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LITHOLOGICAL AND MINERALOGICAL COMPOSITION
OF ACCUMULATIVE BEACH SEDIMENTS
OF THE DNIESTER-DNIPRO SEGMENT OF THE BLACK SEA

(lMMpedcmaesneHo YneHoM pedakyiliHoi kosezii 0-pom 2eos. Hayk, npogh. B.B. Ozapem)

The article presents the results of studies of modern beach sediments of the northwestern Black Sea coast from the village of Karolino-
Buhaz (Odesa oblast) to the village of Rybakivka (Mykolaiv oblast). The length of the coastal zone is about 110 km. Most of the beaches
here are sloping beaches of various morphologies and widths. Using a uniform methodology, 64 samples were collected and processed
along the entire profile. The sampling was carried out from the middle part of the beach strip between the water's edge and the shore in
the summer in the absence of storms from a depth of 30 cm. The area of the sweep was 30%30 cm. Each sampling point was accompanied
by a description of the geological structure, condition of the coastal zone and characteristics of the beach area. The sampling points were
georeferenced using a GPS system.

Grain size and mineralogical analyses were carried out, and the main patterns of lithological composition and distribution of mineral
fractions along the entire profile were established. Several contrasting areas were identified: 1) Karolino-Buhaz-Chornomorsk, where the
medium-grained (0.5-0.25 mm) fraction significantly prevails (67 %). In the sediments of this area, the main mineral of all fractions is quartz
(90 %). The dominant heavy minerals are garnet, ilmenite, and magnetite; 2) Chornomorsk — Cape Velykyi Fontan and Lanzheron (Odesa
oblast) — Kobleve (Mykolaiv oblast) with a significant content of coarse-grained psamite (2-1 mm) — 29 % and gravel (2-5 mm) — 16 %
fractions. The main minerals here in all fractions are quartz and calcite; 3) Cape Velykyi Fontan -Lanzheron is characterised by a variable
particle size distribution, with the bulk represented by fractions of 0.25-0.5 mm and 0.25-0.1 mm, which have different proportions on
different beaches. The dominant mineral in all fractions is quartz, with calcite detritus present in subordinate amounts. Heavy minerals
are represented by single grains of garnet, ilmenite, magnetite, staurolite; 4) Kobleve — Rybakivka (Mykolaiv oblast) with an increase in the
content of fractions of 0.25-0.1 mm (up to 42 %). The main mineral in all fractions is quartz (up to 87 %). The secondary component is
calcite detritus. Biotite, muscovite and tourmaline are notable impurities in fine-grained fractions. On some beaches located near the
seaport of Odesa, numerous glassy spheroidal aggregates of various compositions and ferruginous spheroids have been found in
fractions of less than 0.5 mm. In places of concentration of such formations, the colour of the beach sediments becomes grey.

The total content of anthropogenic material in the beach sediments of the studied segment is on average 0.1-0.12 %. It increases
significantly (up to 0.23 %) in the vicinity of the port of Odesa and adjacent areas. In addition, in contrast to the Danube-Dniester segment,
there is a noticeable increase in the amount of large-sized material of man-made origin (plastic, concrete, bricks, wood fragments, metal,
fabric, etc.) in the beach area.

The main factor in the formation of the mineral and particle size distribution of beach sediments in the Dniester-Dnipro segment of the
coast is coastal abrasion. The role of terrigenous inputs from the land is minimal and is manifested only in the northern part (Berezan Bay
area). The formation of the material and fractional composition is significantly influenced by periodic artificial sand alluviation (beach area
of the Odesa agglomeration), strengthening of slopes with concrete blocks, piling up of blocks of igneous and metamorphic rocks, mainly
granitoid, breakwaters and other structures that change the direction and influence along the coastal currents.

Keywords: Black Sea, Dniester-Dnipro segment, lithological and mineralogical composition, beach sediments.

Introduction. Beach sediments of the Black Sea within
the territorial waters of Ukraine play an extremely important
role. They are an integral part of the creation and operation
of recreational, health, sanatorium, tourist and sports
complexes, as well as mass recreation centres. In the
summer, beach sediments are a place of pilgrimage for
millions of people, and in many cases the popularity of
certain coastal areas of the sea is determined by the
condition and nature of their sediments. The main
parameters chosen are width, grain size and mineral
composition, ecological status and accessibility. The
Dniester-Dnipro segment of the coastal zone (Karolino-
Buhaz-Rybakivka) is home to a large number of boarding
houses, recreation centres, hotels, and entertainment
facilities that exploit beach sediments to varying degrees.
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Odesa is the largest resort agglomeration with a coastal
zone of up to 35 km. Over the past 5 years, from 2 to
3.2 million people have had annual holidays here. In total, the
coastal resorts of Odesa oblast received more than 6 million
tourists in the summer season before the war. The most
important centres of active summer recreation here, in
addition to Odesa, are: Karolino-Buhaz, Hrybivka, Sanzhiika,
Chornomorsk, Kryzhanivka, Fontanka, Vapnyarka, Nova
Dofinivka, Chornomorske, Hrygorivka, Yuzhne, Kobleve,
Mors'ke, Rybakivka. Everywhere near these settlements,
there is active urbanisation of the coastal zone, which is
manifested in construction, changes in the original natural
landscape, disruption of the natural stability of the coastal
rocks and slopes, and an increase in the anthropogenic load
on beach sediments.
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Coastal and beach sediments in the study segment are
distributed along the entire coastline and are represented by
two types: sloping beaches with a total length of about 65 km
and alluvial beaches with a total length of up to 45 km.

Coastal zone of this segment of the coast is currently
undergoing active development of landslide processes
associated with the intensification of neotectonic movements
and peculiarities of the lithological composition of rocks.

Beach sediments serve as an important marker for
assessing the state of the natural environment at the land-
water interface. They reflect geological and anthropogenic
factors. That is why monitoring of these sediments is
important for understanding the direction of these changes,
assessing their quantitative and qualitative parameters, and
predicting negative consequences.

Analysis of previous studies and setting the
objectives of this publication. The formation of beach
sediments is the result of the combined action of three main
exogenous factors: coastal abrasion, solid runoff from the
land and the hydrodynamics of the marine environment. In
different segments of the coast, the importance of each of
these factors may vary for objective reasons (shoreline
configuration, lithological composition of rocks, landslide
development, river runoff activity, direction and activity of
coastal currents, sea depth, etc.), which will ultimately affect
the volume and distribution of particle size and mineral
content of beach sediments.

The coast of the north-western part of the Black Sea is
an interesting and accessible scientific object for studying all
the above factors influencing the formation of beach
sediments and assessing the possibility of accumulating
minerals in them. The largest waterways of Central Europe
and Ukraine - the Danube River, the Dniester River, and the
Dnipro River - discharge into the Black Sea, and there are
various types of rocks that make up the coastal zone and
numerous estuaries. In the previous report (Nesterovskyi et
al., 2022), we provided a general analysis of the work carried
out in this area in different periods and focused on their
objectives and results. This primarily concerns the classical
and generalising publications by M.I. Andrusov (Andrusov,
1890, 1927), A.D. Arkhangelsky (Arkhangelsky and Strakhov,
1938), M.M. Strakhov (Strakhov, 1956, 1965), E.F. Shnyukov
(Shnyukov et al., 1981, 1983), V.H. Gevorkyan (Gevorkyan,
1981), O.Y. Mitropol'skii (Mitropol'skii and Moiseeva, 1975),
M.G. Barkovskaya (Barkovskaya, 1960, 1963), E.M. Neves'kii
(Neves'kii, 1967), Z.T. Novikova (Novikova, 1973), Y.Y. Yurk
(Yurk et al., 1973), Y.Y. Shuiskyi (Shuiskyi, 1986; Shuiskyi
and Murkalov, 2012; Shuiskyi and Organ, 2017), and others.
Most of these works are devoted to the geological structure
of the shelf and coastal zone, sediment stratigraphy and
minerals. A significant contribution to the understanding and
disclosure of the main factors of coastal sediment formation
in the study area was made by scientists of Odesa National
University supervised by Yurii Shuiskyi (Shuiskyi, 1986;
Shuiskyi and Murkalov, 2012; Shuiskyi and Organ, 2017),
who have been conducting monitoring expeditions to study
the morphology of surface and submerged accumulative
formations, the composition of suspended material and the
ecology of the coastal environment for more than two
decades. In recent years, the staff of State Scientific
Institution "Marine Geological and Environmental Centre of
the National Academy of Sciences of Ukraine" has been
conducting comprehensive lithological and mineralogical
studies in the northwestern part of the Black Sea, aimed at
obtaining the necessary parameters to build a comprehensive
model of the formation of the material and particle size
distribution and assessing the importance of each factor. The
algorithm of these studies and partial results are presented in
(Nesterovskyi et al., 2022, Lomakin et al., 2022). This paper
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is a continuation of these studies and covers a new segment
of the coast from Karolino-Buhaz village (Odesa oblast) to
Rybakivka village (Mykolaiv oblast). It focuses on the study
of lithological and mineralogical composition, fractional
distribution, ecological status and genesis of beach
sediments.

Among the most recent works on this topic, it is worth
highlighting the publication by Bayram (Bayram et al., 2020),
which discusses the peculiarities of the mineral and
chemical composition of the coast of the southwestern part
of the Black Sea. Also noteworthy are studies of the
quantitative indicators of the main provinces that come from
the southern coastal area (Dimitrov et. al., 2002, Berkun,
Aras, 2012) and the eastern part of the Black Sea (Tatui,
Pirvan et al., 2019, Berkun, Aras, 2012).

Factual material and research methods. The actual
material from the Dniester-Dnipro segment of the
northwestern part of the Black Sea was collected directly by
the authors during the 2021 field season. The sampling was
carried out in July in the absence of storm waves at all
accessible beach sediment sites. The same methodology
was used to collect samples: on sloping beaches — from the
middle part, on shoals — at a distance of 5-7 m from the
water's edge. The material was collected in standard 1-litre
plastic containers from a depth of 30 cm from the surface
and a stripping area of 30x30 cm. At each point, a
preliminary description of the coastal zone, condition and
morphology of beach sediments was carried out. The
sampling locations were georeferenced using a GPS system
and recorded in a field log along with a description. A total of
64 samples were collected for the study in this segment. The
length of the coastline under study is 110 km. The sampling
scheme for the study area is shown in Fig 1.

The methodology for preparing and examining samples
in the laboratory had a standard scheme and sequence. All
fractional groups were studied using an MBS 9 microscope,
scanning electron microscope and electron probe
microanalysis. Statistical and graphical methods were used
to interpret and present the results.

Research results and their interpretation.

Age and lithological composition of the coastal zone
rocks in the studied coastal segment. In this segment, the
coastal zone sediments that are in direct contact with the
marine environment are represented by Neogene and
Quaternary sedimentary rocks. A schematic section of these
rocks is shown in Fig. 2.

Sediments of the Neogene system that contribute to the
structure of the coastal zone and the adjacent part of the water
area are represented by rocks of the Sarmatian, Meotian,
Pontic, and Kuyalnik stages. The rocks of the Sarmatian Stage
are located below the water's edge and are exposed only at the
bottom of estuaries (Dniester, Kuyalnik-Khadzhibeyiskyi, Big
and Small Adzhalitskyi, Tiligulskyi, Karabuzhskyi and
Berezanskyi) (Zelinskyi et al., 1993). Their influence on the
formation of the particle size distribution and mineralogical
composition of beach sediments is minimal.

The rocks of the Meotian Stage are involved in the structure
of the lower part of the coastal zone section above the water's
edge. However, they are not widespread, intermittent, and in
some fragments of the shore they are partially eroded and
underwater. They occur transgressively on Sarmatian
sediments and are mostly composed of clay facies. Small
layers of limestone-sandy and silt-sandy rocks are recorded in
subordinate amounts. The thickness of the Meotian sediments
above the water table in the study areas ranges from minimal
to 10-12 m. The surface of the Meotian sediments is uneven,
eroded, and contains layers of the basal horizon composed of
coarse-grained and gravelly material.
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Fig. 1. Scheme of beach sediment sampling in the Dniester-Dnipro segment
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Fig. 2. Schematic geological section along the coastal zone of the Dniester-Dnipro segment
Symbols: 1 — loess loam; 2 — silts; 3, 4 — coarse and fine-grained sands; 5 — limestone; 6 — clays;
7 — sand with shell detritus; 8 — sandy silts; 9 — sea level (Zelinskyi et al., 1993)

The Pontic sediments directly lie on top of the Meotian.
They are intermittently present in the coastal section. Above
sea level, they are exposed on the coast from the Sukhyi to
the Tiligulskyi estuaries. To the southwest of Sanzhiika, they
gradually sink and do not come to the surface. They are
represented by limestones, clays, siltstones and sandstones
belonging to shallow marine and coastal facies. Limestones
predominate in the section. The upper and lower parts of the
limestone section are stronger, recrystallised, and the
middle part is composed of detrital and oolitic limestone with
interlayers of sandy clay material. Limestones are poorly
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dislocated, small anticline folds with slight steepness of their
wings are observed. Pliatic and disjunctive faults, as well as
landslides at the contact with meotic clays are often
observed. Limestones, which are exposed in the zone of
active marine abrasion, affect the stability of the shore and
prevent its erosion. The thickness of the Pontic sediments
above sea level in the coastal study area ranges from the
first few metres to 12 metres or more.

Deposits of the Kuyalnik Formation are naturally
occurring in the coastal slopes of the Kuyalnik-
Khadzhibeyiskyi and Sychavskyi estuaries, and are also
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observed on the sea coast between the Tiligulskyi and
Berezanskyi estuaries. Their best sections are located near
the villages of Fontanka and Rybakivka. They lie on the
eroded surface of Meotic and Pontic sediments and are
overlain by Quaternary loams. In most of the outcrops
studied, they are represented by interbedded sands and
clays. The sandy facies is predominantly of fine- to medium-
grained, feldspar-quartz composition. To the north-east, the
role of clay layers increases significantly (Rybakivka —
Ochakiv). The thickness of the Kuyalnyk deposits ranges
from 2 to 13 metres. On the coastal area from Small
Adzhalitskyi estuary to Rybakivka, undivided Middle and
Upper Pliocene sediments lie on top of the Kuyalnik
Formation rocks. They are composed of alluvial facies of
sands and clays and continental red-brown clays. The latter
are distributed only in the watersheds and are not found
directly in the coastal zone. The total thickness of these
sediments ranges from 2.5 to 15 metres.

Quaternary sediments are widespread in the coastal
outcrops of the studied coastal segment. They are
represented by different genetic alluvial, estuarine, marine
and lagoonal marine facies. They occur on sediments of
different ages from the Meotian to the Upper Pliocene. They
are mostly represented by loess and loess-like loams, with
fossil soils present in the upper part. The thickness of the
Quaternary sediments varies from minimal to 25-30 m.

Landslide phenomena are recorded along the entire
profile, except for the embayments in estuaries. Landslides
develop at the contact of different facies and different ages
of sediments. The most active landslide activity is
characteristic of the contact between Pontic (limestone) and
Meotic (clay) sediments, Pontic (limestone) and Kuyalnik
(sandy-clayey) sediments, as well as Quaternary (loam)
sediments and Neogene sediments. The activity of landslide
processes increases with watering of the section rocks.

Landslide formation processes in the coastal zone are
also largely controlled and amplified by neotectonic
differential movements, which are quite active in this region
and have different amplitudes in different parts of the coast
(Lomakin et al., 2022). All of this, together with anthropogenic
load, accelerates coastal erosion and increases the total
mass of material entering the abrasion zone.

A typical fragment of the coastal zone with active
landslide processes is shown in Fig. 3.

-
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Fig. 3. Coastal landslides near Chornomorske

Condition and morphology of modern beach
sediments. In the Dniester-Dnipro segment of the coastal
zone there are two main types of natural beach deposits:
sloping beaches formed directly along the rocky shore and
open beaches formed on alluvial deposits. In addition, urban
agglomerations have developed beach sediments of
artificial and partially artificial origin.

Slope beaches are the longest and most dominant, with a
total length of about 65 km in the study area. They are
developed on the coastal areas between the settlements of
Karolino-Buhaz, Chornomorsk, Kryzhanivka — Rybakivka.
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Their width in calm sea conditions ranges from 1-2 to
12-15 metres. In stormy weather, these beaches are
completely or partially flooded with water and subjected to
active overwash. At the same time, the erosion of the shoreline
rocks increases. The most actively eroded sediments are those
of sandy-aleurite and loess composition. The least vulnerable
are dense limestone and clay. The general slope of beach
sediments towards the sea is 5—7. After storms, boulders of
coastal rocks appear in the beach area, which then gradually
break down to the size of the prevailing fractions. In addition,
deposits of man-made material appear.

Open-air beaches are fragmented and are associated with
the reclaimed areas of the Kuyalnik-Khadzhibeyiskyi, Big and
Small Adzhalitskyi, Tiligulskyi, Karabuzhskyi and Berezanskyi
estuaries. Their width ranges from several tens to several
hundred metres, and their height above sea level is from 0.5
to 2 metres. The slope of the sandbanks' surface towards the
sea averages 2-5°. In stormy weather, the beach sediments
of the embankments are only partially washed away, with the
most active impact being on the area in direct contact with the
water. As the shore is not eroded in these areas, beach
sediments are replenished or reduced after storms by
material redistributed or brought in by the sea.

Beach sediments developed directly within the urban
agglomerations of Odesa, Chornomorsk, Fontanka and
Yuzhne are of a natural and artificial nature. The bedrock in
most of these beaches is protected from sea abrasion, with
breakwaters built on the sea side, and in some places the
shore is reinforced with concrete and crystalline rocks
(Fig. 4). There is also periodic replenishment of beach
sediments by adding sandy material from various extraction
sites (Fedoronchuk et al., 2015).

&

Fig. 4. ypical vew of the coastal fortifications
of the beach area of the Dniester-Dnipro segment
(Fontanka village)

Particle size distribution of beach sediments. Based
on the results of granulometric studies, it was found that the
beach sediments consist of gravel (2-10 mm), psamite
(0.1—=2 mm), siltstone (0.01-0.1 mm) and pelite (<0.01 mm)
fractions. The content and proportion of different fractions
varies from site to site, but in general, psamites predominate
(up to 81 %) throughout the study area. The content of the
gravel fraction is variable, but does not exceed 16 %. The
siltstone fraction has a minimum content of up to 5 %. The
content of the pelitic component is less than 0.5 % and
generally correlates with the siltstone fraction. However, it is
distributed sporadically along the profile, with concentrations
increasing slightly in areas of active landslide events. If
landslides occur infrequently, this fraction is then quickly
removed by waves into the sea. The general distribution of
the fractional composition of beach sediments along the
entire profile is shown in Fig. 5. Four contrasting areas can
be distinguished by the peculiarities of its distribution:

1) Karolino-Buhaz — Chornomorsk (Odesa oblast). Here,
the beach sediments are represented by the predominance of
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medium-grained (0.5-0.25 mm) psamite fraction, the content of
which is up to 67%. Secondary fractions are coarse-grained
psamite (0.5-1 mm) — 17 % and fine-grained psamite (0.25—
0.1 mm) — 10 %. Silty, coarse-grained psamite and gravel
fractions are completely absent in this area (Fig. 6).

2) Chornomorsk — Cape Velykyi Fontan and Lanzheron
(Odesa oblast) — Kobleve (Mykolaiv oblast). It is
characterised by a significant decrease in medium-grained
and an increase in coarse-grained psamite fractions. There
is also a noticeable increase in coarse-grained psamite
(1-2 mm) — 29 % and gravelly (2—10 mm) — 16 % fractions.
The content of siltstone fraction is less than 1 % (Fig. 7).
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3) Cape Velykyi Fontan Lanzheron is characterised by
an unstable particle size distribution, where the bulk of the
fractions is represented by medium (0.25-0.5 mm) and fine
(0.25-0.1 mm) material, which has different proportions on
different beaches (Fig. 8);

4) Kobleve — Rybakivka (Mykolaiv oblast). There is a
sharp increase in the content of fine-grained psamite (up to
42 %) due to a decrease in medium-grained psamite (up to
20%) and gravel (up to 11 %) fractions. The content of
siltstone fraction also increases (Fig. 9).
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Fig. 5. Generalised particle size distribution of accumulative beach sediments in the Dniester-Dnipro segment
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Fig. 6. Average content of beach sediment fractions
in the area from Karolino-Buhaz village to the outskirts
of Chornomorske
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Fig. 8. Average content of beach sediment fractions
in the area from Cape Velykyi Fontan — Lanzheron (Odesa)
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Fig. 7. Average content of beach sediment fractions
in the area from the outskirts of Chornomorske (Odesa oblast)
to the outskirts of Kobleve (Mykolaiv oblast)
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Fig. 9 Average content of beach sediment fractions
in the area from the outskirts of Kobleve to Rybakivka village
(Mykolaiv oblast)
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Mineral composition of beach sediments. The beach
sediments of the Dniester-Dnipro segment contain natural
minerals: quartz, calcite, garnets, ilmenite, glauconite,
tourmaline, mica (phlogopite, muscovite), feldspar, staurolite,
magnetite, limestone fragments, detritus, fragments and
whole shells and technogenic formations: glass fragments,
glass balls, iron balls, shapeless metal alloys, slag.

Natural components. The main rock-forming minerals
are quartz and calcite.

Quartz is widespread and predominant in all fractions,
except for the Kryzhanivka (Odesa oblast) — Kobleve
(Mykolaiv oblast) area, where carbonate formations prevail.

Most of the quartz (up to 97 %) is distributed in fractions
of less than 1 mm, but with a sharp predominance in
fractions of less than 0.5mm. It is represented by
transparent, medium and poorly rolled grains of colourless,

yellowish and white colour (Fig. 10). Some grains contain
inclusions of iron oxides — ilmenite and hematite.

Prismatic quartz crystals, which were common in the
fraction of less than 0.25 mm in the beach sediments of the
Danube-Dniester segment, are almost absent in this segment.

Carbonate formations are represented by weakly rolled
fragments of calcite crystals and aggregates, fragments of
limestone, oolite, detritus, and individual shells (Figs. 11-13).
Limestone fragments and detritus are typical for fractions
larger than 0.5 mm, and calcite grains in fractions Smaller
than 0.25 mm. Calcite oolites are found in fractions of 0.5—1
and 0.25-0.5 mm. Whole and partially destroyed shells of
small fauna are common in fractions larger than 1 mm. As a
rule, all carbonate formations are coloured in different
shades of yellow and brown.

b

Fig. 10. Morphology of quartz grains:
a — 1-2 mm fraction, b — 0.5-1 mm fraction, ¢ — 0.25-0.5 mm fraction

Fig. 11. Whole shells of gastropods and molluscs:
a — fraction 2-3 mm, b — fraction 0.5-1 mm

Fig. 12. General view of detritus:
a — 2-3 mm fraction, b — 1-2 mm fraction

ak™?

Fig. 13. Carbonate formations (fragments of limestone, calcite crystals, oolites):
a — 2-3 mm fraction, b — 0.5-1 mm fraction
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Secondary and accessory minerals are represented by Table 1

garnets, ilmenite, mica (phlogopite, muscovite), staurolite, Chemical composition of ilmenite

magnetite, glauconite, tourmaline, and feldspars. Sample | TiO, V205 | Cr,0; | MnO | FeO | Total
Among garnets, almandine and transitional varieties 1 7346 | 028 | 041 | 0.77 | 25.07 | 100.00

between almandine and spessartine as well as almandine 2 82.60 | 085 | 017 | 0.13 | 16.25 | 100.00

and pyrope have been identified. They are found in fine-
grained fractions, but are mostly present in the 0.1-0.25 mm
fraction. Almandine grains are more frequent and found in
all observation points. They are recorded in minimal
quantities within the Odesa agglomeration and are
practically absent in places where limestone deposits
outcrop into the coastal zone. The garnet grains are semi-
coated, corroded, but mostly with a shiny surface (Fig. 14).

Fig. 14. Almandine grains, fFa;ction 0.1-0.25 mm

limenite occurs in fractions together with garnets and has
a correlation with them. However, its content is 2—3 times lower
than that of garnets. In the samples, ilmenite is rolled, not
transparent with a shiny surface (Fig. 15). The chemical
composition of ilmenite is given in Table 1.

Glauconite occurs in all points of observation as single
grains of 0.1-0.25 mm fraction. Its aggregates are well
rolled, oval and flattened-oval in shape. The colour is light
green (Fig. 16). It should be noted that this mineral is absent
in the samples of the Danube-Dniester segment.

2000kV_ x60.0
Fig. 15. llmenite grains:
a — binocular; b — electron microscope

“1mm

Fig. 16. Glauconite grains, fraction 0.1-0.25 mm

Tourmaline was found in single grains in the Kobleve-
Rybakivka beach area (Mykolaiv oblast) in a fraction of less
than 0.25 mm. It is a weakly short-prismatic, well-cut crystal
with a characteristic vertical hatching on the faces. There are
no traces of rolling. The crystals are transparent, green-
brown in colour with various shades (Fig. 17). The chemical
composition of individual tourmaline crystals varies, but
within the limits corresponding to its varieties (Tab. 2).

x25.0 2mm [}
Fig. 17. Tourmaline crystals:
a — binocular, fraction 0.1-0.25 mm; b — electron microscope

20.00kV

Table 2
Chemical composition of tourmaline crystals
Sample TiO, FeO Na,O MgO Al,0, SiO, K,0 CaO Total
3 1.10 9.76 3.38 9.47 34.36 40.32 0.13 1.48 100.00
4 0.86 7.36 2.59 10.01 37.10 41.04 | 0.05 0.75 100.00
5 1.30 11.92 3.53 9.08 32.61 41.22 0.06 0.17 100.00
9 1.00 6.87 3.05 11.60 32.76 43.40 | 0.00 1.16 100.00
11 1.17 15.90 3.04 7.60 31.53 40.04 | 0.08 0.48 100.00
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Mica is represented by muscovite and phlogopite
laminae, which occur in fractions of 0.25-0.5 and 0.1-
0.25 mm. The highest concentration of mica is observed in
the 0.1-0.25 mm fraction. Muscovite is widespread
throughout all observation points, while phlogopite is found
only from the area of Nova Dofinivka (Big Adzhagilskyi
estuary) to Rybakivka village (Berezanskyi estuary).
Muscovite laminae are transparent, water-transparent,
colourless, rounded and phlogopite laminae are translucent,
brown in different shades (Fig. 18).

Fig. 18. Mica grains:
a — muscovite; b — phlogopite, 0.25-0.5 mm fraction

Feldspar occurs as rounded, opaque or translucent,
more or less prismatic grains of grey-yellow, yellow-brown
colour. Its total content is much lower than in the Danube-
Dniester sediments and averages about 1.5 % of the total
light fraction. Its distribution by size is not regular, but there

is still a correlation with quartz, which is concentrated in
fractions of less than 0.25 mm.

Staurolite occurs together with garnet and ilmenite in
fractions of 0.1-0.25 mm. Its grains are transparent, almost
not rolled, and have a yellow-brown colour of various shades
(Fig. 19). Some of its grains contain micro-inclusions of
ilmenite and magnetite. The chemical composition of
staurolite is given in Table 3.

Fig. 19. Staurolite grains under the binocular,
fraction 0.1-0.25 mm

Magnetite occurs sporadically in fractions of less than
0.25 mm together with garnets. Its grains have a moderately
rolled shape with a rough surface. Some grains have
remnants of facets with a shiny surface. The colour is black,
resinous black. In contrast to the Danube-Dniester segment
magnetite, it has a fresh, non-oxidised character (Fig. 20).

Fig. 20. Magnetite grains under a binocular,
fraction 0.1-0.25 mm

Table 3
Chemical composition of staurolite
Sample Na,O MgO Al,0, SiO, TiO, FeO MnO Total
3 0,42 3,78 50,27 26,73 0,54 17,84 0,41 100
4 0,84 4,29 49,97 26,95 0,6 16,74 0,61 100
5 0,57 3,01 50,92 26,12 0,58 18,35 0,44 100
6 0,63 4,13 50,04 28,06 0,62 16,27 0,24 100
7 0,72 3,69 50,19 26,91 0,73 17,67 0,09 100

Technogenic formations. Technogenic formations are
represented by glass, glass balls, iron spheroids, shapeless
metal alloys, and slag.

Glass fragments are irregularly shaped, prismatic-
elongated, lamellar aggregates and balls (Fig. 21). They
come in a wide range of colours: green, brown, black, yellow,
blue, etc., and are mostly transparent. Dark-coloured and
black ones are translucent and opaque. Their chemical
composition is also not homogeneous, and they often exhibit
magnetic properties. They contain the following elements in
different proportions: Al, Si, Fe, K, Ti, Ca, Na (Tab. 4). The
highest concentrations of glass and glass beads are
recorded in the beach sediments of the Odesa industrial
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agglomeration, where they are found mainly in medium- and
fine-grained psamites of 0.25-0.5 and 0.1-0.25 mm and
make up up to 15 % of their total fractional content.

The iron spheroids are found in fractions of 0.1-0.5 mm.
They are of different sizes, spherical in shape with a smooth,
shiny and rough surface (Fig. 22). The main component is
iron (81.3-96.3 %). The constant impurity components in
different proportions are: Si, Al, Mg. Less frequently, Na, Ca,
Cu, Zn, Mn are present in them (Tab. 5). Ferrous spheroids
in single specimens are present in almost all the samples
studied, but their highest concentrations are typical for the
beaches of Luzanivka and Odesa agglomeration.
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Fig. 21. Glass fragments of different colours, fraction 0.25-0.5 mm (a); glass beads (b), fraction 0.1-0.25 mm
Table 4
Chemical composition of glass beads
Sample Na,O Al,O; SiO, K0 CaO TiO, FeO MgO Total
1 0,00 18,51 45,13 2,60 1,45 0,83 31,49 0,00 100,00
2 0,31 6,32 84,21 1,69 0,72 0,40 6,34 0,00 100,00
3 0,00 23,84 54,96 3,34 4,04 0,60 13,23 0,00 100,00
4 0,00 52,57 41,51 2,02 0,81 0,68 2,42 0,00 100,00
5 0,00 27,60 55,53 3,59 7,81 0,82 4,65 0,00 100,00
6 0,00 27,78 59,85 4,61 2,71 1,36 3,69 0,00 100,00
7 1,09 16,12 73,38 6,18 0,96 0,66 1,61 0,00 100,00
8 0,00 29,18 54,19 4,52 4,41 1,01 6,68 0,00 100,00
9 0,00 30,31 59,23 4,79 0,14 1,17 4,17 0,00 100,00
10 8,10 22,92 64,71 0,17 3,22 0,27 0,63 0,00 100,00
11 0,00 18,25 68,00 6,33 1,54 0,51 5,37 0,00 100,00
12 0,00 25,64 64,44 5,25 0,20 1,19 3,30 0,00 100,00
18 0,50 27,58 57,73 4,31 7,00 0,00 0,82 2,04 100,00
19 0,00 30,52 56,65 5,94 0,82 0,58 4,25 1,25 100,00
20 0,00 22,42 39,37 0,58 26,36 0,95 8,84 1,47 100,00
21 0,00 14,69 60,19 1,90 7,48 1,41 10,54 3,79 100,00
22 0,00 29,12 54,53 4,78 1,02 1,46 6,63 2,47 100,00
Notes: 1-4 — black opaque; 5-8 — brown translucent; 9-12 — white opaque; 18—22 — colourless transparent.
Fig. 22. Iron spheroids, fraction 0.1-0.25 mm
Table 5
Chemical composition of iron spheroids

Sample Na,O MgO Al,O; SiO, TiO, MnO FeO CaO Cu,0 Zn0O Total
1 1,76 0,4 0,33 0,56 2,56 3,11 83,31 0,57 4,29 3,12 100
2 - 0,44 0,26 1,58 - - 97,73 - - - 100
3 - - 0,61 1,75 1,32 - 96,32 - - - 100

Metal alloys. They are metal-like aggregates of acute-
angled, lamellar, bizarre shape. Opaque, often covered with
a yellow-brown oxidised film on top. On fresh fractures, they
have a metallic lustre with a coloured shine (Fig. 23). They
have magnetic properties. They were found in all
observation points in fractions of 0.25-0.5 and 0.1-0.25 mm,
but their highest content is recorded in the area from
Chornomorsk to Rybakivka village. Here they make up the
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medium-grained fraction and reach a concentration of up to
95 %. The chemical composition of these aggregates is
given in Table 6.

Slag in single irregularly shaped fragments was found
in beach sediments in the area from Odesa to Rybakivka.
It is a light porous aggregate, black, black-brown in colour,
magnetic. It is concentrated in fractions of 0.25-0.5 and
0.1-0.25 mm.
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Fig. 23. Metal alloys, fraction 0.25-0.5 mm

Table 6
Chemical composition of iron alloys
Sample Na,O MgO Al,O; SiO, FeO Total
1 1,4 2,12 5,31 11,62 79,55 100
2 0 0,52 1,6 3,99 93,89 100
3 0 0 0,81 2,77 96,42 100

Conclusions

¢ Beach sediments in this segment are formed mainly by
coastal abrasion. A small part is supplied by benches and
longshore transport. Beach sediment material in the Odesa
agglomeration area is also replenished by artificial filling.
The input of material by river runoff is minimal. The Dniester
River, given its direction along the coastal course,
discharges on the beaches below the Dniester estuary
towards the River Danube, while The Dnipro River
discharges into the Dnipro estuary, which is semi-isolated.
Smaller rivers such as Serednyi and Velykyi Kuyalnyk and
the Tiligul River are completely regulated by estuaries and
embankments. The influence of the Berezan River is local.

¢ The particle size distribution of beach sediments in the
study area, unlike the Danube-Dniester segment, is
characterised by considerable variability. There are several
contrasting areas with a predominance of certain fractions,
which is explained by changes in the lithological composition
of the shoreline rocks and the peculiarities of sea wave
dynamics in local areas. However, in general, there is a
gradual increase in the grain size of the material and a
decrease in its sorting in the direction from Chornomorsk to
Kobleve. The beach sediments of the Odesa agglomeration
do not have such a pattern, as they are regularly replenished
with artificially produced sandy material from the shelf zone
sediments. These sediments are well sorted and dominated
by fractions smaller than 0.25 mm.

¢ The beach sediments of the Dniester-Dnipro segment
are generally almost devoid of pelitic fractions. Their content
is less than 0.5 %, which indicates a rather active
hydrodynamics of the coastal zone. Pelites are washed out
of the beach sediments by wave processes and are
transported beyond their influence.

¢ The general trend in the distribution and content of the
main rock-forming components of beach sediments in the
studied coastal segment, except for the Kryzhanivka-
Kobleve area, generally coincides with the Danube-
Dniester. The main mineral of the light fraction is quartz,
which makes up more than 87%. The heavy fraction
includes garnets, ilmenite, magnetite, and staurolite. At the
Kryzhanivka-Kobleve area, the main rock-forming mineral of
the light fraction is calcite. In the Kobleve-Rybakivka area,
tourmaline also appears in the heavy fraction. The
occurrence of tourmaline indicates that the material was
brought to this site from the land by the Berezan, Pivdennyi
Buh and Dnipro rivers.

¢ In the beach sediments of the Odesa agglomeration,
iron spheroids and glass balls of man-made origin are of
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significant importance in the heavy fraction. The bulk of them
is concentrated in the fraction of less than 0.25 mm. lIts
content gradually decreases to single digits from Odesa
towards the Dniester and Dnipro rivers.

¢ The results obtained can be used to build a genetic
model of modern beach sediments and to calculate
quantitative indicators of the accumulation of certain mineral
components that accumulate on beaches and are
transported to other areas of the shelf.

¢ In general, the content of anthropogenic material in the
beach sediments of the studied segment averages 0.1-
0.12 % of the total sample weight. However, it increases
significantly (up to 0.23 %) in the area of the port of Odesa
and adjacent areas.

eThe contamination of beach sediments with
anthropogenic material, the size of the components of which
is much larger than the bulk of the sediments, is significant.
This primarily concerns plastic, construction material, wood
fragments, metal objects, fabric, etc.
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NITONOro-MIHEPANOINYHUIA CKNAL AKYMYTNATUBHO-NNSAXXEBUX BIOKNALIB
AHICTPOBCbLKO-AHINPOBCbKOIro CEFMEHTY YOPHOIO MOPA

HaeedeHo pe3ynbmamu docnidxeHb cyyacHuUx nispkeeux eioknadie nieHiuHo-3axidHo20 y36epexxsi YHopHoz20 Mopsi 8id c. KaponiHo-Byza3 (Ode-
cbka obnacmsb) 9o c. Pubakieka (Mukonaiecbka obnacms). [lpomsixkHicmb 6epezogoi 30HU csicae 6nusbko 110 kM. Tym 30e6inbwio20 po3euHymi
nusHKi npucxus08020 mury pi3Hoi Mopghosioeii ma wupuHu.

lMposedeHo epaHynomempuy4HUl i MiHepasno2iyHull aHani3u, 8CMaHO8/1IeHO OCHOBHI 3aKOHOMIipPHOCMI flimosio2iyHo20 cknady i po3nodiny miHe-
panbHux ¢hpakyili y300ex ycbo20 npoghinto. Budinsirombcs dekinbka koHmpacmuux dinsiHok: 1) c. KaponiHo-Byza3 — M. YopHoMmopckk, de cymmeeo
nepesaxae cepedHbo3epHucma (0,5-0,25 mm) ¢ppakuisi — (67 %). Y eidknadax uiei dinsiHKu oCHOBHUM MiHepasioMm ycix ¢ppakuyil € keapy (90 %). 3
8aKKux MiHepasie doMiHyromb 2paHam, inbMeHim, MazHemum. 2) M. YopHomopcbk — muc Benukuli ®oHmaH i JlanxepoH (Odecbka 0611.) — Kobreeo
(Mukonaiecbka 0611.) i3 cymmesum emicmom 2py6o3epHucmoi ncamimosoi (2—1 Mm) — 29 % i epasitiHoi (2-5 mm) — 16 % ¢ppakuiii. FonoeHumu miHe-
panamu mym y ecix ¢ppakuisix € keapy ma kanbyum. 3) muc Benukuli ®oHmaH — JlaH)XepoH xapaKkmepu3yembCsi MiHIIUBUM 2paHyJIOMempuYHUM
cknadom, ocHoeHa Maca npedcmaesneHa gpakyismu 0,25-0,5 mm ma 0,25-0,1 MM, sIKi Ha pPi3HUX NAsHKax MaroMb Pi3Hi cniesioHoweHHs1. [JoMiHye e
ycix ¢ppakuyisix keapy, y nionopsidkoeaHili Kinbkocmi € kanbyumoeuli dempum. Baxki miHepanu npedcmaesieHi NMOOGUHOKUMU 3epHamMu 2paHamy,
inbmeHimy, maznemumy, cmasposimy. 4) m. Kobneso — c. Pubakieka (Mukonaiecbka 0611.) 3i 3pocmaHHam emicmy ¢pakyiti 0,25-0,1 mm (Go 42 %).
OcHoBHUM MiHepanoMm ycix ¢pakuyiti € keapy Ao 87 %. [ipy2opssOHUM KOMIMIOHEHMOM € Kanbyumosuli dempum. [TomMimHoto domiwkoro y Opi6HO3ep-
Hucmux ¢ppakyisix € 6iomum, Mmyckoeim, mypmarnin. Ha desikux nnsikax, o po3zmawoeaHi Herodasik 8id mopcbkoz2o nopmy Odecu, y ¢pakuyisx,
meHwux 3a 0,5 MM, ecmaHO8/IeHO YUCIIeHHI CKIsiHI KynenodibHi aepezamu pi3Ho2o cknady ma 3anisucmi cgpepoiou. Y Micysix KOHUeHmpauii maxkux
ymeopeHb Konip nnsxeesux eidknadie cmae cipum.

OcHo8HUM ¢hakmopom hopMye8aHHSI MiHePasIbHO20 i 2paHy/IoMempuYHO20 cknady niaspkesux eidknadie [JHicmposcbko-[Hinpoecbkozo ceame-
Hmy y36epexxsi € 6epezosa abpasis. Ponb mepu2eHHO20 NpuUeHOCY i3 cyxodosly MiHiManbHa i nposiensiembCcsl uwe 8 nieHi4Hili YyacmuHi (palioH
Bepe3saHcbkoi 3amoku). Cymmesuli ennue Ha ¢hopmMyeaHHSs1 pe408UHHO20 i hpakyiliHo2o cknady oka3yromb nepioOUYHi wmy4Hi Hamueu nickie (nns-
Jeea 30Ha OdecbKoi aznomepauii), ykpinneHHs1 cxusie 6emoHHUMU 6510kaMu, Ha2poMadXXeHHsIM 6pusl Mazmamuy4HuUx i MemamopghiyHuUx nopio ne-
peesaxHo 2paHimoidHoz20 cknady, xeunepizu ma iHwi cnopydu, Wo 3MiHMb HanNnPsSIMOK ma ennue y30oex 6epezosux mevit.

Knw4yoBi cnoBa: YopHe mope, [JHicmpoecbko-[Hinpoecbkuli ceameHm, JlimoJsio2o-MiHepanoz2i4Huli cknad, nisixeesi eioknaou.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He 6panu yyacTi B po3pobneHHi OCHiMKeHHs; y 360pi, aHanisi un
iHTepnpeTauii AaHWX; y HanMcaHHi pykonucy; B pilleHHi Nnpo nybnikauito pesynbTarTis.

The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses or interpretation
of data; in the writing of the manuscript; in the decision to publish the results.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)





