~ 44 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

UDC 550.382.3
DOI: http://doi.org/10.17721/1728-2713.113.05

Dmytro HLAVATSKY]I, PhD (Geol.), Senior Researcher

ORCID ID: 0000-0002-9901-7827

e-mail: hlavatskyi@gmail.com

Institute of Geophysics of the National Academy of Sciences of Ukraine, Kyiv, Ukraine

Viktor YAKUKHNO, Leading Engineer
e-mail: yavick@ukr.net
Institute of Geophysics of the National Academy of Sciences of Ukraine, Kyiv, Ukraine

ROCK MAGNETIC STUDY OF KYIV POLISSIA SANDS AND SANDY SOILS

(lMMpedcmasneHo YyneHoM pedakyiliHoi konezii 0-pom 2eon. Hayk K.M. BoHdap)

Background. Late Pleistocene and Holocene deposits in Ukraine have traditionally been studied in detail using magnetic
methods; however, sands and sandy soils have not been sufficiently studied. The purpose of this article is to provide rock magnetic
characteristics of sands and sandy soils in the Kyiv Polissia region, northern Ukraine.

Methods. Field work involving sampling from mini-pits and standard laboratory rock magnetic studies (Evans, & Heller,
2003; Maxbauer, Feinberg, & Fox, 2016) have been conducted.

Results. The average magnetic susceptibility values of the Demydiv and Ozera sections fluctuate within insignificant limits
(1-10 - 10°® m*/kg), with higher values observed in soil horizons compared to sands. High values of frequency-dependent magnetic
susceptibility of humus horizons of sandy soils (11-13 %) indicate the presence of superparamagnetic magnetite grains formed as
a result of pedogenic processes. The S parameter also indicates the dominance of magnetite. The thermomagnetic susceptibility
curves are characterized by a Curie point of 675°C and a typical hematite "tail." The SIRM and xaru values for the pilot samples
indicate their dependence rather on the concentration of ferrimagnetic material: increased values are observed in the upper parts
of the sections (humus horizons of soils), decreased values — in sands. This behavior of magnetic properties is explained by local
geomorphological conditions, weaker influence of pedogenic processes, and significant impact of physical and chemical
weathering processes.

Conclusions. Sand deposits of the Polissia Lowland were formed under conditions of a "transitional” model of magnetic
record, which is also characteristic of loess-soil deposits of the Volyn Upland. The sensitivity of rock magnetic and mineralogical
properties to local climatic conditions, namely the degree of moisture and watterlogging, has been established, which in the case
of the "transitional” model correlates inversely with the content of superparamagnetic grains. For the Kyiv region, the classical
pedogenic model of magnetic properties (increase in magnetite content with the degree of pedogenesis) is observed only for loess-

soil sections of the Dnieper Upland.
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Background

Quaternary deposits in Ukraine are mainly represented by
loess-soil sequences covering about 70 % of its area, which
have been ftraditionally comprehensively studied by
paleogeographic methods (Bogutskyi, 1986; Bonchkovskyi,
2025; Gerasimenko, 2006, 2022; Gozhyk, Gerasimenko, &
Bortnyk, 2019; Matviishyna et al., 2010; Matviishyna, &
Doroshkevych, 2019; Sirenko, & Turlo, 1986; Sirenko, 2019;
Veklich, 1982). The loess-soil sequences have also been
studied in detail using paleomagnetic and rock magnetic
methods since the 1960s (see references in Bakhmutov,
Hlavatskyi, & Poliachenko, 2023). Previous studies focused
on determination of the stratigraphic boundary of the last
Matuyama—Brunhes polarity reversal (773 ka), and only in the
last two decades the studies appeared devoted to the use of
rock magnetic parameters (primarily magnetic susceptibility)
as paleoclimatic proxies (see review in Hlavatskyi et al.,
2021a), as well as antropogenic pollution indicators (Bondar
et al., 2024; Jelenska et al., 2008; Menshov et al., 2020,
2023). Dozens of sections in the Dnieper Lowland, Dnieper
Upland, Black Sea Lowland, and Volyn-Podillia Upland have
been investigated so far. However, another widespread
Quaternary deposits in Ukraine — sands of different origin —
remain insufficiently studied.

In the world literature devoted to environmental
magnetism, a few studies have been conducted on sands
(Faust et al., 2020; Hamza et al., 2025; Lyons, Oldfield, &
Williams, 2010). More studies are devoted to the Holocene
climatic evolution based on multi-proxy investigations of
sandy and loessic soils (Ahn, Lim, & Kim, 2021; Ahn, Park,
& Lim, 2024; Anwar et al., 2018; Buynevich et al., 2023;
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Chen et al., 2024; Jordanova, & Jordanova, 2021; Song et
al., 2024). In Ukraine, magnetic sands from the Northern
Black Sea region have been magnetically analyzed
(Kurnikov, & Orlyuk, 2011). In northern Ukraine, anisotropy
of magnetic susceptibility was investigated at the
Pleistocene sequence at Cherepyn (Nawrocki et al., 2019).
However, we have not found any magnetic data on sandy
soils or sands within the Kyiv Polissia region.

The purpose of this article is to present the magnetic
characteristics of sands and sandy soils deposited within the
Irpin River valley in northern Kyiv region and to compare
them with other Late Pleistocene deposits.

Research objects. A total of three sites, two sites near
the village of Demydiv in the Vyshhorod district, and one site
at the Ozera cottage cooperative near the village of Rakivka
in the Bucha district of the Kyiv region were studied. The
study area is located 35 km north of Kyiv, within the Irpin
River valley (Fig. 1), slightly northwards from the border
between the Dnieper Upland and the Polissia Lowland. The
relief of the study area is flat. Coniferous forests and, to a
lesser extent, mixed forests are widespread. The study area
is characterized by sandy soils with low fertility, formed on
glacial and alluvium deposits. The region in general is
characterized by Abruptic Retisols according to the WRB
classification (WRB, 2022). The climate is temperate
continental with warm and humid summers and mild winters.
The average annual temperature is +6.5°...+7.5 °C. Annual
precipitation is 550...650 mm (Menshov et al., 2024). The
territory was temporarily occupied by Russian troops from
February 25 to April 1, 2022.
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The Demydiv S-1 section (50°43'09.8"N, 30°18'49.9"E) was
a temporary mini-excavation on the territory of the Demydiv
magnetic station (Center for Collective Use of Magnetometric
Equipment of the National Academy of Sciences of Ukraine).
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The section is 2.2 m thick. It consists (from top to bottom) of
sandy soil (Adrenosol according to the WRB classification,
WRB, 2022), sand, loamy Gleysol with ochre stripes, and a
lower sandy layer with wide iron pines (Fig. 2).
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Fig. 1. Location of research objects on the relief map of the northern part of the Kyiv region.
The map was created based on Shuttle Radar Topography Mission (SRTM) 1 Arc-Second Global elevation data
(Earth Resources Observation and Science (EROS) Center, 2017)

The following objects were processed together with
planar sections (profiles and grids) as a part of the
PAN.BFB.S.BWZ.394.022.2023 project, implemented in the
framework of the Polish Academy of Sciences program to
support Ukrainian research teams in cooperation with the
US National Academy of Sciences to study potential heavy
metal contamination of soils due to military operations
(project leader — Ksenia Bondar). Preliminary results of
geochemical and magnetic research on surface profiles in
this area have been published in (Bondar et al., 2023, 2025;
Hlavatskyi et al., 2024; Menshov et al., 2024).

The Demydiv M-1 outcrop (50°42'10.6"N, 30°21'14.7"E)
is a crater with a diameter of 20 m formed by the impact of a
Russian X-type missile. At a depth of up to 3 m, the following
layers were exposed (from the top to bottom): thin sandy soil
(Adrenosol), sand horizon, and hard hydromorphic soil
(clayey or loamy Gleysol; Fig. 2).

The Ozera U-1 and Ozera U-1a duplicate sections
(50°37'56.9"N, 30°16'07.2"E) were taken from a single mini-
excavation with a depth of up to 0.9 m. The sequence is
represented by Albic Abruptic Retisol, a sandy horizon, no
signs of loamy Gleysol were observed (Fig. 2).

Methods

Fieldwork was conducted in 2022 (Demydiv S-1 section)
and in 2023 (other sites). Samples were collected from mini-
excavations, and samples from the Demydiv M-1 section
were collected from outcrop in the crater resulting from a
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rocket explosion. Samples weighing 10-25 g were collected
every 5 cm (and every 2 cm at the Ozera U-1a section). The
samples were sieved through 1 mm mesh screens and
placed in non-magnetic zip-lock bags.

Magnetic susceptibility was measured at two frequencies
(low frequency — xir or X at 976 Hz; and high frequency xnt at
15616 Hz) on a MFK-1FB Kappabridge at the Center for
Collective Use of Magnetometric Equipment of the National
Academy of Sciences of Ukraine (Demydiv village, Kyiv
region). The magnetic susceptibility was measured for a total
of 87 samples, including 44 samples from the Demydiv S-1
section, 12 samples from the Demydiv M-1, 18 samples from
the Ozera U-1, and 13 samples from the Ozera U-1a.
Typically for sand horizons, frequency-dependent magnetic
susceptibility (xw) was not calculated due to abnormally low
Xnf values and, accordingly, exceeding the maximum error in
measurements.

Then, the material from the pilot sample collection was
moved to special plastic cubes with a 2 cm edge for further
magnetic mineralogical studies in the paleomagnetic
laboratory of the Institute of Geophysics of the Polish
Academy of Sciences (Warsaw). Anhysteretic remanent
magnetization (ARM) was measured using a LDA5/PAM1
AF Demagnetizer (AGICO, Czech Republic) with a
maximum alternating (AC) field of 100 mT and a constant
(DC) field of 100 pT, and subsequent measurements on a
cryogenic SQUID magnetometer (2G Enterprises, USA) .
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Saturation isothermal remanent magnetization (SIRM or Ms)
was obtained in a 1 T magnetic field using a MMPM10
Pulsemagnetizer (Magnetic Measurements, UK). Then,
anhysteretic magnetic susceptibility, xarm, was calculated.
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The S ratio was calculated as the difference between SIRM
in a 1 T magnetic field and the reverse induced saturation
magnetization at -300 mT
Maxbauer, Feinberg, & Fox, 2016).
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Fig. 2. Lithostratigraphy and magnetic susceptibility of the studied sections of the Kyiv Polissia region

Magnetic susceptibility values vary within a narrow range
from 0.1 to 6 m3Kkg in all sections except Demydiv M-1 (Fig. 2).
In general, x tends to decrease in sandy horizons, while it has
the highest value in upper soils. Only in the middle part of the

dark sandy stripes and

spots

sail horizon

soil layer

number

16 m®/kg; Fig.2), which may be caused by anthropogenic
activity. Frequency-dependent magnetic susceptibility as an
indicator of pedogenic processes proved to be informative only
for the upper sandy soils at the Demydiv S1 and Ozera U-1/1a
sites (11.5—13.4 %). The average values of x and x are given

Demydiv M1 section, the x values are slightly increased (up to in the Table.
Table
Average values of selected magnetic parameters of the studied sections
Section n_| X 10° mikg Xds %o SIRM, 10° Am?kg | Xarwm, 10 m3/kg S
Technogenic layer at Demydiv S-1 (0-20 cm depth) 5 718 2.8
Demydiv S-1 (20-65 cm depth) 8 24 13.4 74.8 26.8 0.99
Demydiv S-1 (below 65 m depth) 30 1.6 =0
Demydiv M-1 (upper part) 6 3.0 4.7 123.6 32.1 1.0
Demydiv M-1 (lower part) 5 10.9 2.4 284 8.3 1.0
Ozera U-1/1a (upper 20 cm) 5 5.5 11.5 52.9 36.1 0.93
Ozera U-1/1a (below 20 cm depth) 14 1.09 =0
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The SIRM and xarm values for the pilot samples
indicate rather their direct dependence on the
concentration of ferrimagnetic material: increased values
are observed in the upper parts of the sections (soils),
decreased values in sands (Table). This is explained by

Kt

local geomorphological conditions, the weak influence of
pedogenic processes and, accordingly, a small proportion
of organic matter in the soils, as well as the significant
influence of gleying processes due to the proximity to the
Irpin River and high groundwater circulation.
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Fig. 3 Thermomagnetic heating and cooling curves (a, c, d) and heating curves at low temperature (b, e)
for samples from the Demydiv M-1 (a, b), Demydiv S-1 (c), and Ozera U-1a (d, e) sections

The identification of magnetic minerals in soils is performed
using thermomagnetic analysis (the dependence of magnetic
susceptibility on the applied temperature) (Fig. 3).

Samples from all locations demonstrate typical
pedogenic "behavior" expressed by a hematite "tail" on the
heating curves at a temperature of 600-700 °C (Curie point
of hematite is 675°C) (Fig. 3). It is noteworthy that the
samples are characterized by a high rise of both curves from
0 to 500 °C with a sharp drop to 580-600 °C, with the cooling
curve (blue) lying above the heating curve (red) (Fig. 3). This
can be explained by the presence of oxidized
titanomagnetite and its further oxidation during cooling
(McElhinny, & McFadden, 2000).

Changes in magnetic susceptibility values in the low
temperature range from -190 to 0 °C (low-temperature analysis)
were minimal (up to 3.5-5 %), which is characteristic of fine-
grained iron oxides (Eyre, & Shaw, 1994). It should be noted
that according to the S parameter (from 0.93 to 1.0; Table), the
dominant magnetic mineral in humus horizons is magnetite with
a slight admixture of hematite.

Discussion and conclusions

The studied sands and sandy soils of the Kyiv Polissia
region are characterized by very low magnetic susceptibility
values (within the range of 0.1-16 m3kg). The same values
are characteristic of soil horizons and pedosediments of the
Volyn-Paodillia Upland (Bonchkovskyi et al., 2023;
Bonchkovskyi, & Hlavatskyi, 2025; Hlavatskyi et al., 2021b).
Moreover, in the case of soils of some Volyn sections, it was
proved that the influence of imported sand during soil
sedimentation was decisive in reducing the values of
concentration-sensitive magnetic parameters. In contrast,
the majority of loess of Volyn and the soils of the forest-
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steppe and steppe zones of Ukraine usually have values of
X > 25 m3/kg. Compared to other loess-soil deposits, similar
to Kyiv Polissia sands values are characteristic only of loess
horizons in southern Ukraine and partly in the Dnieper
Lowland (8-12 m®kg; Hlavatskyi, & Bakhmutov, 2020).

Nevertheless, based on the frequency-dependent
magnetic susceptibility factor (11-13 %) in the upper humus
horizon (A) of sandy soils, the presence of
superparamagnetic magnetite grains has been proven,
which is an indicator of intense pedogenic processes. As for
the lower hydromorphic soil, which is widespread in the area,
the magnetite grains were probably destroyed as a result of
waterlogging; thus, the magnetic properties of hematite are
more pronounced here. We have repeatedly observed a
similar pattern of decrease in the concentration of
ferrimagnetic minerals due to physical and chemical
weathering processes in subaerial sections (Bonchkovskyi,
& Hlavatskyi, 2025; Hlavatskyi et al., 2023). A conceptual
diagram of the dependence of climatic conditions on soil
formation, sand sedimentation, and magnetic properties is
shown in Fig. 4.

Therefore, the magnetic properties of sands and sandy
soils of the Kyiv Polissia region were formed in accordance
with a typical "transitional" model of magnetic record
(Bonchkovskyi, & Hlavatskyi, 2025), which is characterized
by low magnetic susceptibility values combined with high X
and the predominant influence of chemical and physical
weathering processes rather than pedogenesis. In the Kyiv
region, we propose to draw the boundary between the
"transitional" and "pedogenic" models of magnetic record
between the Dnipro Upland and the Polissia Lowland.
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Puc. 4. Conceptual model of moisture dependent and magnetic granulometry transformation processes of sand sequence in the
Irpin river valley. The concentration of superparamagnetic (SP) grains is estimated according to the Table 2.6 in Dearing (1999)
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NMETPOMATHITHI QOCTNIMKEHHA MICKIB I MILLAHUX I'PYHTIB KUIBCbKOIO MoniccA

B c Ty n. lisHbonneilicmoyeHosi i 2onoyeHosi eidknadu Ha mepumopii YkpaiHu mpaduyiliHo demasnibHo AocnidxeHi MazHimHUMU Memodamu,
OO0Hak nicku i niwaHi rpyHmu eueyeHi HedocmamHbo. Memoro cmammi € HadaHHsI nempoMazHimHoOI xapakmepucmuku nickie i niuwjaHux rpyHmie
nieHo4i YkpaiHu — Kuiecbkozo lMoniccs.

MeToau. lpoeodunucey nonsoei po6omu 3 eid6opom 3pa3kie i3 MiHi-wypgie, cmandapmui nabopamopHi nempomazHimHi 0ocniokeHHs
(Evans, & Heller, 2003; Maxbauer, Feinberg, & Fox, 2016).

PesynbTaTu. CepedHi 3HayeHHs1 MazHImHOI cnpuliHamnueocmi po3spisie [emudie i O3epa Konuearomscsi 8 HesHa4yHuUXx mexax (1— 10 - 10° m/kg),
nidsuweHi 3Ha4eHHs1 crocmepizarombcsi y rPyHMo8UX 20PU30HMax MOPIieHSIHO 3 nickamu. Bucoki 3Ha4eHHs1 YyacmomHo-3anexHoi Ma2HimHor cnpul-
HSAMJIUBOCMi 2yMyco8ux 20pu3oHmie niwjaHux rpyHmie (11-13 %) ekasyroms Ha HasieHicmb cyneprnapaMa2HimHuUX 3epeH MazHemumy, ymeopeHux
yHacnidok nedozeHHux npoyecie. [lapamemp S mex exka3ye Ha AomiHayito MazHemumy, oOHak Onisi Kpueux 3asieXHocmi Ma2HimHoi cnpuliHsimnaueo-
cmi 8i0 memnepamypu xapakmepHa mo4ka Kropi 675 °C i munoeuli 2emamumosuti "xeicm". Benu4uHu SIRM ma xarm Ons1 ninomHux 3pa3kie eka3sy-
romb Ha ix 3anexHicmb 8i0 KoHUeHmpauii gpepumazHimHo20 Mamepiany: nideuujeHi 3Ha4eHHs1 criocmepi2arombCsi y 8epXHiX 4acmuHax po3pisie
(2ymycoeux 20pu3oHmax rpyHmis), moHuxxeHi — y nickax. Taka noeediHka nempomazHimHux eslacmueocmel MosiCHIEMbCS MicyesumMu 2eoMopgho-
Jfl02iYyHUMU yMoeaMu, cnabwum ensiueom nedo2eHHUX npouyecie i cymmeeoro diero npoyecie ¢hizuyHo20 ma xiMiyHO20 eusimprogaHHs.

B ucHoBKkW. lMiwaHi eidknadu lMonicbkoi HU308UHU ¢hopmyeanuck 8 ymosax "nepexioHoi” modeni 3anucy masHimHux enacmueocmell, sika
npumamaHHa MaKo Jiecoeo-rpyHmoeum eidknadam BonuHcbkoi eucoyuHu. BcmaHoeneHo yymnueicmbs Ma2HimHo-MiHepanoz2iyHux enacmusocmel
nopid do micyeeux KiiMamu4HUX YMO8, a came CMYyreHsl 380J10)KeHHS | NiOmoneHHs, siki y eunadky "nepexioHoi™ Modesli 380POMHO KOPesIlorMb i3
emicmom cynepnapamazHimHux 3epeH. [nsi Kuiecbko2o pezioHy knacu4Ha nedozeHHa modesnb Ma2HiImMHuUx enacmueocmeii (picm emicmy mazHe-
mumy i3 cmyneHem nedozeHe3y) criocmepizaembcsi uwe O11s1 1eco8o-rpyHmMosux po3pisie MpudHiNpPoeckLKoi 8UCOYUHU.

Knw4yoBi cnoBa: mMazHimHa cnpuliHimnueicms, niwaHuli rpynm, depHoeo-nid3onucmuli rpyHm, Ma2Himdi miHepanu, nasaeoknimam.

ABTOpM 3a8BNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu y4YacTi B po3pobneHHi gocnigxeHHst; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pykonucy; B pilleHHi Npo nybnikauito pe3ynbTartis.
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