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The research purpose of this paper is to reveal the relationship between flood deposits, rainfall and flooding in the Loess Plateau over the last 50 years. The research in this paper is of great significance as it reveals the torrential flood events and soil erosion in the central region of the Loess Plateau. Through grading analysis and 137Cs content determination of a closed lake sedimentary profile formed by landslide-blocked rivers in middle part of Loess Plateau, Zizhou County, Shaanxi Province, the age of the sedimentary formation in the section, as well as the rainstorm events and changes of soil erosion since 1954 are studied. The results show that the sediment particle size composition in the study section is fine, mainly comprising of coarse silt, while the content of sand particles (>100 μm) is very low. The changes in137Cs content show that the sedimentary layer at a depth of 280–210 cm in the research profile was formed between 1954 and 1964, while the deep sedimentary layer at 210–70 cm was formed between 1965 and 1986 and the sedimentary layer above 70 cm depth was formed between 1987 and 2011. In total, 20 coarse particle layers (particle size >50 μm) were deposited in the lake between 1954 and 2011. The sedimentation timing of the 20 coarse particle layers was basically consistent with the timing of rainstorm events (daily rainfall ≥60 mm) in the study area, indicating that the coarse particle sediments in the lake represent rainstorm events. Soil erosion was stronger between 1954 and 1985 and was weaker after 1986.
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1 INTRODUCTION
The hilly and gully areas of the Loess Plateau are the areas with the most severe soil erosion in China and even the world (Wang et al., 2022). The research of soil and water conservation in this area has important scientific research significance, which not only promotes the development of ecological environment and improves living conditions, but also provides a basis for soil erosion research in others area (Lin et al., 2022). The granularity composition of flood sediment has an important indicating role in transportation force, flood frequency and rainstorm events. (Chen et al., 1991; Peng et al., 2005; Shen et al., 2006; Sitoe et al., 2015). The granularity and minerals of lacustrine deposits also have an important indicative role for determining flood events (Zhang et al., 2015). Studies of Quaternary river floods have produced many important results. The occurrence of modern floods is often caused by the increase of rainfall and uneven distribution of rainfall (Huang et al., 2004; Zhao et al., 2007). Previous research on the Weihe River flood sediments in the Xi ‘an region showed that flooding occurred 16 times in the last 120 years and that the floods were mainly caused by intensified monsoon activity in the summer (Zhao et al., 2007). The research regarding flooding of the Qishui River in western Guanzhong during the Holocene shows that flooding was 20-times more frequent approximately 4,650–3,000 years ago (Zha et al., 2007). The study of flood sediments in the Jianghan Plain of Hubei showed that a total of 168 floods took place in the Holocene epoch and that the floods were mainly related to climate (Zhu et al., 1997). The research regarding flood sediments of the Yellow River in China showed that a total of 106 flood events occurred approximately 20–18 ka years ago in the upstream of the Yellow River (Li et al., 2002).
Internationally, flood research has mainly concentrated on the sedimentary history of the past 500 years, with a focus on flood events, changes in flood flow, and flood causes. (Saint, 2004; Knox, 1994; Macklin et al., 2006; Tessa et al., 2015; Piotr et al., 2016). Studies show that past floods were sensitive to climate change and that this was the main factor causing the flood (Macklin et al., 2006; Thorndycraft and Benito, 2006; Benito et al., 2015; Gebica et al., 2016). The occurrence of floods is not only related to climate but also associated with solar activity (Wirth et al., 2013). Research shows that river sediments can be used to study floods and that lake sediments can indicate the occurrence and changes of floods (Schillereff et al., 2014; Jenny et al., 2014); furthermore, karst chemical deposition can also reflect the flood frequency and magnitude change (Saúl et al., 2015).
For the long-lasting flood deposits, 14C and OSL (Optical Stimulated Luminescence), among others techniques, are often used to determine the age of sediments (Long et al., 2009; Zhu et al., 2011). For flood sediments from the last 100 years 137Cs is used to determine its age (Zhang et al., 2007). Much research has been conducted on modern soil erosion but additional research about soil erosion in the geological period and the last 500 years is needed. Torrential events are typically identified by analyzing monthly and daily precipitation data. However, in certain regions of the Loess Plateau in northern Shaanxi, China, there is a lack of statistical data regarding daily and monthly precipitation. Thus, it becomes necessary to identify torrential events through the study of sediment cores. Based on the flood sediment particle size composition analysis and 137Cs content determination, this study considers the flood sedimentary cycle, rainstorm events and soil erosion changes in the small watershed of Huangtuwa in the Loess Plateau of Northern Shaanxi, China.
2 GENERAL SITUATION OF RESEARCH AREA
The studied lake is a seasonal lake that was formed by past landslides blocking river channels. Flood sediments are formed in the rainy season every year. The lake is located near Huangtuwa Village, Peijiawan Town, Zizhou County, Shaanxi Province, which is about 50 km from the Zizhou County to the south and about 30 km from Suide County to the southwest (geographical coordinates 109°59′E, 37°19′N) (Figure 1). According to records in the Qingjian County Annals (Yang, 2001), this lake is more than 440 years old and was formed by a landslide, which blocked several rivers, in A.D. 1569. The lake is located in the loess hilly-gully region and its surrounding is the Quaternary loess stratum, which is generally about 150 m thick at most. This lake has a closed characteristic, constituting a small watershed; the main channel of the basin is 4.21 km long and runs in a north-south direction, forming eight tributaries on both sides of the main channel, with an area of approximately 0.58 km2, and the surrounding loess ridges and loess hills are about 150 m higher than the lake depression. The gully slope in the basin is generally about 10°–25° and when the loose loess is affected by heavy rains serious soil erosion often occurs.
[image: Figure 1]FIGURE 1 | Location of research profile.
The research area is characterised by a warm temperate semi-arid climate. Rainfall is low with an average annual precipitation of 486 mm. The distribution of annual precipitation is uneven, whereby 65% of annual precipitation falls in July–September. The average annual temperature is 9°C–10°C, with hot summers and cold winters.
3 RESEARCH METHOD AND SAMPLING
Through repeated investigation of lacustrine sediments in Huangtuwa, Zizhou County, we excavated a profile to a depth of 4.4 m in a flat location of lacustrine deposits and took samples for grading analysis at an interval of 2 cm. In order to avoid the influence of artificial cultivation, samples were not taken from the 30 cm of topsoil. Therefore the actual sampling profile depth was 410 cm and a total of 205 samples were taken for grading analysis. The sampling interval of 137Cs samples was 10 cm and a total of 41 samples were taken.
Grading analysis was performed using 0.8 g of sample. Organic matter was removed by adding 15 ml 10% H2O2, then 10 ml 10% HCl was added to remove secondary carbonates and then a suitable amount of (Na2PO3)6 was added to disperse samples. After processing the samples, a Mastersizer 2000 laser particle analyser, produced by the British company Malvern, was used to determine particle size. Each sample was analysed three times and the average taken. Measurement error was less than 2%. Samples were air-dried and then ground into powder and then analysed using a DSPEC jr2.0 Y-Energy Disperse Spectroscopy, produced by ORTEC, for 137Cs content determination. The determination time was 40,000–80000s. The granularity composition division standard is that: particles< 0.002 mm are colloidal particles, particles sized 0.002–0.005 mm are clay, particles sized 0.005–0.01 mm are fine silt, particle sized 0.01–0.05 mm are coarse silt, particles sized 0.05–0.10 mm are very fine sand, particles sized 0.10–0.25 mm are fine sand, particles sized 0.25–0.50 mm are medium sand and particles sized 0.50–2 mm are coarse sand (Wang and Bao, 1964). The annual precipitation data used is observation data recorded by the Suide weather station from 1954 to 2011.
4 RESULTS AND ANALYSIS
4.1 Profile granularity composition change and sedimentary cycle division
It can be seen from the grading analysis of the 205 samples collected (Table 1) that the flood deposition near Huangtuwa Village is mainly coarse silt, with a content ranging from 30.61% to 68.61% and an average content of 49.61%. This dominant fraction is followed by fine silt, clay, very fine sand and colloidal particles, the average content of which is 16.12%, 12.68%, 12.23%, 7.92%, respectively. The component of granularity> 0.10 mm is rare and its content at some depths is zero.
TABLE 1 | Flood deposition grain-size component and content near Huangtuwa Village.
[image: Table 1]The change of particle size composition in the research profile is obvious and shows the law of alternating change of coarse or fine variations. The flood deposits in the whole profile can be divided into 57 layers according to the particle size content (Table 2). In the 57 layers, the layers with odd numbers (1, 3, 5, 7) are composed of fine particle layers of small size; the content of very fine sand and the contribution of particles greater than 100 μm is low, while the content of fine silt and the contribution of particles smaller than 5 μm is high. The layers with even numbers (2, 4, 6, 8) are coarse grain layers, which are characterized by large particles; the content of very fine sand and particles greater than 100 μm is high, while the content of fine silt and particles smaller than 5 μm is lower.
TABLE 2 | Profile particle size stratification and the average content of particle size in each layer.
[image: Table 2]According to the principle of the coarse particle layers representing massive floods and fine particle layers representing small-scale floods (Wei et al., 2006) and on the basis of the different medians of flood-related sedimentary sections in Huangtuwa, the whole profile can be divided into 28 depositional cycles. Each depositional cycle includes a coarse particle layer and a fine particle layer (Figure 2). Among them, the curve of median size of cycles A1–A12 and a1–a11 is single peak and single valley type, showing that the sediment layer is formed by a complete flood handling and stacking. The peak value of the median size of the cycle curve A1–A12 is larger, the content of coarse particles is high and the sedimentary thickness is large, thus showing that the power of the water is great. The peak value of the median size of the cycle curve a1–a11 is smaller and the sedimentary thickness is small, showing that the power of the water is small. The pattern of the median size of the cycle curve B1-B5 is double-peak and double-valley type, which may be caused by the shorter interval of floods formed by two periods of heavy rainfall; specifically, the second heavy rainfall occurs before the sediments carried by the previous flood are completely deposited, thus producing double peaks and double valleys, or multiple peaks and multiple valleys.
[image: Figure 2]FIGURE 2 | Division of sedimentary cycles in the profile.
4.2 Flood sediment age indicated by 137Cs content
137Cs in the surface soil mainly comes from deposition of nuclear dust generated in 1950s–1970s.The half-life period of 137Cs is 30.1 years (Zhang et al., 1988). The sedimentation pattern is mainly being produced as a result of rainfall bringing the dust to the Earth’s surface and then the dust being strongly absorbed by soil fine particles, which will basically not be absorbed by plants, or affected by eluviation. The redistribution of 137Cs on the Earth’s surface occurs as a result of soil movement (Zhang et al., 2006; Zhang et al., 2007; Zhang et al., 2011). After the deposition of 137Cs, the soil fine particle soil fraction, which adsorbs the 137Cs, will be mobile for only a short time and quickly be buried by subsequent sediments. Vertical movement of the soil particles are also considered to be very small. As a result, the deepest layer of 137Cs sedimentation can be considered indicative of the release of atmospheric 137Cs generated by nuclear testing in 1954. The sediment in this study profile comes from the eroded soil in the small watershed of the lake, and the 137Cs that settles with rainwater and the movement and deposition of eroded particles occur in a short period of time. Afterwards, they are buried by the later eroded soil materials, and the vertical movement of soil particles is very limited. Therefore, the deepest layer in this profile where 137Cs is present can indicate their association with nuclear tests in 1954.
The 137Cs first appears in the profile at a depth of 280 cm and reaches a peak at 210 cm (Figure 3). Previous research showed that the first sedimentation of 137Cs in the near–surface layer in China occurred in 1954 and reached a peak in 1963 or 1964 (Wang et al., 1991). In the Northern Hemisphere, the main sedimentation period of 137Cs was 1954–1970 (Zapata, 2002). Thus, the layers in this study profile above 280 cm depth were deposited after 1954. As the sedimentation component of 137Cs in the Northern Hemisphere was higher in 1959 (Owens et al., 1997), the peak of 137Cs at 270 cm deep was deposited in 1959. The content of 137Cs in this profile reaches a maximum value at a depth of 210 cm, indicating that the formation time of this layer was 1964. The leaked 137Cs from the Chernobyl accident within the territory of Ukraine, of the former Soviet Union, in April 1986 had a certain effect on China (Qi et al., 2006) and formed a peak in sediment profiles (Zhang, 2005). Therefore, the high content peak of 137Cs at 70 cm depth was formed in 1986. Thus, the sedimentary layers above 280 cm depth in the profile were formed by flood sediments between 1954 and 2011, the sedimentary layers at 280–210 cm depth were formed between 1954 and 1964, the sedimentary layers at 210–70 cm depth were formed between 1965 and 1986 and the sedimentary layers above 70 cm depth were formed between 1987 and 2011.
[image: Figure 3]FIGURE 3 | 137Cs content and sedimentation time of research profile.
5 DISCUSSION
5.1 Rainstorm events indicated by granularity composition
The main factors influencing the particle size composition of the research profile include the particle size of material in surrounding ditches and gullies and the hydrodynamic conditions. Due to the relatively stable sediment source of the seasonal lake in Huangtuwa, the content of coarse particles in the sediments can indicate the strength of the water and rainstorm events.
An event is considered a rainstorm when the total rainfall in 24 h is greater than or equal to 50 mm (Zhang, 1983). It can be seen that a total of 35 rainstorm events occurred in this region between 1954 and 2011 (Figure 4; Rainstorm events (daily rainfall ≥50 mm) in Huangtuwa area since 1954. The broken line represents a daily rainfall of ≥60 mm). The rainstorm (daily rainfall ≥50 mm) has a close relationship with soil erosion in the small watershed of Huangtuwa and the 35 rainstorm events that occurred between 1954 and 2011 would certainly be recorded in the lake sediments of Huangtuwa Village.
[image: Figure 4]FIGURE 4 | Rainstorm events (daily rainfall ≥50 mm) in Huangtuwa area since 1954. The broken line represents a daily rainfall of ≥60 mm.
As precipitation less than 50 mm may also cause sedimentation in depressions, the actual depositional cycle is far more than the number (35) of classified rainstorms (daily rainfall ≥50 mm). Therefore, each depositional cycle does not represent a rainfall event with daily precipitation≥50 mm. It can be seen from the particle size composition analysis of the sediments sized 50–100 μm and >100 μm that in the sedimentary profile, above 280 cm depth, there are a total of 20 obvious layers with a high content of coarse particles (Figure 5). Based on the statistics of the number of rainstorm events (daily rainfall ≥50 mm) and comparison with the 20 coarse particle (50–100 μm and >100 μm) layers, the two have no significant correlation.
[image: Figure 5]FIGURE 5 | Flood sediment particle size composition changes near Huangtuwa Village since 1954.
The standard classification of a rainstorm (daily rainfall ≥50 mm) will not necessarily conform to the erosion and sedimentation law of coarse particles in the watershed of Huangtuwa. We assume that only a rainstorm where daily rainfall ≥60 mm will result in the erosion, transportation and deposition of coarse particles. It can be seen from the comparison between the timing of rainfall events (daily rainfall ≥60 mm) and the 20 layers with high coarse particle content that the days where daily rainfall is ≥60 mm in Huangtuwa area corresponds well with layers of coarse particle sediments. There have been a total of 20 rainstorms (daily rainfall ≥60 mm) in the watershed of Huangtuwa since 1954 (Table 3) and there are a total of 20 instances when the content of coarse particles in the lake sediment profile have significantly increased since 1954. Thus, it can be concluded from this that the coarse particle sediment layers in the research profile represent the rainstorm events (daily rainfall ≥60 mm).
TABLE 3 | Rainfall data (daily rainfall ≥60 mm) since 1954 in the research region.
[image: Table 3]5.2 Abnormal value in coarse particle deposition and its reason
According to the age determined by the137Cs content, the layers with a significant increase in coarse particles in the lacustrine deposit near Huangtuwa Village can be used to indicate past rainstorm events (where daily rainfall ≥60 mm). The occurrence of these events rainfall (daily rainfall ≥60 mm) basically corresponds with the layer in the sedimentary profile where the content of coarse particle significantly increases.
According to the age determined by the137Cs content, we determined the layers formed in 1954, 1964 and 1986 in the research profile at depths of 280 cm, 210 cm and 70 cm, respectively. From 1954 to 1964, there were a total of seven rainstorm events (daily rainfall ≥60 mm); however, the sedimentary layers at 210–280 cm depth corresponded to six coarse particle layers. Between 1965 and 1986 there were a total of seven rainstorm events (daily rainfall ≥60 mm) and the settled layers formed in this phase corresponded to nine coarse particle layers. From 1987 to 2011 there were a total of six rainstorm events (daily rainfall ≥60 mm) and the flood sediment layers formed in this phase corresponded to five coarse particle layers.
Coarse particle deposition corresponds well to the rainstorm data (daily rainfall ≥60 mm) in this region but there are also the following abnormal values.
(1) In the period 1954 to 1964 there were seven rainstorm events (daily rainfall ≥60 mm) but there were only six coarse particle layers in this period. Analysis of the timing of rainstorms (daily rainfall ≥60 mm) in the study area from the meteorological data revealed that a rainfall event of 67.4 mm occurred on 18 August 1959 but a day later, namely, August 20th, another heavy rain occurred with a total rainfall of 93.6 mm. In general, a storm corresponds to a depositional cycle so two sedimentary cycles were formed in 1959; however, because the interval between the two heavy rains was very small, the material carried by the first rainstorm flood was not completely deposited before additional material carried by the subsequent rainstorm flood occurred, thereby causing the sediments of two heavy rains to be mixed together. Consequently the two heavy rains only correspond to a single coarse particle layer.
(2) There were a total of seven rainstorms (daily rainfall ≥60 mm) from 1965 to 1986 but there were nine obvious coarse sedimentary layers during the corresponding period. Through the analysis of Figure 2 it is found that the coarse particle content is not stable, namely, the coarse particle content in the adjacent two layers varies widely. Through further analysis of rainfall data it was found that the heavy rain on 6 July 1964 was the largest rainstorm event of the last 60 years but the coarse particle content is not the highest in the profile. Studies show that soil erosion in Loess Plateau hilly region is not only related to rainfall but also to the initial strength and continuous process of heavy rain (Zhang, 1983). As a result, it is not the largest storm that causes the most deposition of coarse particles. Rainstorms often occur in the Loess Plateau region over many consecutive days and while the total rainfall may be <60 mm per day, the continuous heavy rains cause soil water saturation. Consequently, if the rainfall the next day is nearly 60 mm, the flood power will be very strong and it may also move and form a sedimentary layer with a high content of coarse particles. Thus, the nine coarse particle sediment layers occurring between 1965 and 1986 should be caused by seven rainstorms events (daily rainfall ≥60 mm).
(3) There were a total of six rainstorms events (daily rainfall ≥60 mm) in the period 1985–2011 but only five coarse particle sediment layers were identified in the profile. Through analysis of the rainstorm data (daily rainfall ≥60 mm) in the research area, the rainfall on 25 August 2006 reached 66.4 mm. In order to remove the influence of cultivation from samples collected, we remove the top 30 cm of soil, which may have meant that this recent flood layer was not collected.
5.3 Soil erosion change in the research profile from 1954 to 2011
According to the 137Cs dating results the flood sediment formed between 1954 and 1964 was 94 cm thick, the flood sediment formed between 1965 and 1986 was 140 cm thick and the flood sediment formed between 1987 and 2011 was 69 cm thick. Thus, we can calculate the flood sedimentation rate in the three periods as 8.55 cm/a, 6.67 cm/a, and 2.86 cm/a, respectively. The soil sedimentation rate in 1954–1964 and 1965–1986 is faster and the rate slows after 1986.
According to the field investigation, it is found that the topography in small watershed of Huangtuwa changes greatly, although the depression is consistently relatively flat and the slope of the valley sides is larger, between 25° and 40°. Before 1999, a large number of crops, such as potatoes and corn, were planted in the sloping fields of studied area. In the case of heavy rain and rainstorm events, the severely erosive soil materials flowed into the depression to form a sedimentary layer. In 1999, China implemented the policy of returning farmland to forest and grassland and it was suggested that cultivated land with a slope more than 25° be returned to woodland in the study area (Wang et al., 2004). To date, the farmland area in small watershed of Huangtuwa has been significantly reduced, while the ecological forest, such as cypress, acacia and apricot, has been significantly increased. Therefore, after 1999, soil erosion condition improved markedly.
6 CONCLUSION
To summarise, the following conclusions can be obtained.
(1) The flood sediments in the research section mainly include coarse silt and fine silt, followed by clay particles, very fine sand and colloidal particles, while the contribution of sand particles greater than 0.10 μm is very low. According to the changes in particle size composition, the whole profile can be divided into 57 flood sedimentary layers and 28 flood sedimentary cycles.
(2) The 137Cs dating method shows that the settled layers at a depth of 280–210 cm in the research profile were formed in 1954–1964, the settled layers at a depth of 210–70 cm were formed in 1965–1986 and the settled layers above 70 cm were formed in 1987–2011.
(3) Through the analysis of the correlation between the timing of rainstorms (daily rainfall ≥60 mm and≥50 mm) in the small watershed of Huangtuwa since 1954 and the coarse particle sedimentary layer (50–100 μm and >100 μm) in the research profile, it was found that the layers with a high content of coarse particles (50–100 μm and >100 μm) have no obvious relationship with the smaller rainstorms (daily rainfall ≥50 mm) but correspond well with the larger (daily rainfall ≥60 mm). Thus, it can be determined that the layers of coarse particles sized 50–100 μm and >100 μm represent the larger rainstorm events (daily rainfall ≥60 mm).
(4) Since 1954, the soil erosion intensity has gradually decreased and the flood sedimentation rate in the periods 1954–1964, 1965–1986 and 1987–2011 were 8.55 cm/a, 6.67 cm/a, and 2.86 cm/a, respectively, indicating that the deposition rate has also gradually decreased.
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