHHs
XONMOAHOI BOAM B MNMACT, @ TAaKOX COMAHOKUCNOTHI
06pO6KU CMPUYMHUAKN MOTiPLIEHHA BNACTUBOCTEN

Ha(PTM - NiABULLEHHA B'A3KOCTI, 3pOCTAHHS BMICTY
CMON, 36iNblIEHHS LWiNbHOCTI Ta BMICTY CipKMu.

Ak 3a3HavaeTbca y poboti (Mycnumos, 2005), Ha
06’eKTax i3 BaXXKOBMAOGYBHMMU 3anacamu MeToau
nigBULWEHHSA HadToBIgAauUI Ta CTUMyNSALIT cBepano-
BVH He0ob6XigHO 3aCTOCOBYBATM 3 MOUYATKOBUX €TaniB
po3po6Ky, iHakLwWe Yy 6iNbWOoCTi BUNaAKIiB He BAAETb-
cs cchopmyBaTy eheKTUBHY CUCTEMY eKCnyaTaul,il.

BUCHOBKM

Mogeni niTodisnuHoi CTPYKTYpU BigKnagie ce-
pefiHbOro AeBOHY MOKAa3anu [oBOAi CKNaAHY Kap-
TUHY MNpPOCTOPOBO-BIKOBOIrO PO3BUTKY hntoigo-
TpuBiB i nopig-konektopie. Lie HanBupasHilwe
cnocTepiraeTbca Ha CxigHOCApaTCbKin CTPYKTYpi
Ta (DiKCYETbCA NaTepasnibHOK MIHAUBICTIO TOBLLMH
AK 1D, TaK i KONEKTOPCbKMX FOPU3OHTIB, a TAKOX
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BUKNNHIOBaHHAM a60 po3luapyBaHHam XO. Y 3axia-
HUX i NiBHIYHO-3axigHUX AinsAHKax Teputopii gocni-
I)KeHb niTodisnuHa 6ynoBa TOBLL € 6inblu BUTPU-
MaHOol0 1 OHOPIAHO0.

Onsa CxigHOCapaTCbKOi CTPYKTYPU OKOHTYpeHi
CKneniHHi nacTku BB. BctaHoBNEHO, WO 33 6inblui-
cTio NI BOHU CKNafeHi He TiNbK1 NopoJaMu-Konek-
Topamu, ane i X®, Aki y paAi BMNafaKiB 3ammatoTb
OCHOBHUW 06'em pe3epByapa. Y mexax fApocnas-
CbKOI CTPYKTYpW MPOrHO3YETbCA HAABHICTb ua-
CTKOBO TEKTOHIYHO eKpaHoBaHMX nactok BB (NI
e-1-e-3, g-2-g-4). Lia dinsaHKa CTaHOBUTb iHTepec
i 3 ornagy Ha 36inbleHy TOBLMHY FTOPU3OHTIB MO-
pia-konekTtopis (A0 60-90 M) i B TOW e yac nopis-
HAAHO HE3HAUHMI Po3BUTOK XD.

CknagHa (mo3aiuHa) 6ynoBa Kapb6OHATHUX KO-
nekTopiB, BUSBNEHHA y XD nokanbHuUx a6o 30-
HanbHUX MPUPOAHUX pe3epByapiB, A0 CKnaay
AKNX BXOAATb TAKOX Cynb(aTHO-Kap6OHATHI Ko-
NeKTOpU, a TaKOX XapaKTepHi BAACTUBOCTI «ca-
paTcbKoi» HaTu, — BCe Le BMMArae cneuianb-
HUX TEXHOMOTIYHUX NiAXOAIB NpU BUNPOBYBaHHI

CBepANnoBMH. HaTOMiCTb OCTaHHI 3filcHOBanucs
TPaAMUINHUMKN MeToaMU, LLO € OAHIEI 3 NPUUNH
OTPUMAHHSA HEBENUKMX i HeCcTabinbHUX NpUNIn-
BiB BB.

TakumM UMHOM, HeBpaxyBaHHS niTochauianbHUX
(niTodhiznmuHmx) ocobnusocTel Bigknamis cepeaHbo-
ro [IeBOHY He [103BO/NJI0 3aCTOCYBATU ONTUMANbHUN
PeXMUM PO3KPUTTA NNACTiB Ta OCBOEHHS CBEPA/IOBUH
i, BiANOBIAHO, OTPMMATX NPOMICIIOBO 3HAUYILLI NpuU-
namBn HadTu. Kpim Toro, iHTepBanu BUNpo6yBaHb
3a3BMuan oxonnoBanu gekinbka Mr, BiporiaHo, 3 pis-
HOIO M/IACTOBOI EHEPri€lo, WO MO0 CIPUUUHUTY
B3a€EMonepeTikaHHA hNHoiaiB i HErATUBHO BNAMBATU
Ha pe3ynbTaTh HaPTONPOMMCNOBMX BUNPOBYBaHb.

PerioHanbHe MNOWMPEHHS Pi3HOMAHITHUX 03-
HaK Ha(hTOrasoHOCHOCTI, IMOBIPHO, (hiKCye wWwnsa-
X1 mirpauii BB Ha pi3HuX eTanax katareHesy. Lle
notTpebye PeKOHCTPYKLiT AMHAMIKM OCTAHHbLOTO,
WO € BAXNUBUM i Ans 3'acyBaHHA xapakTepy X®,
OCKinbku B X hopmMyBaHHi, Ha gymky O. 0. flykiHa
(NMykuH, 2011), BigirpatoTb NeBHY ponb i nicnsaceam-
MEHTALiHi YNHHUKWN.

Y po60Ti Bneplie Ans BiAKNaAiB cepefHboro AeBoHy Mepeanobpya3bKoro NpornHy po3po6neHo Mogesni TPUWApPOoBOi NiTodisnyHoT
CTPYKTYpU, AKi NOKa3anu A0BONi CKNagHy KAPTUHY NPOCTOPOBO-BiKOBOTO PO3BMTKY (HNIOILOTPMBIB i Nopia-KonekTopis. Lie HalBu-
pasHille cnocTepiraeTbcs Ha CxigHOCApaTCbKin CTPYKTYPi Ta (iKCYeTbCA NnaTepanbHOK MiHAMBICTIO TOBLMH iCTUHHUX (NOIROTPUBIB,
KONEKTOPCbKMX FOPU30HTIB, @ TAKOX BUK/MHIOBAHHAM a60 po3WwapyBaHHAM XU6HMX (OIOTPUBIB. Y MEXax CTPYKTYp ApOocnaBcbka,
Capatcbka Ta PosiBcbka niTodisnuHa 6y0Ba TOBLLi € 6iNbll BUTPMMAHOLO /i OAHOPIAHO. [Ans CXifHOCApaTCbKOI CTPYKTYPU OKOHTY-
PEeHi CKNeniHHi NacTKW BYrNeBOAHIB, SKi 32 6inbLiCTIO NPOAYKTUBHUX FOPU3OHTIB CKAAeHi He TiflbKM Mopoaamu-KosiekTopamu, ane
i Xu6HUMU hntoigoTpMBamu, WO YacTo PopMyOTb OCHOBHUIN 06'emM pe3epByapa. Y AinsHLi ApocnaBcbKoi CTPYKTYPU NMPOrHO3YETbCA
HAABHICTb YUACTKOBO TEKTOHIYHO €KPaHOBAHWX NacToK (MpoAyKTUBHI FOPU3OHTU e-1-e-3, g-2-g-4), AKi CTAHOBNATL iHTEpec i 3 ornady
Ha 36iNblUeHy TOBLLMHY FOPU30HTIB NOPiA-KONEKTOPIB i MOPIBHSHO HE3HAYHWUIN PO3BUTOK XUGHMX DNIOILOTPMBIB. Y NAUKax OCTaHHiX
BUSBNEHO NOKanbHi a60 30HaNbHi NPUPOAHI pe3epByapu, A0 CKNafy AKX BXOAATb cynbaTHO-KapboHaTHI KonekTopu. Lie, a Takox
HeoAHopiAHa Mo3aiuHa 6yaoBa kap6oHATHNUX KONEKTOPIB Ta crneuudiuHi BNACTUBOCTI «capaTcbKoi» HaTy BUMarae cnewianbHUX Tex-
HOMOTIYHUX MigxoniB nNpyu BUNPO6YBaHHI CBEPANOBUH. HAaTOMICTb OCTAaHHI 3A4iNCHIOBANUCSA TPAAULIMHAMKU METOAAMU, WO € OAHIEN
3 NPUUYUH OTPUMAHHSA HEBENUKMX i HeCTabinbHUX NPUNNNBIB BYrNeBOAHIB. HeBpaxyBaHHA niTotauianbHuX i NiTothisnuHmux ocobnu-
BOCTeN BigKnafis cepefHboro eBOHY He 03BOJIMIO 3aCTOCYBATV ONTUMANbHWIA PEXMNM PO3KPUTTS NNACTIB Ta OCBOEHHS CBEPANOBUH
i, BiANOBiAHO, OTPMMATN 3HAUYLLi NPUNAMBYU HAdTU. Kpim TOro, iHTepBanu BUNpo6yBaHb 3a3BMUUaii OXON0BaNM AeKinbka NPOAYKTUB-
HUX FOPU30HTIB, IMOBIPHO, 3 Pi3HOIO MNACTOBOI EHEPTIEID, LLO MO0 CPUUUHUTMN B3aEMONEPETIKAHHA (NtoiaiB i HEraTMBHO BNAUHY-
TV Ha pe3ynbTaTi HahTONPOMMCIOBUX BUNPOBYBaHb. PerioHanbHMi XapakTep NOLWNPEHHS Pi3HOMAHITHUX 03HaK HathTOra30HOCHOCTI,
MIMOBIpHO, (hiKCYE LWNAXU MirpaLii ByrMeBOAHIB HA Pi3HMUX eTanax KaTareHesy. Y 3B'A3Ky 3 LM Y NofanblIOMy NIaHYETbCA PEKOHCTPYIO-
BaTW iCTOPitO NoCTAiareHesy, y TOMy YUMCAi i B KOHTEKCTI NOro BNAMBY HA (hopMyBaHHS XUG6HUX (h0IL0TPUBIB.
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Hydrogeochemical Settings of the Boryslav-
Pokuttia Oil and Gas Bearing Area within the
Carpathian Oil and Gas Bearing Province, Ukraine

V.Yu. Harasymchuk*, H.B. Medvid, O.V. Telehuz

Institute of Geology and Geochemistry of Combustible Minerals of the NAS of Ukraine, Lviv, Ukraine

FigporeoximiuHi ymoBu bopucnaBcbKo-MoKyTCbKOro HAa)TOra30HOCHOTO PAOHY
B MeXXax KapnaTcbKoi Had)TOrasoHOCHOI NpPoBiHLii, YKpaiHa

B.10. lapacumuyk*, .. MeaBigb, 0.B. Tenerys

IHCTUTYT reonorii i reoximii roptoumnx konanuH HAH Ykpainu, /bBiB, YkpaiHa

The objective of this study was to investigate the hydrogeochemical characteristics of aquifers
within the Boryslav-Pokuttia oil and gas-bearing area, to examine the genesis of groundwater and
its influence on the conditions of formation and preservation of hydrocarbon accumulations, and
to identify hydrogeochemical criteria of hydrocarbon potential. The research methodology relied
on the statistical and graphical processing of verified archival data and the subsequent interpre-
tation of the results obtained. Paleohydrogeological analysis was also applied.

It was established that the principal factors controlling the hydrogeochemical parameters of
aquifers in the area include the palaeohydrogeological evolution and the degree of hydrogeolog-
ical isolation. Prolonged and intensive dynamo-elisional development, the fold-and-thrust struc-
tural pattern, numerous disjunctive faults, and the presence of evaporite deposits have resulted
in the formation of a complex hydrogeochemical system lacking distinct zonation.

Genetically, most waters represent sedimentogenic residual brines of evaporitic basins or
brines resulting from the leaching of salt-bearing molasse deposits, as well as their mixtures. At
shallow depths, mineralised and saline waters enriched in bicarbonate and sulphate ions are oc-
casionally encountered. Based on geochemical indicators, these waters are identified as mixtures
of ancient or modern infiltration waters with sedimentogenic thalassogenic waters.

Indirect hydrogeochemical criteria for hydrocarbon potential in the Boryslav-Pokuttia area
include: high Total Dissolved Solids (TDS) and waters metamorphization, their Na-Cl or Ca-Na-Cl
composition, enrichment in trace elements and microcomponents, and low sulphate concen-
trations. Collectively, these features indicate a closed hydrodynamic system favourable for the
formation and preservation of hydrocarbon accumulations.
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1. Introduction

The study of hydrogeochemical settings in oil and
gas bearing regions is one of the areas of contem-
porary petroleum geology, as the chemical composi-
tion of groundwater directly reflects geological evo-
lution, fluid-regime dynamics, and the conditions
under which hydrocarbon reservoir form. Formation
waters constitute sensitive indicators of migration
processes, fluid systems type and evolutionary
stage, as well as water-rock interaction. Hydrogeo-
chemical parameters are widely used to determine
water genesis, assess hydrocarbon potential, delin-
eate prospective zones, evaluate trap isolation, and
reconstruct hydrocarbon migration pathways.

The relevance of such studies is reinforced by
the current demands of the petroleum industry,
which require reliable methods for evaluating geo-
logical settings and improving field development
efficiency. Hydrogeochemical analysis supports the
assessment of hydrodynamic conditions, identifi-
cation of anomalous zones, and prediction of fluid
behaviour during drilling and reservoir exploring.

VYu. Harasymchuk, H.B. Medvid, O.V. Telehuz

Beyond their applied significance, hydrogeo-
chemical investigations are also fundamental to
reconstructing the geological evolution of petro-
leum basins. The chemical and isotopic charac-
teristics of groundwater enable reconstruction of
water system genesis, the stages and mechanisms
of their transformation, the link between tectonic
and sedimentary processes, and the conditions of
hydrocarbon generation and preservation.

Collectively, these factors highlight the need of
a systematic and integrated approach to studying
hydrogeochemical settings in oil and gas bearing
areas, which is essential for advancing explora-
tion methods, improving resource assessment, and
ensuring the rational development of oil and gas
fields.

The objective of this study was to determine the
conditions for the formation and preservation of
hydrocarbon accumulations and to identify specific
hydrogeochemical criteria of oil and gas potential
in the Boryslav-Pokuttia oil and gas bearing area
(OGBA), based on the analysis of the geochemical
characteristics of groundwater.
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Fig. 2. Locations of hydrocarbon fields in the Boryslav-Pokuttia oil and gas-bearing area

According to the oil and gas geological zoning of
Ukraine (Ivaniuta, 1998), the Boryslav-Pokuttia OGBA
forms a part of the Precarpathian oil and gas bear-
ing region within the Carpathian oil and gas prov-
ince (Fig. 1). The region is predominantly oil-bearing.
Within its boundaries a total of 37 oil fields, 7
oil-gas-condensate fields, 2 gas-oil fields, and 2
gas-condensate fields have been discovered (Fig. 2).

The Boryslav-Pokuttia OGBA is one of the oldest
petroleum-producing regions in Europe and the most
thoroughly explored one within Ukraine. It is associ-
ated with the Boryslav-Pokuttia Nappe of the Pre-
carpathian Foredeep and encompasses the south-
western part of Lviv Region and the northwestern
part of Ivano-Frankivsk Region. The area exhibits a
complex system of linear folded and thrust struc-
tures. The productive strata include Oligocene and
Miocene formations represented by sandstones, silt-
stones, and argillites, which form fractured-porous
and fractured reservoirs. The main accumulations are
associated with anticlinal and disrupted structures,
often of the multi-storey and block-type.

Oil and gas accumulations occur at depths of 800-
2500 m, increasing to 3000-3500 m in sub-thrustzones.
Oils are predominantly light to medium, low-sulphur,
and enriched in light fractions. Formation waters ex-
hibit Na-Cl and Ca-Na-Cl composition with high TDS
(40-120 g/dm?3) and elevated gas content.

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

Although substantially depleted by long-term
development, the region retains exploration po-
tential within deeper productive horizons and local
structures in sub-thrust zones.

The research was conducted within the frame-
work of the state-funded scientific project “Hydro-
geological Conditions of Hydrocarbon Accumulation
in the Boryslav-Pokuttia Oil and Gas Bearing Area
and the Impact of Petroleum Extraction on Surface
and Groundwater Systems” at the Institute of Geolo-
gy and Geochemistry of Combustible Minerals of the
National Academy of Sciences of Ukraine.

2. Materials and Methods

The research methodology involved statistical
and graphical processing of archival data, fol-
lowed by their validation, and interpretation
of the results obtained. Empirical physical and
chemical groundwater data (macro- and mi-
crocomponents) from the Boryslav-Pokuttia
OGBA were sourced from well records (“Well Re-
ports”) archived at the State Geological Enter-
prise “Zakhidukrgeologia” of the National Joint
Stock Company “Nadra Ukrainy”. Water sam-
pling was conducted during drilling and testing
of exploratory and production wells at oil and
gas fields during the 1960s-2000s. In the same
years, analytical studies of formation water
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Table 1. Changes in the chemical composition of seawater during evaporation (based on data adapted from (Carpenter, 1978; Holland,
1978) with the authors’ additions)

Concentrations, mg/L rSO

Evaporation stage | TDS, g/L r:lal '::I 1007 cl/Br
[l w = [=r[e [&] S
18.76 233 679 5,820 193 1,460 10,340 35 0.86 0.21 10.30  295.43

Black Sea water
World Ocean water 3597 420 1,330 11,060 410 2790 19,890 69 0.85 019 1023 288.26
Onset of gypsum 143.63 1,700 5200 44,000 1,460 11,000 80,000 269 0.84 0.20 10.03  297.40
precipitation
Visible gypsum 192.05 1,040 7,590 59,700 2,220 13,300 107,800 396 0.84 0.08 9.00 272.22
Onset of halite 311.72 600 10,200 99,000 3,300 18,000 180,000 617 0.84 0.04 7.29 291.73
precipitation
Visible halite 331.82 307 19,600 94,300 5,600 27,700 183,300 1,010 0.78 0.01 11.02  181.49
Halite 388.27 50,500 55,200 15,800 76,200 187,900 2,670 0.45 0.00 29.57 70.37
Onset of MgSO,, 397.67 56,100 48,200 17,700 82,200 190,500 2,970 0.39 0.00 3146 6414
precipitation
Onset of potassium 405.77 72,900 22,500 25,900 56,500 224,000 4,770 015 0.00 18.26  46.96
salt precipitation
Potassium salts 434.62 92,600 8,960 18,800 54,200 254,000 6,060 0.05 0.00 15.56 4191
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samples were conducted in the laboratories of

“Zakhidukrgeologia” using titrimetric, spectro-

photometric and gravimetric methods.

To ensure the reliability of the dataset, analyti-
cal results were systematically verified, and unreli-
able records were excluded. The exclusion criteria
were as follows:
¢ Where multiple samples had been collected

from the same interval over a short period, only
the sample with the highest mineralisation was
retained, as the remaining samples likely reflec-
ted mixing of formation water with technical flu-
ids (e.g. drilling muds and flushing waters).

e Samples representing injected waters used
to maintain reservoir pressure during the late
stages of field development were excluded.

¢ Samples exhibiting clear geochemical evidence
of mixing with technical waters (as indicated by
rNa/rCl, rCa/rMg, Cl/Br ratios) were removed.

¢ Samples containing evidently erroneous analyti-
cal values or recording errors were eliminated.
Following this filtering procedure, a total of 592

groundwater analyses were retained for further

evaluation.

Statistical processing of groundwater geochemical
parameters included correlation analysis (Pearson’s
correlation coefficient, presented as a correlation
matrix), data distribution analysis, and descriptive
statistics were applied. The software employed were

Microsoft Excel and TIBCO Statistica. Graphical output
was generated in CorelDRAW and ArcMap. Palaeohy-
drogeological analysis integrated palaeotectonic, pa-
laeosedimentological, palaeohydrogeochemical, and
palaeohydrodynamic investigations.

For the palaeohydrogeological analysis, data on
the composition of seawater during evaporation
(Table 1) were incorporated.

3. Review of Previous Studies

One of the earliest researchers of Carpathian
groundwater was the renowned Austrian scholar
and professor at Lviv University, Balthasar Hacquet
(1739-1815), who initiated systematic investigations
into groundwater chemistry associated with petro-
leum accumulations (Krushelnytska, Valo, 2000).

In the 19th century, groundwater Steller and
Zakrzewskyi furthered these studies. Lviv scholar
Torosiewych, while examining hydrogen-sulphide
mineral springs, suggested that hydrogen sulphide
originates from organic matter decomposition (Kru-
shelnytska, Valo, 2000).

Significant data on saline formation waters of
the Precarpathian petroleum province, particularly
those in the Boryslav oil field, were published by Zu-
ber, Tolwinskyi and Katz. Tolwinskyi concluded that
the waters of the Boryslav field are hydrodynamical-
ly connected to deeper aquifers (Tolwinskyi, 1921).
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K. S. Havrylenko and O. D. Shtohryn emphasized
the role of endogenous factors in the formation of
groundwater in the oil and gas bearing regions of
the Precarpathian area (Shtohryn, Havrylenko, 1968;
Havrylenko et al., 1971). Hydrogeochemical and hy-
drodynamic features, as well as criteria for hydro-
carbon potential in the Carpathian province, are
presented in the works of (Shchepak, 1971; Roma-
niuk et al., 1973; Sprynskyi , 1998; Kolodiy et al., 1996;
Kolodiy, 2004; Pavlyuk et al., 2021) among others.

Issues of groundwater genesis and chemical
evolution in sedimentary and petroleum basins
worldwide are extensively discussed in the litera-
ture (Carpenter, 1978; Xinong et al., 2006; Birkle et
al., 2009; Dresel, Rose, 2010; Cortes et al., 2016; Cai
et al,, 2022; Luan et al., 2022;).

4. Results and Discussion

41 Geochemical Characteristic and Genesis
of Groundwater

Aquifers within the Boryslav-Pokuttia OGBA occur
in the Upper Cretaceous (K,st) Stryi Formation, the
Paleocene (P,jm) Yamna Formation, Eocene units
(P,), the Oligocene Menilite Formation (P;ml), and
the Miocene Polyanytsia (N,pl) and Vorotyshcha

(N,vr) formations. Due to intense folding, fragmen-
tation, and block-thrust tectonics, these aquifers
occur at highly variable depths.

According to their main geochemical features
(Table 2), water characteristics across all aquifers
are similar: they are predominantly highly miner-
alised brines of Na-Cl or Ca-Na-Cl composition.
Waters with lower TDS (<30 g/L) contain higher
concentrations of bicarbonate and sulphate ions
and lower amounts of trace elements.

Groundwater genesis in the region was eva-
luated using palaeohydrogeological analysis sup-
ported by statistical methods.

The lithological (flysch-type clayey rocks) and
palaeontological (Inoceramid debris) features of
the Stryi Formation indicate shallow-marine dep-
ositional conditions with the normal marine water
circulation.

Paleogene sedimentation occurred in shallow
to moderately deep open-marine settings under
warm subtropical climate conditions (Temniuk et
al., 1973), as evidenced by molluscan and nummu-
lite faunas.

The greenish coloration and the presence of
gypsum in the flysch-like deposits of the Polyanyt-
sia Formation suggest shallow-water conditions of
a restricted marine basin, with the inflow of highly

Table 2. Principal geochemical characteristics of the aquifers of the Boryslav-Pokuttia oil and gas bearing region

Aquifer

K st
Number of samples 37

330-4101 345-4825

from-to 12.12-298.44 39.88-312.27
TDS, g/L .

modal series  55-228 140-201

from-to 0.41-0.88 0.49-0.88
rNa/rCl .

modal series  0.62-0.84 0.59-0.75

from-to 0.09-22.74 1.29-17.92
rCa/rMg .

modal series  1.03-5.5 3.01-6.80

from-to 0.02-3.48 0.008-1.49
rS0O, x100/rCl .

modal series  0.01-0.29 0.05-0.18

from-to
Cl/Br
modal series

110.46-1731.95

92.96-1410.85

1) 113145
92.96-342.16
2) 368-628
from-to 441-1517.7 16.7-1642.8
Br-, mg/L .
modal series  64.0-174.2 132.8-645.8
from-to 0.8-127.0 3.3-46.9
) mg/L .
modal series  25.3-46.5 9.14-16.4
[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

PZ

208

726-5373 240-5439 564-4227 606-2774
11.03-381.11 514-366.60 20.27-335.00  19.79-319.77
53-334 31-329 168-308 21-92
0.49-0.90 0.30-1.29 0.45-0.90 0.67-0.94
0.66-0.88 0.66-0.90 0.62-0.86 0.69-0.84
0.11-459.75 118-57.14 0.25-7.19 1.27-89.77
3.60-12.14 0.20-7.22 1.73-4.95 1.27-5.64
0.001-4.22 0.001-13.08 0.04-2.04 0.01-2.73
0.07-0.38 0.06-0.76 0.11-0.43 0.02-0.27

87.09-33537.81

48.97-51425.23

84.39-2077.12

180.77-4067.83

272.49-920.50 370.25-842.25  84.39-609.71  195.21-418.35
1.6-1803.6 2.1-1483.8 18.8-2,271.2 12.0-496.2
248.1-460.6 101.5-306.3 182.2-460.0 59.8-79.8
0.72-65.5 0.21-84.6 9.9-90.8 2.5-71.8
12.0-36.9 11.0-21.6 23.7-37.7 2.5-71.8
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saline marine water (160-180 g/L; see Table 1), cor-
responding to the gypsum stage of evaporation.

Potash and rock salt deposits, gypsum, and an-
hydrite of the Vorotyshcha Formation clearly indi-
cate formation within a shallow restricted lagoonal
basin. Periodic isolation and reopening of the con-
necting strait permitted episodic inflow of marine
water, accounting for the rhythmic alternation of
salt layers and grey lagoonal clays (Fedushchak,
1972). TDS of water entrapped during sedimenta-
tion exceeded 300 g/L.

The formation of highly mineralised groundwa-
ter is possible through two mechanisms:
e Preservation or accumulation of parent brines

from which various saline deposits precipitated.
 Dissolution of readily soluble evaporite deposits

and leaching of soluble salts from salt-bearing

rocks (Carpenter, 1978).

To determine groundwater genesis and the degree
of its metamorphism, indicators expressing quanti-
tative relationship between individual macro- and

VYu. Harasymchuk, H.B. Medvid, O.V. Telehuz

microcomponents of groundwater are used. Most
commonly, the ratios rNa/rCl and rCa/rMg are ap-
plied for marine sedimentary waters. In seawater,
rNa/rClis 0.85, and rCa/rMg is 0.19. As a result of the
metamorphism of marine waters during prolonged
interaction with water-bearing rocks, the content of
Ca increases at the expense of decreasing Mg and
Na concentrations.

It is considered that lower rNa/rCl values and
higher rCa/rMg values in water indicate a higher de-
gree of metamorphism. Elevated rNa/rCl values may
indicate a certain proportion of continental infiltra-
tion waters. With an increasing degree of seawater
evaporation, these ratios also decrease (see Table 1).
High rNa/rCl values in groundwater may also result
from the leaching of halite (Kolodiy et al., 2009).

The sulphate coefficient, calculated as
rS0,x100/rCl, in shallow aquifers (zones of active
and limited water exchange) ranges from 10 to 500.
Higher values may result from the leaching of sul-
phate-bearing rocks. In seawater, this ratio is 10.2.

Table 3. Pearson’s correlation coefficients of groundwater parameters of the Boryslav-Pokuttia oil and gas bearing region (calculated

using Statistica software; sample size: 592 water samples)

Para-

meter DePth pH

LU0 100 012 024 014 036 019 014
L0 012 100 -050 -040 -0.53 -042 -018
050 024 -050 100 095 081 061 050
(EV S 014 -040 095 1.00 058 048 0.56
=0 036 -053 081 058 100 059 025
8 019 -042 061 048 059 1.00 027
[ 014 -018 050 056 025 027 1.00
GE . 024 -050 100 095 081 062 050
SO 003 007  -014 -013 -012 -019 -0.06
L8 002 020 -032 -035 -017 -0.22 -0.23
S 042 -034 068 049 083 052 033
& 022 -008 033 028 032 025 016
TTT 029 049 -0.61 -0.37 -0.84 -075 -016
;ﬁ—ag 008 023 000 -003 010 -016 -0.07
rS0,x100
S tee 002 018 048 -048 -034 -039 -024
cl
=0 004 007 014 014 013 -0.01 -019

0.24

-0.50

1.00

0.95

0.81

0.62

0.50

1.00

-0.15

-0.33

0.67

0.32

-0.62

0.00

-0.49

-0.14

rS0,x100  Cl

~rct  Br
0.03 -0.02 042 0.22 -0.29 0.08 0.02 -0.14
0.07 0.20 -0.34 -0.08 0.49 0.23 018 -0.07
-014 -0.32 0.68 033 -0.61 0.00 -0.48 -0.14
-013 -035 049 028 -0.37 -0.03 -0.48 -0.14
-012 -017 0.83 032 -0.84 0.0 -0.34 -0.13
-019 -0.22 052 025 -0.75 -0.6 -0.39 -0.01
-0.06 -0.23 033 016 -016 -0.07 -0.24 -0.19
-015 -0.33 067 032 -0.62 0.00 -0.49 -0.14
1.00 016 -0.05 0.0 0.22 0.07 0.80 0.08
016 1.00 -0.22 -0.04 0.26 -0.0 0.30 018
-0.05 -0.22 1.00 046 -0.65 0.05 -0.25 -0.27
010 -0.04 046 100 -0.27 0.00 -01 -0.26
022 026 -0.65 -0.27 100 -0.06 0.40 0.05
0.07 -010 0.05 0.00 -0.06 1.00 0.08 -0.04
080 030 -0.25 -0m 0.40 0.08 1.00 0.10
0.08 018 -0.27 -0.26 0.05 -0.04 0.0 1.00
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Fig. 3. Diagram of the rela-
tionship between ground-
water mineralisation and
aquifer depth within the
Boryslav-Pokuttia oil and
gas bearing region

Sulphate concentrations in waters are significant-
ly lowered through bacterial sulphate reduction,
a process occurring in anoxic conditions with the
participation of organic matter following the be-
low regime:

2502 +4C +3H,0 - H,S + HS +3HCO;~. (1)

A clear indicator of water origin, regardless of its
concentration, is the Chlorine-Bromine ratio (Cl/
Br), since the metamorphic process does not affect
Bromine; its content in metamorphosed solutions
is primarily determined by its initial concentration
(Kolodiy et al., 2009). In seawater, Cl/Br ratio is 288.26
decreasing significantly from the “visible halite” stage
of seawater concentration (see Table 1). As a result
of the metamorphism of marine sedimentary waters,
this ratio decreases. High Cl/Br values (>1000) may
result from leaching chloride salts from salt-bearing
rocks or diluting sedimentary waters with freshwater.

Correlation analysis (assessing the strength

and direction of linear relationships between two
variables) of groundwater parameters in the Bo-
ryslav-Pokuttia OGBA revealed the following fea-
tures (Table 3).
Aquifer depth. Its direct correlation with ground-
water mineralisation (and with Ca, Mg, Cl, Br, | ion
contentss - listed here in order of correlation co-
efficient increasing) reflects an intensifying level
of system hydrodynamic confinement with depth,
preserving primary sedimentary waters. The in-
verse correlation between aquifer depth and rNa/
rCl indicates an increase in the intensity of water
metamorphism processes (replacement of Na by
Ca from water-bearing rocks).

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

The distribution of highly mineralised brines in

shallow aquifers, as well as brackish and saline wa-
ters in deeper horizons (Fig. 3), may indicate differ-
ent geneses of these waters.
Water mineralisation shows a direct correlation
with the of Cl, Na, Ca, Mg, Br, NH,, and | ion con-
tents. Its inverse correlation with HCO; likely re-
flects enrichment of infiltrated waters in the active
water exchange zone with these ions.

Studies on the genesis of highly mineralised
groundwater in the Bilche-Volytsia oil and gas
bearing region established a clear direct correla-
tion between groundwater mineralisation and the
Cl/Br ratio (most values reaching the low thou-
sands). This is explained by leaching of clay-salt
deposits of the Sambir-Rozhniativ formation and
their subsequent expulsion into autochthonous
reservoir rocks during the dynamo-elision cycle
of hydrogeological history (Harasymchuk, Kolodiy,
2002; Harasymchuk et al., 2004).

In the Boryslav-Pokuttia OGBA, Cl/Br ratios in
groundwater occasionally reach values in the low
thousands, while most range between 84.39 and
920.5 (see Table 1), including the aquifer within
clay-salt molasse deposits (N,vr). No correlation
was observed between water mineralisation and
the Cl/Br ratio (see Table 3).

Na ion shows the strongest correlation with CL (r =
0.95), reflecting the shared mechanism of concen-
tration due to seawater evaporation. High correla-
tions were also found with Ca, NH,, Br, Mg, and 1. Its
inverse correlation with SO, and HCO; likely reflects
the increasing contribution of low-mineralised in-
filtrated waters in the active water exchange zone.
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NH, ion strongly correlates with Na, water miner-
alisation, Cl, B-, Mg, Ca, and I. Ammonium genesis
in groundwater of oil and gas regions is associat-
ed with diagenetic processes, during which ammo-
nium can be released from clay minerals where it
was adsorbed or replaced potassium in the crystal
lattice. In organic-rich sedimentary rocks, anaerobic
protein decomposition produces ammonia, which
converts to ammonium ions in water. Ammonium
remains stable in water under oxygen-deficient con-
ditions, preventing oxidation to nitrites and nitrates
(Kolodiy et al., 2009).

In this case, the inverse correlation of NH, with
rS0,x100/rCl, Cl/Br, and rNa/rCl reflects the hydro-
dynamically closed nature of deep aquifers in the
Boryslav-Pokuttia region, favorable for its forma-
tion and preservation.

Inverse SO, correlation with rNa/rCl likely reflects
sulphate-reduction processes characteristic of deep
aquifers under hydrodynamically closed conditions.

4.2 Hydrogeochemical Features
of Hydrocarbon Fields

To identify local characteristics, an analysis of the
geochemical parameters of groundwater in contact
with or in close proximity to hydrocarbon deposits
in individual fields of the Boryslav-Pokuttia OGBA
was conducted.

Blazhiv Oil Field. The field is located in the first struc-
tural fold tier in the northwestern part of the Bo-
ryslav-Pokuttia zone, 10 km away from the town of
Staryi Sambir. Nine wells were drilled in the field, six
of which penetrated the productive horizon of the
Yamna Formation (Paleocene). Industrial oil inflows
were obtained only from wells No. 3-BM and 3-BL.

VYu. Harasymchuk, H.B. Medvid, O.V. Telehuz

The geological structure of the field includes fly-
sch deposits of the Stryi Formation (Upper Creta-
ceous), Paleocene (Yamna Formation), Eocene (Ma-
niava, Vyhoda, Bystrytsia formations), Oligocene
(Menilite Formation), and Miocene molasse depos-
its (Polianytsia and Vorotyshcha formations).

Industrial oil-bearing capacity is associated with
thick massive sandstones of the Yamna Formation
within the Blazhiv fold. In the southwestern part
of the fold (well 3-BM) at 3,348-3,370 m depth, oil
inflow was 3.8 m3/day and gas 0.38 thousand m3/
day. Oil composition (% by weight): paraffins - 8.14,
resins - 8.68, asphaltenes - 4.85, sulphur content
- 2.0%. At 3,359 m depth, reservoir pressure was
43.29 MPa, temperature - 353 K (lvaniuta, 1998).

Hydrogeochemical analysis of the field was
based on 17 water samples. Some results were dis-
carded as they reflected technical waters injected
into lower horizons to maintain reservoir pressure
at the final stages of development, showing signifi-
cantly lower mineralisation and absence of meta-
morphosis compared to formation waters.

Natural waters composition in the field are pre-
dominantly Na-Cl, occasionally Ca-Na-Cl or Mg-
Ca-Na-Cl. Depth-dependent increase in water TDS
from 12.2 t0 201.0 g/L indicates increasing hydrody-
namic isolation with depth.

At depths exceeding 2,500 m, groundwater oc-
curs under quasi-stagnant hydrodynamic condi-
tions, resulting in high TDS (>150 g/l) and signif-
icant metamorphism. Low sulphate coefficient
values reflect sulphate-reduction processes. Such
hydrodynamic conditions with corresponding hy-
drogeochemical characteristics are associated with
the distribution of oil deposits in the field (Fig. &).

Water geochemical characteristics:
Inter- | TDS, | tNa/rCl | rCa/rMg | 1SO4 100 | CI/Br

val |g/L irCl

1 186.2 0.79 2.06 0.57] 215
1 201.0 0.49 542 0.07] 101
111 103.9 0.69 1.82 0.12 =

Fig. 4. Block diagram of hydrogeochemi-
cal settings of the Blazhiv oil field
(geological base according to (lvaniuta,
1998)). 1 - distribution of groundwater
by TDS: a - <50 g/L, b - 50-100 g/L,
¢ - 100-150 g/L, d - >150 g/L; 2 - well
perforation interval (penetration of the
aquifer); 3 - oil reservoir
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Water geochemical characteristics:
Inter- | TDS, |rNa/rCl | rCa/tMg | rSOs 100 | CBr
val g/L /rCl
I 2589 072 3.6  0.046] 214
11 3350] 072 1.73 0.11| 610
111 2950 077 s49]  0.12s5

—

Fig. 5. Block diagram of the hy-
drogeochemical settings of the
Boryslav oil and gas condensate
field (geological base after (lva-
niuta, 1998)). 1 — distribution of
groundwater by TDS: a - <50 g/L,
b - 50-100 g/L, ¢ - 100-150 g/L,
d - >150 g/L; 2 - well perforation
interval (aquifer penetration); 3 -
oil reservoir

Boryslav Oil and Gas Condensate Field. The Boryslav
field is located within the city of Boryslav and its
surrounding areas in the southwestern part of the
Boryslav-Pokuttia zone, encompassing the Oriv and
Berehove nappes of the folded Carpathians.

The field comprises four distinct structural-tec-
tonic elements, i.e. the Oriv and Berehove nappes,
the Boryslav deep fold, and the Boryslav subthrust.
These structures are imbricated in a lens-like ar-
rangement from southwest to northeast. The field
represents a complex of hydrocarbon reservoirs at
various depths, distributed across different levels
of the Boryslav Nappe (Fig. 5).

The geological structure of the field includes ter-
rigenous flysch deposits from the Upper Cretaceous
to the Oligocene, as well as Neogene molasse for-
mations - the Polianytsia and Vorotyshcha suites.
All of these formations are hydrocarbon-bearing
(lvaniuta, 1998).

The analysis of the field hydrogeochemical set-
tings was based on the analysis of 62 water sam-
ples. Waters are predominantly Na-Cl and Ca-Na-
Cl brines, except for shallow aquifers in the Oriv
and Berehove nappes. Regardless of the depth of
the aquifers, their lithological composition, strati-
graphic complexes, or association with different
structural-tectonic elements, formation waters are
mostly medium to highly metamorphosed brines
with TDS ranging from 49.9 to 374.0 g/L.

Oil and gas condensate reservoirs of the field
are mainly located within zones of quasi-stagnant
hydrodynamic conditions (characterized by highly
mineralised and metamorphosed waters), which
prevail at depths greater than 1,500 m (see Fig. 5).

Hydrocarbon reservoirs at shallower depths are
less common, though locally hydrodynamically iso-

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

lated structures may exist, providing favourable
conditions for the formation and preservation of
hydrocarbon accumulations. Additionally, waters in
contact with oil reservoirs exhibit very low SO, con-
tents, which, as noted above, result from ongoing
sulphate reduction processes.

Oriv-Ulychno Oil Field. The field is located in the
first structural fold tier in the northwestern part of
the Boryslav-Pokuttia zone, 16 km away from the
city of Drohobych. The Oriv and Ulychno reservoirs
are developed individually, divided by a zone lack-
ing industrially productive collectors. The Ulychno
reservoir was penetrated by well No. 1-Ulychno.
Within the 3,136-3,141 m interval of Menilite For-
mation deposits, an oil inflow of 8.6 t/d and a gas
flow of 775 m3/d were obtained. The Oriv reservoir
was penetrated by well No. 21-Oriv. The produc-
tive interval is also the Menilite Formation, with oil
production of 48.5 t/d and gas production of 12.35
thousand m3/d within the 3,185-3,288 m interval
(lvaniuta, 1998).

The geological structure of the field includes
flysch deposits of the Stryi, Yamna, Maniava, Vyho-
da, Bystrytsia, and Menilite formations, as well as
Neogene molasse deposits of the Polianytsia and
Vorotyschcha formations.

Hydrogeochemical settings of the field were stud-
ied based on 21 water samples. Deep aquifer waters
are predominantly Na-Cl, occasionally Ca-Na-Cl
composition, while in shallower intervals, waters
are mainly Ca-Na-SO,-HCO, composition. Overall,
groundwater TDS increases from 36.9 to 285.6 g/L
with increasing depth. Quasi-stagnant hydrodynam-
ic conditions, favorable for hydrocarbon preserva-
tion, begin at depths greater than 2,500 m within the
structure (Fig. 6).
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Water geochemical characieristics:

Inter- | TDS, |rNa/rCl| rCa/tMg | rSO4-100 | C1/Br

val o/l Cl

I 90.8 0.80 15.78 1.29] 1046

1L 92.0 0.69 1.48 0.23| 303

11 245.1 0.82 3.70 042 460

IV 39.8 0.86 17.30 1.49| 1411 N 400 m
v 109.7]  0.72 3.95 0.04] 267 i

VI 49.2 0.73 507 0.05] 1428

Fig. 6. Block diagram of hydro-
geochemical settings at the
Oriv-Ulychno oil field (geologi-
cal basis according to (lvaniu-
ta, 1998)). 1 - groundwater dis-
tribution by TDS: a - <50 g/L,
b - 50-100 g/L, ¢ - 100-150 g/L,
d - >150 g/L; 2 - well perforation
interval (aquifer penetration); 3 -
oil reservoir

Oriv reservoir waters are distributed across
a wide stratigraphic range, from the Upper Cre-
taceous Stryi Formation to the Neogene Voroty-
schcha Formation. No systematic variations in mi-
neralisation or chemical composition of waters are
observed either across different-aged strata or at
varying aquifer depths.

A characteristic feature of formation waters from
non-productive wells of the Ulychne reservoir is
their low mineralisation and low degree of meta-
morphism. Formation waters from productive wells,
despite being sampled from strata of different ages,
are characterized by significantly higher minerali-
sation than those from non-productive wells. This
contrast may indicate isolated hydrodynamic condi-
tions favourable for hydrocarbon preservation.
Dolyna Oil Field. The Dolyna oil field is located in
the Dolyna District of the lvano-Frankivsk Region, 5
km from the city of Dolyna. Tectonically, it is in the
first fold tier of the central part of the Boryslav-Po-
kuttia zone.

The geological structure includes flysch deposits
of the Upper Cretaceous (Stryi Formation), Paleo-
cene (Yamna Formation), Eocene (Maniava, Vyho-
da, and Bystrytsia formations), Oligocene (Menilite
Formation), and Neogene molasse deposits (Po-
lianytia and Vorotyschcha formations).

Hydrocarbons occur from the Vorotyschcha For-
mation of the Miocene to the Eocene, but commer-
cial accumulations are found only in the Menilite,
Bystrytsia, Vyhoda, and Maniava formations, where
oil is hosted in sandstone and siltstone layers. Res-
ervoirs share a common oil-water contact and are
massive, layered dome-shaped tectonically sealed
structures. The natural reservoir regime is elastic

and gas-saturated. Initial recoverable reserves
were 38,320 t of oil and 12,963 million m3 of dis-
solved gas (lvaniuta, 1998).

Aquifers of the Dolyna field are associated with
Eocene and Oligocene reservoir rocks. Sandstone
interbeds of the Vorotyschcha series (lower Mio-
cene) are also aquifers. Formation water sampling
was conducted in the 2,760-3,083 m interval, cor-
responding to hydrocarbon-bearing horizons).
Waters are predominantly of Na-Cl, Ca-Na-Cl with
occasional Ca-Na-HCO,-Cl composition. No clear
correlation between TDS in water (61-257 g/L) and
depth within this interval was identified.

As with most Boryslav-Pokuttia region fields, Do-
lyna oil accumulations occur under hydrodynamic
conditions favorable for preservation, reflected in
high mineralisation and metamorphism of forma-
tion waters and low sulphate contents (Fig. 7).
Strutyn Oil Field. The Strutyn oil field is located in
Rozhniativ District, Ivano-Frankivsk Region, 7 km
away from the town of Rozhniativ. Major oil accumu-
lations are hosted in the Vyhoda Formation and the
lower Menilite subformation of the North-Strutyn
and Strutyn blocks, explored by 36 wells (33 in lower
Menilite reservoirs, 2 in Vyhoda Formation, and one
intersecting both).

Tectonically, the field is associated with the
Upper-Strutyn fold — an asymmetrical north-west
trending anticline measuring 15x3.5 km. The geo-
logical structure of the Upper-Strutyn fold includes
flysch deposits of the Upper Cretaceous (Stryi
Formation), Paleocene, Eocene (Maniava, Vyhoda,
Bystrytsia formations), Oligocene (Menilite Forma-
tion), and Neogene molasse deposits (Polianytsia
and Vorotyschcha formations) (Ilvaniuta, 1998).
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Water geochemical characteristics:
Inter- | TDS, |rNa/rCl | rCa/rtMg | 18O+ 100 | CI/Br
val | g/l rCl
| 95.1 0.75 40.79 D3] 658
11 187.5 0.79 7.77 0.07| 268
111 257.0 0.66 5.02 0.01| 253
v 93.5 0.81 3.03 0.01| 595

h"‘ﬂl
1 N‘m.-
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C

Fig. 7. Block diagram of hydro-
geochemical settings at the Do-
lyna oil field (geological basis
according to (lvaniuta, 1998)).
1 - groundwater distribution by
TDS: a - <50 g/L, b - 50-100 g/L,
¢ -100-150 g/L, d - >150 g/L; 2 -
well perforation interval (aquifer
penetration); 3 - oil reservoir

‘Water geochemical characteristics:
Inter- | TDS, | rNafCl | rCatMg | rSO. 100 | CIVBr

val |[g/l. /rCl
| 203 0.86 1.2 1.65| 222
I 50.1 0.95 3.12 0.59| 312

1 9.6 0.85 2.30
v 95.02 0.81 12.76
v 79.0 0.87 .6
VI 1509 0.81 3.65

L
e
S E o
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Fig. 8. Block diagram of hydro-
geochemical settings at the
Strutyn oil field (geological basis
according to (Ivaniuta, 1998)). 1 -
groundwater distribution by TDS:
a - <50 g/L, b - 50-100 g/L, ¢ -
100-150 g/L, d - >150 g/L; 2 - well
perforation interval (aquifer pen-
etration); 3 - oil reservoir

Aquifers are developed within Eocene deposits
(Vyhoda and Bystriv formations), Oligocene (Me-
nilite Formation), and Miocene (Polianytsia and
Vorotyschcha formations). Sampling was con-
ducted at depths ranging from 810 m to 3,555 m.
Waters from shallow horizons are predominantly
of Ca-Na-HCO,-Cl, whereas deeper waters shift
to Na-Cl or Ca-Na-Cl composition (Fig. 8).

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

A clear trend of increasing water mineralisa-
tion with depth is observed throughout the sec-
tion, irrespective of stratigraphic horizon. Waters
with TDS ranging from 7 to 35 g/L occur within the
810-2,650 m interval and likely contain mixtures of
paleo- and modern infiltrated waters.

Oil accumulations are delineated by aquifers in
which TDS exceeds 50 g/L and waters exhibit a pro-
nounced degree of metamorphism.
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Bytkiv-Babche Oil and Gas Condensate Field. The
Bytkiv-Babche oil and gas condensate field is lo-
cated in the Nadvirna District, Ivano-Frankivsk
Region, 7 km away from the town of Nadvirna,
and forms a partof Bytkiv oil-industrial area.

Structurally and tectonically, the field is asso-
ciated with the Bytkiv fold group in the central
part of the Borislav-Pokuttia subzone of the In-
ner Carpathian Foredeep. It is overlain by thrust,
strongly deformed Paleogne and Upper Creta-
ceous deposits of the Skyba Zone of the Carpath-
ian Folded Belt. The field features overthrust-lis-
tric tectonic style. Hydrocarbon reservoirs are
localized within the Berehova thrust, within the
first and second fold tiers of the Borislav-Pokut-
tia zone.

Hydrogeochemical analysis was carried out on
57 water samples. Aquifers are hosted in porous
flysch reservoirs of the Upper Cretaceous (Stryi
Formation, K st), Eocene (Maniava #,mv, Vyhoda
P,vg formations), and Oligocene (Menilite Forma-
tion, P3ml). Waters are predominantly of Na-Cl,
less commonly Ca-Na-Cl composition. TDS ranges
from 6 to 299 g/L and shows no systemic depen-
dence with the stratigraphy or depth. Waters are
generally metamorphosed, as indicated by rNa/
rCl ratios lower than of seawater and slightly el-
evated rCa/rMg values; this pattern is also ob-
served in weakly mineralised waters.

VYu. Harasymchuk, H.B. Medvid, O.V. Telehuz

Unlike the previously analyzed fields, hydro-
carbon accumulations (oil, gas condensate, gas)
at the Bytkiv-Babche field are mostly associated
with waters exhibiting TDS of 50-100 g/L (Fig. 9).
According to Cl/Br genetic ratios, the majority of
waters fall within the evaporitogenesis interval,
extending from Black Sea water to the onset of
halite deposition. Low rS0,x100/rCl values in con-
tour and basal waters indicate active sulphate re-
duction processes.

5. Conclusions

In the Boryslav-Pokuttia OGBA, principal factors
controlling the hydrogeochemical characteristics of
aquifers are paleohydrogeological evolution and the
level of hydrogeological isolation. Prolonged and
intensive dynamo-elisional processes, thrust-fold-
ed structure, numerous disjunctive faults, and the
presence of salt-bearing deposits have resulted in
the formation of a complex hydrogeochemical sys-
tem that lacks distinct structural zonation.

Most aquifer waters are highly mineralised Na-Cl
brines, Ca-Na-Cl or Mg-Ca-Na-Cl brines occur less
commonly. Genetically, these are residual sedimen-
tary brines derived from salt basins at various stages
of concentration. Brines formed through leaching of
salt-bearing molasses occur less frequently. The first
type is distinguished by elevated concentrations of
trace elements and distinctive genetic indicators.

Water geochemical characteristics:
Inter- [ TDS, |[rNa/fCl | rCa/tMg | 18O 100 | Cl/Br
val a/L. rCl
I 123.4 0.83 347 096| 194
11 133.7 0.70 25.73 03] 548
11 255.6 0.73 4.61 0.11] 247
v 269.2 0.73 1.82 02] 419
v 149.8 0.80 3.27 0.17| 343
VI 57.3 0.83 1.64 0.02 -
VII 188.3 0.88 0.59 0.06 —
-..'§'|:‘_h
p1 E . .L."r*'u _.r_\.'hl .‘]“"p

Fig. 9. Block diagram of hydrogeochemical settings at the Bytkiv-Babchyn oil and gas condensate field (geological basis according to
(lvaniuta, 1998)). 1 - groundwater distribution by TDS: a - <50 g/L, b - 50-100 g/L, ¢ - 100-150 g/L, d - >150 g/L; 2 - well perforation
interval (aquifer penetration); 3 - oil reservoir; 4 — gas reservoir; 5 - gas condensate reservoir
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The presence of highly mineralised waters in flysch
reservoirs is attributed to their expulsion from clay-
ey-salt Miocene molasses and the replacement of
ancient sedimentary or infiltration waters during the
dynamo-elisional stage of hydrogeological evolution.
Mixtures of these three water types predominate.

Less frequently, aquifers contain mineralised
and saline waters (TDS < 30 g/L) enriched in HCO,
and SO, contents. Geochemically, these are identi-
fied as mixtures of ancient or modern infiltration
waters with sedimentary thalassogenic ones. These
waters are found within zones of active or restrict-
ed water exchange at depths up to 2,000-2,500 m.

The final stage influencing groundwater hydro-
geochemistry was metamorphism, manifested by
depletion of Na and Mg as a result of ion-exchange
reations with water-bearing rocks. These processes
developed only in hydrogeologically closed struc-
tures and depended on the duration and intensity
of water-rock interaction.

The formation of hydrocarbon accumulations in
the Boryslav-Pokuttia OGBA is associated with the
final cycle of its paleohydrogeological development
- the dynamo-elision stage. During this stage, highly
mineralised brines from clayey salt-bearing molasse
were expelled into reservoir rocks. These brines are
characterized by specific geochemical parameters
that minimize the biochemical oxidation of hydrocar-
bons. During the dynamo-elision stage, hydrodynam-
ically closed traps were formed, which contributed to
the mechanical preservation of the accumulations.

Indirect hydrogeochemical indicators of hydro-
carbon potential in the Boryslav-Pokuttia region
include high mineralisation and water metamor-
phism, Na-Cl or Ca-Na-Cl composition, enrichment
in microcomponents, and low SO, concentrations.
Collectively, these characteristics indicate a closed
hydrogeodynamic system offering favourable
conditions for the formation and preservation of
hydrocarbon accumulations.

MeTol Lboro JOCNimKeHHs 6YN0 BUBYEHHSA TiLPOreoXiMiuyHNX XapaKTepUCTUK BOLOHOCHNX rOpU30HTIB bopncnaBcbko-MoKyTCbKOro
HahTOra3soHOCHOrO ParoHy, AOCNIKEHHA reHe3m MiA3eMHUX BOA Ta iX BNAUBY HA yMOBM hOpMYyBaHHSA Ta 36epeXxeHHs ByrneBoaHe-
BUX CKYMUeHb, a TaKOX ifeHTUdikaLis rigporeoximiyHmx KputepiiB HathTOra3soHOCHOCTI. MeToAonoris AOCAIAXEHHs cnupanacs Ha
CTAaTUCTUYHY Ta rpadhiuHy 06po6Ky apXiBHUX AAHUX i NOAANbLY iHTEpNpeTaLilo OTPMMAHMX pe3ynbTaTiB. TakoX 6yno 3acTOCOBAHO
nasneorigporeonoriyHniA aHanis.

Byno BCTAHOB/EHO, WO OCHOBHUMU (haKTOpamu, WO KOHTPOIOTb rigporeoximiuHi napameTpm BOAOHOCHMX FOPU3OHTIB Y LibOMY
palioHi, € naneorigporeonoriyHa eBontoLia Ta CTyniHb riaporeoniorivyHol isonayji. TpuBanum Ta iIHTEHCUBHUIA AUHAMO-ENi3iNHUIA PO3-
BUTOK, CK/1aA4acTo-HacyBHa 6ya0Ba, YUNCNEeHHI AN3'IOHKTUBHI PO3M1OMU Ta HAABHICTb CONTEHOCHUX BifKNaaiB npussenu 4o popmyBaH-
HA CKMTAAHOI FiAPOreoxXiMiuHOI CMCTEMM, IKA HE MAE YiTKOI 30HA/IbHOCTI.

[eHeTUYHO 6inbWiCTb BOA € CEAUMEHTOTeHHUMM 3a/IMLIKOBUMU PO3COaMM eBanopuToBMX 6aceiiHiB abo po3conamu, Lo yTBopu-
NINCA BHACNIAOK BUNTYrOBYBAHHA CONEHOCHMX MOMACOBUX BifKNaAiB, a TaKoX iX cymilamu. Ha HeBenuKkux mMubuHax 3pigka Tpanns-
I0TbCSl MiHepani3oBaHi Ta CONOHI Boau, 36arayeHi rigpokap6oHatamu Ta cynbgatamu. Ha OCHOBI FeOXiMiYHMX MOKA3HUKIB Li BOAW
ineHTNiKYOTbCA AK CYMilli AaBHIX @60 CydacHUX iH(INBTPALIHNX BOZ, i3 CEANMEHTOr€HHUMU TanacoreHHUMI BOAAMM.

HenpsAMUmMHU rigporeoximiyHMMN KpUTepisiMM HAaTOrasoHOCHOCTIi bopucnaBcbKo-MoKYTCbKOTro HathTOra30HOCHOTO PANOHY € Taki:
BMCOKa MiHepanisauis Ta metamopdhizauis Bog, ix Na-Cl a6o Ca-Na-Cl cknag, 36araueHHs MikpoenemMeHTamu Ta MiKpOKOMMOHEHTaMMU,
A TAaKOX HU3bKa KOHLEHTpaLia cynbdaTiB. Y CyKYNHOCTI Li 03HAKM BKA3ylOTb HA 3aMKHYTY FiAPOANHAMIUHY CUCTEMY, CMPUATINBY ANS

thopmyBaHHS Ta 36epeXeHHs CKyNUYeHb BYrNeBOAHIB.
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Radioactive Contamination of Groundwater
in the Chornobyl Exclusion Zone: Current
Status, Long-Term Trends, and Challenges
in Monitoring System Modernization

D.O. Bugai

Institute of Geological Sciences of the NAS of Ukraine, Kyiv, Ukraine

PagioaKTuBHe 3a6pyaHeHHs Nig3emMHux Boa y YopHO6MIbCbKiN 30Hi BiguyXXeHHS:
CyYyacHUIi CTaH, AOBrOCTPOKOBI TEHAEHL,iT Ta aKTyaNnbHi MUTaHHA MOAEpPHi3aL,ii
CUCTEMU MOHITOPUHTY

[.0. byran

IHCTUTYT reonoriyHux Hayk HAH Ykpainu, Kuis, YkpaiHa

Groundwater contamination by radionuclides in the Chornobyl Exclusion Zone (CEZ) has been
recognized since the early post-accident period (i.e., May - June 1986), when large-scale protec-
tive measures were implemented, as a potential pathway for the transport of radioactivity to the
river network of the Pripyat-Dnipro basin. This study reviews long-term monitoring data and re-
search results on radioactive contamination of groundwater in the CEZ, with particular attention
to spatial patterns, temporal trends, and implications for monitoring and management strategies.
Analysis of monitoring datasets for the period 1989-2024 shows that °Sr remains the primary
contaminant of concern in groundwater, with concentrations locally reaching 10°-10° Bq m=3 in
areas influenced by radioactive waste burial sites and contaminated water bodies. In contrast,
3Cs concentrations in groundwater are generally low, typically below 100 Bq m-3 and well below
the drinking water standard. Long-term trends indicate an overall stabilization and gradual de-
cline of *°Sr concentrations in the majority of monitoring wells over the last decade, reflecting
depletion of the source term and natural attenuation processes in the vadose zone and aquifer.

These observations, together with the results of modelling analyses reviewed in this paper,
support the strategy of monitored natural attenuation (MNA) as an appropriate approach for
managing contaminated groundwater in the CEZ, provided that reliable monitoring demonstrates
plume stability and acceptable risk levels for potential receptors, including the Pripyat River. At
the same time, the existing groundwater monitoring system has several limitations related to
monitoring well design, spatial coverage, and sampling methodologies. Results from detailed
polygon field studies show that higher radionuclide concentrations may occur in specific hydro-
geological zones that are not adequately captured by the current monitoring network.

The paper discusses priorities for modernization of the groundwater monitoring system in the
CEZ, including optimization of monitoring objectives, improvement of monitoring well design and
sampling methods, integration of geochemical and radiological observations, and development
of updated methodological guidance. Modernization of the monitoring system will enable more
reliable assessment of contaminant migration and provide a stronger scientific basis for long-
term management of radioactive groundwater contamination in the CEZ.
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1. Introduction

Radioactive contamination of groundwater in the
Chornobyl Exclusion Zone (CEZ) has been consid-
ered, since the first days following the Chornobyl
accident, as a potentially significant pathway for
the off-site transport of radionuclides to the river
network and to downstream territories within the
Dnipro River basin (IAEA, 1999, 2006a; Sobotovich,
Olshtinsky, 1992). Sources of radioactivity within
the CEZ include the Chornobyl NPP industrial site
with the Shelter Object (SO), currently covered by
the New Safe Confinement (NSC), engineered radio-
active waste disposal facilities (RWDF), trench-type
near-surface radioactive waste burial sites (such
as the Red Forest site), areas with surface contam-
ination of topsoil by radioactive fallout, and con-
taminated water bodies such as the ChNPP cooling
pond (Antropov et al., 2001; IAEA, 2006a).

The hydrogeological conditions of the CEZ, which
is characterized by a moderately humid continental
climate (precipitation about 600 mm/y), relative-
ly flat topography, sandy and permeable surficial
Quaternary deposits, and a shallow groundwater
table (e.g., often only 1-2 m deep in river floodplain
and terrace areas), generally promote radionuclide
migration into the groundwater system (Bugai et
al,, 19964, 2022). Trends toward warmer conditions,
increased evapotranspiration, and higher hydrocli-
matic variability have become increasingly evident
in recent decades (Matsala et al., 2021; Boychenko
et al., 2025). However, these changes have not yet
resulted in significant (e.g., 1 m or more) shifts in
mean multi-annual groundwater levels. A detailed
description of the site geology and hydrogeology
can be found in Dzhepo and Skalskyy (Dzhepo,
Skalskyy, 2002) and Matoshko (Matoshko, 1995,
1996; Matoshko et al., 2004).

To protect the Pripyat River from radioactively
contaminated groundwater, large-scale protective
measures were implemented in May-June 1986.
These included drainage barriers consisting of
hundreds of interception wells and the construc-
tion of a clay cut-off wall (slurry wall) around the
Chornobyl Nuclear Power Plant. Later, these mea-
sures were recognized as excessive: the drainage
barriers were never put into operation and were
subsequently dismantled (IAEA, 1999; Voitsekho-
vych et al., 2007).

Modelling studies conducted during the first
decade after the accident indicated relatively low
releases of radioactivity from contaminated catch-
ments within the Exclusion Zone to the Dnipro River
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system, suggesting that large-scale and costly wa-
ter-protection measures were not justified (Bugai
et al., 1996a). At the same time, particular atten-
tion was focused on the ChNPP cooling pond, as
seepage from this reservoir represented one of the
main sources of °°Sr contamination of the Pripyat
River (IAEA, 2019). In addition, intensive migration
of radionuclides to groundwater was identified at
the so-called radioactive waste temporary storage
sites (RWTSS)—trench-type radioactive waste burial
sites created during the emergency response and
cleanup operations in the near zone of the ChNPP
(I'ichev, Akhunov, 1992; Dzhepo, Skalskyy, 2002).
Concerns were also raised regarding the potential
migration of radionuclides into groundwater from
highly contaminated soils at the ChNPP industrial
site and from the Shelter Object (Panasiuk et al.,
1999; Shestopalov et al., 2002).

In recent decades, several measures have been
implemented that have improved the protection of
groundwater from radioactive contamination in the
near zone of the ChNPP. In particular, the drainage
of the cooling pond in 2014 resulted in a decline
in groundwater levels at the ChNPP industrial site
and at the locations of the RWTSS (IAEA, 2019). In
addition, the construction of the New Safe Confine-
ment in 2016 over the destroyed Unit 4 significantly
reduced the infiltration of atmospheric precipita-
tion into the Shelter Object, thereby decreasing the
potential for radionuclide leaching. A recent statis-
tical analysis of groundwater monitoring data from
a set of representative monitoring wells revealed
a prevailing trend toward stabilization and decline
of radioactive contamination levels in groundwater
at most facilities within the Exclusion Zone (Bugai
et al., 2022).

At the same time, groundwater monitoring in the
CEZ remains an important task for ensuring com-
pliance with licensing requirements for radioactive
waste storage and disposal facilities, such as the
Buryakivka RWDF and the Vector complex, as well
as for providing information needed to support
strategies for the management of contaminated
groundwater based on monitoring of natural at-
tenuation processes (MNA). Groundwater moni-
toring is also of significant scientific interest, as
the Chornobyl Exclusion Zone represents a unique
“open-air laboratory” for investigating the process-
es controlling the long-term migration and fate of
radionuclides in soils and groundwater systems
(Smith, Beresford, 2005; IAEA, 2006a; Bondarkov et
al., 2011; Beresford et al., 2016).
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The aim of this article is to review and analyse
available data on radioactive contamination of
groundwater in the Chornobyl Exclusion Zone, in-
cluding an extended analysis of long-term trends
in radionuclide concentrations. The paper also
evaluates the objectives of groundwater monitor-
ing, identifies key limitations and gaps in the exist-
ing monitoring system, and discusses priorities for
its further development and improvement.

2. Data sources

2.1 Groundwater monitoring programmes

The principal source of information on radioac-
tive contamination of groundwater in the CEZ is
provided by groundwater monitoring programmes
implemented by the State Specialized Enterprises
(SSE) “Ecocenter” and “ChNPP”.

The main groundwater monitoring programme in
the CEZ is implemented by Ecocenter and includes
approximately 150 monitoring wells (Fig. 1). The
monitoring network covers major potential sources
of groundwater contamination, including RWTSS,
the RWDF Pidlisnyi and “3¢ Stage ChNPP”, the
ChNPP cooling pond and Lake Azbuchyn, the Pri-
pyat town area (within the floodplain and the first
terrace of the Pripyat River), the Buryakivka RWDF,
and the surroundings of former villages of Kopachi
and Chystohalivka located within the fluvioglacial
Chystohalivsky moraine ridge. The sampling fre-
quency of monitoring wells varies from monthly to
once every six months. Radiological analyses are
carried out on unfiltered samples (Kireev et al.,
2013; Bugai et al., 2022).

The main groundwater monitoring network of
Ecocenter in the ChNPP near zone was constructed
in 1989-1991. These include wells numbered 1/1, 1/1-
D, 2/2, etc., as well as K-1, K-2, etc. (see Fig. 1). In 1995-
1997, the observation well network in the ChNPP near
zone was expanded using wells of a more modern
design with PVC casing columns and shorter (2-3 m)
screens (wells of series 160, 170, 180, and 190). These
wells allowed a partial expansion of monitoring ob-
servations to peripheral areas of the RWTSS, the city
of Pripyat, and the village of Kopachi.

Importantly, the 1989-1991 wells, which still con-
stitute the core of the monitoring network of the
Ecocenter, have several design flaws that do not
meet modern standards, including:

e use of casing made from corrodible material

(iron);

e long 12 m screens, which promote vertical mixing
and crossflows;

e lack of proper sealing of the wellhead and
screened interval.

The ChNPP monitoring programme includes ap-
proximately 120 wells located within the Chornobyl
NPP industrial site and the New Safe Confinement -
Shelter Object (NSC-SO) complex, where sampling
is conducted once per month.

The groundwater monitoring system at ChNPP
industrial site was installed in 1989 and was ini-
tially based on wells with iron casing with 12 m
long screens. However, this system has undergone
several modernizations, and as of 2024, the wells
of outdated design were replaced with individual
wells or multi-level well clusters with PVC casing
and 2-3 m long screens.
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For both monitoring programmes, the main
monitored parameters are groundwater levels and
concentrations of °°Sr and '37Cs in groundwater.

Over the last decade, the Ecocenter monitoring
programme has effectively become the only con-
tinuous source of data on the dynamics of radioac-
tive groundwater contamination in the CEZ at the
site-scale, and these data form the main basis for
the analysis presented in this paper.

2.2 Experimental field studies
and site investigations

Additional information on groundwater contami-
nation processes has been obtained from experi-
mental field studies (“polygon studies”) conducted
primarily by the Institute of Geological Sciences
(IGS) during 1995-2015. In 1995-1998, IGS estab-
lished a network of small-diameter wells (1-2 inch-
es) screened in the upper part of the unconfined
Quaternary aquifer in the near zone of the Chor-
nobyl NPP, comprising more than 100 observation
points. These investigations enabled the develop-
ment of a detailed map of °°Sr contamination in
groundwater (Dzhepo, Skalskyy, 2002). However,
monitoring within this network was subsequently
discontinued.

In 1999-2001, IGS together with the University
of British Columbia (Canada) conducted investiga-
tions in the experimental catchment of the Borsh-
chi stream located in the near zone of the ChNPP,
with particular attention to groundwater contami-
nation processes (Freed et al., 2004).

Later, during 2000-2015, IGS in cooperation with
the French Institute for Radiological Protection and
Nuclear Safety (IRSN) and the Ukrainian Institute
of Agricultural Radiology carried out detailed mon-
itoring studies at the experimental site near trench
No. 22 of the “Red Forest” RWTSS (Van Meir et al.,
2009; Bugai et al., 2012a). These studies provided
detailed information on hydrogeological param-
eters, including infiltration recharge and ground-
water flow velocities, as well as geochemical pa-
rameters, such as radionuclide (°°Sr, ¥’Cs) sorption
coefficients (Kd). The investigations also resulted
in the development of conceptual and numerical
models of radionuclide migration processes (Bugai
et al., 2012a; Le Coz et al., 2023).

In addition, one-time groundwater surveys
were conducted by various organizations during
the characterization of radioactive waste trenches
within RWTSS sectors (IUichev, Akhunov, 1992;
Ledenev et al., 1995; Bugai et al., 2020).
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In 1996-2017, extensive groundwater investigations
at the Shelter Object area were carried out by the In-
stitute for Safety Problems of Nuclear Power Plants
(ISPNPP) (Litvin et al., 2016; Panasiuk et al., 2018, 2019).

However, experimental polygon-type investigations
in the near zone of the ChNPP have largely ceased
during the past decade. The only recent example is a
small research project on '3’Cs in groundwater initi-
ated by Kyoto University (Fujikawa et al., 2024).

Comparison of the results of these experimental
studies with the Ecocenter monitoring data pre-
sented below indicates that the current monitor-
ing system has several limitations, highlighting the
need for further improvement and modernization of
groundwater monitoring in the CEZ.

3. Overview of groundwater
monitoring data and modelling studies

3.1 Radioactive contaminants of concern

Data on groundwater monitoring in the CEZ during
the post-accident period are summarized in Bugai
et al. (Bugai et al., 19964, 2022), Dzhepo and Skalskyy
(Dzhepo, Skalskyy, 2002), Kireev (Kireev et al., 2013,
2024), Panasiuk (Panasiuk et al., 2019), and Sato (Sato
et al., 2023). A review of these sources, combined with
the analysis of monitoring databases of SSE Ecocen-
ter presented below, indicates that the main ground-
water contaminant of concern in the CEZ is °°Sr. Its
concentrations in groundwater at certain locations as
of 2024 reached 10%-10° Bq/m3. For comparison, the
permissible concentration of °°Sr in drinking water
according to the Ukrainian regulatory standard GN
6.6.1.1-130-2006 (DR-2006) is 2000 Bq/m?3 (see Fig. 2a).

Concentrations of '37Cs in groundwater in the CEZ
at most monitoring sites of SSE Ecocenter, as of 2024,
did not exceed 100 Bq/m3, which is about an order
of magnitude lower than the regulatory standard GN
6.6.11-130-2006 (2000 Bq/m?3 for this radionuclide)
(see Fig. 2b). Concentrations of plutonium isotopes
and 2*'Am in groundwater in the CEZ are relatively
low, typically below 1 Bq/m3, and therefore do not
pose significant radiological risks.

Considering these observations, groundwater mon-
itoring programmes in the CEZ have been primarily fo-
cused on measuring concentrations of °Sr and '37Cs.

The relatively high mobility of °°Sr in groundwa-
ter, compared with '37Cs and plutonium isotopes,
has also been reported at other nuclear legacy sites,
including the Sellafield site in the UK (Sellafield Ltd.,
2017) and Chalk River Nuclear Laboratories in Cana-
da (IAEA, 2004).
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3.2 Spatial groundwater contamination
patterns and hotspots

Groundwater concentrations of *Sr in monitoring
wells of the SSE Ecocentre within the 10-km zone of
the ChNPP showed high variability in 2024, ranging
from 102 to 10° Bq/m3 (see Fig. 3). In many wells,
these concentrations exceed the DR-2006 drinking
water standard.

The variability of groundwater contamination by
Sr is evidently caused by differences in the types
of radioactive sources influencing individual mon-
itoring wells and by variations in hydrogeologi-
cal conditions across the site. The following main
types of contaminant sources can be distinguished:

radioactive waste trench storage sites (RWTSS), con-
taminated surface water bodies, and contaminated
soils. The highest levels of groundwater contamina-
tion by °°Sr are observed in monitoring wells locat-
ed within RWTSS areas and in those influenced by
seepage from contaminated water bodies (such as
the former cooling pond and Lake Azbuchyn) (see
Fig. 2b).

The conceptual model of radionuclide migration
from trenches containing radioactive waste at RWTSS
sites is shown in Fig. 4a. During decontamination of
the near zone of the ChNPP, trench areas were cov-
ered with a “clean” soil (sand) cap 0.5-1 m thick. In
addition to the trenches themselves, residual “hot
spots” of contaminated soil that were not completely
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Fig. 3. Distribution of *Sr in
groundwater in the ChNPP
near zone in 2024 (yearly av-
erage values in wells; data of
the SSE Ecocenter)
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removed during decontamination works (see Fig. 4a)
may serve as additional sources of groundwater
contamination in RWTSS sectors. Radionuclides are
leached from the trenches and residual “hot spots”
by precipitation and subsequently enter groundwa-
ter after migrating through soils of the vadose zone.
Furthermore, some trenches may undergo temporary
flooding by groundwater during wet seasons due to
seasonal groundwater level fluctuations (Antropov
et al,, 2001). These mechanisms may create a com-
plex “patchy” structure of groundwater contamina-
tion both laterally and vertically within the aquifer.

Water bodies located near the ChNPP — name-
ly the cooling pond, river inlets, and floodplain
lakes - experienced significant radioactive con-
tamination during the accident. Over time, most ra-
dionuclide inventories in these water bodies have
been redistributed from the water column to bot-
tom sediments due to sorption and sedimentation
processes.

The most contaminated water bodies in the near
zone of the ChNPP include residual ponds within the
former cooling pond basin and Lake Azbuchyn (see
Fig. 1). Water levels in these water bodies are higher
than the low-flow level of the Pripyat River, resulting
in continuous head-driven seepage of contaminat-
ed water toward the river throughout the year.

The conceptual model of radionuclide migration
via groundwater pathways from contaminated wa-
ter bodies into the Pripyat River is shown in Fig. 4b.

Due to water level differences of approximately 1-2 m
between these floodplain water bodies and the Pri-
pyat River, these areas are characterized by relative-
ly high hydraulic gradients of groundwater flow. The
floodplain sediments consist of highly permeable
channel-facies quartz sands (hydraulic conductivity
K = 12-15 m/day) with low sorption capacity. *Sr con-
centrations in seepage waters may increase when wa-
ter passes through bottom sediments contaminated
with fuel particles. A similar groundwater contamina-
tion mechanism was studied for the ChNPP cooling
pond during its operation (IAEA, 2019).

These factors promote intensive migration of
%Sr in groundwater from contaminated water bod-
ies, as confirmed by monitoring data from the SSE
Ecocentre (see Fig. 2b, Fig. 3). These areas are char-
acterized by the highest levels of groundwater con-
tamination and therefore require particular atten-
tion in monitoring programs.

When the radionuclide source to groundwater
is represented by contaminated surface soils, the
unsaturated zone (vadose zone) acts as a protec-
tive barrier. Groundwater recharge within the Pri-
pyat River terrace in the ChNPP near zone is es-
timated at 200 + 50 mm/year (Dzhepo, Skalskyy,
2002; Bugai et al., 2012a).

Modeling of °°Sr migration through vadose-zone
soils, accounting for retardation due to sorp-
tion, shows that even under minimal Kd values, a
sandy vadose zone 4-5 m thick provides reliable
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protection of groundwater against radioactive con-
tamination throughout the period since the ChNPP
accident. The presence of clay interlayers in the va-
dose zone further enhances groundwater protec-
tion. This conclusion is supported by monitoring
observations at surface-contaminated sites, which
show low levels of groundwater contamination
(see Fig. 2b).

Thus, radioactive contamination of groundwater
via radionuclide migration from surface soils may
represent a risk primarily in areas with a shallow
groundwater table and in zones of potential fo-
cused infiltration of precipitation or technogenic
water discharges.

Concentrations of "Cs in groundwater in the
vast majority of observation wells do not exceed
100 Bg/m3, which is close to the analytical de-
tection limit for this radionuclide in water samp-
les (Fig. 2a). These concentrations are an order
of magnitude lower than the DR-2006 drinking
water standard. The mechanisms responsible for
the presence of low levels of *’Cs in monitoring
wells will be discussed in more detail in the next
section.

It should be noted that polygon field studies
and groundwater surveys using small-diameter
(1-2 inch) wells with short screens (0.5-1 m), as
well as drill-auger sampling, often reported sig-
nificantly higher *°Sr concentrations in ground-
water compared with the data obtained from the
monitoring network of the SSE Ecocenter. Reported

[ocnigHnubki Ta ornagosi ctatti | Research and Review Papers

concentrations reached up to 10%-10” Bq/m? (An-
tropov et al,, 2001; Van Meir et al., 2009; Bugai et
al., 2012a, 2020).

Data on the distribution of *°Sr in the uncon-
fined aquifer based on the monitoring network
installed by the Institute of Geological Sciences
(1GS), which sampled the upper part of the uncon-
fined aquifer in Quaternary deposits in 1997, are
shown in Fig. 5. The observed groundwater con-
tamination levels within the RWTSS sectors and
in areas affected by topsoil contamination are an
order of magnitude higher than those reported by
the Ecocenter monitoring network and presented
in Fig. 3.

Example of the distribution of *°Sr in groundwa-
ter downstream of trench No. 22 at the Red Forest
site, based on sampling using the Waterloo Profiler
push-drill system, is shown in Fig. 6. It reveals a
high-activity *°Sr plume, with concentrations of up
to 5 x 107 Bq/m?, that has migrated approximately
10 m downgradient from the trench.

The lower *°Sr groundwater contamination lev-
els reported from Ecocenter monitoring wells can
be explained by several factors. The long 12 m
well screens and the absence of proper sealing
promote vertical cross-flow along the casing be-
tween the upper, more contaminated, and lower
parts of the unconfined aquifer. As a result, wa-
ter samples collected from such wells repre-
sent depth-averaged groundwater over a broad
screened interval.
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Fig. 6. °°Sr distribution in groundwater downstream from trench no.22 at Red Forest RWTSS characterized using the Waterloo Profiler

push-drill sampler in October 2002 (data of the IGS)

Another problem is that the placement of moni-
toring wells within the RWTSS sectors is not aligned
with the actual locations of contamination sources.
This is because, at the time of well construction,
the exact positions of individual RAW trenches were
not known. Detailed surveys of the RWTSS sectors
and field mapping of the trenches were carried out
later. At the same time, °°Sr plumes are confined to
the immediate vicinity of the trenches (see Fig. 6).

3.3 Time trends of radioactive
contaminants in groundwater

Cumulative time series of *°Sr and ™’Cs concen-
trations in groundwater for the period 1989-2024,
compiled for groups of monitoring wells influenced
by different source types (RWTSS, water bodies,
and topsoil contamination), are shown in Fig. 7.

The ¥'Cs concentrations exhibit declining trends
over the observation period for all subsets of mon-
itoring wells. The measured values, except for few
outliers, remain below the DR-2006 drinking water
standard.

The °°Sr concentrations show an initially increas-
ing trend during 1989-1995, followed by a period of
relatively stable concentrations in 1995-2015, and
then gradually decreasing trend over the last de-
cade. In many wells *°Sr concentrations still remain
orders of magnitude above the DR-2006 drinking
water standard.

These long-term °Sr trends are generally consis-
tent with the conceptual model assuming release
of °°Sr from the radioactive source-term, namely

micron-sized nuclear fuel particles, followed by mi-
gration through the vadose zone towards ground-
water system (Kashparov et al., 2019).

The decreasing trends of Cs can be explained
by contamination of monitoring wells with radio-
active topsoil material introduced during drilling.
This hypothesis is supported by the fact that *’Cs
concentrations in groundwater do not show sub-
stantial variation among different source types
(Fig. 8a) or between the upper and lower parts of
the unconfined aquifer (Fig. 8b).

This interpretation is further supported by data
of Dzhepo (Dzhepo et al., 1997), who reported the
presence of low-mobility refractory radionuclides
such as **Zr and "““Ce, associated with nuclear fuel
matrix, in groundwater samples collected in 1987
from monitoring wells installed at the cooling pond
site This observation indicates contamination in-
troduced from the topsoil rather than true dis-
solved-phase transport in groundwater.

To examine radionuclide behaviour in individ-
ual monitoring wells of the SSE Ecocenter, trend
analysis was carried out using the Mann-Ken-
dall (MK) method (Aziz et al., 2003). The MK test
assumes independence of observations and a
monotonic trend. In this study, groundwater mon-
itoring data were aggregated to annual values to
reduce short-term variability and potential se-
rial correlation. Given the slow response of the
groundwater system and the long-term nature of
the observed trends, these assumptions are con-
sidered acceptable for the purposes of the analy-
sis. Prior to averaging, outliers were filtered from
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Fig. 6. Cs and *°Sr concentrations in monitoring wells influenced by various types of sources of radioactivity (data of the SSE Ecocenter)

the observation series using the z-score method
(20 criterion). The analysis covered the last 10
years (2015-2024). The analyses were performed
using the pyMannKendall Python library (https://
pypi.org/project/pymannkendall/). Data from
all 154 monitoring wells operated by the SSE
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Ecocenter in the near zone of the ChNPP were an-
alysed. The results of the analyses are presented
in Table. Earlier, similar analyses had been car-
ried out for a smaller subset of representative
wells (74 wells) covering the period 2010-2019
(Bugai et al., 2022).
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Table. Summary results of Mann-Kendell trend analysis of radionuclide concentrations in groundwater monitoring wells in Chornobyl

zone (2015-2024)

No trend Increase Decrease No trend Increase Decrease
RWTSS areas 31 - 8 21 1 17
RWDS Pidlisnyi 9 1 3 9 - 4
RWDS 3rd Stage of ChNPP 5 - 1 2 - 4
RWDS Buryakivka 8 - 1 9 - -
Pripyat City and its 10 - 5 8 - 7
environs (area with surface
contamination)
Kopachi and Chistogalivka 7 - 3 6 - 4
(area with surface
contamination)
Cooling pond 43 - 5 38 1 9
Azbuchyn Lake 5 1 = 6 = =
Left bank of Pripyat River 4 - 4 4 - 4
TOTAL 122 2 30 103 2 49

Only two wells for 137Cs and two wells for °°Sr out
of 154 (<2%) show statistically significant increas-
ing concentration trends. For '37Cs, 30 wells (20%)
show decreasing concentrations, while 122 wells do
not show a clear trend (e.g., concentrations fluc-
tuate around a stable level and/or measurement
uncertainty is large).

For 20Sr, 49 wells (32%) show decreasing trends,
while for 103 wells no clear trend is observed.

Compared with the results for 2010-2019, the pro-
portion of wells with increasing trends during the
last decade has decreased: for '37Cs from 10% to 2%,

and for °°Sr from 7% to 2%. Overall, decreasing or rel-
atively stable radionuclide concentrations dominate.

3.4 Overview of groundwater
modelling studies

Considering the status of the CEZ, post-accident
studies on forecasting the migration of radioactive
contaminants in groundwater were mainly aimed
at assessing the risks of radionuclide transport by
groundwater to the Prypiat River, as well as the
risks of contamination of the second-from-surface
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confined aquifer within Eocene deposits, which is
used for water supply at the ChNPP.

Screening assessments of °°Sr migration from
contaminated soils in Exclusion Zone catchments
were carried out in (Bugai et al., 1996a). Modeling
studies of radionuclide migration from RWTSS fa-
cilities are presented in (Il'ichev, Akhunov, 1992;
Consortium..., 1995; Mishunina et al., 1995; Bugai et
al., 1996a, 2012a; Molitor et al., 2017). These studies
demonstrated that groundwater migration of °°Sr
and other radionuclides from Chornobyl fallout
does not have the potential to cause unacceptable
contamination levels in the Prypiat River that could
pose risks to populations outside the CEZ. Similar
conclusions were drawn from modelling radionu-
clide migration in groundwater from the Shelter
Object (Kiva et al., 1996; Shestopalov et al., 2002).

Numerical modelling of °°Sr groundwater trans-
port toward the Yaniv well field, which exploits the
confined aquifer in Eocene deposits (Bugai et al.,
1996b; Smith, Gaganis, 1998), showed that this aqui-
fer is well protected from surface contamination
sources by geological barriers, and that the risks of
exceeding drinking-water standards are very low.

A key factor ensuring low risks of radionuclide
transport in groundwater beyond the CEZ is ra-
dioactive decay during the retarded migration of
radionuclides caused by sorption on geological
deposits, which delays their movement from con-
tamination sources to receptors. Radionuclide
concentrations in groundwater are further reduced
due to dilution (mixing) in discharge zones (e.g.,
abstraction wells or rivers), where only a relatively
small fraction of inflow is represented by relative-
ly “young” waters that may contain radionuclides.
An additional dilution effect in surface waters oc-
curs through mixing of groundwater discharge with
“clean” river waters from uncontaminated parts of
the catchment upstream (Bugai et al., 2022).

3.5 Strategy for managing
contaminated groundwater

The radionuclide transport forecasts discussed
above, together with the declining trends of 2°Sr
and "37Cs in surface water and groundwater of
the CEZ, support the strategy of Monitored Natu-
ral Attenuation (MNA) for managing contaminated
groundwater (Bugai et al., 2022).

MNA is a remediation strategy in which natu-
rally occurring physical, chemical, and biological
processes are relied upon to reduce the concen-
tration, mobility, or volume of contaminants in
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groundwater to acceptable levels while the site
is carefully monitored. Under the MNA approach,
no active engineered remediation measures are
implemented; instead, a monitoring program is
established to demonstrate that attenuation pro-
cesses are occurring and that contaminant plumes
remain stable or are shrinking, ensuring that risks
to receptors (such as drinking water sources or
surface waters) remain within acceptable limits

(Azadpour-Keeley et al., 2001; IAEA, 2006b; US EPA,

2007; Devlin et al., 2025).

The natural attenuation processes responsible
for declining groundwater concentrations of *°Sr in
the CEZ include (Bugai et al., 20123, b):

e gradual depletion of the **Sr source in the form
of fuel particles in soils due to dissolution of
uranium oxide matrix and subsequent leaching;

e geochemical evolution of groundwater down-
stream of waste trenches in RWTSS caused by
maturation of buried organic materials, leading
to decreased concentrations of cations compet-
ing with °°Sr for sorption sites on soil;

« retardation of radionuclides in near-surface soil
due to sorption process; and

« involvement of *°Sr and ®'Cs (biochemical ana-
logues of Ca and K) in the biological cycle within
vegetation.

Recent safety assessment analyses by Molitor
(Molitor et al., 2017) indicate that source control
measures in the CEZ, such as excavation and re-dis-
posal of radioactive waste trench sites (RWTSS) -
which represent major sources of groundwater
contamination - are not justified. This is due to
their high cost, the very large volumes of secondary
waste generated requiring management, and the
negligible (or absent) radiological benefit.

This conclusion is consistent with recent analyses
of the challenges associated with large-scale remedi-
al activities in areas of Japan affected by the Fukushi-
ma accident, where the management of enormous
volumes of remediation waste became a major en-
vironmental, technical, and social issue (IAEA, 2023).

The conceptual framework adopted by the SSE
Ecocenter for managing contaminated water re-
sources in the CEZ considers MNA to be an appro-
priate approach for contaminated groundwater in
the CEZ (SSE..., 2019).

An essential condition for implementing the MNA
strategy is reliable groundwater monitoring aimed
at controlling radionuclide migration processes, re-
fining models, and ensuring an adaptive response
to potential changes in the situation (US EPA, 2007).
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In view of the shortcomings of the monitoring net-
work of the SSE Ecocenter discussed above, mod-
ernization and improvement of groundwater moni-
toring in the CEZ are of vital importance.

4. Priorities for modernizing
groundwater monitoring in
the Chornobyl zone

To define priorities for improving the groundwater
monitoring program in the CEZ, it is important to
identify the objectives of this program in a com-
prehensive way.

4.1 Objectives of monitoring program

The monitoring objectives are defined by the Stat-

ute and activities of SSE Ecocentre (SSE..., 2021).

The radiation monitoring system should provide

information on the following key groundwater in-

dicators:

e contamination of groundwater in the CEZ by
Chornobyl-derived radionuclides and radioac-
tive pollutants that may originate from radioac-
tive waste storage sites of the Vector complex;

e groundwater level regime in aquifers, which
makes it possible to assess conditions for po-
tential flooding of radiation-hazardous sites, as
well as the directions and velocities of contami-
nant transport via groundwater toward potential
receptors.

Groundwater radiation monitoring data in the
CEZ should serve the following main purposes:

e ensuring compliance with regulatory licensing
requirements for the monitoring of radioactive
waste storage and disposal sites;

e planning and implementing measures to protect
the Pripyat River and its tributaries from radio-
active contamination;

e providing data for predicting and assessing ra-
diological impacts of contaminated water re-
sources on human health and the environment;

« assessing the dynamics of natural attenuation
processes in groundwater and surface water.

For licensed radioactive waste disposal sites
in the CEZ, such as the RWDS Buryakivka and the
Vector complex, the groundwater monitoring pro-
gram is a key element in verifying that the facility
complies with established operational and safety
requirements, particularly with regard to impacts
on the environment and the public (IAEA, 2014). The
General Safety Provisions for Radioactive Waste
Disposal (SNRIU Order No. 331 of 13 August 2018) re-
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quire the development and implementation of an
environmental monitoring program, which must in-
clude groundwater monitoring in accordance with a
program approved by the regulator and justified in
the Safety Analysis Report (SAR). The requirements
for the structure and content of the SAR for sur-
face and near-surface radioactive waste disposal
facilities (SNRIU Order No. 520 of 2 December 2019)
explicitly state that the SAR must include a de-
scription of the site’s hydrogeological conditions,
predictions of radionuclide transport in aquifers,
and the groundwater monitoring program, includ-
ing the well network, monitored parameters, sam-
pling frequency, and measurement methods.

With regard to supporting the MNA strategy for
nuclear legacy facilities, the monitoring system
should serve the following purposes (US DOE, 2012):
e Demonstrate that natural attenuation processes

in groundwater occur as predicted.

« Detect changes in hydrogeological or geochemi-
cal conditions that could reduce attenuation ef-
fectiveness.

¢ Confirm that contamination plumes remain sta-
ble and do not expand downgradient, laterally,
or vertically.

 Verify that no unacceptable impacts occur at po-
tential receptors, such as surface water bodies
or deeper aquifers, and identify possible new
contamination sources.

4.2 Directions for modernization of
groundwater monitoring system

The analysis presented above has revealed several
critical problems and shortcomings of the current
groundwater monitoring network in the CEZ. These
include the outdated design of monitoring wells,
inappropriate placement of wells with respect to
contamination sources, and an insufficient or even
absent monitoring network at some key locations,
for example in the vicinity of the Buriakivka RWDF
and the Vector Complex. As discussed earlier, mon-
itoring data also indicate a high probability of well
contamination during drilling in the 1990s, which
distorts monitoring results; this issue is particular-
ly evident for the relatively immobile radionuclide
37Cs detected in some wells.

The conceptual approach to the improvement and
modernization of groundwater monitoring in the CEZ
was recently addressed in the technical assistance
project to Ukraine implemented under the Europe-
an Union Instrument for Nuclear Safety Cooperation
(INSC) programme, “Design of a Comprehensive Water
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Monitoring System for the Chornobyl Exclusion Zone”

(Bugai, Hrygorenko, 2025). The main directions for

modernization of the monitoring system are largely

based on earlier studies and recommendations of

the IGS (Dzhepo et al., 1997; Dzhepo, Skalskyy, 2002)

and are briefly outlined below.

The proposed approach is based on the follow-
ing key provisions:

e Extension and optimization of the groundwater
monitoring network through the introduction of
modern designs of observation wells.

 Introduction of modern and reliable ground-
water sampling methods.

 Optimization of the monitoring program (sampling
frequency, types of analyses) and expansion of the
list of measured parameters, including basic geo-
chemical indicator parameters (pH, Eh, electrical
conductivity, and major-ion composition).

¢ Implementation of automated monitoring equip-
ment (in particular, water-level sensors with data
loggers).

» Development of an effective information system
(database) for storing and analysing monitoring
data.

e Strict adherence to field and laboratory QA/QC
procedures.

The key provisions of the above list are briefly
described below.

4.2.1 Monitoring well design

It is essential to replace outdated wells constructed
in 1989-1991 with iron casings and long 12 m screens
lacking proper annular seals, with wells or multi-lev-
el well clusters designed according to modern stan-
dards (PVC casing, 2-3 m screens, proper sealing of
the screened interval and wellhead) (1SO, 2009; Brown
et al., 2014; ASTM..., 2024). Appropriate precautions
should also be taken during installation, such as care-
ful removal of contaminated topsoil before drilling, to
prevent radioactive contamination of the borehole.

4.2.2 Monitoring network extension and optimization
The proposed approach to improving the groundwa-
ter monitoring system provides for the integration
of monitoring networks at different spatial levels
(scales) - from the object/site level (e.g., a specific
RWDF or RWTSS sector) to the regional level.
A typical object-level monitoring network includes:
e an upstream well to characterize background
aquifer conditions;
« wells located in “target zones” within the aquifer
affected (or potentially affected) by contaminant
transport from a radiation-hazardous site.
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In RWTSS sectors, wells that allow tracking the
impact on groundwater from selected individual
waste burials (representative and/or higher-risk
ones) should also be installed.

The CEZ is characterized by a large number of ra-
diation-hazardous sites. Therefore, a graded (risk-
based) approach (IAEA, 2014) should be applied
when defining priorities for the development and
modernization of the CEZ groundwater monitoring
system. This prioritization should consider:

« presence of aquifer contamination;

 inventory of radionuclide activity at the trans-
port source and radionuclide mobility;

« availability and condition of engineered bar-
riers;

e unfavourable hydrogeological and/or geo-
chemical conditions (e.g., shallow groundwater
depth, potential flooding, proximity to surface
water bodies).

An important aspect is the improvement of the
monitoring network in the area of the Buryakivka
RWDS and the Vector complex (see Fig. 1) to allow
reliable determination of regional groundwater
flow directions toward discharge zones (surface
watercourses).

For sites where a detailed network of obser-
vation wells is currently absent and the spatial
distribution of the contamination plume is un-
defined (e.g., certain RWTSS sectors), an adaptive
monitoring approach should be followed. At the
initial screening stage, the proposed minimum
network includes one upstream (background)
well and one downstream well from the contam-
ination source within the expected target zone,
assuming that the groundwater flow direction is
known or can be estimated from a groundwater
flow model.

4.2.3 Sampling methods and QA/QC

Alongside well construction, the methodology
of groundwater sampling using appropriate spe-
cialized equipment is a critical component of
groundwater monitoring.

Itis recommended to introduce into monitoring
practice in the CEZ standardized sampling proto-
cols that comply with modern international stan-
dards (ASTM..., 2019a, 2023; 1SO, 2009, 2021). The
application of such protocols enables repeated
measurements while maintaining the accuracy
and reproducibility of results, which is essential
both for long-term trend analysis and for the
comparability of monitoring data obtained by dif-
ferent institutions.
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An important requirement for obtaining repre-
sentative groundwater samples is well purging pri-
or to sampling in order to remove stagnant water
from the well. The renewal of groundwater during
purging should be controlled through online mon-
itoring of indicator parameters, such as groundwa-
ter pH, electrical conductivity, and temperature. It
is also recommended that groundwater samples be
filtered at the time of collection through a 0.45 pym
filter to remove suspended material. Suspended
particles can contain a significant fraction of radio-
nuclides, particularly '37Cs, and may therefore bias
the interpretation of dissolved radionuclide con-
centrations in groundwater in samples (Fujikawa et
al,, 2025).

A critically important aspect is the improve-
ment of QA/QC procedures at all stages of mon-
itoring activities in the CEZ, in accordance with
the requirements of relevant national and in-
ternational standards (DSTU...,, 2007; 1SO, 2014;
ASTM..., 2018, 2019b). These procedures should
cover:

e Field operations related to well purging and
groundwater sample collection.

« Sample filtration and preservation (stabiliza-
tion).

e Documentation of sampling conditions.

e Transfer and handling of samples during trans-
portation to the laboratory.

¢ Analytical measurements in the laboratory.

e Entry of analytical results into the monitoring
database.

4.2.4 Optimization of monitoring program (sampling
frequency and analytical scope)

The observation frequency of once per month for
groundwater radiological parameters, which is
currently applied to some monitoring wells in the
CEZ, is in most cases not justified. Groundwater
represents a relatively conservative environment,
where changes in hydrochemical conditions gener-
ally occur slowly. Exceptions may occur in specific
situations, such as areas with shallow groundwa-
ter tables or aquifers hydraulically connected to
surface water bodies, where rapid fluctuations in
surface-water levels may influence groundwater
conditions.

Moreover, radionuclides typically exhibit very
slow migration rates in geological media due to
sorption onto the soil and sediment matrix. In ad-
dition, frequent purging of wells during sampling
may disturb natural hydrogeological conditions in
the aquifer.
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Based on international experience (Europe-
an...2009) and the analysis of long-term trends in
radioactive contamination of groundwater in the
CEZ presented earlier, the following indicative
monitoring frequencies for radiological parameters
are recommended:

» Wells exhibiting increasing trends of radioactive
contamination - once per quarter.

e Wells with stable or decreasing trends but with
concentrations exceeding drinking water stan-
dards for °°Sr and/or '37Cs - twice per year.

e Wells with consistently low concentrations of
90Sr and/or 37Cs and non-increasing trends (not
exceeding the DR-2006 standard) — once per year.

» Newly constructed wells at priority (high risk)
sites — once per quarter during the first year of
monitoring; at other sites — twice per year, in
order to establish initial trends in groundwater
contamination.

In addition to monitoring radioactive constitu-
ents, it is advisable during the modernization stage
to include key hydrochemical parameters in the
monitoring program. These parameters help char-
acterize hydrogeological conditions and influence
radionuclide transport processes in groundwater.
Such parameters may include pH, redox conditions
(Eh), electrical conductivity, and major-ion compo-
sition.

4.2.5 Update and revision of national standards
In Ukraine, methodological aspects of groundwater
monitoring are regulated by the normative docu-
ments DSTU ISO 5667-18:2007 (DSTU..., 2007) and
SOU-N MEV 40.1-00013741-79:2012 (SOU-N..., 2012).
These regulatory documents are partly outdated
(for example, with regard to requirements for the
design of monitoring wells and other aspects), do
not take into account modern technologies, and
contain significant gaps concerning important as-
pects of groundwater monitoring discussed above.
Accordingly, there is a need to develop a nation-
al methodological guidance document (guideline/
standard) covering key aspects of monitoring ra-
dioactive contamination of groundwater at the
most important nuclear-legacy facilities, in partic-
ular in the Chornobyl Exclusion Zone. Such a regu-
latory document would also be useful for the de-
velopment of groundwater monitoring systems at
other radiologically hazardous sites in Ukraine, in-
cluding the Prydniprovskyi Chemical Plant uranium
legacy site, nuclear power plant sites, and regional
specialized radioactive waste storage facilities of
the State Corporation “Radon”.
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5. Conclusions

The analysis of groundwater monitoring data
and modelling studies shows that °°Sr remains
the principal radionuclide of concern in ground-
water in the Chornobyl Exclusion Zone, whereas
concentrations of '37Cs and transuranic radionu-
clides are generally low. Long-term monitoring
records covering more than three decades indi-
cate that radionuclide concentrations in ground-
water are predominantly stable or declining,
particularly during the last decade. These trends
suggest a gradual reduction of radionuclide in-
puts to groundwater and support the conceptual
understanding of radionuclide migration pro-
cesses in the CEZ.

The observed behaviour of radionuclides is
consistent with the combined effects of source
depletion, sorption-driven retardation in geo-
logical media, radioactive decay, and dilution
in groundwater discharge zones. Together with
earlier modelling studies, these findings indicate
that large-scale migration of radionuclides via
groundwater pathways beyond the CEZ poses rel-
atively low risks to external receptors, including
the Pripyat River system.

Under these conditions, Monitored Natural At-
tenuation appears to be an appropriate strategy
for managing contaminated groundwater in the
CEZ. However, the successful implementation of
this approach requires a reliable and scientifical-
ly justified groundwater monitoring system capa-
ble of confirming the stability or decline of con-
taminant plumes and detecting possible changes
in hydrogeological conditions.

The present analysis highlights several lim-
itations of the existing groundwater monitoring
network, including outdated well designs, insuf-
ficient spatial coverage in some areas, and meth-
odological issues related to sampling and QA/
QC procedures. Modernization of the monitoring
system is therefore necessary and should include
improved well design, optimization of monitor-
ing networks, standardized sampling protocols,
enhanced QA/QC procedures, and improved data
management systems.

An important contribution to the understand-
ing of groundwater contamination processes
in the CEZ has been provided by experimental
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polygon-type field studies, which revealed de-
tailed plume structures and radionuclide con-
centrations that are not fully captured by the
routine monitoring network. The continuation of
such targeted research investigations is essential
for improving conceptual models and validating
predictions of radionuclide migration.

Following the modernization of the groundwa-
ter monitoring system and the accumulation of
improved monitoring data, it will be necessary to
re-evaluate the current MNA-based management
strategy and refine predictive models of radionu-
clide transport. Such an adaptive approach will
ensure that groundwater management in the CEZ
remains scientifically justified and responsive to
new monitoring information.

It should be noted that the analyses presented
in this study constitute an initial stage of inter-
pretation of the extensive groundwater monitor-
ing dataset accumulated in the CEZ. While the
current work is based on relatively simple and
robust statistical approaches, the dataset itself is
well suited for the application of more advanced
methods, such as generalized additive models,
change-point detection, spatio-temporal sta-
tistical modelling, and machine learning tech-
niques. The implementation of such approaches
is expected to yield additional insights into the
dynamics and controlling factors of radionuclide
migration and will be pursued in future studies.
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PafioakTuBHE 3a6pyaHEHHA Nig3eMHux Boa y YopHO6MNbCbKiN 30HI BiguyeHHs (U3B) 3 nepwux micauis nicna asapii Ha YAEC
(TpaBeHb - KBiTeHb 1986 p.), KONn 6ynK peanizoBaHi MacWTabHi BOAO3AXMCHI 3aX0AN, PO3MNAAAETHCS AK BAXKAMBUIA WAAX Nepe-
HEeCeHHS PajioaKTUBHOCTI O piukoBOI Mepexi 6acenHy Mpun'aTi-AHinpa. Y gaHin po6oTi y3aranbHeHO pe3ynbTaTé AOBroCTPO-
KOBOTO MOHITOPUHIY Ta HAYKOBUX AOC/ILXEHb PaflioaKTUBHOIO 3a6pyAHEHHSA NiA3eMHUX BoA Yy U3B 3 0co6n1BOI0 YyBarow A0
NPOCTOPOBMX 3aKOHOMIPHOCTEW, YaCOBUX TEHAEHLi Ta X 3HAUEHHSA ANA BAOCKOHANEHHS CUCTEMMW MOHITOPUHTY Ta CTpaTerin
NOBOMKEHHS i3 3a6pyAHEHUMN NiA3€MHUMU BOAAMU.

AHani3 faHMx MOHITOPUHTY 3a nepiof 1989-2024 pp. pa3om 3 JaHUMU MOAENIOBAHHS, OFNAA SKUX HABeJEeHWUN Y CTaTTi, NoKa-
3YE, WO *°Sr € OCHOBHUM PaAioOHYKNiLOM, AKUA BU3HAUYAE PAAIONOriYHI pU3NKK Bif 3a6pyAHEHHS Nig3eMHUX BOA, NPUYOMY OFO
KOHLeHTpauii nokanbHO gocaraloTb 10°-10° bk M~3 y panoHax BMANWBY MYHKTIB 3aXOPOHEHHA paaioakTMBHUX Bigxodis (PAB)
i 3a6pyAHeHNX BOJONM. HaTOMiCTb KOHLEHTpauii Cs y nig3eMHUx Bogax, K NpaBuo, € 3a3BUYai HWXKUMMHK 3a 100 bk M3
i 3HAUHO MEHL MMM 32 HOPMATUB AN MUTHOT BOAW. [IOBrOCTPOKOBI TEHAEHLIT CBiguaTh NPOo 3aranbHy cTabinisauito Ta nocTyno-
BE 3HWKEHHA KOHLEHTpaLIN °°Sry 6inbluoCTi CNOCTEPEXHUX CBEPANOBUH NPOTAFOM OCTAHHbOIO AECATUAITTS, WO BiLo6paxaEe
BUCHAXEHHS [)xepena 3abpyaHeHHs Ta NPOsB NPOLECiB NPUPOAHOIO CAMOOUYMLLEHHSA Y NiA3EeMHMX BOAAX.

OTpuMaHi pe3ynbTaTi NiIATBEPAXKYIOTb [OLINbHICTb 3aCTOCYBAHHA CTPATerii MOHITOPUHIY NPoOLEeciB NPUPOAHOIO CaMoOU M-
weHHa (Monitored Natural Attenuation — MNA) Ans NOBOAXeHH$ i3 3a6pyAHEHUMM NiL3EMHUMMU BOAAMMN 3@ YMOBM, WO CUCTE-
Ma MOHITOPUHTY 3a6e3neuye HagiliHe NigTBEPAXEHHA CTabiNnbHOCTI OpeoniB 3a6pyAHEHNX NiA3eMHUX BOA | HU3bKUX PU3UKIB
ANA MOTEHLINHUX peLenTopis, BKAoUawum p. Mpun’aTb. BogHouac icHyloUYa cMCTEMa MOHITOPUHTY MiA3eMHUX Bog y U3B mae
HU3KY 06MEeXeHb, NOB'A3aHUX i3 KOHCTPYKLIEID CMOCTEPEXHUX CBEPANOBUH, NPOCTOPOBMM MOKPUTTAM MEpexi Ta MeTofamu
Bif6opy Npo6. Pe3ynbraTv AeTanbHMX NOMIFOHHUX AOCAIMKEHb CBifYaTb, WO HA MEBHUX FJPOreoNoriuHmX AiNsHKaX MOXYTb
thopmyBaTMCA 3HAYHO BULLI KOHUEHTPALIiT pagioHyKNidiB, AKi He 3aBXAN HANEXHUM YNHOM (hiKCYIOTbCA iCHYIOUOI Mepexeto
MOHITOPUHTY.

PO3rnAHYTO NpiopuUTET MOAEPHI3ALIT CUCTEMN MOHITOPUHTY MiA3eMHUX BOA Y Y3B, 30KpeMa LWOoAO0 CUCTEMHOTO BU3HAYEHHSA
Lifien MOHITOPUHTY, YAOCKOHANEHHSA KOHCTPYKLiT CMoCcTepeXxHUX CBEPANOBUH i MeToaiB Bia6opy Npo6, iHTerpauii reoximiuHux
i papionoriuHnux cnocTepexxeHb, a TAKOX PO3PO6IEHHA OHOBMEHNX METOANYHUX peKoMeHAaLin. MoaepHi3aLia CMCTeMU MOHI-
TOPUHTY A03BONUTL 3a6e3neunT 6inblw HagiMHY OLiIHKY Mirpauii 3a6pyAH0BayiB i CTBOPUTb HAYKOBO O6I'PYHTOBAHY OCHOBY

ANs [OBrOCTPOKOBOrO YNpaBiHHSA pafioakTMBHUM 3a6pyAHEHHAM Nia3eMHUX Bog y UY3B.
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Amutpo €nucenoBuy MakapeHKo -

BiOMUI naneoHTonor-crpaturpad Ykpaiuu,
nonynApu3aTop reonoriyHoi Hayku,
eHLUKIoNeANCT, iCTOPUK reonoriuHuxX AoCHimKeHb
(no 100-piuus Big AHA HAPOMKEHHA)

0.[. Beknnu

IHCTUTYT reonoriuHux Hayk HAH Ykpainu, Kuis, YkpaiHa

Dmytro Yelyseyovych Makarenko — a famous paleontologist-stratigrapher of Ukraine,
popularizer of geological science, encyclopedist, historian of geological research
(to the 100™ anniversary of his birth)

0.D. Veklych

Institute of Geological Sciences of the NAS of Ukraine, Kyiv, Ukraine

The article is dedicated to the 100th anniversary of the birth of the outstanding Ukrainian scien-
tist, Doctor of Geological and Mineralogical Sciences, Professor Dmytro Yelyseyovych Makarenko
(1925-2008). The main stages of his life are highlighted: from participation in the Second World
War to many years of fruitful work at the Institute of Geological Sciences of the National Academy
of Sciences of Ukraine. The fundamental contribution of the scientist to paleontology and bio-
stratigraphy of the Meso-Cenozoic is analyzed, in particular the description of more than 500
species of fossil mollusks, the development of stratigraphic schemes and the creation of paleo-
geological maps. D.Ye. Makarenko made a significant contribution to paleontological research, es-
tablishing more than 40 species of mollusks, cephalopods, rudists and brachiopods that are new
to science. Special attention is paid to the activities of D.Ye. Makarenko as an encyclopedist and
historian of science, who brought back from oblivion the names of dozens of Ukrainian geologists
repressed by the totalitarian regime. The relevance of his scientific legacy for the implementation
of modern state research topics is emphasized. The scientist published over 1,000 works during
his lifetime, including over 350 scientific papers (20 monographs).

UuTyBaHHA: Beknuy O.4. AMnTpo €EnncenoBny MakapeHKo — BiJOMUI naneoHTonor-crpaturpad Ykpainum, nonyns-
pY3aTop reonoriyHoi HayKW, eHUMKNONEeANCT, iCTOPUK reonoriyHnX focnimkerb (40 100-piuus Big AHA HAPOMKEHHA).
reonoziuHul xypHan. 2026. N 1 (394). C. 91-102. https://doi.org/10.30836/igs.1025-6814.2026.1.350725
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MwuHyno 100 pokiB Big AHA Hapoa-
XKeHHA Ta 17 pokKiB 3 vacy Biaxoay
y BiuHicTb [muTpa €Enncenosuua
MakapeHka - 0COo6uCTOCTi, fKa
cTana yoco6feHHAM Linoi enoxu
B YKpalHCbKiW reonorii. BugatHun
YKPATHCbKUI NaneoHToNor-cTpaTun-
rpac, OOKTOp reosoro-miHepano-
riyHMX Hayk, npochecop, BiH mpo-
WILIOB CKNAAHWUN, ane rigHun Wwnax:
Bil BMNpo6yBaHb [pyroi CBiTOBOI
BilHN A0 HAayKOBMX BEPLUUH.

MoHaa niBCTONITTA TPYROBOI
AisnbHOCTI Omutpa €nmcenosBnya
6ynn HepO3PMBHO MOB'A3aHI 3 IH-
CTUTYTOM reonoriyHmx Hayk (IFH)
HAH VYkpaiHu. TyT BiH MpounwoB
WAx Big acnipaHTa 4o rofioBHOMoO
HayKoOBOro CniBpo6iTHUKA, Npo-
TArom 18 poKiB ouontoBaB Bigain
cTpaturpadii i naneoHToONOrii Me3030MCbKUX Bil-
KnagiB Ta Bicim pokiB 06iMmaB nocagy neplioro
3aCTyNHUKA AMPEKTOPA 3 HAayKOBOI po6oTy.

HaykoBi npaui BYeHOro 6ynm NpucBAYeHi BU-
BUEHHIO  KOHXifniotghayHu, 6iocTpaTurpagii Ta
naneoreorpadii naneoreHoBUX, KPeWJ0BMUX Ta HOP-
CbKMX Bifiknagie YKpaiHu, npo6iemam 3aranbHoi 1a
MOPCbKOT reonoril, icTopii reonoriyHmx gocnigxeHb
B YKpaiHi, 36epeXXeHHI0 ClaBETHUX iMEH reonori.,
penpecoBaHUX KOMYHICTUUHUM pexumom y 20-
50-X poKax XX CT., MOWMPEHHIO reoNoriYHNX 3HaHb
cepea WUPOKNX BEPCTB HACeNEHHS.

OCHOBHi BiXu XUTTA
Amutpa Enncenosnya MakapeHka

Amutpo  €nncenoBny MakapeHKO HapoaumBscs
6 nuctonaga 1925 p. y c. Mockaniska (HUHi PomeH-
CbKMii pailoH Cymcbka 06nacTb) B CiM'i thenbaLie-
pa €nnces CemeHoBnYa. MaTtu roro, Bapsapa Mu-
MOHiBHa, npautoBana B konrocni. B poauHi 6yno
[BOE fiTen — [AMUTPO Ta Woro monofwa cecTpa
KaTepuHa. Xnonumk 3manky 6yB NpuMBYEHUN [0
npaui, MaB 3arocTpeHe BiguyTTa cnpaBeannBoOCTi,
6aumB 6iNblIOBULbKY KOMEKTWBI3aLilo, noTepnas
Bi ronogomopy. VY 1933-1937 pp. BiH HaBuaBcH
y MockaniBcbKiln noyaTkoBiw WwWKoni, 1937-1941 pp. -
y TMUHCBKIN, 19441945 pp. i 1946-1947 pp. -y lNepe-
KOMiBCbKin (POMEHCbKMIN panoH) cepefHix WKonax
(Wywkiscbkuia, 2015).

Y BepecHi 1943 p. Amutpo €nuceriosny 6yB
npusBaHuMN O NnaB YepBOHOI apmii. Ak uepBo-
HOApMi€ELb-MIHOMETHUK  712-T0  CTpineubkoro

OmuTtpo €nncenosny MakapeHko
(06.11.1925 - 31.12.2008)

Dmytro Yelyseyovych Makarenko
(06111925 - 3112.2008)

0.4. Beknuu

nonky 232-i cTpineubkoi AMBI3il
Mepworo YKpaiHCbKOro (poHTY
6paB y4acTb y BU3BOMEHHI JliBO-
6epexHol YKpaiHu. B 60k 3a
M. bopucninb KuiBcbkoi o6nacTi
[.€. MakapeHko 6yB nopaHeHuUMn.
Biag mouatky 1945 p. BiH 3HOBY
Ha BIilICbKOBIN CAYX6i: cnoyaTky
6yB HanpaBfieHnn y 144-i 3anac-
HUIA cTpineubKuin nonk Mepworo
VKpaiHCbKoro ¢poHTy (JoHeubka
Ta JflyraHcbka o6nacti), a 3Bia-
TW — KYpPCAaHTOM A0 24-ro y4y60-
BOro TAHKOBOTO MONKY B M. [13ep-
XUHCbK  TOpbKiBCbKOI  o6nacTi
(HMHI HumxHbOropoacbkoi obnac-
Ti, P®). BigToai o gemo6inizauii
HanpuKiHUi 1946 p. AMuTpo €nun-
cenoBuy 6yB KOMaHAUPOM 85-Mi-
NiMeTpoBOi rapmMatM Ha TaHKy
T-34 107-ro rBapAiiCbKOro MexaHi30BaHOro Nonky
(Opecbka Ta Mukonaiscbka 06nacTi).

Monogwwnin cepxxaHT [.€. MakapeHKo 6yB Haro-
POMKEHU opaeHaMu Benukoi BiTUM3HAHOT BiN-
HU 2-TO CTYNEHA Ta «3a MYXHiCTb» 3-ro CTyneHs,
meganno «3a nepemory Hag HimeuuuHow 1941-
1945 pp.» (Lywkiscbkun, 2015).

YnpopoBx 1947-1952 pp. AMuUTpo €nuceriosuy
6yB CTyleHTOM reonoriyHoro akynbTety Kuis-
CbKOTO Aep)aBHOro yHisepcuTeTy im. T.I. LLieBUeH-
Ka. B 1952 p. BiH BCTynuB Ao acnipaHtypu IFTH AH
YPCP i 6yB ogHMM 3 nepliux acnipaHTie npode-
copa Mwuxanna MukonanWoBmuya KnoWHUKOB],
AKUIA CTaB NOro HayKOBUM KepiBHUKOM. Y 1955 p.
[.€. MakapeHKO 3axuCTUB KaHAMAATCbKY Aucep-
Tauito «DayHa MOJITOCKOB HWKHETPETUUHBIX OT-
NOXeHW ceBepo-3anafHON yacTu YKpPauHCKOro
KpucTannuueckoro maccusa» (MakapeHko, 1955).
Toro X poky BiH OTPUMAaB yYeHWi CTYNiHb KaHAMN-
AaTa reonoro-miHepanoriyHux Hayk (AmuTpo...,
2008).

Omutpo €nucenoBny yce TPYAOBe XKUTTA
(53 poku) nponpauposas y ITH AH YPCP: 1955-
1961 pp. 6YB MONOALINM HAyKOBUM CMiBPOBITHUKOM,
1961-1977 pp. - CTapwUM HAYKOBUM CNiBPOGITHN-
KOM Yy Bigaini ctpaturpadii i naneoHTonorii KanHo-
30MCbKNX BigKnaais, 1978-1996 pp. — 3aBigyBauem
Bigainy crpaturpadii i nmaneoHTonorii meso3son-
CbKUX BigKnagie, BogHouac y 1980-1987 pp. — nep-
WKUM 3aCTYMHUKOM AUPEKTOPA 3 HAaYKOBOI po6oTy,
Bifl 1996 p. — rONOBHMM HAYKOBWM CMiBPOBITHUKOM
(Big 1999 p. - 3a KOHTpakTOM) (AMKTPO..., 2008).
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Y 1963 p. BUeHOMy 6yn10 NPUCBOEHO BUEHE 3BaH-
HA «CTapwwui HayKoBWUK CMiBPO6ITHMK» 3a da-
XOM «naneoHTonoris i crtparturpacis». Y 1971 p.
[.€. MakapeHKo 3axX1CTUB [OKTOPCbKY AucepTaLito
«MONNOCKM MaNeoueHOBbIX OTIOXEHUN nnat-
tbopmeHHON YKpauHbl u unx 6uoctpaturpaguue-
cKoe 3HaueHune» (MakapeHko, 1971). Y 1976 p. 6ys
HaropoxeHun MouecHoto rpamoToto MiHicTepcTBa
reonorii YPCP.

Y 1978-1979 pp. AOCNIAHNK 6YB yYACHUKOM, 2 came
HauanbHUKOM 3aroHy 6ioctpaturpadii, 19-ro pen-
Cy cneuianizoBaHoOi KOMMIEKCHOI reonoro-reo-
thiznuHoi ekcnegmuii Ha HayKoBO-AOCAIAHOMY
cyaHi (HAC) «Akagemik BepHaacbKui» B IHAINCbKO-
My OKeaHi i3 3axogamu B TaH3aHito, IHgito, CiHra-
nyp, Ha CenwenbCcbki ocTpoBu, MaBpukin, LlennoH
(OmuTpo..., 2008).

31978 no 1996 p. BueHun 6yB 3aBigyBauem Bia-
piny ctpaturpaddii i naneoHTonorii Me3030MCbKUX
gigknagis IFTH AH YPCP. Y 1980-1987 pp. [.€. Maka-
pPEeHKO CTaB nepwmnm 3acTynHMKom gupektopa Il
AH YPCP 3 HayKoBoi po60oTu. Y 1985 p. 6yB Haropo-
I)KeHUn MoyecHow rpamoToto Mpe3naii Akagemii
Hayk YPCP Ta megannto «BeTepan Tpyga». Y 1989 p.
AMuTpo €nmcenoBuY 6yB YAOCTOEHMI 3BaHHA Na-
ypeata [epxaBHoi npemii YPCP 3a KONeKTUBHY
BOCbMUTOMHY npaut «leonorus wenbga YCCP»
(1981-1987). Y 1992 p. [1.€. MakapeHKy NPUCBOEHO

BUEHe 3BaHHA npodecopa 3a haxom «MNaneoHTo-
norisi i ctpaturpadis». Y 1996 p. BiH 6yB Haropo-
[I)KeHUn MouecHow rpamoToto Mpe3naii Akagemii
HayK YKpainu (AmuTtpo..., 2008).

OMuTpo €nnucenoBuY, BUMILOBLIM Ha MEHCilo
15 rpyaHsa 1999 p., NpoOBXUB NpaLlloBaTh 3a KOH-
Tpaktom B ITH HAH Ykpainu. B 2003 p. [.€. Maka-
peHKo 6YB HaropomXeHUi Nam'aTHUM 3HaKOM «60
pOKiB BN3BONEHHS M. K€EBa Bif hawncTCbKux 3a-
rap6HuKiB», y 2006 p. — 30M10TUM HarpyaHUM 3Ha-
KoM BceyKpaiHCbKOi rpoMagcbKol opraHizauii Cnin-
KU reonoris YkpaiHu.

31 rpyaHs 2008 p. AMmuTpo €nncenoBuy Maka-
PEHKO MilIOB 3 XWUTTH.

HayKkoBa AifinbHICTb Ta HAYKOBI
3806yTKM [.€. MaKkapeHKa

CBOO TPYAOBY AifANbHICTb B ITH HAH YkpaiHu AMuT-
po €nvcenoBuy po3noyas y BigAini ctpaturpadii
i NaneoHTONOrIiT KANHO30NCbKUX BigKNadiB, B AKO-
My nponpautoBaB 3 1955 go 1977 p.

Hanpsamu HayKoBoT AisnbHOCTI [1.€. MakapeHka —
ue Hacamnepep 6iocTtpaturpadiuHi gocnigXeHHs,
naneoreorpadiuHi peKoHCTPYKLUil, icTopii reono-
FYHUX OOCNiAKEHb, HAyKOBO-MedaroriyuHa Aisnb-
HiCTb, MonynApusauia reonoriyHoi Hayku (Amut-
po..., 2008).

O
e

CniBpo6iTHWUKKM Bigainy cTpaturpadii i naneoHTonorii kaMHO30WCbKMX Bigknagis ITH AH YPCP, 1972 p. 3nisa Hanpaso: 1 psag -
3.M. CaTaHOBCbKa, B.O. 3eniHcbka, €.5. Kpaesa, B.A. [iakoBcbkuii, B.I. KyniueHko, H.B. MacnyH; 2 pag - B.M. CemeHeHKo, 1.MN. 3y6aHeBa,
O.M. OnbWwTMHCLKA, A.A. BinouepkoBeub, B.C. ByaHuk, O.B. Tepeluyk, O.B. [lykaLoB, B.C. Top6yHoB; 3 pag — B.10. 3ocumoBuy, [1.€. MakapeHko,
M.M. IBaHik

Employees of the Department of Stratigraphy and Paleontology of Cenozoic Deposits, Institute of Geology, Academy of Sciences of the
Ukrainian SSR, 1972. From left to right: first line — Z.M. Satanovska, V.0. Zelinska, E.Ya. Kraieva, V.Ya. Didkovsky, V.G. Kulichenko, N.V. Maslun;
second line - V.M. Semenenko, L.P. Zubaneva, O.P. Olshtynska, A.A. Bilotserkovets, V.S. Budnik, O.V. Tereshchuk, O.V. Lukashov, V.S. Gorbunov;
third line - V.Yu. Zosymovich, D.Ye. Makarenko, M.M. Ivanik
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OCHOBHI HayKoBIi iHTepecu focnigHUKa CTOCyBa-
nucs npo6nem cTpaTurpadiuHoro posuneHyBaHHs
KanHO30MCbKMX | Me3030MCbKUX BigKknapis, BU-
BUEHHSI CMCTEMATUYHOIO CKnagy ayHn MOMKOCKIB
i bismko-reorpadiuHUX yMOB OKpeMUX enox me3o-
KanHO3010.

ManeoHTONOriUHI AOCNIMKEHHA MOMIOCKIB. [MU-
TPO ENUCENOBUY BCTAHOBUB CUCTEMATUUHY HaNex-
HiCTb noHag 500 BMAIB MOJTIOCKIB, Y TOMY YMC/Ti HOBUX
Ans HayKu 19 hopm 3 Knacy YepeBoHOrux, 14 — 3 Kna-
CY ABOCTYNKOBUX, IBOX — 3 KNaCy IONATOHOMMX, Y0TU-
PbOX — 3 KNacy NaHUMPHUX Ta O4HOI — 3 KNacy ronoBo-
HOruX; yreplue y Biflknaaax naneoreHOBOI CMCTEMU
YKpalHu 3HaWLWOoB Ta onucas piakicHy dopmy poay
Paramonoplenra, Kinbka BUAIB NaHLWPHUX MOJIOCKIB
(mun Loricata), npeactaBHukis Tuny Brachiopoda-
Crania. BctaHoBMB HOBUMI pia 3 poanHu Rudistae Ta
[lBa HOBUX BMAM 3aMKOBUX i 6€33aMKOBMX Gpaxionog
(LWywkiBcbKmid, 2015). [1.€. MakapeHKo 3p0o6uB CyTTe-
BUI BHECOK Y MafieOHTONOrUHI AOCNIIKEHHS, BCTa-
HOBMBLUW NMOHAaZA 40 HOBUX AN HAYKN BUAIB MOJIOC-
KiB, pyaucris i 6paxionog (IBaHik Ta iH., 2018).

Y cBOIW npaui «PaHHenaneougHoBbIE MOJ/TIOCKN
CeBepHoi YKkpauHbl» (MakapeHko, 1970) [O.€. Ma-
KapeHKO HaBiB reofioriyHi AaHi 1 onucaB OCHOBHI
po3pi3n HWKHbOFO MasfeoLeHy, O6I'PYHTYBAB BiK
NY3aHIiBCbKKUX BEPCTB, AKi PO3rNsAAaloTbCs aBTOPOM
AK MiNKOBOAHWI aHANOr CYMCbKOI CBiTW MMiBHIUHOI
YKpaiHW Ta CUHXPOHHI 3enaHAcbKin cBiTi [daHii Ta
LBeuii, MOHCbKMM sipycam benbrii Ta iH. Bnepuwe
6ynun onucaHi noHas 60 BMAiB BOCTYNKOBUX i nona-
TOHOMMX MOMIOCKIB i3 3HOBY BigKPUTOro BUXoAdy na-
neoueny 3 c. fly3aHiska 6ins m. Cmina. ®ayHa 6yna
306paxeHa y 22 Tabnuusx.

0.4. Beknuu

Y moHorpadii AmuTtpa €nncenoBuya «factpo-
nogbl HUWXHero naneoueHa CeBepHOW YKpaUHbI»
(MakapeHko, 1976) 6ynu HaBefeHi pe3ynbTaTit BU-
BUEHHSA (hayHU MOIOCKIB HMXHbOMANEOLEHOBUX
Biaknagis MNiBHiYHOT YKpaiHW. B Hil Bneple 6yno
onucaHo 141 Bua 6pPOXOHOTMX i yUOTUPU BUAK
NaHUMPHUX MONIOCKIB. BMilytoui hayHy BepCTBU
po3rnaAannca Sk CNofiydHa naHKa MiX naneoue-
HOBUMMU Bigknagamu CxigHoi Ta 3axigHoi EBponu.

[Hwa npausa [A.€. MakapeHka «Monntocku
cpepHero 3soueHa nNaTHOPMEHHOW YKpauHbI»
(MakapeHko, 3eniHcbka, 1982), HanucaHa y cnis-
aBTopcTBi 3 B.O. 3eniHcbkotlo, 6yna npucesyeHa
pe3ynbTaTam BUBUEHHS BiAknaaiB 6yyaubKoi CBi-
TV YKpaiHW. B Hili 3 HOBUX MO3MLIN TPaKTyBaB-
cs 06'eM i cknaj cepeaHbOEOLLEHOBUX BigKNagais
YKpaiHu. Bneple 6yno onucaHo 221 Bug ABOCTYN-
KOBUX, GPIOXOHOTMX i /IOMATOHOTMX MOJIOCKIB
CepefHboro eoueHy, WO 3anoBHWIO NPOranuHy
B Ni3HaHHi maneoreHoBoi (hayHu. B poboTi Ta-
KOX HaBeAeHO CXeMaTUUHY KapTy reorpagiuHoro
pPO3NOBCIOAXEHHS GyualbKUX MOMIOCKIB, Tabnu-
U cTpaturpadiyHoro Ta BiKOBOrO MOWMUPEHHS
onucaHux ¢opm, Tabnuulo MWMOBIpHOro 06’emy
0CafKiB cepeaHboro eoueHy YkpaiHu T1a 37 ¢oTo-
Tabnuub AOCAIQXEHUX BUAIB.

CrpaturpadiiuHi Ta naneoreorpacdiuHi gocni-
KeHHA. [1.€. MakapeHKo sK cTpaturpadg 3pobus
3HAYHWIM BHECOK Y BAOCKOHANEHHs Ta 6iocTpaTu-
rpachiuHe O06I'PYHTYBaHHS TpaHMLUb MNigpo3ainis
cTpaTurpadivyHol CXemMn NaneoreHoOBOI CUCTEMU, AIK
NaneoHTONor — y Mi3HaHHA TBAPUHHOIO CBITY pi3-
HUX eMnox NaseoreHOBOro, KPENA0BOro 1 OPCbKOIo
nepiogis icTopii 3emni.

MpueiTaHHA [.€. MakapeHka 3 OTPUMaH-
HAM [lepxaBHoi npemii YPCP 3a KONeKTUBHY
BOCbMUTOMHY npauo «leonorns wenbca
YCCP» (1981-1987). 1989 p. ®oto 3 apxisy [L.€.
MakapeHka

Greetings DYe. Makarenko with the title of
laureate of the State Prize of the Ukrainian
SSR for his collective eight-volume work
“Geology of the Shelf of the Ukrainian SSR”
(1981-1987). 1989. Photo from the archive of
D.Ye. Makarenko
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Y 80-x pokax XX cT. BueHumu ITH AH YPCP, cepen
AKux 6ys [1.€. MakapeHKo, 6ynu cknafeHi kopens-
WiMHi cxemu naneosolo 0-Ba 3MilHMM, po3pobne-
Hi HOBI cTpaTurpagiuHi cxemu me3030t0 LWenbgy
YopHoro mops Ta MpuuopHOMOp's. 3a NPOEKTOM
N2 25 MiXHapoAHOI MPOrpamu reonoriyHoi Kope-
nauii IOHECKO (MMrK) «CrpaturpadiuHa Kope-
nauia Mapatetucy i TeTucy» 34iNcCHeHO Kopens-
Lilo MioueHy-nioLeHy i3 3acTOCyBaHHSM HOBOI
METOAMKN — BUAINEHHS «4aTOBaHWX PiBHIB» 3a
NMAHKTOHOM, YB'I3aHMX i3 NaneoMarHiTHoOW0 Ta pa-
[iOXPOHOMOrivuHO WKanamu. Kpim Toro, Brnepue
3po6neHo npsme 3iCTaBNeHHS periosipyciB mioue-
Hy-nnioueHy EBKCUHCbKO-Kacnicbkoro 6acenny,
BM3HAueHo X TpuBanictb (FoXuK Ta iH., 2017).

AMnTpo €nucerioBUY BMBYAB reonioriyHy 6yaoBy
pi3HUX perioHiB YKpaiHu, reonorito aHa CBiTOBOro
OKeaHy, poaoBuLLa KOPUCHUX KonanuH. Y 1989 p.
3a y4yacTb y HaNWCaHHI KONEKTUBHOI BOCbMUTOMHOT
npaui «lfeonorus wenbga YCCP» (1981-1987) (leo-
noris..., 1984, 1987) Bin 6yB Big3HaueHunin [Jepxas-
Hoto npemieto YPCP y ranysi HayKu i TeXHIKM.

0.€. MakapeHKO NPUCBATUB He OAHY HAyKOBY
npauto naneoreorpadiuyHNM PeKOHCTPYKLiAM ApeB-
HiX reonoriyHMx enox, 30Kpema Me3030MCbKOI Ta
KanHO30MCbKOT ep, i nobyaosi naneoreorpadivyHmx
KapT. Mpu pPeKoHCTPYKUiAX i3nko-reorpadiuHmx
YyMOB OKpeMMX enox nepen aBTopom 6yno 3aBAaH-
HA 3'ACyBaTW TaKi BXXNUBI (hakTopu cepeoBuiLa, K
TemnepaTtypa Ta CONMOHICTb MOPCbKOT BOAK, MMKU6MHa
6acertHy Ta NOro ra3oBU PeXum, Xapaktep FpyHTY,
6ionoriuHe OTOUEHHS Ta iH. OCHOBHUM [Xepenom
6ynun po60TH i3 CMCTEMATUKUN BUKOMHUX OPraHi3MiB,
AKi MaloTb 6araToLiNibOBe BUKOPUCTAHHSA. AMUTPOM
€nncernoBUYEMY HU3Li HAYKOBUX CTaTel Ta 36ipHUKiB
6ynu BUCBiITNEHI npo6nemn naneoreorpadii n eko-
noril, a came: y cniBaBTOPCTBI «3Konorus 6ecno3Bo-
HOUHbIX TPETUUHbIX MOpeli YKpauHbl» (QUAKOBCKMIA

Ta iH., 1971), «Maneoreorpadia TepuTopii YKpaiHu
B paHHboOManeoueHoBuit yac» (MakapeHko, 1973),
«MNaneoreorpadis Teputopii nnatopmeHoi Ykpai-
HW B Ni3HbOMY naneoueHi» (MakapeHko, 1974) Ta iH.
Bneplue nobynoBaHa HUM naneoreorpadivHa KapTta
KUTBCbKOIO periospycy nasieoreHy BBiNwWwMa Jo «AT-
nacy naneoreorpadiuHux KapTt YKkpaiHcbkoi i Mon-
naBcbkoi PCP (3 enemeHtamu nitodauiin)» (Maka-
peHKo, 1960) (AMuTpo..., 2008).

HaykoBun AOpo6OK [OCNIAHUKA HAniuye NoHaj
350 HayKoBuX Po6iT (3 Hux 20 moHorpadin), a Ta-
KOX AOBIAHWKK, aTnacy, 6powypwu, CTaTTi, 3ara/ibHa
KiNbKiCTb Ny6nikauin carae noHag tucauy (Moxuk ta
iH., 2017). Hamsaromiwi npaui [1.€. MakapeHKa Taki:
«Monocku naneoueHoBuX Bigknagis Kpumy» (Ma-
KapeHKo, 1961), Yy CKNMagi aBTOPCbKOrO KOMeKTuBy
€.4. Kpaesa, [.€. MakapeHko, O.K. KantapeHko-Yep-
HoycoBa, M.M. KntowHukos, C.l. NMactepHak, M.B. p-
ueBa, b.®. 3epHeubkun, Il. Monasko «CrpaTurpadis
YPCP. T. 9: ManeoreH» (MakapeHko, 1963), «PaHHena-
neoueHoBble MONMOCKN CeBepHOW YKpauHbI» (Ma-
KapeHko, 1970), «lacTponofbl HWKHEro naneoueHa
CeBepHoOii YKpanHbi» (MakapeHko, 1976), y cknagi as-
TOPCbKOTO KONMeKTUBY «Pa3BuUTUE 1 CMEHA MOMIIOC-
KOB Ha py6exe Me3030s U kKaitHo30a» (benskosa v ap.,
1981), y cniBaBTopcTBi 3 B.O. 3eniHcbKkoo «Monntoc-
KU CpeaHero 3oueHa nnathopMeHHON YKpauHbI»
(MakapeHko, 3eniHcbka, 1982), B CKnafi KOneKkTusy
aBTOpiB  «buoctpaturpacuueckoe 060CHOBaHME
rpaHuL, B naseoreHe CeBEPHOWN U 3KBATOPUASIbHON
uacteit WHaunckoro okeaHa» (LLIHIOKOB 1 Ap., 1984)
Ta «CrpaTurpaduuyeckas cxema naneoreHoBbIX OT/10-
XeHUM YKpauHbi» (3epHeuxun v ap., 1987), y cnisas-
TopcTBi 3 LLA. MaiigaHoBuuemM «leonorus n reHes’unc
AHTAPEHOCHbIX OT/IOXEHUN YKpauHcKoro Monecba»
(MangaHoBuu, MakapeHko, 1988), y cknaai aBTop-
CbKOTo KOMeKTuBy «lfeonorus n HedTerasoHOCHOCTb
[HenpoBcKo-floHeuKow BnaguHbl. Crpaturpadumsa»

BHOCTPATHIPASHMECKOE
OBOCHOBAHWE "PAHMLL
B NANEOFEHE
H HEOFEHE
YKPAHHbI

PAHHETANECUEHOBME
MOTNIMKOCHK
CEBEPHOR WHPAMHBI

FACTPONOAR
HUAHETD
TMANEOLEHA
CEBEPHOTN
YEKPAHHB
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HanBusHauHiwWwi npaui [.€. MakapeHka
The most significant works of D.Ye. Makarenko
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(AnsenBepr n ap., 1988), y cnisastopcTsi 3 K.B. [lu-
KaHeM «[IBycTBOpuUaTble U GPIOXOHOTMNE MOMIOCKN
BepxHen topbl [JHEeNpoBCKO-[OHEeLKOW BnaAWHbI»
(OukaHb, MakapeHko, 1990) (Lywkiscbkun, 2015).
YuyacTb y MOpPCbKill ekcneguuii. Y 1979 p.
[.€. MakapeHKo 040NMB 3ariH 6iocTpaTurpadis
crneujianizoBaHoOli KOMMNEKCHOI reonoro-reodi-
314HoOI ekcneauuii 19-ro pency HAC «Akagemik
BepHaacbkniny. flocnigHMLbKI po60TN NPOBOAMK-
nucsa B IHAINCbKOMY OKeaHi i3 3axogamu B TaH-
3aHito, MaBpukin, LlennoH, IHgito, CuHranyp, Ha
CelienbCbKi OCTPOBU. Pe3ynbTaTom pobiT cTaB
LMKN NPENPUHTIB 3 Pi3HMX ranysei reonorii gns
KOMNNEKCHOro BUBYEHHSI AHA CBITOBOro OKea-
Hy, 30Kpema «[JOHHble 0CafKN TEKTOHUUYECKM aK-
TUBHOW 30Hbl ApaBUNCKO-UHANNCKOTO Xpe6Ta»
(Foxuk u ap., 1979). Takox AMuUTpo Enncenosuy
MaB 3MOTy BECTU HEOHTONOTIUHI CNOCTePeXeH-
HA B IHAINCbKOMY OKeaHi — CniBICHYBaHHA Pi3HMX
NpPeACTaBHUKIB OPraHiYHOro CBITY — KONMOHianb-
HUX Ta OAVHWYHNX KOpanis, NOPOLOYTBOPOHUMX
UepPBOHUX BaNHUCTUX BOAOPOCTEN, FONKOLLKIipUX
(M’sIKi MOpPCbKi aKu, Aiafiemm), MOPCbKMX 3ipoK,
UNCNEHHUX POAIB YePEBOHOMUX i ABOCTY/IKOBUX
MOMIOCKIB, KanbmapiB, MMU60KOBOAHMX TyHOK
Towo (AmMuTpoO..., 2008). Lie nornuéuno oro yss-
NIEeHHS NMPO Cy4aCHi OPraHi3Mu Ana PeKoHCTPyK-
i YyMOB AABHIX MOPCbKMX GacenHiB YKpaiHu 1
ekocucTem MmuHynoro 3emni (Metog aktyanismy).

0.4. Beknuu

Haropoau Ta uneHcTBa
y TOBapuUCTBaXx, KOMicisix

[.€. MakapeHKo 6yB Haropoa)xeHuin opaeHamm Benun-
KOI BITYUM3HSIHOI BilHI 2-TO CTyMeHs Ta «3a MY>HIiCTb»
3-ro cTyneHs, megannio «3a MNepemory Hag Himeyuu-
HOI0 1941-1945 pp.» i 12 oBinenHUMK meganamu (Amu-
TPO..., 2008). BiH 6yB HEOAHOPA30BUM YUACHUKOM iH-
CTUTYTCbKUX 360piB, NpucBaueHux JHio Nepemoru.

Kpim Toro, IMMTpo €nncenosuy 6yB Haropopxe-
Hun TMouecHolo rpamoTolo MiHicTepcTBa reonorii
YPCP (1976), MouecHoto rpamototo Mpesunaii AH YPCP,
a TaKoX mepannio «BetepaH Tpyaa» (1985), Mouec-
HO0 rpamototo HAH Ykpaitu (1996), nam’aTHUM 3Ha-
KOM «60 pOKiB BU3BONIeHHA M. KueBa Big hawmncr-
CbKMX 3arap6HuKis» (2003), 30M10TUM HarpygHuUM
3HAKOM BceyKpaiHCbKOi rpoOMafiCcbKoi opraHisauii
«Cninka reonoris Ykpainu» (2006) (AmuTpo..., 2008).

YueHuin 6yB uneHom [MafeoHTONOrYHOrO TOBa-
puctBa CPCP, YKpaiHCbKOrO MafieoHTONOrYHOro
ToBapucTea (3 uacy 3acHysaHHs y 1977 p.), NManeo-
reHoBoi Komicii MixBigomuoro crtpaturpadiuHoro
komiTeTy CPCP, ouontoBaB Me3030MCbKY KOMICito
HauioHanbHoro crpaturpadiuyHoro Komitety Ykpai-
Hu (AmuTpoO..., 2008).

Omutpo €nncenoBuy 6yB aKTUBHUM YYACHUKOM
cecin YKpaiHCbKOrO NaneoHTONOrYHOro TOBapwu-
CTBa, AKi NPOBOAUINCH B Pi3HMX MiCTaxX KOMIULIHbOMO
CPCP (M. Kepu, 1980 p., M. Kam'aHeLb-T0AinbCbKuMiA,
1986 p., M. KaHiB, 1987 p. Ta iH.), @ TaKOX MONbOBUX
PO6IT Yy UNCNEHHUX eKcneauLiax.

UneHu YNT, m. Kam'aHeub-Moginbcbkuii, TpaBeHb 1986 p. 3niea HanpaBo: @.A. CTaHicnaBcbkui, A.€. MakapeHko, I.M. LUarkiH, .M. IMHK-
yeHKo, B.I. TaBpunuwuH, M.S. bnank. ®oTo 3 apxisy [.€. MakapeHka

Members of the UPS, Kamianets-Podilskyi, May 1986. From left to right: F.A. Stanislavsky, D.Ye. Makarenko, I.M. Shaikin, I.M. Yamnychenko,

V.I. Havrylyshyn, MYa. Blank. Photo from the archive of D.Ye. Makarenko
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0.€. MakapeHko, M. Tupacninb, LUkona
no neneuunogax, 1978 p. ®oTo 3 apxisy
[.€. MakapeHka

D.Ye. Makarenko, Tyraspil, School of pe-

lecypods, 1978. Photo from the archive of
D.Ye. Makarenko

HaykoBe KepiBHULTBO acnipaHTamu,
ONOHYBaHHSA, peL,eH3yBaHHA Ta
HayKOBO-NefaroriyHa AisNbHIiCTb

[.€. MakapeHKo 6yB HAayKOBUM KepiBHUKOM i Mig-
roTyBaB CiM KaHAWLATIB reooro-miHepanoriyHmx
Hayk, 30kpema B ITH HAH Ykpaiuu — J1.M. Akywn-
Ha (ni3HiWe 3axUCTMB AOKTOPCbKY AMcepTauito),
K.B. AnkaHsa, A.b. CokonoBa, B.B. XaTumnaHcbKoO-
ro, I.B. Yayc. Kpim Toro, niarotyBaB ABOX KaHAK-
JaTiB 3 KMiBCbKOro HaLiOHANbHOMO YHiBEPCUTETY
im. T.T. LWeBueHKa - I.MN. Cokonosa, B.M. 3akantox-
Horo. BueHa paga ITH AH YkpaiHu 2 nunHsa 1992 p.
npuceoina Momy BuyeHe 3BaHHA npodecopa 3a
cneuianbHICTIO «NANeOHTONOTIA | cTpaTurpadis»,
fKe B TOMY X poui 6yno 3atesepaxeHo MOH Ykpa-
THu. O.€. MakapeHKo 6yB 0QiLinHUM ONOHEHTOM
i 6paB yuacTb y peleH3yBaHHi 30 KAaHANMAATCbKUX
i 15 QOKTOPCbKUX AnUcepTaLin, NPUCBAYEHUX BU-
BUEHHI0 cTpaTurpadii ocafoBoi TOBLLi Pi3HUX
cuctem taHeposoto (AmuTpo..., 2008).

[.€. MakapeHKo 6paB ydyacTb Yy BUAAHHI
«PyKkoBOACTBA MO y4ebHON reonormyeckou
npakTuke B KpbiMmy 1 atnaca pyKoBOAALLMX
dopm» (1. 1, 1973) (HemkoBs u ap., 1973). Ta-
KOX OAMnUTpo €nucenosny 6yB H6aratopaso-
BMM YYaCHUKOM WKin MakpodayHicTiB, fAKi
NPOBOAUNUCDH B PI3HUX PallOHaX KOMMULWHbO-
ro CPCP (M. Tupacninb, 1978 p., m. [lywaH6e,
1982 p.). Ha 3acigaHHAX LKUX WKiN HABYANUCDH,
Cnyxanu Aonosiai MacTUTUX BYUEHUX Ta 06Mi-
HIOBANINCb JOCBIAOM.

I3 icTopii Haykm | From the History of Science

EHUMKNONegucT, iCTOpUK
reonoriyHux 4ocnimKeHb Ta
nonynspusaTop reonoriyHoi Hayku

0.€. MakapeHKO sk Mmonynsapu3aTop reosioriuyHol
HayKu MigHo npautoBaB 3 6araTbMa 06/1aCHUMK
Ta pecny6nikaHCbKMMU rasetamu, Bugas ABi 6po-
wypn «lo Tpe6a 3HaTM Npo montckiB» (Maka-
peHKo, 1959) i «KowToBHI nepnnHm» (MakapeHko,
1968), a TakoX y cniBaBTOPCTBi i3 C.T. 3BONbCbKUM
HeBefInYKy KHury «B 6utBax Benukoi BiTumsHs-
HOT 3arapToBaHi» (MakapeHKo, 3B0nbCbKuM, 1995)
npo reonorie-cniBpo6iTHUKIB ITH AH YKpaiHu, ki
BOIOBA/IN Ha Pi3HNX YPOHTax [pyroi CBiTOBOI Bil-
HU 3 HIMEeLbKMMU i AMOHCbKMMM 3arap6HMKamu.

3 yacy CTBOpeHHA YKpPAiHCbKOro ManeoHToNoriy-
Horo ToBapuctea (YT), 3acHoBaHOro 1977 p., BUeHuiA
aKTMBHO 6paB yuyacTb y oro po6oTi AK AOMOBigay
i MOCTIMHWMI uneH pepakuinHoi Konerii. Big 1984 p.
i 0O KiHUS XUTTA 6yB uneHom peakonerii «feonoriu-
HOrO XXypHany», NPUCBATUBLLN MaiiXke 20 POKIB BU-
BUEHHIO iCTOpIl reonoriyHnx AocnigxeHn, 6inblicTb
cTaTen Hanexana nepy [.€. MakapeHka. Big nepmx
JHiB iCHyBaHHA XypHany «leonor YKpaiHu», 3acHo-
BaHoro 2003 p., AMuUTpo EnncerioBuy 6yB i 1Oro noc-
TinHUM aBTopom (LUywkiscbKuii, 2015).

Ponb [1.€. MakapeHKa ik eHuMKnoneamcra Bax-
KO MepeoLliHUTH, OCKiNbKM BiH haKTUUHO 6YyB He
NMPoCTo aBTOPOM, @ W KypaTOpPOM TreonoriyHoro
Hanpsimy. BueHnii 6arato 3po6uB Ana PO3BUTKY
YKPalHCbKOro eHUMKIoneao3HaBCTBa, Woro nep-
Wi eHUMKNoNeAuYHi CTaTTi 3'ABMANCDL Y MepLIomMy
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BUAAHHI «YKPATHCbKOI pafsHCbKOI eHuuMKnonegii»
(YPE): «/lackapes Bonoaumup Amutposuu» (Ma-
KapeHKo, 1962a), «Maikoncbka cepis» (MakapeH-
Ko, 1962b) (06uaBi 1962 p., T. 8) Ta iH. [lo apyroro
BUAAHHA Ui€l eHumknoneail BiH Nigrotyeas Taki
ny6nikauii: «EoueHoBa enoxa i eoLeHOBUIA Bigain»
(MakapeHko, 1979a), «KaiiHo30WCbKa epa i rpy-
na» (MakapeHko, 1979b, T. 4), «Me3030MCbKa epa
i rpyna» (MakapeHko, 1981, T. 6), «Hymynitu» (Ma-
KapeHKo, 19823, T. 7), «OniroueHoBa enoxa i ofniro-
LeHoBui Biaain» (MakapeHko, 1982b), «OpHitono-
an» (MakapeHko, 1982c), «llaneoreHoBuii nepioa
i naneoreHoBa cuctema» (MakapeHko, 1982d),
«ManeoueHoBa enoxa i naneoueHOBUWN BigQin»
(MakapeHko, 1982i) (yci - 1982 p., T. 8), «Pyauctu»
(MakapeHko, 1983, T. 9), «TacdhoHomia» (MakapeHKo,
1984a), «TeHTakynitu» (MakapeHko, 1984b), «®da-
Hepo3on» (MakapeHko, 1984c) (yci — 1984 p., T. 11,
KH. 1) Ta iH. 32 NOro aBTOPCTBA B «YKPAIHCbKOMY
PaAsHCbKOMY eHLUKNONeUUHOMY CTOBHUKY» HAA-
pyKoBaHi ctatTi «/lemypia» (MakapeHko, 1987a) Ta
«/loHa» (MakapeHko, 1987b) (06maBsi - 1987 p., T. 2).
Y «leorpachiuHin eHumknonegii YkpaiHu» BUNLL-
NN APYKOM Taki npaui: «feonoriuHi JocAimKeHH»
(LWHokoB, MakapeHko, 1989) (1989 p., T. 1, y cnis-
asTopcTBi 3 E€.O. LUHIOKOBUM), «KpeiaoBui ne-
piog» (MakapeHko, 1990a) i «KpeiigoBa cucrema»
(MakapeHko, 1990b) (06uasi — 1990 p., T. 2) Ta iH.
[.€. MakapeHKOM TinbKun y neplumx 15-T1m Tomax ECY
HaZpykoBaHo 197, a y cniBaBTOpCTBi — 20 cTaTen
(Wywkiscbkuia, 2015).

YueHun 6arato yacy npuainae poboTi B penak-
LiMHMX Konerifax He Tinbku BuaaHb IFTH HAH Ykpai-
HU Ta PI3HUX XXYPHaNiB reonoriyHoro npoginto, a n
6yB uneHom FonNoBHOI peakonerii «EHUMKNONeRin
Cy4YacHol YKpaiHu», pakTUYHO FONOBHUM KOHCY/b-
TAHTOM 3 MUTaHb NANEOHTONOTIT ANS HALiOHANbHUX
eHLMKNOoNeANYHNX BUAAHD.

[0.€. MakapeHko Oyxe 6arato 3po6uB y ranysi
icTopii reonoriuHux gocnigxeHb B YKpaiHi, pery-
NAPHO BUCBITNIOOUN IOBINENHI JaTu reonoriyHmux
{HCTMTYTIB, YCTAHOB i IX OpraHi3aTopiB, a TaKoOX
BiAPOMKEHHI iHhopmaLii npo BMAATHUX ocobuc-
TOCTen, AKi 6ynu penpecoBaHi B yacu ToTanitap-
HOrO pexumy. BiH OfHMM i3 mepwwux Mo4yas Bu-
CBiTNIOBATM NpaBAuBY iH(hOpMaLil Npo reosnoris,
ripHMumnx iHxeHepis, reorpacis, AKki 6ynu penpe-
COBaHi padsHCbKOW BNagoto abo 3a3Hanu nepe-
cnigyBaHb Bif Hel. BUeHWin po3KpUBAB i 3aCymKy-
BaB 3/10[iIHHA 6iNbLIOBULLKOFO PEXUMY, LUHIUHE
HULLEHHA NOACbKOT ocobucTocTi, T cBo6oaN 1 ife-
anie. [1.€. MakapeHKO NMOBEPHYB «[0 XWUTTA nicns

0.4. Beknuu

CMepTi» iMeHa 6araTbOX 3aMOBYYBAHUX [ECATKU
POKiB AifuiB YKpaTHCbKOI HayKu. Mpautooun B La-
PWHI icTOpIi reonorii, HeoOgHOPa30BO 3BepTaBCA 10
3aKpUTUX apXiBHMX MaTepianis, 30Kkpema 1 cnew-
cnyx6 (LWywkiscbKui, 2015).

Migcymkom KponiTkoi 6aratopiuHoi npaui [.€. Ma-
KapeHKa, fika 3aC/TyroBy€e Ha BEMUKY MOLIAHY, CTanu
Taki ny6nikauii: «Mukona OmensiHoBUY MaKapeH-
Ko» (MakapeHko, 1992), «PenpeccmpoBaHHble reo-
norm» (MakapeHko, 1995, 1999), «lUnax oo xpamy.
ApXeonor, Xy#OXHMWK, MUCTeLTBO3HaBeUb Mukona
MakapeHko» (MakapeHko, 2006), «fonroda yKkpaiH-
cbkux reonorie» (MakapeHko, 2007). HeouiHeHHUM
BHECKOM [OCMiAHMKA B iCTOPilO reonoriyHmx aocni-
[DKeHb B YKpaiHi € BigpomkeHHA iHdopmauii npo
BUAATHUX OcCo6uMCTOCTEN, AKI 6ynu penpecoBaHi
B YaCy TOTANITAPHOIO CTaNiHCbKOTO PeXuMmy.

OmuTpo €nncenoBuy 3 yacy 3q06yTTsa YKpaiHot
He3anexHoCTi NoHag 15 pokiB onpaLboByBaB Ma-
Tepianu apxieiB, nepenucyBasca 3 poguyamm pe-
npecoBaHux reonoris YkpaiHu. gk Hacnigok, no6a-
uyuna cBiT ioro MmoHorpadis «fonroga ykpaiHCbKuX
reonorie» (MakapeHko, 2007). Lle memopianbHa
KHWUra npo goni 55 reonoris (¢axisuis) 3a uyacis

AMHTpo MAKAFEHKO

['oaroda
YKPAIHCbKHUX
reo(1oriB

OpHa 3 ocTaHHiX npaup [.€. MakapeHka «lfonroga yKpaiHCbKMX
reonorie». 2007 p.

One of the latest works by DYe. Makarenko “The Calvary of
Ukrainian Geologists”. 2007
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TOTaﬂiTapI/I3My Ta 3I'IOL|,iF|Hb CTaniHCbKOro pexunmy,
AKi CTanu )xepTBamu i 6ynu po3CcTpinsaHi Ta 3HULLEHI
y Tabopax 'YNNAly. .€. MakapeHKO OMuncaB XUTTE-
BUW LWAAX KOXHOTO penpecoBaHOro B4eHOro, reo-
nora-BMpPo6HUYHUKKA, IX TpAriuHy A0M0 Ta rope, Ake
CMiTKaNno poAWHMW, BUCBITINBLUN JOPOGOK KOXHOMO
JOCNIAHUKA B re0ONOTiUHY HAyKYy.

YueHun 3anuwme no cobi HeouiHeHHUNn
CNagoK y BUMNSAAI HAayKOBUX Ta iHWOro cnps-
MYBaHHS npaub, Ki M1 e MAEMO BUBUUTU Ta
rMUBUHY AKX OCATHYTU. LLUNPOKiN reonoriyHin
rPOMaACbKOCTI BiH BiAOMUN IK BUAATHUN BYe-
HWUA, AKUA 3pO6UB CYTTEBUI BHECOK Y Pi3Hi Ha-
NPSIMU reoNOriYHOT HayKM — ManeoHTONOrito,
cTpaturpadito, naneoreorpadito, 6yB ictopu-
KOM, €HUMKNoneaucTom i nonynsapusaTtopom
reonoriyHnx JocnimkeHb. HaykoBa cnapglm-
Ha [.€. MakapeHKa Bpa)ae CBOEID MacwWwTab-
HicTio — noHaa 1000 ny6nikauin, cepep skux 20
MoHorpacin. BiH BuxoBaB nnesay nocnigos-
HUKIB — NiAroTyBaB CiM KaHAWAATIB HayK. Moro
npaus 6yna Big3HaueHa [lep)XaBHO NpeMi€r
YPCP | UnCneHHMMKN AepXXaBHUMKU Haropoja-
mu. CBOEID BU3HAUYHOI HATXHEHHOI MpaLeto,
BCIM XMUTTAM IMUTPO Enncenosuy MakapeHKo
BBIlILLOB B ICTOPIitO rE0NOriYHOI HayKN.

Y XuUTTi AMNUTPO EnncerioBuy MakapeHko 6yB
HEBTOMHO'O, NpPaLbOBUTO, AKypaTHOW, BiA-
noBifganbHo0, WAHOGANBOIK NOANHOK Ta 6a-
raTorpaHHol 0co6ucTicTio. OauH nuwe akT

npo Amutpa EnnceroBunYa, KN KPAaCHOMOBHO
XapaKTepusye Noro K BignoBiganbHy i WaHo-
611BY NOAUHY. KOXHOIo POKy, KONM HacTaBa-
Nna BeCHa, BiH 06xoauB BCi KnaaoBuia Kuesa i
HaBOAMB Naj Ha MOrMnax BETepPaHiB-reonoris i
reosioriB, AKi B KiHLi XUTTA 3aNMILWINCb CaMOT-
HiMK, 3aCBIAYYOUN IM CBOIO LLAHY.

31 rpyaHs 2008 p. AmuTpo €nucenosuy Ma-
KapeHKO MillOB 3 XUTTA — «OAWH 3 OCTaHHIX
JAIVHO3aBpiB», K BiH caM Npo cebe Kas3aB.

Mpaui Npo XWUTTEBMM WNAX | HAYKOBI 3[0-
6yTkn [.€. MakapeHka HaBefeHi y 16 ny6ni-
Kauifax 3a pi3Hi poku (ManeoHTonoru..., 1968;
Bcecoto3sHoe..., 1984; UHCTUTYT..., 1986; TOXUK,
Monsasko, 1996; Toxuk, 2005; Jlewyx, 2005;
3epHeubkuni, Newwyx, 2008; 3epHeubkunid, 2009;
bywak, 2009; iukaHb, 2015; FOXMK Ta iH., 2009,
2017; Wywkiscbkuid, 2017 Ta iH.).

Po6oma npucesyeHa HenepeciuHili ocobucmocmi -
3HAHOMY naneoHmMono2y-cmpamuzpacy, 00Kmopy
2e0/1020-MiHepano2iyHUx Hayk, npogecopy Amumpy
€Enucetiosuyy MakapeHky. Poboma eukoHaHa 00
100-piuys 3aCHy8aHHA IHCMuUMymy 2eon02iYHuX HayK
HAH YkpaiHu (mpaseHb 2026 p.) 3a dep6r0dxem-
HO memoto 8iddiny cmpamuepadpii i naneoHmono-
2il me3o3oticbkux gidknadie IMH HAH YkpaiHu «bioma
mpiac-HWKHboNaneo2eHo8Ux 8ioknadie  YkpaiHu:
MAaKCOHOMIYHI, cmpamuzpacpiuHi ma naneozeoz2pa-
iuni acnekmu» (1P N© 0126U000990, KIMKBK 6541030).

CTatTa npucsBAveHa 100-pivyio Bif AHA HAPOAXKEHHA BUAATHOIO YKPATHCbKOro BUEHOrO, [OKTOpPA reonoro-miHepanoriyHmx
Hayk, npothecopa Amutpa Ennceitosmuya MakapeHka (1925-2008). BUCBITNIEHO OCHOBHI €Tanu iioro XMTTEBOTO WAXY: Bif ydacTi
y Opyrin cBiTOBIN BiWHi 40 6araTopiuyHOl NNiAHOI NpaLi B IHCTUTYTi reonoriyHmux Hayk HAH YkpaiHu. MpoaHanizoBaHo ¢hyHAA-
MeHTaNbHUII BHECOK BUEHOrO Y ManeoHToNOo it Ta 6iocTpaTurpadiio Me30-kaliHo3010, 30KpeMa onuc noHag 500 BMAiB BUKOM-
HWX MOJTIOCKIB, pPO3p06KYy CTpaTurpadiuHuxX CXem i CTBOpeHHs maneoreorpadiyHux kapt. [.€. MakapeHKo 3po6uB CyTTEBUA
BHECOK Y ManeoHTONOTiUHi AOCNifXEeHHS, BCTAHOBMBLIV NOHAA 40 HOBUX ANA HAYKW BUAIB MOJIOCKIB, TONOBOHOTUX, PYAUCTIB
i 6paxionoa. Oco6nuBy yBary npuaineHo aianbHocTi [.€. MakapeHKa K eHUMUKIoNeancTa N iCTopuka Hayku, AKMN NOBEpPHYB
i3 3a6yTTA iMeHa JecATKiB YKPAiHCbKUX reonoriB, penpecoBaHMX TOTaNiTapHUM pexumom. MigKpecneHo akTyasnbHiCTb MOro
HayKOBOTrO CMaAKy ANl BUKOHAHHSA CYyYaCcHUX epXXaBHNX HAYKOBO-A0CNIAHNUX TeM. BueHui 3a XuTTs ony6nikyBaB noHag 1000

po6iT, 3 HUX NoHag 350 HayKoBuMX npaub (20 moHorpadin).

Cnucok nitepartypu

Anzensepr [.E., bepueHko O.W., bpaxHukoBa H.E., BaoBeHko M.B.,
BuUHHWueHko J1.B., BuHHuueHko J1.I, BopoHoBa M.A., Bbico-
yaHckuii W.B., Topak C.B., lop6yHoB B.C., 3ocumosuu B.IO.,
MBaHHMKOB A.B., Ko3uukas PW., KoHoHeHko J1.M., Kotnsap O.E.,
KynunueHko B.I., unuuk E.C., lykunH A.E., MakapeHko [.E., Makpu-
auHa 1.B., Hemuposckas T.W., OnydpuwnH C.B., Mepmskos B.B.,
Monetaes B.W., CaBpoHb 3.b., CraHucnasckumn @.A,, CrepnuH B.11.,
TkaueHko PIO., YctuHosckum 0.6, Xpuctocoposa T.O., Llen-
konnsc B.H., Werones A.K., AiMHnueHko U.M. Teonorus n Hede-
ra30HOCHOCTb [IHeNnpoBCKO-[loHeLKOoN BNaanHbl. Crpaturpadus.
Kunes: HaykoBa aymka. 1988. 148 c.

ApucTos B.B., bapuHos W.B., bensikos /1.M., BonbhcoH ®.U., 30HeH-
wanH .M., KysHeuos C.B., MakapeHko [.E., XucamytguHos H.U.,
YecHokoB C.B., LlaTkoB IA. PenpeccupoBaHHble reonoru. 3-e
u3A., ucnpas. u gon.: Opnos B.M. (ras. pea.). Mocksa; CM6.: BCE-
I'EN, 1999. 452 c.

I3 icTopii Haykm | From the History of Science

bensikosa M., bonkosa H.H., Top6au /1.M., [xa6aposa B.B., Ka-
nuweswny T.I,, MakapeHko [.E., MapTuHcoH I.T., MupoHosa /1.B,,
Mopo3s C.A, MapamoHosa H.M., NeprameHT M.A., Tonctukosa H.B.
Knacc Bivalvia. lBycTBopuaTble MONIOCKU. Pazsumue U cMeHa
MONINIOCKO8 Ha py6exxe Me30308 U KaliHO30s. MockBa: Hayka,
1981. C. 4-71.

Bywak C. BuaaTHWM icTOpMK yKpaiHCbKOi reonorii. leonoez Ykpai-
Hu. 2009. N2 1-2. C. 121-123.

Bcecoto3Hoe naneoHTonornyeckoe o61wecTso: CnpaBoyHuUK. fle-
HUHrpaa: Hayka, 1984. 258 c.

feonorus wenbga YCCP. Crpaturpadus (wenbd n nobepexbe
UepHoro mops): Tecnenko 0.B. (oTB. pea.). Kues: Haykosa
AyMKa, 1984. 184 c.

reonorus wenbga YCCP. TekToHuKa. Connory6 B.B. (oTB. pea.).
Knes: HaykoBa Aymka. 1987. 150 c.

roxuk MN.®. AmMnTpo €nucenoBuy MakapeHko: o 80-piuus Bif
AHA HAPOAXEHHS. [eos. )ypH. 2005. NO 4 (314). C. 129-130.

99



Foxuk N.®., MakapeHko A.E., UBaHuk M.M., MenbHuk B.W. loH-
Hble 0CaAKN TEKTOHMYECKM aKTUBHOW 30HbI ApaBUNCKO-UH-
auiickoro xpe6Ta. Knes, 1979. 58 c. (Mpenp. / WH-T reon. Hayk
AH YCCP; N@ 79-20).

roxuk N.®., MacnyH H.B., EdimeHko B.l., XXabiHa H.M., OuakoB.-
cbkuii B.10., LeBueHko T.B., CynpyH I.C. ManeoHToNOriuHe TO-
BapuMCTBO YKpaiHu. Kuis: ITH HAH Ykpainu, 2017. 120 c.

roxuk M.®., MacnyH H.B., HocoBcbkuin O.10. Mam’sTi npogeco-
pa AmuTpa EnucenoBuua MakapeHka. reos. xypH. 2009. N2 1
(326). C. 112-113.

roxuk N.®., Monseko B.I. AMuTpo EnuncerioBny MakapeHKo: Ao
70-piuusa Big AHA HAPOMKEHHSA. eon. ypH. 1996. Bun. 1-2
(281). C. 220.

Ounpkosckun B.Sl., 3enuHckas B.A., 3epHeukun b.®., 3ocumo-
Buy B.I0., MBaHnk M.M., KpaeBa E.f., KynuueHko B.[., Ma-
kapeHko [.E., MacnyH H.B., CemeHeHKo B.H. buoctpaturpa-
thnueckoe o60CHOBaHME rpaHWL, B ManeoreHe M HeoreHe
YKpauHbl. Kues: HaykoBa aymka, 1979. 202 c.

Oupkosckun B.A., 3epHeukun b.®., 3ocumoBuy B.lHO., Kpae-
Ba E.fl., MakapeHko [.E., CemeHeHko B.H. HekoTopble BO-
npocbl naneoreorpauu n naneo6MOHOMMMN NANeoreHoBbIX
1 HeoreHOBbIX 6acCeliHOB TEPPUTOPUM YKpauHbl. Ikonoaus
6eCcrno380HOYHbIX MpemuyHbiX Mmopel YkpauHbl. Kues: Hay-
KOBa AyMKa, 1971. 142 c.

OukaHb K.B. Lo 115-piyus O.K. KanTtapeHko-YepHOYcoBOI,
105-piuus .M. fIMHMuYeHKa, 90-piuus [.€. MakapeHka Ta
65-piuun Biaainy ctpaturpadii i naneoHTonorii meso3om-
CbKUX BiAKNaAiB IHCTUTYTY reonoriuHux Hayk HAH VYkpai-
Hu. Teon. xypH. 2015. N2 1 (350). C. 123-126. https://doi.
0rg/10.30836/igs.1025-6814.2015.1.139342

Oukanb K.B., MakapeHko [.E. [iBycTBOpuUaTblie M 6prOXOHOrune
MOJTIOCKN BEPXHEW topbl [JHENPOBCKO-OHELKON BMAANHbI.
Knes: HaykoBa aymka, 1990. 138 c.

OmnTpo €EnuceirioBny MakapeHKo: bio6ibniorpadiuHnn NOKax-
yunk. Kuis: floroc, 2008. 39 c.

3epHeukuit b.®., 3ennHckas B.A., bnaHk M.., 3ocumoBuy B.IO.,
MBaHuk M.M., Kpaesa E.fl., MakapeHko [A.E., MacnyH H.B.,
CrotnaHp A.b. Ctpaturpaduyeckas cxema naneoreHoBbIX OT-
noxeHuwn Ykpausol. Knes: HaykoBa aymka, 1987. 116 c.

3epHelbknuin b.Q. 3HaBelub KaNHO30WCbKMX MOMIOCKIB (nam’aTi
npocecopa Amutpa €nncerioBuua MakapeHka). BukonHa
¢hayHa i pnopa YkpaiHu: ManeoHmonoziyHulti ma cmpamu-
epagiyHul acnekmu: 36. Hayk. np. IH-Ty reon. Hayk HAH
YKpaiHu. Kuis, 2009. C. 416-418.

3epHeubkuit b., Nlewyx P. BugaTHMin naneoHTonor Ykpainu [J.€.
MakapeHko (nam’aTi npocecopa AmuTpa Enuceitosnua Ma-
KapeHka). llaneoHmon. 36. 2008. N2 40. C. 143145,

3epHeupknn b.®. Nam’ati npodecopa [imutpa €nncenosuya
MakapeHka. leosioz YkpaiHu. 2009. N2 1-2. C. 175-176.

IBaHik M.M., XXa6iHa H.M., inkaHb K.B., LeBuyk O.A. Bigain ctpa-
TUrpadii Ta NaneoHToNorii Me3030MCbKNUX BiaKNaaie IHCTK-
TYTy reonoriyHmux Hayk HAH YkpaiHu — gxepeno yKpaiHCbKol
naneoHTONOrIi i cTpaturpadii. feos. xypH. 2018. N2 4 (365).
C. 81-102. https://doi.org/10.30836/igs.1025-6814.2018.4.148469

WHCTUTYT reonornuyeckmx Hayk: CnpaBoyHuK. Kues: HaykoBa
AyMmKa, 1986. 105 c.

Newyx P. AMnTpo €nncenoBny MakapeHko: o 80-piyus Bif AHA
HapomXeHHs. ManeoHmon. 36. 2005. N2 37. C. 136.

MangaHosuu U.A., MakapeHko [1.E. Feonorus n reHesuc sHTape-
HOCHbIX OTNOXeHWI YKpanmHckoro Monecbs. Kues: HaykoBa
Aymka, 1988. 84 c.

MakapeHko [.E. FacTponogbl HuxHero naneoueHa CeepHow
YKpauHbl. Kues: HaykoBa aymka, 1976. 180 c.

MakapeHko [.E. MONMOCKM NaneoueHOBbIX OTIOXEHWA nnat-
thopmeHHON YKpauHbl 1 nx 6uocTpaturpacnyeckoe 3Haue-
Hue. ABToped. AuC. ... i-pa reon.-MUH. HayK / VIH-T reon. Hayk
AH YCCP. Kues, 1971. 34 c.

MakapeHko [A.E., 3enuHckas B.A. Monnocku cpefHero soueHa
nnatpopmeHHon YkpanHbl. Knues: Haykosa aymka, 1982. 207 c.

MakapeHko [.E. PaHHenaneoueHoBble Monncku CeBepHOM
YKpauHbl. Kues: HaykoBa aymka, 1970. 128 c.

0.4. Beknuu

MakapeHko [.€., 380nbcbkuin C.T. B 6uTBax Benunkoi BiTunsHaHOI
3arapToBaHi. Kuis: Bug-so HAH Ykpainu, 1995. 126 c.

MakapeHko [.€. Fonroda ykpaiHcbkux reosnoris. Kuis: Jloroc,
2007. 188 c.

MakapeHko [.€. IcTopis BMWBYEHHS NaneoreHoBMX BiAKNAAiB
YPCP. Cmpamuapadpis YPCP. T. 9: ManeozeH: Cabpsan B.T. (peg.
Tomy). Kuis: Bua-8o AH YPCP, 1963. C. 7-19.

MakapeHko [.€. EoueHoBa enoxa i eoueHoBWA Bigdin. YPE.
1979a. T. 4. C. 40.

MakapeHko [.€. KaiiHo3oiicbka epa i rpyna. YPE. 1979b. T. 4. C.
509-510.

MakapeHko [.€. Kpengosui nepiog. feoepacgiuHa eHyuknone-
0if YkpaiHu. Knis: YPE im. M.M. BaxkaHa, 1990a. T. 2. C. 218.
MakapeHko [.€. KpenpoBa cuctema. feoepacghiyHa eHyukone-
0isl YkpaiHu. Kuis: YPE im. M.MM. BaxaHa, 1990b. T. 2. C. 218.
MakapeHko [1.€. KowToBHi nepnuHu. Kuis: Paa. Wwk., 1968. 145 c.
MakapeHko [1.€. Jlackapes Bonogumup Amutposud. YPE. 1962a.

T.8.C.13.

MakapeHko [.€. Nlemypis. YPE. 1987a. T. 2. C. 254.

MakapeHko [.€. NloHa. YPE. 1987b. T. 2. C. 293.

MakapeHko [.€. Maiikoncbka cepis. YPE. 1962b. T. 8. C. 394.

MakapeHko [1.€. Me3o3olicbka epa i rpyna. YPE. 1981. T. 6. C. 436-437.

MakapeHko [I.€. Mukona OmensiHoBMY MakapeHKo. Kuis: Hayko-
Ba AyMKa, 1992. 166 c.

MakapeHko [.€. Montocku naneoueHoBMX BiAKnaais Kpumy.
Kuis: Bug-8o AH YPCP, 1961. 111 c.

MakapeHko [.€. Hymynitu. YPE. 1982a. T. 7. C. 440.

MakapeHko [1.€. OniroueHoBa enoxa i oniroueHosui Biagin. YPE.
1982bh.T.8.C. 7.

MakapeHko [1.€. OpHiTonoau. YPE. 1982c. T. 8. C. 63.

MakapeHko [1.€. lTaneoreHoBuiA Nepioa i naneoreHoBa cuctema.
YPE. 1982d. T. 8. C. 135.

MakapeHko [1.€. ManeoreorpadiuHa kapTa. ManeoreHoBuii ne-
pioa. Mi3Hin eoueH. KniBcbknin yac. MacwTtaé 1:2 500 000.
Amnac naneozeo2pagpiyuHux kapm YkpaiHcbkoi i Mondase-
cbkoi PCP (3 enemeHmamu nimocpauyiti). boHaapuyk B.T. (Bian.
pen.). Kuis: Bug-8o AH YPCP, 1960. C. 58.

MakapeHko [.€. Maneoreorpacia TepuTopii nnatopmeHoi
YKpaiHu B Ni3HbOMY NaneoueHi. reost. ypH. 1974. Bun. 1 (154).
C. 138-143.

MakapeHko [1.€. Maneoreorpadis TepuTopii YKpaiHu B paHHbO-
naneoueHoBUi yac. freon. xypH. 1973. Bun. 1 (148). C. 104-112.

MakapeHko [.€. ManeoueHOBa enoxa i ManeoueHOBMN Biadin.
YPE. 1982i. T. 8. C. 139.

MakapeHko [.E., PeweTHAK H.B., PoBHUH J1.W., Tuxomupos B.B.
PenpeccnpoBaHHbie reonoru. buorpacuueckmne matepuansi.
2-e u3a., ucnp. u gon., Opnos B.MN. (rnae. pea.). Mocksa; CM6.:
MC3, 1995. 210 c.

MakapeHko [1.€. Pyancrtu. YPE. 1983. T. 9. C. 506.

MakapeHko [.€. TacdoHomis. YPE. 1984a. T. 11. KH. 1. C. 155.

MakapeHko f.€. TeHTakyniTu. YPE. 1984b. T. 11. KH. 1. C. 196.

MakapeHko [.€. ®aHepo3on. YPE. 1984c. T. 1. KH. 1. C. 539.

MakapeHko [.E. ®ayHa MONMOCKOB HUXHETPETUUYHbIX OT/IOXE-
HUW CeBepo-3amnafiHON 4YacTn YKPAMHCKOro Kpuctannmyec-
KOro maccuea. AeToped. AUC. ... KaHA. reoN.-MuH. HayK |/ UH-T
reon. Hayk AH YCCP. Kues, 1955. 15 c.

MakapeHko [A.€. LUnsax Ao xpamy. Apxeonor, XyAoXHUK, MucTeL-
TBO3HaBeLUpb Mnkona MakapeHko. Kuis: XpewiaTuk, 2006. 128 c.

MakapeHko [1.€. LLlo Tpe6a 3HaTM Npo moniockis. KniB: Pafg. WwkK.,
1959. 35 c. (Hayk.-nonyn. nirt.).

ManeoHTtonorn Cosetckoro Coto3a: CnpaBOYHUK. JIeHUHrpag:
Hayka, 1968. 214 c.

Hemkos TW., YepHoBa E.C., Apo3gos C.B., Kuzesanbtep A.C.,
Muxannos A.E., NMopTHas B.M., PokoBa A.A., YepHoB B.U.,
FpeunwHukosa W.A., Tyctomecos B.A., 3onkuHa A.U., Ne-
Buukun E.C., MakapeHko A.E., MaBnosa M.C., ConoBbeB A.H.
PYyKoBOACTBO MO yue6HON reonormyeckon npaktTuke B Kpbi-
my. T. 1: MeToAnKa NpoBefeHNs reosiormMyeckon NpakTuku u
atnac pykosoasawumx dopm. Mocksa: Hegpa, 1973. 232 c.

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. N2 1 | Geologicnij Zurnal. 2026. No. 1



AmuTpo EnvceiioBuy MakapeHKo — BiRoMUI naneoHTonor-crpaturpad Ykpaiiu, nonynsapr3atop reonoriyHol Hayku, eHLWKIONe[uCT, iCTOPUK reofioriyHuX AOCiMKEHD

(10 100-pivus Big AHA HAPOWKEHHA)

LWHokoB E.®., CrapocTeHko B.U., Wep6akos U.b., benesues PA., lo-
Bopos W.H., Foxuk N.P., UBaHuk M.M., UBaHoB 0.K., Kanses I’ .,
Kapa6osuu C.B. Knewenko CA. KonTiox HO.M., Kosak CA.,
JTasypeHko B.W., Makapexko [A.E., MacnyH H.B., Mutpononbc-
kuii A.lO., OBepuyk B.M., Opnosckun ILH., Pycakos O.M., Cnun-
yeHko B.B., Co6onesckun 10.B., Co6otoBuy 3.B., YceHko B.M.,
@paHuesa N.A., AHUyK J.A., FTeBOpKbsiH B.X., YyryHHbIN 10.I. Teo-
NOrNsi N METaNNoreHNs CEBEPHOW M 3KBATOPUANbHOW YacTein
MHAannckoro okeaHa. Knes: HaykoBa aymka, 1984. 168 c.

LWHiokoB €.0., MakapeHko [.€. leonoriuHi gocnimkeHHs. leo-
2pagpiuHa eHyuknonedis YkpaiHu. Kuis: YPE im. M.I. baxaHa,
1989. T. 1. C. 255-256.

LWywkiscbkmit Al AmuTpo Enncenosuy MakapeHko (1925-2008).
EHyuknoned. sicH. YkpaiHu. 2015. Y. 6-7. C. 108-118.

LWywkiBcbkuin A.l. MakapeHko AMUTpo €nuceitoBuy. EHYUKIIomNe-
0is cyyacHoi YkpaiHu. Kuis: IH-T eHuuknonen. focnigxeHs HAH
YKpaiHu, 2017.T.18. C. 1-2. URL: https://esu.com.ua/article-60607

References

Aisenverg D.E., Berchenko O.l., Brazhnikova N.E., Vdovenko M.V.,
Vinnichenko LJV. Vinnichenko L.G., Voronova M.A., Vyso-
chansky LV. Gorak SV. Gorbunov V.S., Zosimovich VYu.,
Ivannikov AV., Kozitskaya R.l., Kononenko L.P., Kotlyar O.E.,
Kulichenko V.G., Lipnik E.S., Lukin A.E., Makarenko D.E., Makri-
dina LV., Nemirovskaya T.l., Onufrishin S.V., Permyakov V.V.,
Poletaev V.I., Savron E.B., Stanislavsky F.A., Sterling B.P,, Tka-
chenko RYu., Ustinovsky Yu.B., Khristoforova T.F., Shelko-
plyas V.N., Shchegolev A.K., Yamnichenko I.M. 1988. Geology
and oil and gas potential of the Dnieper-Donets Basin. Stra-
tigraphy. Kyiv: Naukova Dumka. (in Russian).

All-Union Paleontological Society: Handbook. 1984. Leningrad:
Nauka. (in Russian).

Aristov V.V, Barinov LV., Belyakov L.P, Volfson F.I., Zonenshain L.P,,
Kuznetsov S.V., Makarenko D.E., Khisamutdinov N.l., Ches-
nokov S.V., Shatkov G.A. 1999. Repressed geologists. Third edi-
tion, corrected and supplemented. (Chief ed. V.P. Orlov). Mos-
cow-SPb. (in Russian).

Belyakova H.M., Boykova N.N., Gorbach L.P, Jabarova V.V, Kaly-
shevych T.G., Makarenko D.E., Martynson H.G., Myronova L.V.,
Moroz S.A., Paramonova N.P, Pergament M.A,, Tolstikova N.V.
1981. Class Bivalvia. Bivalve molluscs. Development and
change of molluscs at the turn of the Mesozoic and Cenozoic.
Moscow: Nauka, pp. 4-71 (in Russian).

Bushak S. 2009. A prominent historian of Ukrainian geology.
Geologist of Ukraine, 1-2, 121-123 (in Ukrainian).

Didkovsky VYa., Zelinskaya V.A., Zernetsky B.F., Zosimovich VYu.,
Ivanik M.M., Kraeva E.Ya., Kulichenko V.G., Makarenko D.E.,
Maslun N.V., Semenenko V.N. 1979. Biostratigraphic sub-
stantiation of boundaries in the Paleogene and Neogene of
Ukraine. Kyiv: Naukova Dumka (in Russian).

Didkovsky V.Ya., Zernetsky B.F., Zosimovich VYu., Kraeva EYa., Ma-
karenko D.E., Semenenko V.N. 1971. Some issues of paleoge-
ography and paleobionomy of the Paleogene and Neogene
basins of the territory of Ukraine. Ecology of invertebrates of
the tertiary seas of Ukraine. Kyiv: Naukova Dumka (in Russian).

Dikan K\V. 2015. Up to 115th anniversary O.K. Kaptarenko-Chern-
ousova, 105th anniversary .M Yamnychenka, 90th anniversary
D.Ye. Makarenka and 65-anniversaries Department of stratig-
raphy and paleontology of Mesozoic deposits of the Institute
of Geological Sciences of the National Academy of Sciences
of Ukraine. Geologicnij Zurnal, 1 (350), 123-126. https://doi.
0rg/10.30836/igs.1025-6814.2015.1.139342 (in Ukrainian).

Dikan K.V., Makarenko D.E. 1990. Bivalves and gastropods of the
Upper Jurassic of the Dnieper-Donets Basin. Kyiv: Naukova
Dumka (in Russian).

Dmytro Yelyseyovich Makarenko: Biobibliographic index. 2008.
Kyiv: Lohos (in Ukrainian).

Geology Shelf of the Ukrainian SSR. Stratigraphy (Shelf and
Coast of the Black Sea). (Ed. Yu.V. Teslenko). 1984. Kyiv: Nau-
kova Dumka (in Russian).

I3 icTopii Haykm | From the History of Science

Geology Shelf of the Ukrainian SSR. Tectonics. (Editor-in-Chief
V.B Sollogub). 1987. Kyiv: Naukova Dumka (in Russian).

Gozhik P.F., Makarenko D.E., Ivanik M.M., Melnik V.. 1979. Bottom
sediments of the tectonically active zone of the Arabian-In-
dian Ridge. Kyiv: Institute of Geological Sciences of the AS
of the UkrSSR. 58 p. (Preprint / AS of the UKrSSR, Institute of
Geological Sciences; No. 79-20) (in Russian).

Gozhyk P.F. 2005. Dmytro Yelyseyovych Makarenko: to the 80th
anniversary of his birth. Geologicnij Zurnal, & (314), 129-130
(in Ukrainian).

Gozhyk P.F,, Maslun N.V., Nosovsky O.Yu. 2009. In memory of Pro-
fessor Dmytro Yelyseyovych Makarenko. Geologicnij Zurnal,
1(326), 112-113 (in Ukrainian).

Gozhyk P.F., Maslun NJV., Yefimenko V.I, Zhabina N.M., Ocha-
kovsky VYu., Shevchenko TV., Suprun LS. 2017. Paleonto-
logical Society of Ukraine. Kyiv: IGS of NAS of Ukraine (in
Ukrainian).

Gozhyk P.F., Molyavko V.G. 1996. Dmytro Yelyseyovych Makaren-
ko: to the 70th anniversary of his birth. Geologicnij Zurnal, 1-2
(281), 220 (in Ukrainian).

Institute of Geological Sciences: Handbook. 1986. Kyiv: Naukova
Dumka (in Russian).

Ivanik M.M., Zhabina N.M., Dykan K.V., Shevchuk O.A. 2018. Depart-
ment of Stratigraphy and Paleontology of Mesozoic Deposits
of the Institute of Geological Sciences of the National Aca-
demy of Sciences of Ukraine - a Source of Ukrainian Paleon-
tology and Stratigraphy. Geologicnij Zurnal, 4 (365), 81-102.
https://doi.org/10.30836/igs1025-6814.2018.4.148469 (in
Ukrainian).

Leshchuh R. 2005. Dmytro Yelyseyovych Makarenko: to the 80th
anniversary of his birth. Paleontol. Collection, 37, 136 (in
Ukrainian).

Makarenko D.E. 1970. Early Paleocene molluscs of Northern
Ukraine. Kyiv: Naukova Dumka (in Russian).

Makarenko D.E. 1976. Gastropods of the Lower Paleocene of
Northern Ukraine. Kyiv: Naukova Dumka (in Russian).

Makarenko D.E. 1971. Molluscs of the Paleocene deposits of plat-
form Ukraine and their biostratigraphic significance. Doctoral
Thesis in Geological and Mineralogical Sciences. Kyiv. Institute
of Geological Sciences of the AS Ukrainian SSR. (in Russian).

Makarenko D.E., Reshetnyak N.V., Rovnin L.I, Tikhomirov V.V.
1995. Repressed geologists. Biographical materials. Second
edition, corrected and supplemented. (Chief ed. V.P. Orlov).
Moscow-SPb. (in Russian).

Makarenko D.E. 1955. The mollusc fauna of the Lower Tertiary
sediments of the northwestern part of the Ukrainian Crystal-
line Massif. Candidatel Thesis in Geological and Mineralogi-
cal Sciences. Kyiv. Institute of Geological Sciences of the AS
Ukrainian SSR (in Russian).

Makarenko D.E., Zelinskaya V.A. 1982. Molluscs of the middle Eo-
cene of platform Ukraine. Kyiv: Naukova Dumka (in Russian).

Makarenko D.E., Zvolsky S.T. 1995. In the battles of the Great Pa-
triotic War, tempered. Kyiv: Publishing House of the National
Academy of Sciences of Ukraine (in Ukrainian).

Makarenko D.Ye. 1979b. Cenozoic era and group. URE, 4, 509-510
(in Ukrainian).

Makarenko D.Ye. 1990a. Cretaceous period. Geographical En-
cyclopedia of Ukraine. Kyiv: Ukrainian Soviet Encyclopedia
named after M.P. Bazhan, 2, 218 (in Ukrainian).

Makarenko DYe. 1990b. Cretaceous system. Geographical En-
cyclopedia of Ukraine. Kyiv: Ukrainian Soviet Encyclopedia
named after M.P. Bazhan, 2, 218 (in Ukrainian).

Makarenko D.Ye. 1979a. Eocene epoch and Eocene department.
URE, 4, 40 (in Ukrainian).

Makarenko D.Ye. 2007. Golgotha of Ukrainian Geologists. Kyiv:
Lohos (in Ukrainian).

Makarenko D.Ye. 1963. History of the Study of Paleogene Deposits
of the Ukrainian SSR. Stratigraphy of the Ukrainian SSR. 9:
Paleogene. (Ed. V.T. Syabryay). Kyiv: Vyd-vo AN URSR, pp. 7-19.

Makarenko D.Ye. 1962a. Laskarev Volodymyr Dmytrovych. URE, 8,
13 (in Ukrainian).

101


https://esu.com.ua/article-60637

102

Makarenko D.Ye. 1987a. Lemuria. URE, 2, 254 (in Ukrainian).

Makarenko D.Ye. 1987b. Lona. URE, 2, 293 (in Ukrainian).

Makarenko D.Ye. 1962b. Maikop series. URE, 8,394 (in Ukrainian).

Makarenko D.Ye. 1981. Mesozoic era and group. URE, 6, 436-437
(in Ukrainian).

Makarenko D.Ye. 1961. Mollusks of Paleocene deposits of Crimea.
Kyiv: Publishing House of the Academy of Sciences of the
Ukrainian SSR (in Ukrainian).

Makarenko D.Ye. 1992. Mykola Omelyanovych Makarenko. Kyiv:
Naukova Dumka (in Ukrainian).

Makarenko D.Ye. 1982a. Numulites. URE, 7, 440 (in Ukrainian).

Makarenko D.Ye. 1982b. Oligocene epoch and Oligocene division.
URE, 8, 7 (in Ukrainian).

Makarenko D.Ye. 1982c. Ornithopods. URE, 8, 63 (in Ukrainian).

Makarenko D.Ye. 1982d. Paleogene period and Paleogene system.
URE, 8, 135 (in Ukrainian).

Makarenko D.Ye. 1960. Paleogeographic map. Paleogene period.
Late Eocene. Kyiv time. Scale 1:2,500,000. Atlas of paleogeo-
graphic maps of the Ukrainian and Moldavian SSR (with
elements of lithofacies). (Editor-in-Chief V.G. Bondarchuk).
Kyiv: Publishing House of the Academy of Sciences of the
Ukrainian SSR (in Ukrainian).

Makarenko DYe. 1974. Paleogeography of the territory of plat-
form Ukraine in the late Paleocene. Geologichij Zurnal, 1
(154), 138-143 (in Ukrainian).

Makarenko D.Ye. 1973. Paleogeography of the territory of Ukraine
in the early Paleocene time. Geologicnij Zurnal, 1 (148), 104—
112 (in Ukrainian).

Makarenko D.Ye. 1982i. Paleocene epoch and Paleocene depart-
ment. URE, 8, 139 (in Ukrainian).

Makarenko D.Ye. 1984c. Phanerozoic. URE, 11, Book One: 539 (in
Ukrainian).

Makarenko D.Ye. 1968. Precious pearls. Kyiv: Radyanska Shchola.
(in Ukrainian).

Makarenko D.Ye. 1983. Rudists. URE, 9, 506 (in Ukrainian).

Makarenko DYe. 1984a. Taphonomy. URE, 11, Book One: 155 (in
Ukrainian).

Makarenko D.Ye. 1984b. Tentaculites. URE, 11, Book One: 196 (in
Ukrainian).

Makarenko D.Ye. 2006. The way to the Temple. Archaeologist,
Artist, Art Critic Mykola Makarenko. Kyiv: Khreshchatyk. (in
Ukrainian).

Makarenko D.Ye. 1959. What you need to know about molluscs.
Kyiv: Radyanska Shchola. (Scientific and popular literature)
(in Ukrainian).

0.4. Beknuu

Maydanovich I.A., Makarenko D.E. 1988. Geology and genesis of
amber deposits of Ukrainian Polesie. Kyiv: Naukova Dumka.
(in Russian).

Nemkov G.I., Chernova E.S., Drozdov SV, Kizewalter D.S., Mikhai-
lov A.E., Portnaya V.L,, Ryzhova A.A,, Chernov V.I., Grechishniko-
va LA, Gustomesov VA, Zolkina A.l., Levitsky E.S., Makaren-
ko D.E., Pavlova M.S., Soloviev A.N. 1973. Guide to educational
geological practice in Crimea. Vol. 1: Methodology of geological
practice and atlas of guiding forms. Moscow: Nedra. (in Russian).

Paleontologists of the Soviet Union: Directory. 1968. Leningrad:
Nauka. (in Russian).

Shnyukov Ye.F.,, Makarenko D.Ye. 1989. Geological studies. Geograph-
ical encyclopedia of Ukraine. Kyiv: Ukrainian Soviet Encyclope-
dia named after M.P. Bazhan, 1, pp. 255-256 (in Ukrainian).

Shnyukov E.F, Starostenko V.I., Shcherbakov I.B., Belevtsev RYa,,
Govorov I.N., Gozhik P.F, Ivanik M.M., lvanov Yu.K., Kalyaev G.l.,
Karabovich SV., Kleshchenko S.A., Koptyukh Yu.M., Kozak S.A.,
Lazurenko V.I, Makarenko D.E., Maslun N.V., Mitropolsky AYu.,
Overchuk V.M., Orlovsky G.N., Rusakov O.M., Slipchenko VYV,
Sobolevsky Yu.V., Sobotovich EV., Usenko V.P, Frantseva I.A,,
Yanchuk E.A., Gevorkyan V.Kh., Chugunny Yu.G. 1984. Geology
and metallogeny of the northern and equatorial parts of the
Indian Ocean. Kyiv: Naukova Dumka. (in Russian).

Shushkivsky A.l. 2015. Dmytro Yelyseyovych Makarenko (1925-2008).
Encyclopedic Bulletin of Ukraine, 6-7, 108-118 (in Ukrainian).
Shushkivsky A.l. 2017. Makarenko Dmytro Elyseyovych. Ency-
clopedia of Modern Ukraine. Kyiv: Institute of Encyclopedic
Research of the NAS of Ukraine, 18, pp. 1-2. Retrieved from:

https://esu.com.ua/article-60607 (in Ukrainian).

Zernetskyi B.F. 2009. Expert in Cenozoic Mollusks (in memory of
Professor Dmytro Yelyseyovych Makarenko). Fossil Fauna and
Flora of Ukraine: Paleontological and Stratigraphic Aspects.
Collection of Scientific Works of the Institute of Geological
Sciences of the National Academy of Sciences of Ukraine.
Kyiv, pp. 416-418 (in Ukrainian).

Zernetskyi B.F. 2009. In Memory of Professor Dmytro Yelyseyovych
Makarenko. Geologist of Ukraine, 1-2, 175-176 (in Ukrainian).
Zernetskyi B., Leshchuh R. 2008. Outstanding paleontologist of
Ukraine DYe. Makarenko (in memory of Professor Dmytro
Yelyseyovych Makarenko). Paleontol. Collection, 40, 143-145

(in Ukrainian).

Zernetskyi B.F, Zelinskay V.A,, Blank MYa., Zosimovich VYu.,
Ivanik M.M., Kraeva E.Ya., Makarenko D.E., Maslun N.V., Stot-
land A.B. 1987. Stratigraphic scheme of Paleogene deposits
of Ukraine. Kyiv: Naukova Dumka. (in Russian).

ISSN 1025-6814 | Teonoriunui xxypHan. 2026. N2 1 | Geologicnij Zurnal. 2026. No. 1



LWAHOBHI ABTOPI!

MpocMmo npu NiAroToBLI A0 APYKY PYKONMWCIB BpaxoByBaTU BUMOIU, BU-
KnageHi B «KepiBHMUUTBI ANa aBTOPIB» HALIOIO XYypHany.

http://geojournal.igs-nas.org.ua/about/submissionst#tauthorGuidelines

0co6n1BO 3BepTaEMO Bawly yBary Ha Take:

BuMOru LWOAO HAAAHHA PUCYHKIB A0 CTaTei.
AuB. po3gin «InocTpauii» «KepiBHMUTBA ANS aB-
TOpiBY».

* |lpeanbHMn BapiaHT ANA PUCYHKIB — BEKTOPHI
306paXkeHHs.

¢ Llono rpadikis Ta giarpam — TaKOX y NpiopuTeTi
€ BeKTOpHi thannn.

o dAKWWO € Npo6nemu i3 36epeeHHHAM Y BEKTOPHO-
my cbopmari, a Aiarpama CTBOpeHa B eKcesb — An-
3alHep XypHany MoXe NPUNHATK fiarpamy B eK-
cenb canni.

e [insa piarpam, 3po6neHux B Microsoft Excel, notpi6-
HO HaAaTV opuriHanbHui cain XLS(X) abo aiarpa-
My, ekcriopToBaHy 3 Excel B popmarti SVG (ans upo-
ro Tpe6a KNnikHyTW NPaBoK KHOMKO MULi HA Aia-
rpamy -> 36epertit PUCYHOK AIK -> .SVg)»

e [inA apyKy HeobXigHO AKICHWUIA (hans po3mMipom no
WWPUHI He MeHwe 1/2 WupuHn ctopiHku (Kyp-
HanbHa KOMOHKA).

° PUCYHKM MOXYTb 6YTW Ha WUPUHY KOMOHKM
(1/2 wupunm ctopiku) (a), 3/4 wnpunu (b) Ta Ha
BCIO WMPUHY cTOpiHKK (c), ana pactposux dop-
MaTiB — He MeHwwe 300 dpi. MiHiMmanbHUI po3mip
nignucy — 8 nt (wpwudT Arial).

¢ §KWO aBTOpP HAAAE PUCYHOK PO3MIPOM Ha BCHO
WWPUHY CTOPIHKW, TO MiHIManbHUA Hagnuc Ha
LUMX PUCYHKAX MOBUHEH BiAMOBIAATN PO3Mipy
wpundTa Bia 8 nt ao 11 nt (d).

* Ha BCix pucyHKax ogHi€l cTaTTi WpndTH Ta iX po3-
Mipn MatoTb 6YTKM YHiDiKOBaHMMN.

¢ 3BepTaty yBary Ha hisuyHUN PO3Mip NOJAHOIO
PUCYHKa, W06 He JOMYyCTUTM 3aHaLTO Masioro
pO3Mipy intoCTpaLii B pyKOBAHOMY BUIMAAI.

* Bisyaniuis BUMOr 1O PUCYHKIB. Y NpuKnagi posmi-
pv HaBefeHO i y MinlimeTpax, i y nikcensx.

OcopmneHHs nocunaHb Heo6XiHO BUKOHYBATM 3Tij-
HO 3 BUMOramm «KepiBHMUTBA ANS aBTOPiB», Po3ain
«Mpuknaawn 6i6niorpaciuHmx onucie». BianosiaHo Ao
BUMOT TOMOXEHHSA NMPO BUKOPUCTAHHA 06'€KTIB Npa-
Ba iHTenekTyanbHoI BracHocTi B HAH YKpaiHu y cnuc-
Ky nitepatypu (nepeniky nocunaHb) Ans HayKOBUX
cTaten 3a3HavaloTb aBTopa(iB) TBOpY, Ha3By CTaTTi,
Ha3BY XXypHany, pik BUAAHHSA, HOMEpP XXypHany, CTo-
piHKK, doi a6o, AKwo doi BiacyTHE, — rineprnocunaHHa
Ha MicLe 3HaXOMKeHHS CTaTTi. B YKpaiHi BUKOpucTaH-
Ha DOI y HaykoBiii nepioguui ctano 060B'A3KOBUM
3rigHo n. 6 NMopsaaky dopmyBaHHS Mepeniky HayKoBUX
thaxoBux BuaaHb Ykpainu (Hakas MiHictepctBa ocBi-
TV i HayKn YKpaiHu N@ 32 Bif 15.01.2018 p.).

Wpndpt ana nignucie Arial Regular 11 nt —

a) d)
LWpwndT Ansa nignucie Arial Regular 8 nT —
87 mm MiHIManbHUI Po3Mip
(> 940 px, 300 dpi] ncie
MaKkcMMarnbHWUA po3Mip
b)
130 mm
(> 1535 px, 300 dpi]
c)

170 mm

(> 2000 px, 300 dpi)
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MAY 2026 MARKS THE 100™ ANNIVERSARY OF THE FOUNDING OF THE
INSTITUTE OF GEOLOGICAL SCIENCES OF THE NAS OF UKRAINE -
THE OLDEST SCIENTIFIC CENTER IN THE FIELD OF GEOLOGY IN UKRAINE.

e The Institute began as the Ukrainian Research Geological Institute of the People’s
Commissariat for Education of the Ukrainian SSR, formed from the geological de-
partments of the Academy of Sciences and the People’s Commissariat for Education.

e Throughout its long history, the Institute has established several key research
areas and academic schools, including general geology and geotectonics, palaeon-
tology and stratigraphy, hydrogeology, engineering and environmental geology,
mineral geology, lithology, sedimentology, and marine and ocean geology.

e These scientific schools were founded and developed by renowned geologists
and scientists PA. Tutkovsky, M.l. Bezborodko, E.S. Burkser, V.G. Bondarchuk,
V.I. Luchitsky, K.Il. Makov, M.G. Svitalsky, V.B. Porfiriev, M.P. Balukhovsky, A.Ye. Baby-
nets, Ye.F. Shniukov, P.F. Gozhyk, V.M. Shestopalov, V.. Lialko, and by many others.

o The Institute played a significant role in the development of new scientific fields,
the organization of geological research, and the preparation of scientific specialists.
Practically all scientific institutions of a geological profile within the National
Academy of Sciences of Ukraine were established on the basis of its departments.

e The Institute of Geological Sciences continues to contribute substantially to
the development of fundamental geological issues, plays a key role in providing
scientific support for modernization and creation of stratigraphic schemes of the
new generation, correlation of stratigraphic units with the International Strati-
graphic Chart, development of relevant issues concerning Ukraine’s mineral re-
sources sector, the country’s resource security, establishing the scientific basis for
the preservation and improvement of the environment, assessment of the im-
pact of war on the geological environment, and the implementation of modern
monitoring methodologies and strategies for the restoration of the geological
environment to support Ukraine’s economic development, among other areas.

of Sciences of Ukraine

e The Institute serves as the base institution for public
scientific associations: the National Stratigraphic Committee
of Ukraine, the Paleontological Society of Ukraine, the Ukrainian
Lithological Committee, and Scientific Councils on “Geological
Problems of Isolating Radioactive and Other Hazardous Wastes
in the Subsurface” and “The Origin of Oil and Gas."

o The preparation of highly qualified researchers is carried
out through postgraduate and doctoral programs and the work
of a specialized academic council for granting the degree of
Doctor of Geological Sciences.

o The Institute is the founder and publisher of the “Geologi-
cal Journal” (indexed in the SCOPUS scientometric database) and
the “Collection of Scientific Works of the Institute of Geological
Sciences NAS of Ukraine”

o International cooperation is maintained with scientific insti-
tutions of Poland, Germany, France, Sweden, Spain, Croatia, Slo-
vakia, and other European countries. The Institute participates
in projects within a consortium with geological organizations of
European Union countries under the Horizon Europe Program,
and with the Geological Survey of Finland under the Horizon
2020 Program. Researchers are involved in cooperation with the
International Atomic Energy Agency (IAEA), the Organization for
Security and Co-operation in Europe (OSCE), and others.

o To mark the 100* anniversary of the Institute of Geological
Sciences of the National Academy of Sciences of Ukraine, a
jubilee scientific conference is planned to take place at the
Institute from 19 to 21 May 2026. The conference will cover
the following topics:

~

Geological chronicle: stratigraphy, paleontology, sedimentology.
> Mineral resources: formation, prospects, global challenges.
Resilience and safety of the geological environment during
wartime: groundwater, technogenicgeological systems,
and restoration.

Earth System Science: innovative methods

and interdisciplinary approaches.

WELCOME TO PARTICIPATE IN THE CONFERENCE
AND TO COLLABORATE!

~

~

1926—2026
IGS NASU

INSTITUTE OF GEOLOGICAL SCIENCES
OF THE NAS OF UKRAINE

55-b O. Honchara St., Kyiv
@ http://www.igs-nas.org.ua
0 https://www.facebook.com/profile.php?id=100067872909888
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