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SUMMARY 

The western Black Sea shore is known to represent thick (30-45 m) and stratigraphically 
complete Pleistocene loess-palaeosol sequences. Here, we present preliminary 
palaeopedological and rock magnetic results of the upper 19.5 m of the Sanzhiyka loess section 
(from the Tyligul loess unit (S-L5, MIS 12) to the Holocene). The sequence includes mainly 
steppe soils with distinct carbonate horizons interlayered with Cambisols and leached 
Chernozems. The soils of the warmest interglacials are characterized by signs of rubification. 
In the section, magnetic susceptibility and its frequency-dependence factor increase 
significantly in palaeosols, demonstrating climatic phases and intensity of pedogenesis. 
Typically for the region, rock magnetic results indicate the presence of magnetite with a 
contribution of superparamagnetic grains. The combination of pedological and rock magnetic 
data allowed to reveal four types of palaeonvironmental changes: from subhumid subtropical 
MIS 11 climate to arid temperate MIS 3 climate. 
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Introduction 
 
Loess-palaeosol sequences (LPSs) of southern Ukraine go back at least 1 Ma. A significant number of 
studies yielded information on geochronology, pedostratigraphy, magnetostratigraphy, geochemistry, 
palaeoecology, as well as environmental magnetic characteristics of these sites on the scale of multiple 
millennia (see references in Bakhmutov et al., 2023). However, most multi-proxy studies published so 
far from southern Ukraine region are either low resolution (Sanzhiyka site, Bokhorst et al., 2009), use 
a single rock magnetic – mainly magnetic susceptibility – proxy (Kurortne site, Tecsa et al., 2020), or 
they focused on sequences deposited on the elevations of the terrain, represented by thick loess beds, 
but partly reduced soil profiles (Roksolany and Dolynske sites; Bakhmutov & Hlavatskyi, 2022; 
Łanczont et al., 2022; Bakhmutov et al., 2023).  
 
An updated detailed multi-proxy study of the more complete section in the region was thus necessary. 
The loess-palaeosol profiles with well-developed palaeosols are mainly located on the western Black 
Sea shore. This study presents the first high-resolution pedological and rock magnetic record of the MIS 
12–1 interval of one of the thickest loess-palaeosol sequences of southern Ukraine, the Sanzhiyka site. 
We show that joined geophysical and pedological studies give valuable input for revealing the soil 
formation stages to track changes in local and regional environmental conditions. 
 
Materials and methods 
 
The Sanzhiyka sequence is situated on the northwestern Black Sea shore (Odesa region, 46°14'10"N, 
30°37'10"E) within the Pliocene terrace of the Dniester river. Here, in a dry sub-Mediterranean climate, 
grass steppes with Calcic Chernozems occur.  
 
Sampling was restricted to the upper 19.5 m of the sequence corresponding to the last ~450 ka (MIS 
12–MIS 1). Colour of layers was estimated using the Munsell colour chart. The morphology and 
classification rank of the palaeosols were characterized following the fourth edition of the World 
Reference Base for Soil Resources (2022). Soil micromorphology was described according to the 
standard procedure for modern soils, which includes compositional study, description of soil fabric and 
pedofeatures. For the micromorphological analysis samples were taken from each soil horizon and non-
soil bed (in total, 44 samples), whereas for the magnetic measurements, samples of ~40 g were taken at 
5 cm intervals (in total, 365 samples). 
 
For laboratory low-field magnetic susceptibility (χ) measurements, samples (of ~15 g weight each) were 
prepared, including drying, weighting and placing in non-magnetic mini-bags. Then, the samples were 
subjected to low frequency 976 Hz (χlf) and high frequency 15616 Hz (χhf) bulk magnetic susceptibility 
measurements using a MFK1-FB Kappabridge at the Institute of Geophysics of the NAS of Ukraine. 
The differences between the two susceptibilities provided the percentage frequency-dependent 
magnetic susceptibility: χfd% = (χlf − χhf)/χlf × 100. 
 
Isothermal remanent magnetization (IRM) curves were acquired in fields up to 1 T. In addition, ARM, 
S, HIRM parameters were obtained; all measured using a JR-6A magnetometer placed in non-magnetic 
room. 
 
Litho-pedostratigraphy 
 
The upper 19.5 m of the sequence includes four main pedocomplexes (Fig. 1), each comprises several 
soils separated by thin loess beds, or by levels from which wedges penetrate downward. According to 
the soils’ morphology and micromorphology, the majority can be attributed to those formed under 
steppe vegetation. However, the Lower Zavadivka (S-S4) soil unit is presumed to have formed in a 
rather humid climate, as evidenced by occasional clay coatings and indications of strong carbonate 
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leaching. The Upper Zavadivka (S-S3, MIS 9) soil unit comprises four soils (Chernozems and 
Cambisols), heavily bioturbated in their lower parts. Bk horizons of each soil are superimposed on the 
underlying soils; however, thin sections show signs of primary carbonate leaching. The Potyagaylivka 
(S-S2, MIS 7) soil unit consists of three soils, two upper soils, which are weakly rubified and have 
pronounced crumby microstructure. The S-S1 (MIS 5) soil unit comprises the lower leached Chernozem 
(Kaydaky subunit) and two upper Calcisols with a well-expressed crumby microstructure. The Vytachiv 
unit (S-L1S1, MIS 3) is also represented by a Calcisol with numerous coprolites. 
 

 

Figure 1 Stratigraphy, simplified lithology, correlation with marine isotope stages, low-frequency 
magnetic susceptibility (χlf) and its percent frequency dependence (χfd%) of the upper 19.5 m of the 
Sanzhiyka loess-palaeosol sequence. 
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Rock magnetism 
 
Mass specific magnetic susceptibility ranges between 9.1 and 93.3 ×10-8 m3/kg in the entire profile (Fig. 
1) with a mean of 40.8 ×10-8 m3/kg, median of 38.6 ×10-8 m3/kg. The higher/lower values correlate 
precisely with palaeosol/loess units, respectively. The χfd% factor demonstrates particularly high values 
in soil units (up to 13-16%), and the lowest ones in loesses (2-4%). The mean value along the section 
is 11%, the median is 12.6%. IRM acquisition curves (not shown) show predominance of magnetite 
grains in palaeosols. ARM, S, HIRM parameters indicate similar patterns, suggesting the contribution 
of hematite in some loess layers. 
 
Discussion 
 
In most Ukrainian, Black Sea shore, Danubian, Central Asian and Chinese loess profiles (Necula et al., 
2015; Zeeden et al., 2018; Bradák et al., 2021; Marković et al., 2024; Molnár et al., 2024), magnetic 
susceptibility shows a positive correlation with the intensity of pedogenic processes in palaeosols as a 
result of the formation of fine-grained superparamagnetic grains of magnetite (and/or maghemite) 
formed during the warmer, and especially, humid climatic conditions. This type of magnetic records 
follows the so-called pedogenetic enhancement model of magnetic susceptibility (see overview in 
Bonchkovskyi & Hlavatskyi, 2025). 
 
The Sanzhiyka section shows signs of the pedogenic model of the formation of magnetic properties. At 
Sanzhiyka, the strongest pedogenic processes, as indicated by χfd%, are observed in the entire S-S4 
pedocomplex, lowermost and uppermost parts of the S-S3 pedocomplex (Fig. 1). This is well correlated 
with the magnetic susceptibility, palaeopedological pattern and the palaeoclimatic variations in the 
region during the MIS 11 and MIS 9 times. Thus, our results support the suggestion (Gerasimenko and 
Matviishyna, 2007) that the Zavadivka times contain two interglacials, separated by glacial period. 
 
Pedological studies indicate a trend of climate change over the last 450 ka years. Deep leaching in MIS 
11 and MIS 5e soils points to a subhumid climate and the spread of forest-steppe landscapes. However, 
clear evidence of rubification in MIS 11 soil testifies to a subtropical climate. Rubification features with 
evidence of shrinkage-swelling processes also occur in MIS 7 soils, indicating two warm interglacials: 
the first subhumid, represented by Cambisol, and the second subarid, represented by Chernozem 
rubified. The MIS 9 pedocomplex is represented by temperate soils, revealing differences in humidity 
at different phases: Calcic Chernozems indicate dry temperate steppes, whereas Cambisols indicate 
subhumid temperate forests. Interstadial soils (MIS 5a-c and MIS 3) show pedogenesis in dry steppe 
that contributed to very shallow carbonate accumulation. 
 
Conclusions 
 
The variations of the magnetic susceptibility curve and its frequency dependence indicate different 
degrees of pedogenesis and therefore different soil-forming palaeoenvironments. The synthesis of the 
rock magnetic parameters and pedological proxies recorded at Sanzhiyka LPS revealed four major 
palaeoclimate types: 1) subhumid and warm MIS 11 climate with intense pedogenesis; 2) subhumid 
and temperate MIS 5e with reduced pedogenesis; 3) temperate climate during MIS 9 and MIS 7, 
characterized by intense but different types of pedogenesis; and 4) dry temperate / southern-boreal MIS 
5a-c and MIS 3 climate with rather weak pedogenesis influenced by aeolian dust accumulation. A 
further comparison with other loess sections in the Danube Basin and the south-western part of Ukraine 
will help to trace spatial and temporal palaeoclimate trends of the characteristic environments from a 
sub-Mediterranean (in the south, MIS 11) and to temperate and humid climate (in the north, MIS 5) 
during interglacials over the last 450 ka. 
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