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SUMMARY 

 
 

A first palaeomagnetic study has been carried out on a new section with a potential lower boundary 

interval for the Quaternary, Dolynske 3 (Lower Danube, southern Ukraine). Recently, the Matuyama–

Brunhes boundary (at 780 ka) was detected in the adjacent section of Dolynske 2. The current study 

focuses on the hydromorphic clays and pedosediments of the Bogdanivka to Kryzhanivka units (S13–

S8). Samples from the Upper Bogdanivka (S11) and Upper Berezan (L9L1) subunits show a clearly 

defined reversed polarity related to the Matuyama chron; some samples from other layers were 

uninformative due to hydromorphic features and were rejected from the interpretation. Given the 

unsuitability of hydromorphic palaeosols and loesses for magnetostratigraphic studies, the 

determination of the Gauss–Matuyama boundary requires additional, including methodological, 

research on other sections of Ukraine. The stratigraphic completeness of the composite Dolynske 

section, its geomorphological location within the Pliocene Danube terraces and convenient geographical 

setting allow offering it for study as a reference section for the loess/soil formation in the Lower Danube 

basin. Furthermore, tentative stratigraphic correlations of loess-palaeosol sequences in south-eastern 

Europe require revision and adaptation in view of new magnetic data from the more complete Ukrainian 

loess sequences. 
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Introduction 

 

Loess deposits in the Danube river basin are among the thickest and most complete loess-palaeosol 

sequences in Europe. For the past decades, they were extensively studied using magnetostratigraphy, 

rock magnetism, geochronology, malacology, palaeopedology and sedimentology (e.g., Jordanova et 

al., 1999; Rădan, 2012; Marković et al., 2015; Necula et al., 2015; Song et al., 2018; Sümegi et al., 

2018, 2019; Makó et al., 2021; Namier et al., 2021, Wacha et al., 2021). In southern Ukraine, 

neighbouring loess sections at the Black Sea shore (Kurortne and Sanzhiyka), Dniester Estuary 

(Roksolany) and Souther Bug river (Medzhybizh and Holovchyntsi) were also comprehensively studied 

(Bokhorst et al., 2009; Bakhmutov et al., 2017, 2018; Tecsa et al., 2020; Hlavatskyi and Bakhmutov, 

2020; Bakhmutov and Hlavatskyi, 2022). A lack of reliable data from Ukraine’s Danube region, with 

its abundant and most complete Quaternary deposits, reduces the quality of general stratigraphic 

correlations and palaeoclimatic reconstructions. The aim of the present study is to derive new 

information on the Early–Middle Pleistocene environmental magnetism and to establish local and 

regional chronostratigraphy from a high-resolution rock magnetic and magnetostratigraphic data at the 

Dolynske loess-palaeosol sequence. 

 

Sampling and methods 

 

The Dolynske section (45°30′ N; 28°18′ E) is located near the city of Reni, on the left bank of the 

Danube River, and 220 km south of Odesa. It contains Pliocene alluvial deposits (Matoshko et al., 2019) 

succeeded by Early Pleistocene hydromorphic soils, pedosediments and clays, and overlain by Middle 

Pleistocene loess-palaeosol sequence, exposed in four sub-profiles (Figure 1). In total, 85 oriented block 

samples were taken for magnetostratigraphic study and 296 non-oriented samples were collected for 

rock magnetic measurements. For a high-resolution magnetic susceptibility record of the loess-

palaeosol sequence, 537 specimens from the depth between 0.24–24.38 m were measured with a MFK1-

FB Kappabridge. A total of 95 specimens (including 8 specimens from pedosediments) were subjected 

to 5 steps of thermal demagnetisation from 150 °C to 295 °C, with temperature intervals 25–60 °C, 

using a MMTD 80 furnace with a residual field at <10 nT. Twelve specimens were subjected to 

alternating field demagnetisation from 3 to 80 mT at steps between 3–20 mT, using an LDA-3A 

demagnetizer. An additional 6 samples were subjected to the hybrid demagnetisation procedure. This 

involved one-time thermal demagnetisation up to 150 °C, then a standard stepwise alternating field 

demagnetisation from 3 to 80 mT at 3–20 mT intervals. The natural remanent magnetisation of the 

specimens was measured by a JR-6 spinner magnetometer. Rock magnetic and palaeomagnetic 

measurements were carried out in the laboratory of the Institute of Geophysics of the National Academy 

of Sciences of Ukraine (Demydiv village, Kyiv region). 

 

Results and discussion 

 

Rock magnetic and magnetostratigraphic results from the Dolynske 1–2 sub-profiles have been 

published previously (Hlavatskyi and Bakhmutov, 2021). The Matuyama–Brunhes boundary (at 780 

ka) was detected in the section of Dolynske 2, providing an outstanding chronological benchmark for 

regional correlation (Figures 1–2). In this paper, we present the first study of a new section with a 

potential lower boundary interval for the Quaternary, Dolynske 3 (Figure 1). It contains hydromorphic 

palaeosols, loesses and pedosediments of the Bogdanivka to Kryzhanivka units (field description of Y. 

Veklych, 2021). Considering previous palaeomagnetic data from other sections of the loess/soil 

formation of Ukraine, the Gauss–Matuyama boundary (2.58 Ma) could be expected to be at the top of 

the Bogdanivka soil unit. However, rock magnetic and magnetostratigraphic results from the Dolynske 

3 section indicate an extremely low concentration of the ferrimagnetic minerals and the absence of a 

characteristic component of magnetisation due to the influence of hydromorphism. Only two samples 

from the Bogdanivka and Berezan units show a clearly defined reversed polarity; the rest of the samples 

were uninformative and were rejected from the interpretation (Figure 1). Given the unsuitability of 

hydromorphic palaeosols and loesses for magnetostratigraphic studies, the determination of the Gauss–

Matuyama boundary requires additional methodological research on other sections of Ukraine. The 

magnetic susceptibility measurements and palaeosol properties at Dolynske show a distinct pattern that 
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is transitional between Ukrainian and Danubian loess records. Additionally, the magnetic susceptibility 

and marine oxygen isotope curves are strikingly similar (Figure 2), which greatly facilitates 

chronostratigraphic interpretation. In our view the well-developed S5 units in Romania, Bulgaria and 

Serbia and the S4 soil unit in Ukraine correlate with the warm MIS 11 (Sümegi et al., 2018; Hlavatskyi 

and Bakhmutov, 2020). Furthermore, recently we have proposed the correlation of rubified S6 

palaeosols in Romania and Bulgaria and the S7–S8 welded palaeosol in Serbia with S6 in Ukraine, a 

thick reddish-brown palaeosol which corresponds to MIS 15 (Hlavatskyi and Bakhmutov, 2021). Our 

results do not support the so-called lock-in depth hypothesis of the Matuyama–Brunhes record for the 

Danube loess (Jordanova et al., 1999; Rădan, 2012; Marković et al., 2015), and they show that the 

Matuyama–Brunhes boundary is located in the soil unit corresponding to MIS 19 (S7S3). Eight global 

glacial–interglacial cycles recorded in the Brunhes chron from the marine oxygen isotope records are 

present in the Ukrainian loess-palaeosol sequence as well (sh1, sh3, mr, lb, zv1, zv3, pt, kd). 

Consequently, unlike the longest Pleistocene terrestrial records in Ukraine, the reference loess 

sequences in the Lower Danube basin are seen not having continuous records. In our stratigraphic 

scheme (Hlavatskyi and Bakhmutov, 2021), the deposits of three separate temperate climatic episodes 

(MIS 17, MIS 13 and MIS 9c) are well-developed within the loess-palaeosol succession of central, 

eastern and northern Ukraine, whereas they are truncated in southern Ukraine and Moldova, and absent 

in the Romanian and Bulgarian sequences. Thus, in Serbia, the MIS 17 and MIS 9c soils seem have to 

be eroded, whereas the MIS 13 pedocomplex is represented by weakly-developed soils (Figure 2). 

 

 
Figure 1 Studied sub-profiles with polarity scales (A) and stereographic projections of NRM 

directions calculated after alternating field and thermal demagnetization of specimens of normal (B) 

and reversed (C) polarity from the Dolynske 2–3 sections. 

 

Conclusions 

 

Palaeoclimatic and stratigraphic interpretation of the rock magnetic data from the Dolynske profile have 

important implications for appropriate linking Pleistocene climates and stratigraphies of other well-

known European terrestrial records. The stratigraphic completeness of the composite Dolynske section, 

its geomorphological location within the Pliocene Danube terraces and convenient geographical setting 

allow offering it for study as a reference section for the loess/soil formation in Europe. In addition, the 

Dolynske 3 section may be regarded as a complete continental analogue of the Calabrian and Gelasian 

with both palaeomagnetic boundaries. Thus, the Dolynske section deserves research on many aspects 

of the Quaternary, including correlations of loess-palaeosol, alluvial and marine facies, the influence of 

hydromorphism on palaeomagnetic properties of rocks, "structures" of climatic rhythms in the 

Calabrian and Gelasian, as part of a separate international project. 
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Figure 2 Correlation between selected loess-palaeosol sections in the Danube basin with the marine 

isotope stack (Lisiecki et al. 2005), resulting from magnetic susceptibility profiles and the position of 

the Matuyama–Brunhes reversal: Dolynske (Hlavatskyi and Bakhmutov, 2021), Zimnicea (Rădan, 

2012), Koriten (Jordanova et al., 1999) and Mošorin/Stari Slankamen (Marković et al., 2015). 
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