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Introduction: What were the effects of paleoanthropogenic activities on the physicochemical properties and degree of the development of soil? To search for this answer, we can not only understand the different types of ancient human activities but also explore the intensity and characteristics of the activities.
Methods: In this study, soil samples from different soil layers and two profiles in the Yangshao Village cultural site in Henan Province were collected. Their physicochemical properties and the sporophyte phyllosilicates they contain were analyzed and compared.
Results: We found that the paleoanthropogenic activities started in the relatively low-lying area, in which the slash-and-burn activities resulted in the soil being filled with intrusions such as charcoal debris and ceramic shards. At the same time, the coarse-grained matter was affected by the plowing activities and mostly decomposed into fine particles, and the content of clay particles reached an extreme value. The total nitrogen, phosphorus, and calcium carbonate content exceeded the average value of the natural profile, indicating that ancient humans had used human and animal feces to a certain extent to restore the fertility of arable land.
Discussion: Overall, ancient human activities hindered the development of the soil, especially the ground created due to habitation activities. From the type and content of clay minerals, it could be seen that the soil in this layer has been transported from other places, has a high content of clay particles, and has experienced fire baking. It was assumed that the ground was used to cover the grain or bury the garbage and lay with clay in order to achieve the effect of sealing. As a result, the soil voids and structure had been damaged to some extent, which prevented the downward leaching or precipitation of soil particles and minerals to a certain extent, thus affecting soil development.
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1 INTRODUCTION
In 1883, Vasily Vasilievich Dokuchaev published “Russian Chernozem,” which first formally put forward the five major factors of soil formation (climate, topography, soil parent matter, biological factors, and time). This was a great achievement in the history of soil science, which had long been known to soil scientists. The impact of human activities on the soil was not taken seriously at that time. However, in the last century, human beings have been recognized as an important component of biological factors, and increasing attention has been paid to the influence of human activities on soil. In the study of archaeological soil, in 2004, a critical review of the current methods of sampling and analyzing soils for the determination of metals in archaeological prospection was presented (R. Haslam and Tibbett, 2004). During the same period, the plant physiological investigation of starch grains found as residues on artifacts and in archaeological sediments was reviewed (M. Haslam, 2004).
In 2008, soil analyses in archeology as a subject developed during the 1950s and 1960s, and the effects of human activities on soils were first investigated (Macphail, 2008). Furthermore, how soil research can reveal the impact of human activities on landscapes and spaces was described (Walkington, 2010). Soil analysis was a very useful tool to investigate the effects of human activities on soil development and burying bodies on soil contamination, raw material provenance, paleoenvironmental reconstruction, and the environmental impact of cultural heritage (Pastor et al., 2016). The types and intensities of ancient human activities can be recognized by analyzing the physical and chemical properties of soil and inclusions. A multi-element analysis of soils has been used to understand the former space use. Results from these studies indicated that activity areas can often be chemically detected and interpreted (Knudson et al., 2004; Sullivan and Kealhofer, 2004; Terry et al., 2004; Wells, 2004; Wilson et al., 2008). Specifically, in the study of ancient agricultural production and ancient human activity areas, phosphorus, carbon, and nitrogen were frequently taken into account. This method had been used for a long time and is well-developed (Schlezinger and Howes, 2000; Fernández et al., 2002; Suleimanov and Obydennova, 2006; Lu et al., 2009; Homburg and Sandor, 2011; Gerlach et al., 2012; Migliavacca et al., 2013; Salisbury, 2013; Ferro-Vázquez et al., 2014; Nielsen and Kristiansen, 2014; Adam et al., 2016). Other elements can also provide effective clues for different land use patterns and intensities of ancient humans, especially some metal elements and trace elements, through which much more detailed areas of different ancient human activities can be distinguished (Parnell et al., 2002; Wilson et al., 2008; Kamenov et al., 2009; Dirix et al., 2013; Gallello et al., 2013; Vittori Antisari et al., 2013; Zgłobicki, 2013; Cook et al., 2014; Nielsen and Kristiansen, 2014; Stinchcomb et al., 2014; Fleisher and Sulas, 2015; Turner et al., 2021). Analyzing the magnetic susceptibility of soil can help archaeologists find evidence of ancient humans using fire (Linford and Canti, 2001; Church et al., 2007; Shi et al., 2007; Brown et al., 2009; Carrancho and Villalaín, 2011; Zhang et al., 2014). In contrast, the physical properties of soil were less analyzed, such as chroma and particle composition. However, in paleoenvironmental studies, soil physical property analysis was often used (Arnaud-fassetta et al., 2000; Tsatskin and Nadel, 2003; Kidder et al., 2012; Kim et al., 2012; Sitzia et al., 2012; Blasi et al., 2013; Solís-Castillo et al., 2013; Cruz-y-Cruz et al., 2015). In addition, clay minerals were often used in the paleoenvironment as well (Dou et al., 2010; El Ouahabi et al., 2017; Manalt et al., 2001; Oonk et al., 2009; J. Wang et al., 2015; Wilson et al., 2008), while they were less used in the study of archaeological research. Ancient human activities could change the local environment, and soil physical properties and clay minerals can also reflect the influence of ancient human activities on soil.
Yangshao Village was a Neolithic site in the Yellow River Basin of China and is the namesake of the Yangshao culture. In October 1921, the Swedish geologist Antsen and the Chinese geologist Yuan Fuli carried out the first archaeological investigation and excavation and obtained a large amount of cultural relics, which confirmed that this site was a Neolithic cultural relic. According to many archaeological excavations and research, it was found that the stratigraphy of two cultures, Yangshao and Zhongyuan Longshan, with four different stages of development, was superimposed on each other, with the late Yangshao culture being the main one (Yan, 1989). The existence of a large number of ash pits and relics within the site indicated that the ancient human activities on the site were diverse and intense, and they must have left a lot of information of ancient human activities in the soil. Combined with the results of existing paleoclimatic studies, the ancient humans at this site experienced a sudden cooling event and a great flood (SHI et al., 1992; Marcott et al., 2013; Chen et al., 2015), and the culture was in the transition to the Longshan culture of the Central Plains, so the study of the soil characteristics of the site will help us understand the production and living conditions of ancient humans in the context of paleoenvironmental changes and cultural evolution.
2 MATERIALS AND METHODS
2.1 Experimental framework
The Yangshao Village site is located on a terrace approximately 7.5 km north of Yangshao Village, Mianchi County, Henan Province, Eastern China (Figure 1C). The site is approximately 900 m long and 300 m wide. According to the book Soil Series of China (Henan), the zonal soil is loess, which belongs to the general development of dry and semi-arid cambisols (Wu et al., 2019). The sampling area is situated on a gentle slope to the east of Antesheng Road in Yangshao Village (34°48′51″N, 111°46′36″E), with an elevation of 621 m and a slope gradient of 5°–8°. The area spans approximately 160 m north to south and 80 m east to west. The current land use is pepper plantations. Due to site protection management requirements, there is no excessive artificial maintenance; pepper trees rely on natural precipitation, and from the scene full of weeds, it can be judged that there is minimal modern human interference. Based on the field conditions, the area can be divided into three regions from south to north: sparse pepper forest (I), dense pepper forest (II), and grassland (III). Soil samples were collected from one to two locations in the center of each region and at the boundaries between the regions. Additionally, sampling points were established along the north–south axis at 20 m intervals to the east and west of the central axis. In regions II and III, the sampling was mainly conducted to the east due to modern disturbances caused by burial activities in the western region, which was identified as a burial area by the Henan Provincial Institute of Cultural Relics Research in 1981. Within region I, location Nos 1, 2, 10, 11, and 17 were previously excavated, particularly at location No. 17, where a large number of pottery shards (Figure 1A) and stone tools (Figure 1B) were found in the cultural layer. Therefore, this region was densely sampled to obtain more information of ancient cultivation activities. Location No. 18 is a natural soil profile, which was taken for comparative analysis. Soil samples were collected using soil augers at locations Nos 1 to 16, reaching the paleosol layer from the surface. Based on the soil texture and color, combined with stratigraphic dating, the soil was divided into several layers, and intact samples were collected from each layer (Figure 1D). A total of 49 samples were obtained for N, P, and CaO analysis and field observations. At location Nos 17 and 18, samples were taken directly from the profile by scraping the surface to obtain samples at a 10 cm interval, and 80 samples were taken (Figure 1E), including samples of spore pollen, phytolith, and conventional physical and chemical analysis samples.
[image: Figure 1]FIGURE 1 | Sampling area and method.
2.2 Dating and analytical methods
The dating samples were taken according to the occurrence layer, and soil samples were collected from the bottom of each layer. However, for the cultural profile, due to human interference, although the soil layer is spatially continuous, the age would be broken, so samples were also collected from the top of some occurrence layers. In addition, some special soil layers formed by ancient human interference were also sampled and analyzed to have a clear understanding of the age sequence of the profile. Four samples were collected from the natural profile, and eight samples were collected from the cultural profile, totaling 12 samples, all of which were valid for analysis. The dating of the soil samples was carried out using the carbon-14 accelerated mass spectrometer (AMS) method, which was completed in the Laboratory of Archaeological Chronology, School of Archeology and Letters and Museums, Peking University. The 14C half-life used was 5,568 years, and B.P. is dated to 1950. The measured ages were corrected to calendar ages using the tree-wheel correction method provided by Reimer et al. (Paula et al., 2004), the curve used for the correction was IntCal04, and the program used was OxCal v3.10. Soil samples from the natural profile at 40, 220, 300, and 400 cm were measured. The results were 4,055, 5,583, 6,898 and 10,248 a B.P., respectively. Soil samples from the cultural profile at 20, 70, 100, 145, 160, 210, 230, and 400 cm were measured. The results were 3,641, 4,891, 5,531, 27,789, 6,400, 7,524, 8,241, and 12,800 a B.P., respectively. Based on the dating results, it was roughly known that culture layer 1 was formed during the Central Longshan Culture, the ash layer was formed in the late Yangshao period, culture layer 2 was formed during the middle Yangshao culture, and culture layer 3 was formed during the early Yangshao culture. According to the dating results of the two profiles, it can be roughly known from the chronological point of view that the two paleosoil layers corresponded well, the transition layer of the natural profile roughly corresponded to culture layer 3 of the culture profile, and the loess layer of the natural profile roughly corresponded to culture layers 2 and 1.
Clay minerals were identified by X-ray diffractograms. Particle size analysis was carried out using the Mastersizer 2000 laser particle sizer, magnetic susceptibility analysis was carried out using the Bartington MS-2 dual-frequency magnetic susceptibility meter, and total mineral content analysis was carried out based on ICP-AES. The spore powder was extracted via acid–base treatment, heavy liquid flotation, and sieving, and the identification and counting were carried out under a Leica biomicroscope (magnification of ×400). Charcoal debris were identified and counted under a Nissan Olympus BX-51 optical microscope (magnification ×400), and charcoal debris with a diameter greater than 50 μm were counted. In addition, phyllosilicate analysis was carried out on the soil layers disturbed by paleoanthropogenic activities in the cultural profile. The phyllosilicate was separated and extracted with reference to the wet gray image method, and the extracted phyllosilicate was made into a fixation slice using neutral gum and observed, counted, and micrographically photographed under a Leica biomicroscope (magnification of × 400); its identification and classification were referred to in the relevant literature (Peninsula, 1983; Fredlund and Tieszen, 1994; Kelly et al., 1998), and the nomenclature was based on international rules (Neumann et al., 2019).
3 RESULT
3.1 Basic physical and chemical characteristics of soil profiles and soil columns
The soil profile at locations No. 17 (Figure 2A) and 18 (Figure 2B) exhibited distinct macroscopic differences in each layer. In order to reflect the soil characteristics of the site, combined with the classification of archaeological soil layers according to color, structure, tightness, and inter-layer contact relationship, the cultural profile can be divided from top to bottom into seven layers (Table 1). Among them, the ash layer was the remains of ancient human fire, and the cultural layer was the remains of ancient human habitation; both of them are horizontally distributed, the boundary shape was flat and regular, and in both of them, the Yangshao period red and gray ceramic tablets of the Longshan culture period of the Central Plains were found. The conical ash pits next to them are the pits dug for ancient human life garbage or food reserves, which can prove that the ash and cultural layers are the remains of ancient human activities. The topsoil layer was mostly brown, and the texture was loamy soil (Figure 2C); the cultural layer was mostly gray-brown, and the texture was powdery loam, which contained many kinds of intruders such as pottery shards and bones (Figure 2D) or special materials such as charcoal chips (Figure 2E). The paleosoil layer was turbid orange, and the texture was clay loam (Figure 2F). The entire profile was clearly layered. The natural profile is untouched by traces of disturbance, and it is divided into four layers according to the color, structure, tightness, and interlayer contact relationship. The specific descriptions of the various layers are detailed in Table 1. The average total nitrogen, phosphorus, and calcium carbonate content of the cultural profile were 0.98, 2.83, and 108.43 g kg-1, respectively, while those of the natural profile were 0.57, 1.94, and 85.5 g kg-1, respectively.
[image: Figure 2]FIGURE 2 | Soil profile and stratification.
TABLE 1 | Field description and chemical analysis of each soil layer.
[image: Table 1]From locations No. 1 to 16, the soil column sampling points can also be divided into topsoil, cultural layer, and paleosol layer. Overall, the average thickness of the topsoil was 72 cm, with a dry color, mainly brown. The cultural layer had an average thickness of 112 cm, and no traces of modern human activity interference or modern intrusions were found during on-site excavation. Its dry color was mainly grayish-brown. The paleosol layer had a dry color, mainly turbid orange, which was noticeably different from the previous two layers. The soil structure of each layer was granular, while the structures at locations No. 5 and 10 were plate-like, suggesting human or fluvial deposition. Intrusions mainly consist of pottery shards and stone tools, indicating the cultural characteristics of that period. Additionally, the presence of charcoal fragments indicated the use of fire by the ancient people. The average total nitrogen content at location No. 16 is 0.87 g kg-1 in the topsoil, 0.85 g kg-1 in the cultural layer, and 0.56 g kg-1 in the paleosol layer. The average total phosphorus content is 1.62 g kg-1 in the topsoil, 2.93 g kg-1 in the cultural layer, and 1.31 g kg-1 in the paleosol layer. The average carbonate content is 81.81 g kg-1 in the topsoil, 116.59 g kg-1 in the cultural layer, and 64.25 g kg-1 in the paleosol layer. Overall, the total nitrogen content is the highest in the topsoil and decreases with depth, but there are peak values in certain cultural layers. The total phosphorus and carbonate contents increase with depth, reaching the highest values in the cultural layer and decreasing to the lowest values in the paleosol layer. For more detailed information, refer to Table 1.
3.2 Magnetic susceptibility
The magnetic susceptibility data χlf in the cultural profile generally ranged from 131.67 to 705.51*10–8 m3 kg-1, with an average of 174.13*10–8 m3 kg-1. Figure 3A shows the change in magnetic susceptibility in the cultural profile. χlf showed extreme values in both the ash and cultural layers, especially reaching the maximum at 170 cm, well above the maximum of the natural profile. The magnetic susceptibility data χlf in the natural profile generally ranged from 120.67 to 149.09 *10–8 m3 kg-1, with an average of 132.11*10–8 m3 kg-1. Figure 3B shows the change in magnetic susceptibility in the natural profile, where the value of χlf generally decreased with depth.
[image: Figure 3]FIGURE 3 | Change in the magnetic susceptibility of the natural profile.
3.3 Particle size
Particle size data in the cultural profile generally averaged 10.74% for clay, 39.59% for fines, 36.30% for coarser sands, and 14.13% for sands. Figure 4A shows the change in particle size in the cultural profile, where the content of clay and fine silt increased with depth, while coarse silt and sand decreased.
[image: Figure 4]FIGURE 4 | Change in the particle size of cultural and natural profiles.
The grain size data for the natural profiles averaged 11.97% for clay, 44.09% for fine chalky sand, 35.79% for coarse chalky sand, and 8.15% for sand. Figure 4B shows the change in particle size in the natural profile, where the content of clay increased with depth, while sand decreased, and fine silt and coarse sand fluctuated greatly.
In the ash layer, the sand content reached the highest value, which was much higher than the maximum value of the natural profile, while the clay content reached the lowest value, which was lower than the minimum value of the natural profile. In the culture layer, the clay content reached an extreme value.
3.4 Clay mineral
In the natural profile, characteristic peaks of kaolinite and illite were detected in the paleosoil layer. The kaolinite characteristic peaks were observed at 0.72 nm and 0.36 nm, with intensities of 89.3% and 61.7%, respectively. For illite, the characteristic peaks were found at 0.50 nm and 0.34 nm, with intensities of 37.8% and 100%, respectively (Figure 5A). In the transition layer, a variety of clay mineral characteristic peaks were detected. These included kaolinite at 0.72 nm (50.5% intensity), montmorillonite at 0.50 nm (24.0% intensity), chlorite at 0.46 nm and 0.36 nm (8.8% and 41.8% intensities, respectively), and ilmenite at 0.33 nm (73.1% intensity) (Figure 5B). In the loess layer, characteristic peaks of illite and montmorillonite were identified. Illite peaks were observed at 0.50 nm and 0.34 nm, with intensities of 12.9% and 36.0%, respectively, while montmorillonite exhibited a peak at 1.48 nm, with an intensity of 36.1% (Figure 5C). In the topsoil layer, characteristic peaks of ilmenite and chlorite were detected. Ilmenite peaks were found at 1.01 nm and 0.50 nm, with intensities of 100% and 12.2%, respectively, while chlorite exhibited peaks at 0.72 nm and 0.48 nm, with intensities of 21.3% and 3.0%, respectively (Figure 5D).
[image: Figure 5]FIGURE 5 | Directional map of clay minerals.
In the cultural profile, characteristic peaks of kaolinite and illite were detected in the paleosoil layer, with kaolinite at 0.37 nm (intensity 14.5%) and illite at 0.36 nm (intensity 55.7%) (Figure 5E). In culture layer 3, peaks of montmorillonite and pozzolanite were identified. Montmorillonite exhibited a peak at 1.46 nm with an intensity of 49.5%, while pozzolanite showed a peak at 1.02 nm with an intensity of 100% (Figure 5F). In culture layer 2, a kaolinite peak was observed at 0.46 nm with an intensity of 46%, and it exhibited an un-sharp peak shape (Figure 5G). In culture layer 1, characteristic peaks of illite and chlorite were detected. Illite peaks were found at 1.00 and 0.50 nm, with intensities of 100% and 84.3%, respectively, while chlorite exhibited a peak at 0.71 nm, with an intensity of 64.4% (Figure 5H). In the topsoil layer, characteristic peaks of illite and kaolinite were observed. Illite peaks were detected at 1.00 and 0.50 nm, with intensities of 100% and 83.1%, respectively, while kaolinite exhibited a peak at 0.50 nm, with an intensity of 73.4% (Figure 5I).
3.5 Soil development indexes
The cultural profile development indexes Sa, Saf, and ba ranged from 7.63 to 10.94, 14.19 to 20.35, and 0.18 to 0.29, respectively, and the change rule of the three values was the same (Figure 6A). In the topsoil layer, there was almost no change in the three, with mean values of 8.73, 16.30, and 0.22, respectively. In culture layer 1, the values of the three increased slightly with depth, with mean values of 8.82, 16.46, and 0.23, respectively. Since the ash layer is no longer a general soil material due to the foreign materials added by ancient humans, its development indicator values are not significant. In culture layer 2, the values of the three increased significantly with depth, and the average values of the three were 8.80, 16.48, and 0.23, respectively. In culture layer 3, the three values have no change, and the average values of the three are 8.78, 16.38, and 0.22, respectively. In the paleosol, the three values increased slightly with depth, reached a peak at 350 cm, and an anomalous peak appeared at 270 cm, indicating that the soil development experienced strong anomalous environmental effects, and then began to decrease slightly, with the three average values of 8.02, 15.01, and 0.19, respectively.
[image: Figure 6]FIGURE 6 | Change in the soil development indexes of cultural and natural profiles.
The natural profile development indexes Sa, Saf, and ba ranged from 6.98 to 8.64, 12.96 to 16.25, and 0.15 to 0.23, respectively, and the change pattern of the three values was the same (Figure 6B). In the loess layer, the three values increased with depth while slightly fluctuating, and they reached the maximum value at the bottom; however, at 130 cm, there was an abnormal trough, and the average values of the three values were 8.26, 15.71, and 0.21, respectively. In the transition layer, the three values decreased with depth, in which the changes in Sa and Saf values fluctuated slightly, and the average values of the three were 8.18, 15.45, and 0.20, respectively. In the paleosol layer, the three values increased with depth, and at 270 cm, there was an anomalous peak, and the average values of the three values were 8.01, 14.97, and 0.19, respectively.
It can be seen that the degree of development of the cultural and natural profiles increases with depth, reaching a maximum in the paleosols, and at this point, both the developmental indicators have similar values, suggesting that both have similar environmental contexts.
3.6 Spore pollen and charcoal
The typical spore and pollen images identified are shown in Figure 7. The percentage content of pollen in the cultural profile samples was mainly composed of herbaceous plant pollen, indicating a temperate grassland vegetation landscape at that time. The identified herbaceous plant pollen was mainly composed of Gramineae, Chenopodiaceae, and Artemisia, with content changes ranging from 3.50% to 72.64%, 1.49% to 32.81%, and 4.37% to 61.39%, and the average values were 24.81%, 9.43%, and 37.85%, respectively. In addition, it was found that pollen from woody plants appeared in most layers, with Castanea, Juglans, Carpinus, Betula, Quercus, and Pinus being the main pollen species, with the content of 0%–2.70%, 0%–2.13%, 0%–4.90%, 0%–4.35%, 0%–1.50%, and 0%–10.53%, and the average values were 0.58%, 0.57%, 0.91%, 1.50%, 4.39%, and 3.09%, respectively. Fern pollen mainly appeared in the upper part of the cultural profile and rarely in other layers. The content changes from 0% to 20.56%, with an average value of 2.69%. The concentration value of carbon chips identified and counted ranged from 548 to 438,152 particles/g, with an average value of 57,931 particles/g.
[image: Figure 7]FIGURE 7 | Pollen plate 1 (A) and plate 2 (B) (A: 1–4. Compositae; 5–9. Artemisia; 10–12. Chenopodiaceae; 13–23. Gramineae; 24–25. Alnus; and 26. Corylus; (B) 1–4. Betula; 5. Carpinus; 6. Juglans; 7. Pterocarya; 8. Carpinus; 9–10. Humulus; 11. Carya; 12. Polygonum; 13. Tilia; and 14–19. Quercus).
The percentage of the pollen content in the natural profile samples was also mainly composed of herbaceous plant pollen. The identified grass pollen was mainly composed of Gramineae, Chenopodiaceae, and Artemisia pollen, whose content ranged from 1.46% to 24.41%, 2.50% to 20.28%, and 3.47% to 78.00%, and the average values were 9.69%, 7.45%, and 41.02%, respectively. In addition, it was found that woody plant pollen appeared in most layers, with the main pollen being Castanea, Juglans, Carpinus, Betula, Quercus, and Pinus, whose content varied from 0% to 1.03%, 0% to 1.74%, 0% to 20.45%, 0% to 5.58%, 0% to 8.02%, and 0.94% to 6.90%, with an average of 0.38%, 0.43%, 2.25%, 1.13%, 3.35%, and 2.74%, respectively. The pollen of ferns mainly appears in the upper part of the natural section, and it rarely appears in the other layers. The variation range was 0%–46.50%, with an average value of 12.63%. The concentration value of carbon chips identified and counted ranges from 829 to 106,376 particles/g, with an average value of 14,394 particles/g.
3.7 Phytolith
More than 20 typical types of phytoliths were found in the cultural profile, with the main ones being rod type, dumbbell type, cross type, duct type, fan type, and square type. Among these types, crop phytoliths such as millet and rice were also found (Figure 8). Among them, the identified millet and millet-type phytoliths all came from the lemma shell of the seeds, while the identified rice phytoliths mainly came from the fan-shaped and side-by-side dumbbell-shaped stem and leaf tissues. The vast majority of the phytolith types identified in all samples were Gramineae, with dumbbell- and rod-shaped ones being the main types.
[image: Figure 8]FIGURE 8 | Main types of agricultural phytolith in the cultural site (1. rice fan-shaped; 2. rice bimodal; 3. rice side-by-side dumbbell-shaped; 4–5. corn husk Ω-type; 6–7. millet glume η-type).
4 DISCUSSION
4.1 Impact of soil physical and chemical properties
From the analysis of the surface data of the whole study area and based on the thickness data of paleosoil, cultural, and topsoil layers at 18 locations, the kriging interpolation method and ContextCapture software were used to generate the three-dimensional model of each soil layer. Combined with the results of paleoclimate research at the site (ZHA et al., 2020), the climate warmed and turned stable, warm, and humid after entering the Holocene, corresponding to the paleosoil layer (Figure 9A). Ancient humans started their activities in the relatively low-lying areas I and III, and the soil layer began to accumulate to form a cultural layer (Figure 9B), which contained a cultivation layer, especially in area I, where the low-lying area was convenient for irrigation and was super-southern, with sufficient light, making it easy to carry out agricultural activities. Most researchers believed that agriculture in the Yangshao culture in the Central Plains was practiced in the form of shifting cultivation, which was cultivating a plot of land for a period of time and then transferring it to a new plot of land to cultivate crops when the fertility of the land was depleted. The expansion of new plots of land was generally believed to be through the “slash-and-burn” method (Chang, 1967; Li, 1980; An, 1988). Slash-and-burn cultivation led the soil to be filled with charcoal debris and other intruders, and therefore, the magnetization value was outside the extreme range. At the same time, the coarse-grained matter was affected by the plowing activities and decomposed into fine particles with a high content of sticky particles.
[image: Figure 9]FIGURE 9 | Probability area of ancient farming.
Combining the results of the macro-observation and basic physicochemical analysis of soil at each sampling point, there was a good correspondence between them, and the probability of ancient farming activities can be divided into two categories: high and low, as shown in Table 2. The high-probability sample points mostly showed the presence of artifact intrusions, such as pottery shards and charcoal chips, and the total nitrogen, phosphorus, and calcium carbonate content exceeded the average value of the natural profile. This is not only consistent with the study of agriculture in the Central Plains of the Yangshao culture but also with the study of prehistoric rice soils in the south, as well as the results of the international study of ancient dryland soils, which indicated that ancient humans used human and animal feces to a certain extent to restore the fertility of arable land (Cao et al., 2007; Dahms, 1998; X; Wang et al., 2018; Zhong and Zhao, 2023). The probability space distribution is shown in Figure 9C.
TABLE 2 | Main soil characteristics and ancient tillage probability at various locations.
[image: Table 2]In addition, the speculation about farming activities was also confirmed by comparing the sporoderm content and the species of the cultural and natural profiles (Table 3). It was found that the concentration of pollen in the dense samples of the cultural profile was significantly higher than that of the natural profile, and it was observed that the content of Gramineae varied most obviously, the average content of the cultural profile was about three times that of the natural profile, and the crop phytosilicates of maize, millet, and rice that were identified belonged to the Gramineae group of plants. In addition to Gramineae, the content of Quinoa in the cultural profile is also significantly higher than that in the natural profile, and spinach, thick-skinned lettuce, sugar beet, and pigweed in the Quinoa family were all available for human consumption. Other major species and genera identified, such as Artemisia, Artocarpus, Selaginella, and other non-food crops, were found in large quantities in the natural profiles, and their contents were much higher than those in the cultural profiles. This indicated that when ancient human activities began to enhance, the ancient humans selectively planted and harvested the plants needed for survival and living, resulting in an obvious increase in the content of Gramineae and Quinoa, while the plants with little utilization value were cut down and burned due to the needs of habitation and cultivation, which led to a decrease in the content of woody and fern-like plants.
TABLE 3 | Comparison of sporopollen and charcoal between the cultural and natural profiles.
[image: Table 3]From the point data analysis of the two typical profiles, the ratio of the average contents of clay, fine silt, coarse silt, and sand between the cultural and natural profiles is 0.91, 0.95, 1.01, and 1.38, respectively, and the ratio of the coefficient of variation is 1.50, 1.59, 0.98, and 1.25, respectively, which shows that the degree of change in the particle size of the cultural profile is greater than that of the natural profile, and the change in the clay particle is especially obvious. In addition, the particle size composition is coarser than that of the natural profile, especially in the ash layer, where a large number of sand grains were produced by ancient humans using fire, and its content reached the highest value of 293.99 g kg-1, much higher than the maximum value of the natural profile. However, in the cultural layer, the content of clay grains reaches a great value, and it is hypothesized that ancient human habitation activities increased the content of clay grains. The ratio of the mean value of χlf between the cultural and natural profiles is 1.15, and the ratio of the coefficient of variation is 1.96. It can be seen that the degree of variation of χlf in the cultural profile is greater than that in the natural profile, and the value is larger than that in the natural profile, especially in the ash and cultural layers, which reached 300.72 × 10−8 m3 kg-1 and 231.06 × 10−8 m3 kg-1, respectively, and an anomalous maximum value of 705.51 × 10−8 m3 kg-1 appeared in cultural layer 3. It is hypothesized that the increase in the content of soil magnetic material was caused by the activities of ancient human beings, such as using fire and living. Comparing the clay mineral types of the two profiles, the more obvious difference is in the transition layer of the natural profile, where the clay mineral type is a mixture of illite, montmorillonite, kaolinite, and chlorite, while the clay mineral types of the corresponding cultural layer 3 in the same period are illite and kaolinite, which indicated that the clay mineral types had become relatively homogeneous due to the disturbance of paleoanthropogenic activities.
4.2 Impact of soil development
Although farming activities promoted the decomposition of coarse soil particles into fine particles, the primitive farming technique of slash-and-burn cultivation produced a large amount of ash and formed an ash layer with a very high sand content, which had a limited effect on promoting the development of the overall soil profile. Moreover, slash-and-burn farming mainly involves cutting down and burning forest trees without turning over the soil and practicing a farming system that leaves the land fallow after sowing seeds, which lacks turning, disturbing, and artificial ripening. Based on the soil development indicators, the inference is also further justified. By comparing the values of the developmental indicators in the cultural and natural profiles, the impact of paleoanthropogenic activities on soil development was investigated from a holistic perspective. In the cultural profile, the average values of Sa, Saf, and ba were 8.53, 15.94, and 0.22, respectively. On the other hand, in the natural profile, the average values were 7.94, 14.82, and 0.19, respectively. It can be found that the development indexes of the cultural profiles were all higher than those of the natural profiles, the degree of development of the natural profiles was higher than that of the cultural profiles, and the paleoanthropogenic activities in general hindered soil development. In addition, by comparing the values of the development indexes of the cultural layer with those of the topsoil and paleosoil layers within the cultural profile to explore the influence of paleo-human activities on soil development from a localized perspective, the average values of the development indexes of the cultural layer were 8.80, 16.44, and 0.23, respectively, while in the natural layer, they were 8.38, 15.66, and 0.21, respectively. It can be found that the development indexes of the cultural layer in the cultural profile were higher than those of the natural layer, the development of the cultural layer was weaker than that of the natural layer, and ancient human activities hindered the development of the soil layer.
One of the most obvious activities that hindered soil development was the hardening of the ground by ancient humans as a result of their habitation activities. In culture layer 2, kaolinite was found. According to the dating results, the climate was relatively dry and cold during this period, making it difficult for kaolinite to appear under natural conditions. Combined with field observations, a turbid orange clay layer (Figure 10) was found at the bottom of the layer (140–150 cm), with properties similar to those of the paleosoil. Combined with the soil particle size analysis, the clay content is high, and the dating data are abnormal, which is older than the paleosoil at the bottom. It is hypothesized that ancient humans carried the soil from other periods for covering grain or burying garbage and laid down the clay to achieve the effect of sealing. The magnetization value of this layer reaches an anomalous maximum, indicating that it has experienced fire baking and is presumed to have been hardened by fire. The soil layer that has been artificially compacted and baked, soil voids, and structure had suffered some damage, which had prevented the downward leaching or precipitation of soil particles and minerals to a certain extent, thus affecting soil development.
[image: Figure 10]FIGURE 10 | Clay layer in the cultural profile.
5 CONCLUSION
Ancient humans began their activities in the relatively low-lying area, in which farming activities led to an increase in the content of Gramineae and Quinoa in the soil, especially the appearance of phytosilicon bodies such as millet, corn, and rice, which confirms that ancient humans carried out primitive agricultural activities in this area. Slash-and-burn activities led to the filling of the soil with intruders such as charcoal chips and pottery shards, while at the same time, the coarse-grained texture was affected by the farming activities, which mostly decomposed into fine particles, and the content of sticky particles reached an extreme value. The total nitrogen, phosphorus, and calcium carbonate content exceeded the average value of the natural profile, indicating that ancient humans used human and animal excreta to fertilize the farmland.
The comparison of two typical profiles of the soil, under the influence of ancient human activities, macroscopically showed that the intruders in the soil body and morphological characteristics of the profile had obvious differences with the natural profile, and the macroscopically indicative features were mainly manifested in the presence of abundant relic remains. The microscopic indicative features were mainly characterized by a sandy grain size composition, high χlf, and a relatively single clay mineral type.
Slash-and-burn cultivation not only produced a large amount of sand particles but also lacked soil tilling and artificial ripening, which had a limited effect on promoting the development of the soil. Through the analysis and comparison of the development indices of the cultural and natural profiles, it was found that ancient human activities hindered the development of the soil. In particular, the soil voids and structure of the ground created as a result of habitation activities were damaged to some extent, which prevented soil particles and minerals from leaching or precipitating downward to a certain extent, thus affecting soil development.
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6 Gray pottery TON)> X(N), T(P) < X(P), and T (Ca) > X(Ca) Low

7 No traces of artificial disturbance T(N) > X(N), T(P) = X(P), and T Low
(Ca) > X(Ca)

8 No traces of artificial disturbance T(N) > X(N), T(P) < X(P), and T Low
(Ca) < X(Ca)

9 No traces of artificial disturbance T(N) > X(N), T(P) < X(P), and T Low
(Ca) < X(Ca)

10 Flaky calcium carbonate nodules, red ash pottery, and gravel T(N) > X(N), T(P) > X(P), and T High
(Ca) > X(Ca)

1 Carbon chips T(N) > X(N),T(P) > X(P), and T High
(Ca) > X(Ca)

12 No traces of artificial disturbance T(N) < X(N), T(P) < X(P), and T Low
(Ca) < X(Ca)

13 Black pottery and red soil slag T(N) > X(N),T(P) > X(P), and T High
(Ca) > X(Ca)

14 No traces of artificial disturbance T(N) > X(N), T(P) < X(P), and T Low
(Ca) < X(Ca)

15 No traces of artificial disturbance T(N) > X(N) T(P) < X(P), and T Low
(Ca) < X(Ca)

16 Red soil slag T(N) = X(N), T(P) > X(P), and T High
(Ca) > X(Ca)

17 Crumb granular, red ash pottery, jade ring, stone, bone, and T(N) > X(N) T(P) > X(P), and T High
charcoal (Ca) > X(Ca)

18 No traces of artificial disturbance T(N) < X(N), T(P) < X(P), and T low

(Ca) < X(Ca)
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1 Topsoil layer (0-80cm) | Brown (7.5 YR 4/3) Loam 091 171 80
Topsoil layer White (7.5 YR 8/1) Silt loam 053 146 75
(80-100 cm)
Culture layer Grayish brown (75 YR | Silt loam Black potsherd 0.46 452 129
(100-250 cm) 4/2)
Culture layer Cloudy yellow (10 YR Silt loam Charcoal crumbs 0.52 167 128
(250-285 cm) 712.5)
Culture layer Cloudy orange (10 YR | Silt loam 053 338 122
(285-290 cm) 7/3)
Culture layer White (7.5 YR 8/1) silt loam 051 1.66 12
(290-320 cm)
Paleosoil layer Cloudy orange (75 YR | Clay loam 0.52 151 55
(320 cm-~) 6/4)
2 Culture 9 (0-80 cm) Brown (7.5 YR 4/3) Loam Red and gray potsherd and 0.62 162 81
charcoal crumbs
Culture layer Light brown (7.5 YR 7/2) | Silt loam 0.58 376 105
(80-230 cm)
Culture layer Grayish brown (75 YR | Silt loam Bone and black and red 0.58 295 122
(230-280 cm) 412) potsherd
Paleosoil layer Cloudy orange (75 YR | Clay loam 047 185 53
(280 cm~) 6/4)
3 Topsoil layer (0-50 cm) | Brown (7.5 YR 4/3) Loam 112 101 52
Paleosoil layer (50 cm~) | Cloudy orange (75 YR | Clay loam 042 153 88
6/4)
4 Topsoil layer Brown (7.5 YR 4/3) Loam 0.94 164 80
(0-120 cm)
Paleosoil layer Cloudy orange (75 YR | Clay loam 044 185 %0
(120 cm~) 6/4)
5 Topsoil layer (0-60 cm) | Brown (7.5 YR 4/3) Loam 087 155 80
Culture layer Cloudy yellow (10 YR Silt loam Red potsherd 0.56 233 115
(60-170 cm) 65/3)
Paleosoil layer Cloudy orange (75 YR | Clay loam 0.52 146 48
(170 em-~) 6/4)
6 Topsoil layer Brown (7.5 YR 4/3) Loam 071 151 91
(0-100 cm)
Culture layer Light brown (75 YR 7/2) | Silt loam Gray potsherd 0.56 217 105
(100-120 cm)
Paleosoil layer Cloudy orange (7.5 YR 6/ | Clay loam 0.66 084 64
(120 em-~) 4(
7 Topsoil layer (0-55 cm) | Brown (7.5 YR 4/3) Loam 0.54 161 88
Culture layer Cloudy yellow-orange  Silt loam Gravel 05 244 129
(55-80 cm) (10Y 7/2.5)
Culture layer Grayish brown (75YR | Silt loam 053 293 121
(80-210 cm) 4/2)
Paleosoil layer Cloudy orange (7.5 YR6/4 | Clay loam 075 0.96 62
(210 em-~)
8 Topsoil layer (0-30 cm) | Brown (7.5 YR 4/3) Loam 0.82 153 9%
Paleosoil layer (30 cm~) | Cloudy orange (75 YR | Clay loam 0.74 113 61
6/4)
9 Topsoil layer Brown (7.5 YR 4/3) Loam 102 147 84
(0-100 cm)
Paleosoil layer Cloudy orange (75 YR | Clay loam 0.69 096 70
(100 cm~) 6/4)
10 Topsoil layer (0-80 cm) | Brown (7.5 YR 4/3) Loam 119 157 75
Culture layer Cloudy yellow (10 YR Silt loam 0.59 164 73
(80-100 cm) 65/3)
Culture layer Grayish brown (75 YR | Silt loam Gravel and red and gray 053 352 134
(100-220 cm) 412) potsherd
Culture layer Grayish brown (7.5 YR | Silt loam 0.52 359 122
(220-300 cm) 412)
Paleosoil layer Cloudy orange (75 YR | Clay loam 053 0.68 114
(300 cm-~) 6/4)
1 Topsoil layer Brown (7.5 YR 4/3) Loam 121 265 95
(0-120 cm)
Culture layer Grayish brown (75 YR | Silt loam Ash 053 301 143
(120-180 cm) 4/2)
Paleosoil layer Cloudy yellow-orange | Clay loam 081 264 671
(180 em-~) (10Y 7/2.5)
12 Topsoil layer (0-60 cm) | Cloudy yellow (10 YR Loam 059 161 75
6.5/3)
Paleosoil layer (60 cm~) | Cloudy orange (75 YR | Clay loam 0.52 155 55
6/4)
13 Topsoil layer (0-70 cm) | Cloudy yellow (10 YR Loam 112 161 75
65/3)
Culture layer Light brown (97.5 YR 7/2) | Silt loam  Black potsherd and red soil 055 399 138
(70-120 cm) residue
Paleosoil layer Cloudy orange (75 YR | Clay loam 0.48 074 65
(120 cm~) 6/4)
14 Topsoil layer (0-60 cm) | Brown (7.5 YR 4/3) Loam 0.88 177 77
Paleosoil layer (60 cm~) | Cloudy orange (75 YR | Clay loam 053 163 62
6/4)
15 Topsoil layer (0-50 cm) | Brown (7.5 YR 4/3) Loam 0.83 136 76
Paleosoil layer (50 cm~) | Cloudy orange (75 YR | Clay loam 052 152 55
6/4)
16 Topsoil layer (0-20 cm) | Cloudy yellow (10 YR Loam 053 264 104
65/3)
Culture layer Cloudy orange (75 YR | Silt loam Red soil residue 071 271 109
(20-100 cm) 7/3)
Paleosoil layer Cloudy orange (75 YR | Clay loam 047 167 55
(100 cm~) 6/4)
17 Topsoil layer (0-20) Cloudy orange (7.5 YR Loam L1l 151 72
6/4)
Culture layer 1 Light brown (75 YR 7/2) | Silt loam Gray potsherd 122 338 135
(20-70 cm)
Ash layer (70-100 cm) | Grayish brown (75 YR | Silt loam Jade rings, stoneware, and 071 115 9
412) charcoal crumbs
Culture layer 2 Cloudy orange (75 YR | Silt loam Red potsherd and bone 101 476 161
(100-140 cm) 713)
Viscosity layer Cloudy orange (75 YR | Clay loam 0.68 404 13
(140-150 cm) 6/4)
Culture layer 3 Cloudy orange (7.5 YR | Silt loam Red potsherd 161 451 166
(150-220 cm) 6/4)
Paleosoil layer Cloudy orange (75 YR | Clay loam 0.56 047 63
(220-400 cm) 6/4)
18 Topsoil layer (0-20 cm) | Brown (7.5 YR 4/3) Loam 0.75 165 91
Loess layer (20-170 cm) | Light brown (75 YR 7/2) | Silt loam 051 210 m
Transition layer Grayish brown (75 YR | Silt loam 0.57 234 78
(170-320 cm) 4/2)
Paleosoil layer Cloudy orange (75 YR | Clay loam 043 1.66 62

(255-410 cm)

6/4)
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