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and remote sensing

S.K. Prnypko’, T.A. Meln ychenkoz, S.I. Alpert®, 2025

nstitute of Geological Science of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine
23SI Center for Problems of Marine Geology, Geoecology and Sedimentary
Ore Formation of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
3State University «Kyiv Aviation Institut», Kyiv, Ukraine
Received 24 September 2025

Currently, systematic and comprehensive research is required in order to determine the
age of geological deposits. This approach is based on a combination of ground, laboratory,
and remote sensing techniques. This increases the accuracy, efficiency and objectivity
of the results obtained. New remote sensing techniques and laboratory methods can be
used to analyse and systematise information about the genesis, age and characteristics of
sediments. Paleomagnetic, dosimetric, lithological, biostratigraphic, and remote sensing
methods are used for geochronological tasks, determining the age of geological objects
and the stratigraphic division of sediments. This combination of geological methods and
remote sensing approaches is also used to study changes in river basins and the open sea.
In this study, the remote sensing approach is the primary stage in research of Quaternary
deposits in the coastal zone of the continental shelf. The second stage involves the usage
of the thermoluminescence method to determine the age of the deposits. Sentinel-2 im-
ages were used to visualise the Quaternary deposits. It was determined that these deposits
include marine and middle-lower Anthropocene alluvial and estuarine-marine deposits. We
compiled and analysed two maps of Quaternary sand deposits between the mouth of the
Dniester River and the Black Sea. The advantages of multispectral images are their wide
coverage area and high monitoring frequency. After using the remote sensing approaches
to determine the age of the deposits, a thermoluminescence method was applied, taking
into account the rate of radiation defect formation and the accumulated energy of the
sample under study. The thermoluminescence method is based on solving a first-order
differential equation to derive a formula for the age parameter. The method is an effec-
tive technique for dating sediments and studying the correlation of various Quaternary
sediments.

Key words: Quaternary deposits, Black Sea shelf, remote sensing, multispectral data,
thermoluminescence method.
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Introduction. Geochronology is the sci-
ence of dating geological sediments. It stud-
ies the qualitative and quantitative changes
of sediments that occur in the environment.
Geochronological data determine the age of

sediments. Usually, geochronological data
is obtained through such methods as radio-
metric dating (applying radioactive isotopes
of sediments), paleomagnetism dating, and
thermoluminescence. Dating sediments re-
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quires a systematic approach to investigate
fossil soils, loess, and other types of geologi-
cal deposits [Sedldk, 2002]. The main goal of
sampling for analysis of deep horizons is to
investigate the sequence and reqgularities of
geological processes. Geological processes
that took place in the past affect the present.
They are influenced by various long-lasting
environmental factors. Currently, applica-
tion of the complex of well-known laboratory,
ground and remote sensing methods allows
to increase the objectivity and accuracy of
geological investigations (dating geological
sediments and construction). These modern
approaches and techniques can be used to
decode and analyse geological objects. Com-
bining laboratory methods with modern re-
mote sensing technologies enable the study
and systematisation of information on the
age, genesis, and the main characteristics of
geological objects from different areas [Alp-
ert, 2020].

These methods include geological meth-
ods such as biostratigraphy, lithology, and iso-
tope geochemistry, as well as physicochemi-
cal, dosimetric, paleomagnetic, and remote
sensing methods [Gozhik et al., 2014; Max-
well, Haynes, 2001; Sedlak, 2002; Lehmkuhl
et al., 2018; Zhipeng et al., 2023]. The main
tasks of geological research include strati-
graphic division of sediments, geochronol-
ogy, palaeo-reconstruction of environmental
conditions and sediment accumulation, and
establishing correlations and resolving issues
regarding the genesis of deposits that differ in
external characteristics. Other tasks include
identifying clear age boundaries, determining
the volume of certain stratigraphic units, and
searching for minerals.

To study changes in river basins and the
open sea, researchers typically employ a mix
of direct geological methods [Gozhik et al.,
2014] and remote sensing techniques [Mel-
nychenko, Solovey, 2024; lemelianov et al.,
20235].

A significant aspect of remote research is
identifying and interpreting decipherable fea-
tures as various types of Quaternary deposits.
The genesis and composition of these depos-
its can be studied using phototones.
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Remote sensing methods are widely used
in various scientific investigations in geol-
ogy and geochronology because surveying
large territories using field methods is costly
and time-consuming. Remote sensing appli-
cations in geology are mainly used in semi-
arid or arid regions. A ground surface without
vegetation is one of the main conditions for
geological research. Currently, some methods
are being developed to apply remote sensing
data to vegetation-covered areas in order to
compile geological maps
In this study, the remote sensing approach
is the first stage of investigating Quaternary
sediments, while the laboratory thermolu-
minescence method is the second one.

Thermoluminescence dating (TL dating)
is a laboratory method that can also be used
for the absolute dating of geological objects.
It can be used to analyse volcanic materials,
aeolian, marine, fluvial, and coastal sediments
[Gozhik et al., 2014]

Determining the age of Neopleistocene
sediments using the TL method is one of the
most pressing tasks of research. TL-dating
determines the age parameter, T, the value
of which is directly proportional to the time
taken for the explored rocks to form. This is
why we examine the main concepts of ther-
moluminescence dating of rocks and provide
a formula for calculating the age parameter
[Shelkoplias, 1971; Kitis et al., 2025].

Amodern remote sensing approach is used
to identify and decode Neopleistocene sedi-
ments. These methods are based on the study
of the relations between the elements of the
external landscape and geological objects.
In this study, the standard remote sensing
method is used to detect Quaternary deposits
related to the soil surface. We consider the ap-
plication of digital, remotely sensed data for
mapping Quaternary deposits on the Black
Sea shelf. Note that a soil reflectance spec-
trum is the superimposition of spectra from
the soil's mineral components. All of a soil's
optical properties are related to its mineral
composition. Like minerals, soils have an in-
creasing reflectance from visible to short in-
frared wavelengths. Soil absorption is related
to soil moisture. This affects the optical prop-
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erties of soils. The content of organic matter
and the roughness of soils, related to their
texture, also affect their optical properties.
Coarse soil particles create a rough surface
where light is trapped.

In this study, standard remote sensing
methods were used to map the sediment on
the Black Sea shelf from a Sentinel-2 image.
Quaternary deposits are grouped according
to factors such as the environment in which
they were formed, their genesis, and particle
size distribution. It should be emphasised that
the satellite-classified map represents the soil
surface. This soil surface is associated with
Quaternary deposits.

Identifying Quaternary sand deposits us-
ing satellite images involves several stages:
selecting satellite images, processing them,
and analysing the results. For the study of
anthropogenic deposits, which are recorded
in open access (e.g., in coastal areas and areas
with sand deposits), researchers mainly use
multispectral data from Sentinel-2 or Landsat
[Sedlédk, 2002; Lehmkubhl et al., 2018; Zhipeng
et al., 2023] in combination with RGB (false
colour): NIR, red, green or SWIR-2, SWIR-1,
red.

According to [Sedlak, 2002], combining
the NIR, red and green bands provides the

most information about soil characteristics.
That was confirmed in field experiments in-
volving the analysis of approximately 150 soil
samples. Therefore, using a combination of
NIR, red, and green channels will ensure the
highest accuracy in identifying quartz sands
in the coastal zone of the studied territory.

At the next stage of the study, multispec-
tral data from the Sentinel-2 mission will be
used to visualise Quaternary deposits on the
shelf. This will be done using a combination
of NIR, Red, and Green channels. It has been
used as an example of the coastal zone — the
spit between the Dniester Estuary and the
Black Sea (Fig. 1). According to geological
data [Gozhik et al., 2014], Quaternary depos-
its have been recorded here, including marine
and estuarine-marine (ancient Euxine) depos-
its (Qyp), as well as middle-lower Anthropocene
alluvial deposits (Qqp_p).

The advantages of Sentinel-2 multispec-
tral data include high monitoring frequency;,
a wide coverage area of 29 km, coverage of
water bodies, coastal areas, and land, and the
archiving and availability of stored images.
Multispectral data from the Sentinel-2 mis-
sion is available on the Copernicus portal.
Sentinel-2 data comprises twelve spectral
thematic channels, which are presented in

« Google Earth
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N

Fig. 1. Map illustrating the location of the study area: a — Overview map, b — Local map.
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Characteristics of the Sentinel-2 satellite's imaging channels

Band Name Central wave- Resolution, m Main use
length, nm
B1 Coastal aerosol 443 60 Coastal and atmospheric correction
B2 Blue 490 10 Water, vegetation, soil, bathymetry
B3 Green 560 10 Vegetation, water, soil discrimination
B4 Red 665 10 Vegetation monitoring, urban areas
BS Red edge 1 705 20 Chlorophyll content, vegetation health
B6 Red edge 2 740 20 Vegetation health monitoring
B7 Red edge 3 783 20 Vegetation structure
B8 Near Infrared (NIR) 842 10 Biomass, vigour, vegetation analysis
B8A Narrow NIR 865 20 Chlorophyll content, vegetation
B9 Water vapor 945 60 Atmospheric correction, water vapor
B10 SWIR — Cirrus 1375 60 Cirrus cloud detection
B11 SWIR 1 1610 20 Soil, snow, burnt area mapping
B12 SWIR 2 2190 20 Burnt areas, soil moisture

Table. In this study, the following channels
were used: NIR, Red, and Green (highlighted
in yellow).

The research methodology can be divided
into the following stages:

1. Selecting satellite imagery and the mon-
itoring period. Application of cloud filters,
identification of periods of water transpar-
ency and absence of snow cover, etc.

2. Downloading the images from the data
portal (https://browser.dataspace.copernicus.
eu/).

3. Processing the data using the open GIS
platform SNAP (https://step.esa.int/main/
download/snap-download/).

4. Georeferencing.

5. Building a raster image from composite
channels (NIR, red, and green), classification,
post-classification, and vectorization (if nec-
essary).

6. Identification and mapping of objects
of interest.

7. Analysis of the obtained data and de-
scription of the results.

The study area is located between the
Black Sea and the Dniester Estuary. It con-
sists of a 100- to 200-meter-wide sandy spit of
Quaternary deposits. The area has almost no
vegetation or buildings, so it is clearly visible
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on satellite images. This is a necessary condi-
tion for using multispectral data.

Using the described methodology and the
composite of NIR, red, and green channels, a
true colour map of Quaternary deposits was
constructed (Fig. 2) as well as a false colour
map (Fig. 3).

The result maps show sandy Quaternary
deposits in the coastal zone, which are clearly
highlighted in white. These deposits are lo-
cated on a spit between the sea and the Dni-
ester Estuary and extend up to 200 metres
wide.

Thermoluminescence method. The main
geochronometric techniques nowadays are
based on the analysis of the different sedi-
ments' radioactivity and the processes asso-
ciated with it. Most modern sediment dating
methods are based on the phenomenon of
radioactivity. These methods differ not only
in their dating principles, but also in their
sample selection techniques.

The thermoluminescence method is one of
the most efficient methods for studying and
determining the age of Quaternary rocks.
This scientific research helps us to identify
the laws and sequences of geological proc-
esses. The TL effect is shown in the form of
thermal light curves. Then we analyse the
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Fig. 2. Map of coastal Quaternary deposits in true col-
our based on Sentinel-2 data (survey date: 02.04.2020).
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Fig. 3. Map of coastal Quaternary deposits based on
Sentinel-2 data (date of imaging: 02.04.2020) in RGB
false colour (NIR, red and green). White indicates Qua-
ternary deposits (sand), dark blue — the sea surface,
grey-blue — urbanisation.

peak intensity of the thermal light curve and
the area it encloses. Older rocks have higher
values of age indices and a higher intensity
peak on the thermal light curve. Younger
rocks have lower values of age indices. Ap-
plying the thermoluminescence method, we
should use minerals that can act as a paleo-
dosimeter.

Itis important to note that the paleodosim-
eter accumulates age-related information for
a long period of time. The preferred miner-
al timer is quartz because it is well studied,
chemically stable and strong, and occurs in
almost all sediments. All covering deposits
in their natural position are constantly in-
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fluenced by environmental factors. Aeolian
sediments are zeroed because they are in-
fluenced by solar exposure during transfer
before burial.

Quartz is one of the best-known minerals.
Quartz crystals are characterised by struc-
tural defects that indicate sufficient depth
of the trap to ensure the metastable state of
electrons is maintained for a long period of
time. The TL method has a wide age dating
range. This method usually uses Quaternary
formations as mineral timers. If the traps have
been emptied and are starting to fill up again,
this process can be used as a dosimeter timer.
Therefore, the dating limits depend on the
corresponding mineral dosimeter. Dosimetric
research demands that the mineral dosimeter
must be set to zero. This means bringing it
to a state where all its traps are maximally
emptied. It should be whitened primarily
because only a whitened mineral dosimeter
can be used as a dosimeter. It is important
to emphasise that the accumulation of elec-
trons in the traps acts as a timer [Mineli et
al., 2021; Yukihara, 2023]. Once the age has
been determined, new opportunities arise for
comparing and correlating fairly remote ter-
ritories and sections. The most important cri-
teria for correlations are the age of the rocks,
their mineral composition, and their physical
properties.

The TLmethod of calculating the«absolute»
and relative ages of subaerial sediments is
based on crystals which store the energy of
the various radioactive elements' decay and
emitting it when heated. During the heating
process, the stored energy in the crystalline
lattice is emitted in the form of light photons.
This luminescence is detected by our special-
ised devices. The TL method depends on the
time of burial.

It should be determined that geological
and geophysical processes fixed in the rocks
of the sections are identical to analogous
processes in other regions if these processes
have been affected by the same external fac-
tors of the Quaternary period. The TL method
is the best suited to determine the age of de-
posits that have been zeroed by the impact
of solar radiation during transportation and
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deposition formation, redeposition. The fill-
ing of electron traps corresponds to a process
of dynamic equilibrium [Mineli et al., 2021;
Yukihara, 2023].

The formula output for calculation of the
age parameter. For computation of the Neo-
pleistocene sediments age we can use the age
parameter 7. The age parameter 7 is repre-
sented with the formula: 7=D/P, where P is
annual dose, T— time, D — the dose that has
been accumulated by the sample. Alpha, beta,
and gamma emitting during the entire burial
period mold structural defects with invariable
velocity (Va,B,y) in quartz.

Let us emphasize that the velocity of the
formation of radiation defects is computed as:

Va,B,y ZBE ' (1)
where 3 — the sensitivity of the dose of the
rock, £ — the capacity of the expositional

dose of gamma emitting. The speed of anni-
hilation is proportional to the concentration
of localised electrons in quartz at the selected
moment of time period:

Vy=hn, (2)

where £ is the constant of the annihilation
speed of localized electrons. kis a coefficient
of proportionality.

At saturation the formation speed of ra-
diation defects is equal to the speed of their
annihilation:

Va,B,y = VA . (3)

Based on equations (1)-(3) we get such
equation (4):

BE =kn, 4)

Usually, the concentration of localised
electrons is designated as N at the saturation:

BE=kN | ©)

From equation (5) we derive the formula
for the coefficient of proportionality. Let us
note that k is constant of the annihilation
speed of the localised electrons:

_BE
k=" (6)

The variation speed of the localised elec-
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trons concentration should be equal to the
first derivative from concentration of localised
electrons:

dn BE

ZZV%B’V—VA ZBE—WH. (7)
In the next step we should construct the

first-order partial differential equation:

n___ar. (8)

A partial differential equation is a such
mathematical equation that involves an un-
known function of two or more independent
variables and their partial derivatives with
respect to those variables.

The first-order partial differential equation
has only the first derivative of the unknown
function which has m variables. In our differ-
ential equation (8) we have two variables: n
and 7. Then let us solve this first-order partial
differential equation.

Then we derive the following formula:

BE—B—En:z
TZILZ Noos
N PE
:ﬂ.ldzzlln‘BE-B—E. ©)
BE z  BE N

Then we should apply accumulated con-
centration value of localised electrons — n,
and residual concentration of electrons after
whitening —n,;.:

_N g min | _ _pelo ||
T—BE{ln(BE BE Nj ln(BE BENH
Nlnl_nmin/N

N T (10)

So, we have derived the equation (10) for age
determination of Quaternary deposits.
Conclusions. Nowadays, a combination of
laboratory methods and modern remote sens-
ing technologies enables the investigation
and analysis of the characteristics, properties
and age of geological objects from different
perspectives. To study changes in open seas
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and river basins, researchers typically use a
combination of direct geological approaches
and remote sensing methods. Modern remote
sensing techniques and laboratory approach-
es can be used to identify, analyse, and inter-
pret different types of Quaternary deposits.
The first step is to apply a remote sensing
approach to identify and decode Quaternary
deposits. Multispectral data from the Senti-
nel-2 mission was used to visualise Quater-
nary deposits on the shelf. The coastal zone
(the spit between the Dniester-Bug estuary
and the Black Sea) has been studied. A com-
bination of NIR, red and green spectral bands
has been used. The results have shown that
Quaternary deposits include estuarine-ma-
rine and marine deposits, as well as middle-
lower Anthropocene alluvial deposits. Then,
true- and false-colour maps of Quaternary de-
posits were constructed. It should be empha-
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BuBYeHHS YeTBEPTUHHUX BiAKAAAIB Yy IpuOepesKHin 30Hi
meAb(dy 3a AAHUMHU TEPMOAIOMiIHECHEHTHOTO METOAY
Ta AUCTAHIITHOTO 30HAYBaHHS 3eMAi

C.K. HpPIAI/IHKOI, T.A. MeAbHI/I‘IeHKOZ, C.I A/umep:fg, 2025

1IHCTI/ITyT reoaorivanx Hayk HAH Ykpainu, Kuis, Ykpaina
Z,A,HY LlenTp npobaeM MOPCBKOI T€0AOTl, TEOEKOAOTII Ta OCaAOBOTO
pyaoyrBopenHsa HAH Ykpainu
3Aep)KaBHHﬁ yHiBepcuTeT «KUIBCHKUY aBiallilHuU iHCTUTYT», KHiB, YKpaiHa

AN BU3HAQUEHHS BIKy reOAOTIUHUX BIAKAQAEHB HEOOXiAHE CUCTEMATUYHE | KOMIIAEKCHE
AOCAipKeHHA. Llelt miaxia 0a3yeTbCsa Ha IIOEAHAHHI Ha3eMHUX, AAOOPATOPHUX Ta AUC-
TAHIIMHNUX MeTOAIB. Lle miaBUIITyEe TOUHICTE, e(DEKTUBHICTb Ta 00'€KTUBHICTE OTPUMAHUX
pe3yabTaTiB. HOBI MeTOAM AMCTAHIIIMHOTO 30HAYBAHHS Ta AaDOPATOPHI METOAN MOJKYTh
OyTH BUKOPUCTaHI A aHaAI3y Ta cucTeMaTu3allil indopmarii Ipo reHesuc, BiK Ta Xa-
PaKTEepUCTUKU BiAKAAAIB. [TarneoMaruiTHi, AO3MMETPUYHI, AiITOAOTIYHI, OiocTpaTurpadivxi
Ta METOAU AMCTAHIIIMHOTO 30HAYBAHHSI BUKOPUCTOBYIOTBCS AASL TEOXPOHOAOTIYHUX 3aB-
AAHBb, BU3HAUEHHS BIKYy I'€OAOTIYHMX O0'€KTIB Ta CTPATUTPadiuyHOIO MOAIAY BIAKAAAIB.
Take mOepAHAHHSA TEOAOTIYHUX METOAIB Ta MIAXOAIB AMCTAHIIIMHOIO 30HAYBAHHS TaKOJK
BUKOPHUCTOBYETHCS AASI BUBUEHHS 3MiH Y PIUKOBUX OaceHax Ta BIAKPUTOMY MOPI. Y IIbOMY
AOCAIAPKEHHI AUCTaHIIHEe 30HAYBAHHS € IEPBUHHUM €TalloM BUBYEHHS YeTBEPTUHHUX
BIAKAQAIB Y TpUOepesKHiN 30HI KOHTUHEHTAABHOTO IIeAbdy. APYyTUM eTall Ilepepbadae
BUKOPHUCTAHHS TEPMOAIOMIHECIIEHTHOTO METOAY AAS BU3HAUYEHHS BiKy BIAKAAAIB. AN Bi-
3yanizarlil 4eTBepTUHHUX BiAKAAAIB OyAM BUKOpUCTaHi 3HIMKHU Sentinel-2. Byao BHu3Ha-
YeHO, IO I1i BIAKAAAY BKAIOYAIOTh MOPCHKIi, CEpeAHbO-HUJKHI @HTPONOIIEHOBI aAtOBiaAbHI
Ta eCTyapHO-MOPCEBKi. ByAO cKAapaeHO Ta IpoaHaAi30BaHO ABI KapTU 3 YeTBEPTUHHUMU
MIaHUMM BiAKA@AAMU MiK rupaoM AHicTpa Ta HopHuM MopeM. [lepeBaramu MyABTH-
CIEeKTPAABHUX 3HIMKIB € IX IIMPOKa 30HA IIOKPUTTS Ta BUCOKA YaCTOTa MOHITOPHHIY.
ITicag 3acTOCYBaHHA MIAXOAIB AUCTAHIIIMHOTO 30HAYBAHHS AN BUSHAUEHHS BiKy BiAKAQ-
AiB OYAO 3aAiTHO TEPMOAIOMIHECIIEHTHUY METOA, IKMU BPaXOBYE IIBUAKICTh YTBOPEHHS
paplamiiHuX AePeKTiB Ta BUKOPUCTOBYE HAKOIIUUEHY €HEpPrilo AOCAIAKYBAHOTO 3pas-
Ka. MeTopA TepMOAIOMiHeCIIeHINIT 6a3y€eThCs Ha BUPINIeHH] AU epeHiaAbHOIO PIBHAHHSA
IIepIIOTO NMOPSIAKY Ta BUBEAEHHI (POPMYyAU AAS IIapaMeTpa BiKy. 3aCTOCOBAHUU METOA,
€ e(DeKTUBHOIO TEXHIKOIO AN AQTYBAaHHS BIAKAAAIB Ta AOCAIAKEHHSI KOPEeAIil pi3HUX
YEeTBEPTUHHUX BIAKAAAIB.

KarouoBi caroBa: ueTBepTHHHI BiaKAaAH, 1Ieabd HopHoro mops (IliBHiune [Tpuuop-
HOMOP's1), METOAU AUCTAHIIIMHOTO 30HAYBAHHS 3eMAl, MyAbTUCIIEKTPAAbHI AdHI, TEpMO-
AIOMiHECIIeHTHHUM MeT0a, 00pOOKa AQHUX AMCTAHIIMHOTO 30HAYBAHHSI 3€MAI.
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