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Abstract

:

This study covers the examination of four loess–paleosol profiles in Hungary through grain size composition, organic matter, carbonate content and magnetic susceptibility measurements. One of the profiles (with a thickness of 25.72 m) can be found in the Gödöllő hills, on the border of town Pécel, and the other three profiles (Kisdorog-West—5.60 m, Kisdorog-East—6.40 and Bonyhádvarasd—8.16 m) are located in the Tolna hills of the Transdanubia region. The sections were continuously sampled with an interval of 4 cm. The same interval was also applied to the other three profiles. During the field exploration of the Pécel profile, we were able to study the complete loess wall, which was deposited on the sediment of the nearby Rákos stream. Based on the Ostracod fauna of the clay sediment beneath, the fluvial deposit can be considered as originating from the Upper Miocene. In the case of the Transdanubian sections, a significant change can be observed in the prevailing wind direction based on the grain size analyses. In addition, the results of magnetic susceptibility measurements suggest that the development of the Pécel profile took place during MIS 9–10, while the age of the three Transdanubian sections can be assumed to be the MIS 2–4.
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1. Introduction


The four profiles examined in this study can be found in two different geographical regions of Hungary (Figure 1). One of them can be found in the vicinity of the town Pécel in the Gödöllő hills area [1] in a foothill location (e.g., [2,3,4,5,6]), while the other three profiles are located in the Tolna hills [7] in a lowland location (e.g., [8,9,10,11,12,13,14,15]). In addition to the one in Pécel, two of the examined sections are located in Kisdorog and one in Bonyhádvarasd, 130–140 km away from Pécel. In the case of these Transdanubian sections, the direction of the hills in the area is northwest–southeast.



Detailed pieces of information on the loess sequences of the Carpathian Basin are available (e.g., [2,3,6,8,9,10,14,15,16,17,18,19,20,21]), however, the sections we examined have not been studied before, thus, the data extracted from them could provide excellent additional information about the paleoclimate and regional mosaicism of the area. Several profiles have been studied along the River Danube [2,14,15,18], the data of which were supplemented by data from southern Hungary [6,8,9,10,12,13], northern Hungary [3,4,5,22], Transdanubia [6,11,14,15], and data derived from drillings [23,24].
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Figure 1. Location of the loess–paleosol section of Pécel ((B)—ortophotomap), Kisdorog-West ((C)—ortophotomap), Kisdorog-East ((D)—ortophotomap) and Bonyhádvarasd ((E)—ortophotomap) in the Carpathian Basin (A) [25]. 
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The excavation of the loess–paleosol profile of Pécel was completed in 2022. Prior to this, its preliminary results were reported in 2021 [22]. The total height of this section is 25.72 m, of which the actual loess deposit was 24.56 m. The sediments (thickness: 51 cm) below this loess section can be considered as the sediments of the former Rákos stream, which recently can be found 300–350 m south of the loess wall. This further deepening of the profile was considered irrelevant since the main purpose of this research is the reconstruction of the development of the loess wall itself. Regardless, the development of the former riverbed below the loess wall could also be clearly reconstructed by the analysis of its sediments. The bottom 65 cm of it consists of clay, while sand with massive, cross-layered and laminated features can be described in the upper 51 cm. Based on the experiences of previous research on loess bodies and similar sediment depositions, the higher resolution of sampling enables a higher resolution of examination (e.g., [8,9,10,11,12]. We have therefore sought to achieve the highest possible resolution—of course within reasonable limits. Thus, a sampling interval of 4 cm was applied, which can result in the resolution of decades-to-centuries if it is supplemented with well-designed radiocarbon age data (e.g., [4,8,9,10,11,12,26]).The loess–paleosol profiles near Kisdorog (Figure 1) are located in the midwest region of Hungary at 46°23′54″ N and 18°29′47″ E (Kisdorog-West) and 46°23′34″ N and 18°30′01″ E (Kisdorog-East). The two profiles can be found on the opposite slopes of a hill, approximately 700 m from each other. The Kisdorog-West section can be characterized by a height of 5.6 m. One single paleosol layer of about 1 m thickness can be found in it, which can be divided further into 3 sublayers. The Kisdorog-East section can be characterized by a height of 6.4 m, within which a single paleosol layer can be separated similar to the western section. This paleosol layer of 3 m can also be separated into 3 sublayers. The fourth section can be found in Bonyhádvarasd, which is located 3.5 km away from Kisdorog. The coordinates of the Bonyhádvarasd section of 8.16 m height are 46°21′52″ N and 18°29′17″ E. Similar to the Kisdorog sections, it can also be divided into lower and upper loess bodies separated by a paleosol complex.




2. Materials and Methods


The Pécel section (Figure 1) (47°29′47″ N and 19°21′12″ E) was supplemented by a 10th subsection (with a height of 700 cm). This section was also sampled for grain size distribution and LOI analysis by applying the previously used 4 cm sample size.



2.1. Color


During the field studies, following the cleaning of the entire wall surface, the visible layers and their boundaries were registered and their colors were defined according to the Munsell color chart [27]. These macroscopic observations were the basis of the delimitation of the different layers. In the case of the Pécel profile, the paleosols [28,29,30] ranged from brown to reddish-brown, while in the case of the Kisdorog and Bonyhádvarasd profiles, the paleosols showed three different colors, ranging from chestnut brown to dark brown, indicating significant soil development. In addition, the color of the loess also differed (whitish–pale yellow) in the case of the Bonyhádvarasd profile. Our research was primarily focused on the study of the loess material, thus, detailed pedological examination of the paleosol layers has not been carried out.




2.2. LOI


Dean’s Loss on Ignition method [31] was used to determine the organic matter and carbonate content of the samples. This method is based on the measurement of the loss on ignition weight of the powdered sediment samples. The previously air-dried samples are first ignited at 550 °C, at which temperature the organic matter is being burnt, and then, at 900 °C, in order to detect the carbonate content. The 900 °C temperature value was chosen based on the study of Heiri et al. [32]. Regardless, the heating of the samples was performed at both 900 and 1000 °C, resulting in two different series of measurements. The average weight loss was plus 0.0007 g at 1000 °C. This difference can be explained by water present in clay minerals, as well as in crystalline bonds, in which water content is likely to escape from the system at this applied temperature. These measurements were carried out by using a furnace at the Department of Geology and Paleontology of the University of Szeged.




2.3. Grain Size Ditribution


For the analysis of the grain size composition, the samples were prepared according to the method of Bokhorst et al. [33]. Air-dry samples were pre-treated in a 30% H2O2 and then a 10% HCl bath to remove organic matter and carbonates before further analysis. Subsequently, 30 mL of 5% Calgon (Na2P6O18) was added to 0.7 g of the sample in order to separate the particles. Right before the measurements, the samples were treated in an ultrasonic cleaner for 10 min to prevent the coagulation of the particles. The grain size composition measurements were carried out by using an OMEC EasySizer 20 laser sedigraph at the Department of Geology and Paleontology, University of Szeged. The source was a He-Ne laser with an energy of 2 MW and a wavelength of 0.6328 µm. The Laser Sedigraph uses 54 built-in detectors for measuring a range of 42 grain size fractions between 0.0001 and 0.5 mm. The approach is based on the theory of Mie laser light scattering. Following the measurements, the system calculates cumulative values by using the measurement results. The values obtained were organized into grain size fractions according to the Wentworth scale [34].




2.4. Grain Size Indices


The average particle size (MGS) was calculated from the values of D10-D50-D75 and plotted with a line diagram. The U-ratios and the GSI values were calculated by using the grain size composition results in order to determine the energy of the transport medium [35,36,37].



The U-ratio defines the ratio of the coarse silt and the medium + fine silt fractions. This ratio can be applied to distinguish the cold, dry glacial periods with significant eolian transport and high wind velocity (high U-ratio), and the warm, wet interglacial periods with weak wind intensity (low U-ratio). This distinction approach is based on the observation that the predominant grain size fraction of eolic sedimentation is <16 µm in warmer interglacial periods, while it is >16 µm in colder glacial periods [36,38]. Clay fraction (<5.5 µm) and grain size fractions coarser than 44 µm are not taken into account for the calculation of the U-ratio, thus, no information can be obtained about clay minerals formed by secondary pedogenetic processes or about fine sand particles transported in saltation [36,39].



The Grain Size Index (GSI) introduced by Rousseau et al. [40] is similar to the U-ratio. The most significant difference is that the clay fraction is also taken into account for its calculation. Based on this index, the efficiency of sedimentation, transport and accumulation processes can be determined which are closely related to the changes in wind velocity [41]. High GSI values indicate an increased frequency and intensity of dust storms, as well as a higher sedimentation rate [41,42].




2.5. Magnetic Susceptibility


The magnetic susceptibility [43,44,45,46,47,48,49,50] measurements were carried out by using a Bartington MS2K surface sensor instrument at the Department of Geology and Paleontology, University of Szeged. The air-dried, powdered samples were measured three times in different directions.





3. Results


3.1. Profiles


3.1.1. Pécel


The notations of Chinese loess sections [18,51,52,53] were used for the description of the lithological horizons. The lowest 65 cm of the section (between 25.07–25.72 m) is clay sediment, which is followed by 51 cm of sand sediment above it (between 24.56 and 25.07 m). Above this, the development of loess (between 0 and 24.56 m) starts with a hiatus in some places. The lowest stratum denoted as L6, is located between 23.48 and 24.56 m and is characterized by a Munsell color of 7.5YR 7/4. Above it, 28 cm of paleosol (S5, between 23.20 and 23.48 m) can be found with 10YR 5/6 color. The loess body L5 is located between 19.36 and 23.20 m and its color is 7.5YR 7/3. The S4 paleosol between 19.08 and 19.36 m has a 10YR 5/6 color, similar to the S5. The L4 stratum between 18.72 and 19.08 m is a 7.5YR 7/3 colored loess again. Above the L4 loess body, the S3 paleosol layer can be found, which consists of two parts, the lower one (between 18.44 and 18.72 m) with 2.5Y 6/4 color, the upper one (between 17.84 and 18.44 m) with 2.5Y 5/3 color. The loess body above this (L3) can be found between 15.40 and 17.84 m and can be characterized by 2.5Y 7/4 color. The S2 paleosol also consists of two parts, the lower one (between 14.52 and 15.40 m) with 10YR 6/4 color, and the upper one (between 14.16 and 14.52 m.) with 10YR 5/2 color. The loess body L2 is located between 12.56 and 14.16 m and has a color of 2.5Y 7/3. The S1 paleosol can be divided into 6 different parts based on its color: 10YR 6/6 (11.80–12.6 m); 10YR 5/6 (11.24–11.80 m); 10YR 6/6 (10.44–11.24 m); 10YR 5/6 (10.00–10.41 m); 2.5Y 6/4 (9.32–10.00 m) and 2.5Y 5/3 (8.84–9.32 m) The overlying sedimentary layer was described as a well-observable loess body with a layer of paleosol in it. L1L2, which can be characterized by 2.5Y 7/4 color, is located between 5.64 and 8.84 m. The paleosol layer in-between denoted as L1S1 (color: 10YR 6/6) can be found between 3.00 and 5.64 m. Above it, the uppermost loess layer (L1L1) between 0.44 and 3.00 m can be characterized with 2.5Y 7/4 color again. The uppermost stratum of the entire sequence is the recent soil layer with a thickness of 44 cm which can be described with 2.5Y 6/4 color between 0.20 and 0.44, and 2.5Y 5/3 between the surface and 0.20 m.




3.1.2. Kisdorog-West


This profile is between 3.84 and 5.6 m of a loess wall of 5.6 m total height, with large carbonate concretions I from the depth of 5.5 m. A notable paleosol horizon can be found between 2.32 and 3.84 m. The lower part (between 3.28 and 3.84 m) of this paleosol can be characterized by chestnut brown color (7.5YR 3/6), while the middle part of it (2.52–3.28 m) is dark brown (2.5Y 2/2). Several carbonate concretions can be found in these two lower layers between 3 and 3.9 m. The uppermost part of the paleosol layer between 2.32 and 2.52 can be characterized by light brown color (2.5Y 3/2). The upper loess body of the profile (0.4–2.32 m) can be found above the paleosol layer. Above, the uppermost 0.4 m is the recent soil horizon. In these two uppermost layers, several rhizoliths can be observed between 0 and 1.3 m.




3.1.3. Kisdorog-East


The lowermost 0.20 m of this profile with a height of 6.4 m is a loess layer (between 6.2 and 6.4 m). A notable paleosol horizon can be found between 2.72 and 6.2 m, which can be divided further into sublayers. The following sublayers can be distinguished based on their colors: chestnut brown (7.5YR 3/6) between 5.84 and 6.2 m, dark brown (2.5Y 2/2) between 4.6 and 5.84 m, light brown (2.5Y 3/2) between 4.2 and 4.6 m, and dark brown again between 3.16 and 4.2 m with crotovines between 3.24 and 3.3 m. The uppermost paleosol layer can be found between 2.72 and 3.16 m and can be characterized by light brown color. The upper loess layer can be found between 0.36 and 2.72 m, which is followed by the recent surface soil (0 and 0.36 m).




3.1.4. Bonyhádvarasd


This profile of 8.16 m total height can be described with the presence of a loess layer in the lower position (6.08–8.16 m) and a paleosol layer between 3.76 and 6.08 m, which latter can also be divided into further sublayers. These certain sublayers were defined by their colors, which are the followings: chestnut brown (7.5YR 3/6, between 5.52 and 6.08 m), dark brown (2.5Y 2/2, between 5.2 and 5.4 m), light brown with lime spots (2.5Y 3/2, between 4.84 and 4.96 m), dark brown (2.5Y 2/2, between 3.76 and 4.36 m) and chestnut brown with rhizoliths (7.5YR 3/6, between 3.76 and 4.36 m). The upper loess layer can be found above the paleosol horizon (between 0.15 and 3.76 m) with carbonate concretions in its lower parts. The uppermost 0.15 m of the section can be described as another paleosol horizon.





3.2. LOI


3.2.1. Pécel


The upper 18.72 m of the loess–paleosol profile of Pécel was previously studied and published [22], thus, only the newly obtained results are presented in this paper (Figure 2).



Greyish-brown clay sediment can be found in the range 25.07–25.72 m where the organic matter content varies in the range 1.2–2.7%. The carbonate content gradually increases towards the sand layer deposited on the top of the clay (~7 to 11% to 2.5%).



The lowest organic matter (0.4–1%) and carbonate (0.7–2.5%) content values can be detected in this sand body in the range 24.56–25.07 m. Subsequently, the lowermost loess body (L6) is located in the range 23.48–24.56 m, in which organic matter (1–2%) and carbonate (1.7–5%) show relatively constant values. Both organic matter and carbonate content values constantly increase up to the level of the next paleosol horizon above this loess layer.



A thinner paleosol layer (S5) can be found in the range 23.20–23.48 m, in which the organic matter varies in the range 2.3–2.7%, while the carbonate content shows a more significant increase and rises from 5.8 to ~8 %. The increased values of the latter persist in the overlying loess.



A thicker loess layer (L5) lies in the range 19.36–23.20 m, in which, the organic matter content decreases to 1.71% up to 21.92 m, while the carbonate content varies in the range 7.2–8.5%. Despite this variability, these values can still be considered stable compared to the layers below. Subsequently, organic matter content starts a significant increase from 21.92 m and reaches 3.5%. At the same time, carbonate content decreases with smaller and larger fluctuations, reaching 3.7%.



A thinner paleosol layer (S4) can be found again in the range 19.08–19.36 m. Within this paleosol, the proportion of organic matter content increases and the carbonate content decreases slightly upwards.



The uppermost loess (L4) layer examined within this study is located in the range 18.72–19.08 m. Herein, the organic matter content continuously increases from 3% to 3.4% and then decreases to 2.4% up to the paleosol horizon above it. In contrast, the carbonate content decreases from 5.2 to 4.4% and then increases to 6.5% by the boundary of the paleosol layer.




3.2.2. Kisdorog-West


The significant changes that were observed in the case of the Pécel profile cannot be detected here (Figure 3). The carbonate content constantly increases in the lower part of the lower loess layer (from 12% to 16% in the range 5.6–4 m). This value drops extremely at the depth of 4 m and reaches 2% up to 3.5 m. In contrast, it starts to increase up to the depth of 3 m by ~8% within the paleosol layer. Then, it starts to decrease again back to 4% between 3 and 2.5 m (the boundary of the paleosol and the upper loess layer), then increases to 10% up to the depth of 2 m. Subsequently, it decreases to 6% up to the depth of 1.6 m and then increases to 12% up to the horizon of the recent surface soil.



The changes in organic matter content show even less variability. It increases continuously from ~1.8% to ~4.2% with smaller fluctuations between 5.6 and 1.5 m (the upper boundary of the loess). Above it, the value falls back to 2–2.4% and then reaches its maximum of ~4.4% in the recent surface soil level.




3.2.3. Kisdorog-East


This section, with its ~6.5-m height, contains a significant paleosol complex of nearly 3.5 m. However, as the Figure 4 shows, the organic matter content within this layer is still low (varying in the range 2–5%). The peak value of the organic matter can be observed within the recent soil layer with a value of almost 9%. At the same time, this value is constant ~2% on average within the loess bodies. The carbonate content is higher (around 8–10%) in the paleosol levels characterized by chestnut (7.5YR 3/6) and dark brown (2.5Y 2/2) color. A significant decrease to 4% is observed in the middle-positioned, light brown-colored (2.5Y 3/2) layer. In contrast to the paleosol layer, high carbonate contents (10–16%) were measured in both the lower and upper loess bodies.




3.2.4. Bonyhádvarasd


In the case of this profile, the organic matter content continuously increases in the lower loess body towards the paleosol complex (from 1.8% to 3%, Figure 5). A significant decrease (~2.2%) in the organic matter content can be observed in the lower, light brown layer of the paleosol, which is followed by an increase (to 3%) towards the chestnut-colored layer. Subsequently, it falls below 2% in the lower parts of the upper loess body, then starts to increase again upwards, and reaches its maximum of 4%.



The carbonate content increases upward from 13% to 18% within the lower loess body. At the depth of 6.08 m, where the loess–paleosol boundary is located, it drops drastically to ~2%. Its value reaches 8% in the paleosol complex; however, it falls back under 4% in the upper light brown (2.5Y 3/2) paleosol layer. Within the upper loess body, its value varies in the range 4–13%. The lowest carbonate content values are measured whereas the organic matter values are the highest. The recent soil cannot be detected clearly on the basis of these values only.





3.3. Grain Size Distribution


The profile of Pécel was the only examined one among the four where grain size fractions larger than very fine sand were detected. The main reason for this can be the sand deposits found below the loess body as well as the slight (more than 1%) fine sand content of the L1S1 paleosol horizon.



3.3.1. Pécel


It can be generally concluded that the proportion of very fine sand is significantly high (10%) in the entire section (Figure 6). Despite this fact, coarser sand fractions can be detected only in the fluvial sand layers at the bottom of the loess wall and do not reach 1% in the loess sediments above. In parallel with the general characteristics of loess walls [54], the two dominant grain size fractions are the medium (21.6%) and the coarse silt (30.6%).



Finer fractions become predominant in the range 25.07–25.72 m: 18.1% clay, 24.5% medium silt, and 26.4% coarse silt. In addition, an unusually high very fine sand ratio (8%) can be detected here as well.



The grain size composition of the sand body in the range 24.56–25.07 m is predominated by sand fractions. The proportion of the fine sand and larger fractions exceeds 1% only in this part within the entire section. However, the 15.5% proportion of very fine sand is combined with 35.8% fine sand and 10.3% medium sand here. An average ratio of 2.7% coarse sand can be detected as well.



Between 23.48 and 24.56 m, a loess body (L6) can be found. It can be characterized by a clay content of 17.5% and predominantly consists of medium (24.6%) and coarse (26.6%) silt. In addition, 8% of very fine sand can also be detected.



The S5 paleosol layer is located in the range 23.20–23.48 m. In this layer, a clay content of 19% can be detected, while the medium (24.6%) and coarse (27.4%) silt fractions are dominant here, with an additional 4.3% of very fine sand ratio.



Between 19.36 and 23.20 m, the proportion of medium silt (22.6%) decreases while the very fine sand (7.5%) increases compared to the paleosol below the L5 loess.



The paleosol layer (S4) in the range 19.08–19.36 m shows the highest clay content (19.9%) within the entire section. In addition, 23.6% of medium silt (close to the average) and 27.4% of coarse silt fractions can be detected as well. The proportion of very fine sand decreases to 5.8% here.



The L4 loess (in the range 18.72–19.08 m) is a thinner layer between 2 paleosol horizons, where the second highest clay (19.6%) content was measured. In this layer, the proportion of medium silt is similar to that in the paleosol below it. At the same time, the coarse silt increases to 29.7%, and the proportion of very fine sand decreases to 5%.




3.3.2. Kisdorog-West


The dominant grain size fractions in the lower loess body (3.84–5.6 m) of this profile (Figure 7) are the coarse (35–39%) and medium (20–26%) silt. The proportion of the coarser fractions continuously decreases upwards against the finer fractions. At the same time, a relatively constant proportion of clay fraction was measured here (ranging between 16% and 24%). The proportion of the very fine sand fraction gradually decreases from its maximum of about 15% upwards to the paleosol complex (to 3.84 m), in which it almost completely disappears.



The grain size distribution of the paleosol complex (2.32–3.84 m) is dominated by finer fractions like clay and very fine silt that reach their maximum here (~28% and ~10%, respectively). At the boundary of the dark brown (2.5Y 2/2) and light brown (2.5Y 3/2) paleosol layers (2.52–2.76 m), the very fine silt fraction decreases from 10% to 6%.



Subsequently, the upper loess body (0.40–2.32 m) is dominated by medium and coarse silt; however, their proportions continuously decrease in parallel with the clay and very fine silt. A slight peak was detected in the proportion of very fine sand in the range 0.56–0.88 m, although it still does not exceed 1%.



The clay fraction decreases below 8% in the recent soil levels (0–0.4 m), which is the smallest value in the entire section. At the same time, this layer is also dominated by coarser fractions like coarse silt and even the proportion of the very fine sand increases and reaches 6%.




3.3.3. Kisdorog-East


Unlike the Western profile, the lower loess body (6.20-6.40 m) of the Eastern one (Figure 8) is dominated by medium silt (30–35%), as well as fine and coarse silt (22–28%). The proportion of the clay fraction decreases from 20% to 8% towards the boundary of the paleosol complex (6.20 m). Although the very fine sand fraction still can be detected here, its proportion is significantly less (maximum 4%).



The chestnut-brown-colored (7.5YR 3/6) layer (5.84–6.20 m) of the paleosol complex (in the range 2.72–6.20 m) is dominated by clay and medium silt (20–28%). Above it, the dark brown (2.5Y 2/2) layer (4.60–5.84 m) can be found, with a remarkable part between 5–5.50 m, where the proportion of the smaller fractions significantly increases against the coarse silt. At the boundary of the middle light brown (2.5Y 3/2, 4.10–4.60 m) and the upper dark brown (2.5Y 2/2, 2.16–4.20 m) paleosol layers, the proportion of the very fine and fine silt increases–-similar to the lower dark brown (2.5Y 2/2) layer; however, the proportion of the medium and coarse silt decreases. At the same time, the proportion of the clay and very fine silt decreases at the lower boundary of the upper light brown (2.5Y 3/2) layer.



At the lower levels of the upper loess body (0.36–2.72 m), in the range 1.80–2.60 m, the proportion of the very fine sand increases to even 4% in some places. The proportion of the silt fractions continuously increases upwards the recent soil horizon, where they fall back in parallel with the increase of the very fine sand (up to ~8%).




3.3.4. Bonyhádvarasd


The dominant grain size fraction of the lower loess body (6.08–8.16 m) of this profile (Figure 9) is medium silt with values varying in the range 22–33%. Concurrently, the proportion of clay fraction is also significant; the clay peak of the entire profile is detected here with a value of ~34%. In the upper part of the lower loess body, the proportion of fine silt increases by more than 10% against the coarse silt.



A contrary change can be detected at the boundary of the paleosol complex (3.76–6.08 m) and the lower loess body, where the coarse silt becomes dominant in addition to the medium silt. The shift of the middle light brown (2.5Y 3/2) and dark brown (2.5Y 2/2) layers (4.84–5.52) is hardly observable; however, the slight dominance of finer fractions can be detected. This trend reverses again in the upper dark brown (2.5Y 2/2) paleosol layer (4.36–4.84 m). These proportions fluctuate intensively within the upper chestnut-brown-colored (7.5YR 3/6) layer (3.76–4.36 m).



The following layer is the upper loess body (0.15–3.76 m). The lower parts of this level can be characterized by coarser fractions. In addition to the dominance of coarse silt, the clay fraction falls below an average of 10%, while an average of 8% of very fine sand can be detected with a maximum value of ~16%. The upper loess body is almost identical to the lower one in terms of grain composition.





3.4. Grain Size Indices


3.4.1. Pécel


The MGS value provides relatively less information in the case of the Pécel profile (Figure 10) due to the presence of the sandy sediment at the bottom of the section. The GSI and U-ratio values show a peak within the loess bodies and their trends are similar except for their trends in the L1S1 paleosol layer.




3.4.2. Kisdorog-West


In Figure 11, we can see that all three indices show higher values within the lower loess body, while the lower values of the paleosol complex start to increase only from the middle of the upper loess body.




3.4.3. Kisdorog-East


The GSI value is almost stable within the entire profile (Figure 12) except for some minor decreases. At the same time, the MGS and U-ratio values show two notable increases and a similarly significant decrease.




3.4.4. Bonyhádvarasd


In the case of this profile (Figure 13), a significant increase can be observed for all three indices in the lower part of the upper loess body. Two parts with outstanding values of U-ratio can be seen in the paleosol complex.





3.5. Magnetic Susceptibility


Magnetic susceptibility values measured show high variability in the Pécel profile. The MS peak was detected in the upper part of the upper part of the L5 loess body with values of more than 100. For the rest of the profiles, only paleosol layers can be described with higher MS values. A double peak trend in the MS can be observed in the Transdanubian profiles; however, the upper peak can be observed in the upper loess body in the case of the Kisdorog-West section.





4. Discussion


4.1. Pécel


The periodical and permanent water cover characteristics of the fluvial areas suggest that intensive element mobilization may have occurred during the deposition of the fluvial sediments beneath the loess wall. The first stratum of these fluvial sediments is a clay layer. This is presumably a marsh sediment, the result of this former periodic water cover. A noticeable part of this section can be found in the range 25.20–25.40 m. At this depth, more than 10% carbonate content was measured.



The upper boundary of this red sand is a sand layer with a thickness of 51 cm. It contains massive, cross-layered, and laminated sand, in this order, from bottom to top. These sediments represent perfectly the development of the former stream’s riverbed. Massive sand indicates a crevasse splay formation process, while cross-layered sand indicates turbulent, and laminated sand indicates laminar flow during the deposition of this sediment. The uppermost 7 cm of this sand layer is red-colored sand.



The L6 loess above, which was deposited on the fluvial sediment (with hiatus in some places), can be characterized by varying grain size composition and LOI values. In addition, fine sand can also be found in the lower parts of it. It can be assumed that the accumulation of the dust started in a period of temporary existing water coverage which may have mixed with the sand sediment underneath. The S5 layer above is a small paleosol horizon with a thickness of 28 cm.



Subsequently, a significant weathering horizon can be detected in the L5 loess body, predominated by finer grain size fractions. Subsequently, continuous soil development can be reconstructed based on the continuously increasing proportion of organic matter content towards the S4 paleosol layer. The outstanding GSI and U-ratio values in the range 21.80–21.92 m indicate an increase in wind velocity. Apart from this, no other significant change can be detected here.



The S4 paleosol layer is a small horizon of 28 cm, which cannot be detected clearly only on the basis of the changes in grain size distribution; however, it is clearly indicated by the shift of the Munsell colors and the LOI values. Above the S4 paleosol, a loess layer of 26 cm can be detected up to 18.72 m, where the paleosol of the previous section ended.



The subsequent L4 loess body is a small layer of only 36 cm; however, it could clearly be separated visually from the paleosols below and above it. The decrease in LOI values—a typical feature of loess sediments—can also be observed here.



The increase in both GSI and U-ratio values within the L3 loess body indicates an increase in wind and dust storm activities.



In the upper part of the S2 paleosol, the organic matter content increases significantly while the carbonate content values decrease, presumably due to leaching activity. Here, the grain size composition is dominated by finer fractions, and particle indices have declined significantly, indicating warming and a decrease in wind energy.



Above, clay fraction decreases significantly within the L2 loess body, while the proportion of the coarser fractions slightly increases in parallel with the increase of GSI values, indicating a significant increase in the transport energy.



In the S1 paleosol, horizons with significant decreases in carbonate content can be observed, which layers can be considered as leaching horizons. The grain size composition is dominated by finer fractions; thus, the particle indices are low, indicating low transport energy.



In the L1 complex, the L1L2 and L1L1 loess bodies are dominated by coarser fractions and higher particle indices, assuming a high wind activity during the accumulation of these layers. A significant decrease in clay proportion can be observed within the L1S1 paleosol. This is in parallel with the increase of the GSI values and the decrease of U-ratios. The formation of the paleosol layer indicates warming, which was interrupted by a cold period of stronger winds.




4.2. Kisdorog-West


This profile is divided into two loess bodies with a paleosol complex of three sublayers in between. The grain size composition results combined with the color analysis of the samples clearly indicate the paleosol layers. The lower loess body can be characterized by a high proportion of coarse silt and very fine sand. In addition, its carbonate content is low and MS values were measured in the range 10–20.



Among the three parameters gained from the LOI measurements, the low carbonate content is the one that clearly indicates the presence of the paleosol complex. Clay and very fine silt are the dominant grain size fractions here. High MS values can be detected in this section; however, the maximum value is only in the range 70–80.



The lower section of the upper loess body is dominated by fine and medium silt in addition to the extremely high organic matter content and high MS values as well. At the same time, the upper levels of this loess are dominated by coarser fractions with increased carbonate and decreased organic matter content.



The particle indices show increased values within the lower loess body while they decrease significantly up to the paleosol complex before start increase gradually up to the surface.




4.3. Kisdorog-East


This section is located 700 m away from the western one, on the eastern side of the loess hill. Its general structure is similar to the western one; 2 loess bodies with a paleosol layer in between; however, this paleosol can be divided into five sublayers. The lower loess is of small size, where very fine sand can also be observed. It can be characterized by low organic matter and MS values.



Within the dark brown layers of this paleosol complex, 2 notable levels can be observed with high fine silt proportion compared to the coarser fractions. An increase in carbonate content can also be detected within these levels. MS values measured increase up to 150–160.



Very fine sand fraction occurs again in the lower levels of the upper loess body. From the depth of 150 cm upwards, carbonate content notably increases in addition to the shift of the grain size to the finer fractions.



Two notable levels of decrease in the grain size indices can be observed within the paleosol complex.




4.4. Bonyhádvarasd


Although this profile can be found 7 km away from the profiles of Kisdorog, it is quite similar to them in terms of structure. The paleosol complex of this profile can be divided into 7 sublayers with a 1–1 loess body above and below it similar to the ones of Kisdorog. The lower loess body can be characterized by constantly high carbonate as well as continuously increasing organ matter content upwards. The dominant grain size fraction is medium silt; however, the proportion of the clay fraction is also remarkable in this layer.



At the lower boundary of the paleosol complex, a significant decrease in the carbonate constant and a slight increase in the coarse silt fraction can be detected. The MS values are generally high in the paleosol layer and almost reach 160.



The very fine sand fraction appears in the lower levels of the upper loess body and its proportion reaches 16%. At this level, the organic matter decreases below 2% accompanied by 10–12% carbonate content. In its upper section, the particle size is shifted towards the finer fractions. In addition, the highest organic matter content in the entire section (3–4%) was also measured here.



Similar to the Kisdorog-East profile, a significant decrease and then increase of the particle indices can be observed within the paleosol complex, although the highest values here were measured in the lower parts of the upper loess body.





5. Conclusions


The relative ages of the profiles could be determined by the comparison of the MS values measured here to the values obtained from the study of the Chinese Loess Plateau (Figure 14 and Figure 15). Due to its size, among other factors, more information can be extracted by the examination of the profile of Pécel than from the three other ones studied in this paper. By comparing the MS values with the one measured in the case of the Chinese Loess Plateau, this profile can be traced back to the MIS 9–10 stages. The deposition of the other three (Transdanubian) profiles can presumably be dated back to the MIS 2–4; moreover, they can be parallelized with the L1L1-L1S1-L1L2 strata of the Pécel profile.



5.1. Pécel


The development of the loess wall and the deposition of its sediments began with the southward movement of the stream. The variable sand content indicates a periodically increasing wind energy and velocity of which traces can be detected in the different layers deposited. However, only smaller periods of time can be characterized by this high wind velocity.



Ostracods were found in the clay sediment at the bottom of the section, suggesting an Upper Miocene age of the sediment. Based on the presence of this Upper Miocene stratum, the erosion of the lowermost part of the profile can be assumed and the deposition of the loess sediment began after the termination of the fluvial sediment.




5.2. Transdanubian Profiles


In the case of the three Transdanubian profiles, significant differences can be observed compared to the Pécel one. The topography of the hill area in the surroundings of the examined profiles can be characterized by northwest–southeast-oriented hills. Based on the grain size analysis, very fine sand fraction can be detected in the lower loess body of Kisdorog-West and Kisdorog-East and in the upper loess body of the Bonyhádvarasd profiles. This suggests that the prevailing wind direction was north–northwest during the deposition of the lower layers and south–southeast during the deposition of the upper layers. The significant changes observed in the particle indices also support this assumption for the paleosol complexes. In addition, it can be concluded that the eastern-oriented profile includes less-developed paleosol horizons. In its case, only three sublayers could be distinguished and the MS values barely reached 80, while they increased to 150–160 in the cases of the other two profiles.
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Figure 2. LOI results (Organic carbon: 550 °C, carbonate: 900 °C) of the Pécel section. 
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Figure 3. LOI results (organic carbon: 550 °C, carbonate: 900 °C) of the Kisdorog-West section. 
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Figure 4. LOI results (organic carbon: 550 °C, carbonate: 900 °C) of the Kisdorog-East section. 
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Figure 5. LOI results (organic carbon: 550 °C, carbonate: 900 °C) of the Bonyhádvarasd section. 
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Figure 6. Grain size distribution of the Pécel section without medium and coarse sand. 
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Figure 7. Grain size distribution of the Kisdorog-West section. 
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Figure 8. Grain size distribution of the Kisdorog-East section. 
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Figure 9. Grain size distribution of the Bonyhádvarasd section. 
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Figure 10. Mean grain size and grain size indices of the Pécel sequence. 
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Figure 11. Mean grain size and grain size indices of the Kisdorog-West sequence. 
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Figure 12. Mean grain size and grain size indices of the Kisdorog-East sequence. 
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Figure 13. Mean grain size and grain size indices of the Bonyhádvarasd sequence. 
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Figure 14. MS comparisons between the Pécel sections and the Chinese Loess Plateau [55]. The black lines describe the S1 paleosol, the blue ones the S2, and the green line is the beginning of the S3 paleosol of the Chinese loess sequence. 
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Figure 15. MS comparisons between the Transdanubian sections and the Chinese Loess Plateau [55]. 
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