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The Banshan archaeological site is one of the most important Early Pleistocene Paleolithic sites in the Nihewan Basin in North China. Based on analyses of pollen, grain size and charcoal of 56 samples from a sedimentary profile, we reconstructed the environment of the Banshan site before and after the interval of hominin activity (1.340–1.290 Ma). The results show that before the appearance of hominin activity (1.340–1.324 Ma), the climate of the region was initially cold and wet and then cold and dry. The regional vegetation was mainly Pinus and Picea forest in the earlier stage, and steppe dominated by arid-tolerant plants such as Artemisia and Chenopodiaceae in the later stage. During the period of hominin activity (1.324–1.318 Ma), the climate was warm and wet, the vegetation was mainly Pinus forest, and the site was a lakeside environment which would have provided resources such as food and water for hominins. During 1.318–1.310 Ma, the climate was warm and wet, the lake continued to expand and the lake level rose, which may have forced the hominins to migrate outside the area. During 1.310–1.290 Ma, the climate changed from warm and humid to cold and arid, accompanied by the change of the regional vegetation from forest to forest-grassland. Hominin activity at the Banshan site occurred during the interval of climate change from cold and dry to warm and wet, and it ended with the rise of the ancient lake level at Nihewan and the deterioration of the climate.
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INTRODUCTION
The Early Pleistocene was an important period of global climate change (Leinen and Health, 1981; Bailey et al., 2012), and also an important stage in the emergence and evolution of hominins (Bonnefille, 2010; Colcord et al., 2018). Hence, there is much research interest in determining the climatic and environmental context of Early Pleistocene hominin sites in order to explore the relationship between climate change and human evolution. The Nihewan Basin in North China has both the largest number and highest concentration of earliest Pleistocene archaeological sites in East Asia (Xie, 2006; Yuan et al., 2011), and the Nihewan Basin is also the northernmost documented location of early human activities in East Asia (Zhu et al., 2004; Deng et al., 2008; Dennell, 2013). It is also a key area for studying the relationship between environment and early human evolution in East Asia, especially in North China (Barbour, 1924; Chen, 1988; Zhou et al., 1991; Yuan et al., 2011; Ao et al., 2017; Deng et al., 2019; Yang et al., 2020), with a long history of research activity. Since the 1920s, studies of the archaeology, paleoanthropology, chronology, and climate record of the Nihewan Basin have provided much valuable results (Zhu et al., 2001; Zhu et al., 2004; Ao et al., 2013a; Li et al., 2019; Ding et al., 2020; Zhang et al., 2020; Zhang et al., 2021), especially based on the excavation of Early Pleistocene sites combined with accurate dating (Wang et al., 2004; Zhu et al., 2004; Deng et al., 2008; Liu et al., 2011; Ao et al., 2013b; Liu et al., 2018). The results have enabled a relatively complete cultural sequence of Early Pleistocene paleo-human evolution in the Nihewan Basin to be established (Xie et al., 2004; Zuo et al., 2011; Liu et al., 2013; Pei et al., 2017; Deng et al., 2019; Yang et al., 2020). From these studies it has emerged that the Early Pleistocene (1.4–1.1 Ma) in the Nihewan Basin was characterized by a relatively high level of hominin activity. Several archaeological sites are dated to this interval, including Xiaochangliang (1.36 Ma) (Xia and Liu, 1984; Tang et al., 1995; Chen et al., 1999; Yang et al., 2016), Dachangliang (1.36 Ma) (Pei, 2002; Deng et al., 2006), Banshan (1.32 Ma) (Wei, 1994; Zhu et al., 2004), Feiliang (1.2 Ma) (Li et al., 1996; Ao et al., 2012a; Pei et al., 2017), Donggutuo (1.1 Ma) (Pei et al., 2009; Wei, 2014) and CenJiawan (1.1 Ma) (Xie and Cheng, 1990; Wang et al., 2006; Guan et al., 2016). However, there is a lack of studies of the environmental context of hominin activities during this period; moreover, some of the conclusions of the previous environmental reconstructions for these sites are contradictory. For example, pollen studies have indicated that the vegetation at Dachangliang (1.36 Ma) and Feiliang (1.2 Ma) was mainly grassland; whereas the environment of the Donggutuo site (1.1 Ma) was forest and grassland (Pei et al., 2009). Moreover, there are differences in the environmental characteristics revealed by the application of different proxies at the same site. For example, a study of mammal fossils at Xiaochangliang (1.36 Ma) revealed the presence of Coelodonta antiquitatis, Palaeoloxodon sp. and Viverra, which are characteristic of forest habitats, as well as Bison, Equus samenensis and Hipparion, which are grassland animals (Tang et al., 1995). In the Xiaochangliang area, tree pollen was found to be dominant in the late Early Pleistocene, indicating mainly forest vegetation (Xia and Liu, 1984). Low temporal resolution is one of the main reasons for these difference. Therefore, more studies with a higher temporal resolution are needed to determine the Early Pleistocene environment of early humans in the Nihewan Basin.
Banshan is an important early Paleolithic site in the Nihewan Basin (Wei, 1994). The site was first excavated in the early 1990s, and a large area to the southeast of the original excavation was excavated in 2003 (Xie, 2006). Paleomagnetic dating results showed that age of the artefact layer at the site is 1.32 Ma (Zhu et al., 2004). In addition to stone cores, a large number of lithic fragments and scrapers were discovered (Wei, 1994; Xie, 2006). Although no evidence of surface repair technology was found, unlike the case of the lithic tools unearthed at the Donggutuo site (Wei, 2014), which were produced by hammering, significant progress had been made in materials selection and processing methods compared with older sites. Additionally, several stone tools had wide and deep repair scars (Xie, 2006). The lithic processing technology at Banshan makes it an important site for studying the migration, diffusion and technological exchange of ancient humans in Northeast Asia during the Early Pleistocene (Hou, 2003). However, while the chronology and archaeology of the Banshan site are well established, the environmental background of the site is relatively poorly documented.
Here, we present the results of a study of pollen and spores, grain size and charcoal particles from a profile at Banshan. Our aims were to determine in detail the pattern of environmental change, especially the climate and vegetation, during the interval of hominin activity (1.34–1.29 Ma), and hence to better understand Early Pleistocene hominin evolution and expansion in the Nihewan Basin and its driving mechanisms.
SETTING, SAMPLES AND CHRONOLOGY
Geology
The Nihewan Basin (40°05′–40°20′N, 114°25′–114°44′E) (Figure 1) is located in Yangyuan County, Hebei Province, China. The area of the basin is ∼ 2,000 km2 and the average elevation is ∼ 1,000 m. The basin is surrounded by the Xiong’er Mountains to the north, the Liuleng Mountains to the south, and the Fenghuang Mountains to the east. The Nihewan paleo-lake basin began to develop in the Middle-Late Pliocene (Ao et al., 2013c; Liu et al., 2018) and was infilled with a thick layer of Plio-Pleistocene fluvio-lacustrine strata. The elevation of the block and the resulting intensification of erosion caused the draining of the lake, and the deposition of late Middle Pleistocene lacustrine strata ceased (Zhou et al., 1991; Deng et al., 2019).
[image: Figure 1]FIGURE 1 | Location of the Nihewan Basin in China (A). The topography of the study area together with the location of the sampling site (B) and the field photograph of sampling site (C). (Altitudes are in m a.s.l.).
Stratigraphy of the Banshan Profile and Sampling
The Banshan site is located in the eastern part of the Nihewan Basin (40°13 ‘31 “N, 114°39′ 50″E) (Figure 1). In 1990, Wei Qi and Cheng Shengquan, of the Institute of Vertebrate Paleontology and Paleoanthropology of the Chinese Academy of Sciences, conducted a trial excavation and made detailed observations at the site (Wei, 1994). In 2003, the Institute of Cultural Relics of Hebei Province excavated a site to the southeast of the original excavation area, and discovered over 1,600 relics such as lithic tools, together with animal remains, within the artefact layer, indicating that ancient humans used the artefacts for dismembering animals (Xie, 2006).
The section is located on the third terrace of the Sanggan River, within fluvial-lacustrine strata at the top of the MJG-I artefact layer of the Majuangou site (Xie, 2006). The formation is mainly composed of grayish-brown silty sand and grayish-brown silty clay, with occasional fine gravel, and comprises lacustrine lakeshore facies. The section is stratigraphically continuous and there are no obvious sedimentary discontinuities. In 2016, environmental archaeology samples were collected by the College of Resources and Environmental Science of Hebei Normal University. The depth of the artefact layer was 45.1–44.3 m, the total thickness of the profile was 5.45 m, and the depth range was 41.15–46.60 m. Samples were collected at 10-cm intervals, yielding a total of 56 samples.
METHODS
Chronology
A detailed magnetostratigraphy provides precise age controls for the Banshan section, and the depth interval of 41.3–46.6 m has an estimated age range of 1.29–1.34 Ma (Zhu et al., 2004). The ages of the 56 pollen samples used in the present study were estimated by linear interpolation between geomagnetic polarity reversal boundaries and by extrapolation of the average sediment accumulation rate. Accordingly, the samples, which are from the depth interval of 41.3–46.6 m, have an age range of 1.29–1.34 Ma. This approach was deemed appropriate because the sediment accumulation rate appears to be relatively continuous within each interval (Figure 2).
[image: Figure 2]FIGURE 2 | Magnetostratigraphy and lithology of the Banshan site in Nihewan Basin (modified from Zhu et al., 2004).
The paleomagnetic age of the depth of the artefact layer (44.7 m) in the Banshan section is 1.32 Ma, and that of the depth of the MJG-I artefact layer (65.3 m) (Zhu et al., 2004), which is connected to the Banshan section, has the paleomagnetic age of 1.55 Ma. The average sediment accumulation rate of the studied interval is therefore estimated to be 11.17 kyr/m, and based on interpolation the age of the section is ∼ 1.34–1.29 Ma.
Pollen and Spore Extraction and Identification
Pollen and spores were concentrated using a modified HCL-NaOH-HF procedure (Faegri and Iversen, 1989). For each sample, 300 g of sediment was weighed before chemical treatment and one tablet of Lycopodium spores (27,560 grains/tablet) was added to calculate the pollen concentration. After chemical treatment, pollen and spores were extracted using heavy liquid (1.98 g/cm3) flotation. The procedures were carried out at the College of Resources and Environmental Sciences of Hebei Normal University. Pollen and spores were identified and counted using a Zeiss Imager A2 optical microscope at × 400 magnification. For most samples, more than 400 identified pollen and spores were counted. The morphological identification was carried out with reference to Wang et al. (1995) and Tang et al. (2016).
Principal Component Analysis
Principal component analysis (PCA) is widely used in ecology and related fields (Davies and Fall, 2001), and is useful for simplifying complex multivariate datasets (Zhang et al., 2013; Li et al., 2018). To better understand the environmental implications of the major pollen types at the Banshan site, eight pollen types (Pinus, Picea + Abies, Betula, Elaeagnaceae, Artemisia, Chenopodiaceae, Poaceae, and Urtica + Humulus), each with an average representation >1% (86.5% of the total pollen). In order to reduce the error, the square-root transformed pollen data were used for PCA which was implemented with Canoco 5 software (Braak and Smilauer, 2012).
Grain-Size Analysis
Grain-size analysis was used to characterize the sedimentary environment. Fifty-six samples were pre-treated using conventional methods to remove organic matter and calcium carbonate. Grain-size distributions were measured with a Mastersizer 3,000 laser diffraction analyzer (Malvern Instruments, UK) with a measurement range of 0.01–3,500 μm. Measurements were performed at shading rates of 15–20% and were repeated three times, with a systematic error of <3% (Peng et al., 2005). Based on the Udden-Wentworth scale, sediments were divided into clay (<4 μm), silt (4–63 μm) and sand (>63 μm) according to the particle size (Friedman and Sanders, 1978). Grain-size frequency distributions and cumulative curves were plotted to determine the sedimentary environment. The grain-size frequency distribution curves directly reflect the grain-size distribution characteristics of sediments, and the cumulative curves can be divided into stage corresponding to the transport mode of sedimentary particles by creep, saltation, and in suspension, providing information about the dynamics of the sedimentary environment. Based on the grain-size cumulative curves distributions characteristics, the intervals of creep, saltation, and suspension are < 2φ (>256 μm), 2-5φ(256–32 μm) and > 5φ(<32 μm), respectively. (Jiang, 2010; Yuan et al., 2013).
Charcoal Analysis
Charcoals are dark brown or black porous inorganic carbon compounds produced by the incomplete combustion or pyrolysis of organisms. It is often used to indicate the occurrence of fire and the abundance of biomass in paleoclimate studies (Miao et al., 2016; Shi et al., 2020). Charcoal was extracted using a modified pollen procedure (HCL-NaOH-HF) (Faegri and Iversen, 1989), and identified and counted using a Zeiss Imager A2 optical microscope at ×400 magnification. Based on the length of the principal axis, the numbers of particles of coarse (>125 µm), medium (450–125 µm) and fine (<50 µm) were counted (Miao et al., 2016). Lycopodium spores (27,560 grains/tablet) in the samples were counted to calculate the charcoal concentration. More than 1,000 charcoal particles were counted for each sample.
RESULTS
Pollen Assemblages in the Early Pleistocene Interval (1.34–1.29 Ma) of the Banshan Site
Sixty pollen and spore types were identified within the 56 pollen samples from the Banshan profile, including 15 arboreal taxa, 10 shrub taxa, 30 herb taxa, and 5 fern spore taxa. A total of 37,668 pollen and spores were counted (excluding algae), and an average of 673 pollen and spores for each sample, with an average concentration of 96 grains/g. Among the identified taxa, Pinus, Picea, Abies, Quercus, Ulmus and Betula are the most common arboreal pollen types; Elaeagnus, Corylus and Rosaceae are the most common shrub pollen types; Artemisia, Chenopodiaceae, Poaceae, Brassicaceae, Labiatae, Cyperaceae, Urtica and Humulus are the most common herb pollen types; and Selaginella is the dominant fern spore type. The pollen record reveals alternations of the dominance of tree pollen and herb pollen, with respective maximum and average representations of 95.6 and 45.8% for trees, and 99.5 and 48.8% for herbs. The average shrub pollen content is 3.1%, while the fern spore content is very low, with an average of 0.7%. According to CONISS clustering analysis results, the pollen record can be divided into three pollen assemblages zones (Figure 3), which are described below.
[image: Figure 3]FIGURE 3 | Pollen percentage and concentration diagram for the Banshan site. Only selected taxa are shown. CONISS results are shown on the far right.
Zone I (46.60–45.13 m; 1.337–1.324 Ma; 15 samples). The pollen assemblage is dominated by Picea or Artemisia alternately, which can be divided into two sub-zones according to different pollen assemblages.
Zone I-1 (46.6–46.1 m; 1.337–1.333 Ma; 5 samples). The average pollen count is 720 and the average pollen concentration is 102 grains/g. Tree pollen is dominant, with an average of 79% (range: 55.3–93.8%). Pinus (average: 40.9%) and Picea + Abies (average: 37.5%) are the main tree pollen types. The average representation of broadleaved trees is <1%. The average shrub pollen representation is 1.1%, comprising Elaeagnaceae, Rosaceae and Corylus. The average herb pollen representation is 19.1% (range: 6.2–38.9%); Artemisia and Chenopodiaceae vary between 1 and 6%; Poaceae, Urtica + Humulus are less common (<2%), and Cyperaceae and Labiatae are rare.
Zone I-2 (46.10–45.13 m; 1.333–1.324 Ma; 10 samples). The average pollen count is 433, and the average pollen concentration is 6 grains/g, which is the lowest within the studied interval. Herb pollen is dominant, with an average of 80.3% (range: 63.2–88.2%), and has the highest representation within the studied interval. Artemisia, Chenopodiaceae, Poaceae, and Urtica + Humulus have a roughly uniform representation ( ∼ 20%). The average shrub pollen representation is 3.9% (range: 1.6–6.8%), which is slightly higher than zone I; Elaeagnaceae is the dominant taxon (average: 1.8%). The tree pollen representation is substantially lower than in Zone I-1, with an average of 14.3% (range: 6.4–33.8%), and is the lowest within the studied interval. In particular, there are substantial decreases in Pinus (average: 8.8%) and Picea + Abies (average: 1.9%).
Zone II (45.13–43.77 m; 1.324–1.312 Ma; 15 samples). The average pollen count is 807 and the average pollen concentration is 157 grains/g. Arboreal pollen is dominant, with an average of 82.1% (range: 59.1–95.6%). Pinus, with an average of 78.2% (range: 54.4–93.7%) is the main arboreal pollen types. Compared with Zone I-2, the herb pollen representation is substantially lower and is the lowest within the studied interval, with an average of 16.6% (range: 3.8–39.1%). Artemisia (average: 8.1%) and Poaceae (average: 3.2%) are the most common herb pollen types.
The artefact layer located in this Zone (45.13–44.36 m; 1.324–1.317 Ma; 9 samples). The pollen assemblage is similar with the Zone II, while the average pollen concentration is 182 grains/g, which is the highest within the studied interval.
Zone III (43.77–41.30 m; 1.312–1.290 Ma; 26 samples). The average pollen count is 667 pollen and the average pollen concentration is 121 grains/g, which is less than in Zone II. Herb pollen is dominant, with an average of 68.3% (range: 35.9–99.6%); the main taxa are Artemisia (average: 35.6%), followed by Chenopodiaceae (average: 13.4%) and Poaceae (average: 7.9%). The average tree pollen representation is 25.9% (range: 0.3–57.2%), which is substantially lower than in Zone II. The average Pinus representation is 18.6% (range: 0.2–48.8%), and Picea + Abies are present at a low level (average: 1.1%). The representation of broadleaved trees (minimum of 4%, average of 6.2%, and range of 0.1–17.9%) is higher than in the previous zone, but with a decreasing trend through the zone.
Principal Component Analysis
The first principal component explains 62.15% of the total variance and the first and second principal components together explain 77.16%; hence, the first two components provide a parsimonious summary of the pollen data. Biplots of the variable and sample loadings on axes 1 and 2 are illustrated in Figure 4. Tree taxa preferring relatively wet conditions (Pinus and Picea + Abies) have positive loadings on axis 1, and drought tolerant taxa (Artemisia, Chenopodiaceae, Poaceae and Elaeagnaceae) have negative loadings on axis 1; hence, axis 1 can be interpreted to reflect changes between wetter and drier conditions. Cold-tolerant taxa (Picea + Abies and Elaeagnaceae) have positive loadings on axis 2, and the warm-preference Pinus has negative loadings on axis 2; hence, this axis may reflect a gradient in temperature conditions. On this basis the four quadrants of the coordinate system from the first to the fourth can be classified as follows: cold-wet, cold-dry, warm-dry and warm-wet, respectively.
[image: Figure 4]FIGURE 4 | PCA results for the pollen spectra from the Banshan site. (A): variable loadings on axes 1 and 2, and (B) sample loadings on axes 1 and 2.
Reference to Figure 4 shows that samples of Zone I are distributed in the first quadrant, indicating that the climate at this time was mainly cold and wet. The samples of Zone II are concentrated in the second quadrant, indicating that the climate was mainly cold and dry. The samples from Zone III and Zone IV are mainly distributed in the fourth quadrant, indicating that the climate during these intervals was warm and humid. The samples in Zone V are concentrated in the third quadrant, indicating that the climate was mainly warm and dry.
Grain-Size Distribution
The percentage of clay (<4 μm) in the samples ranges from 2.1 to 25.6% (average: 11.7%); the percentage of silt (4–63 μm) ranges from 29.9 to 80.0% (average: 66.4%); the percentage of sand (>63 μm) ranges from 2.3 to 68.0% (average: 21.9%); and the median grain size (Md) ranges from 8.9 to 83.5 μm (average: 30.4 μm). Thus, the sediments within the profile are relatively fine-grained. Most of the grain-size frequency distribution curves are unimodal, but a few samples are multi-modal with small secondary peaks or a double peak. The cumulative curves show that most samples are mainly saltation and suspension components, with a few samples also containing a creep component. The slope gradients are shallow, indicating that the samples are poorly sorted and are derived from a local source. Based on the grain-size distributions characteristics the profile can be divided into five intervals, which correspond to the pollen assemblage zones (Figure 5), and they are described below.
[image: Figure 5]FIGURE 5 | Lithology, median grain-size profile, and grain-size zones for the Banshan site. Representative grain-size frequency distribution and cumulative curves are shown on the right.
Zone I (46.6–46.1 m; 1.337–1.333 Ma) is mainly grayish-brown silty clay. The sediments are fine-grained (median grain size 10.4 μm, range: 8.9–11.6 μm). The average clay content is 23.4% (range: 21.4–25.6%), which is the highest in the section; the average silt content is 73.1% (range: 72.1-74.7%), and the average sand content is 3.4% (range: 2.3–5.1%), which is the lowest in the studied interval. The grain-size frequency distribution curves are unimodal, and the cumulative curves generally lack a creep component; the saltation component is very low (<3%) and the suspension component is dominant.
Zone II (46.10–45.13 m; 1.333–1.324 Ma) is mainly yellowish-brown clay. The median grain size is larger than in Zone I, with an average of 24.1 μm (range: 11.0–35.1 μm). The average clay content is 14.5% (range: 11.2–23.1%), and the average silt content is 67.4% (range: 63.6–70.9%), which are lower than in Zone I. The average sand content is 18.2% (range: 10.3–24.8%), which is higher than in Zone I. The grain-size frequency distribution curves are mainly unimodal, and the cumulative curve consists of two stages; a creep component is lacking, the saltation component is just above 50%, and the suspended component is <50%.
Zone III (45.13–44.36 m; 1.324–1.317 Ma). This zone corresponds to the artefact layer. It is mainly gray and grayish-brown clay silt. The grain size is coarse (median 32.4 μm, range: 16–60 μm). The average clay content is 11.5% (range: 5.7–17.7%), and the average silt content is 64.4% (range: 46.7–76.4%), which are lower than that in Zone II. The average sand content is 24.1% (range: 8.7–47.5%), which is higher than in Zone II. The grain-size frequency distribution curves are mainly unimodal, and the cumulative curves indicate three stages. The creep component is only 5%, the saltation component content is nearly 70%, and the suspended component content is 25%.
Zone IV (44.36–3.77 m; 1.317–1.312 Ma) is mainly light-gray clay. The sediments are fine grained (median 14.3 μm, range: 10.3–27.4 μm). The average clay content is 16.9% (range: 9.4–20.2%); the average silt content is 75.3% (range: 73.9–77.2%), which is the highest in the studied interval; and the average sand content is 7.8% (range: 4.4–15.0%), which is the lowest. The grain-size frequency distribution curves are unimodal, and the cumulative curve indicates a single stage, lacking a creep component. Several samples lack a saltation component, and the saltation component is mainly <10%, and the suspended component is ∼ 90%.
Zone V (43.68–41.30 m; 1.312–1.290 Ma) is mainly grayish-brown and brownish-yellow silt. The median grain size is 10.4 μm (range: 8.9–11.6 μm). The average clay content is 7.3% (range: 2.1–13.4%), which is the lowest in the studied interval; the average silt content is 63.3% (range: 29.9–80.0%), which is lower than in Zone IV; and the average sand content is 29.4% (range: 7.5–68.0%), which is the highest in the studied interval. The grain-size frequency distribution curves are mainly unimodal, but several samples have smaller sub-peaks or are bimodal. The cumulative curve shows three well-defined stages, with a creep component of only 5%, a saltation component of nearly 70%, and a suspension component of 25%.
Charcoal Distribution
The results of the charcoal analysis are shown in Figure 6. The average charcoal concentration of the 56 samples is 1,099 particles/g; the particles are mainly fine, with an average content of 72.8% and an average concentration of 712 particles/g. The average content of medium charcoal particles is 26.3%, with the average concentration of 372 particles/g; and the average content of coarse particles is only 0.9%, with an average concentration of 15 particles/g. Combined with the results of CONISS analysis, the charcoal profiles are divided into three zones, which are described below (Figure 6).
[image: Figure 6]FIGURE 6 | Profiles of the content and concentrations of coarse (>125 µm), medium (50–125 µm) and fine (<50 µm) charcoal particles for the Banshan site. CONISS results are shown on the far right.
Zone I (46.60–45.13 m; 1.337–1.324 Ma) has a low average charcoal concentration of 472 particles/g, with average concentrations of fine, medium and coarse particles of 383 particles/g, 86 particles/g and 2 particles/g, respectively. The content of fine, medium and coarse particles are 79.75, 19.65 and 0.60%, respectively.
Zone II (45.13–44.36 m; 1.324–1.317 Ma) corresponds to the artefact layer. The average charcoal concentration is the highest in the section, with an average of 3,906 particles/g, with average concentrations of fine, medium and coarse particles of 2,200 particles/g, 1,631 particles/g, and 74 particles/g, respectively. The average content of fine particle (55.28%) is the lowest in all the profile; on the contrary, the average content of medium and coarse particles are 42.85 and 1.87%, which are the highest in all the profile.
Zone III (44.36–43.77 m; 1.317–1.290 Ma). The average charcoal concentration is 604 particles/g, and the range is greater than in the other zones (134–4333 particles/g). The average concentrations of fine, medium and coarse charcoal particles are 447 particles/g, 153 particles/g, and 4 particles/g, respectively. The average content of fine, medium and coarse particles are 74.49, 24.76 and 0.75%, respectively.
DISCUSSION
Environmental Characteristics of the Banshan Site Before the Appearance of Hominins (1.337–1.324 Ma)
During the interval before the appearance of hominin activity at the Banshan site, the pollen assemblage was dominated by cold-tolerant Picea (Zhao et al., 2009; Lu et al., 2011) and drought-tolerant Artemisia and Chenopodiaceae (Sun et al., 1996; Xu et al., 2017), indicating that the vegetation was coniferous forest dominated by Picea, or steppe dominated by Artemisia and Chenopodiaceae. The overall climate was cold, but there were fluctuations between drier and wetter conditions. During 1.337–1.333 Ma, Pinus and Picea dominated the pollen assemblage. Indicating that the local vegetation was coniferous forest dominated by Picea and Pinus, possibly with Picea dominant at higher elevations; Pinus was more likely to occur at lower elevations. The cold and wet climate was not conducive to natural fires and accordingly the total concentration of charcoal was low during this interval (Fried et al., 2004). The grain-size distribution curves are unimodal and the cumulative curve indicates a single stage and hence a single mode of sediment transport. The absence of creep and saltation components indicates that hydrodynamic forces were weak, which may indicate a lacustrine sedimentary environment. The immediate environment of the site—a large lake with a high water level—unfavorable living space for hominins. During the interval of 1.333–1.324 Ma the pollen assemblage changed from tree-dominated to herb-dominated, mainly Artemisia, Chenopodiaceae, Poaceae and Urtica + Hunulus. Indicating that the environment had changed from the previous forest to a steppe landscape. The sample scores on PCA axis 1 (Figure 7) are negative and those on axis 2 are positive, indicating that the climate was cold and dry. The pollen concentration (6 grains/g) and charcoal concentration (300 particles/g) were also the lowest during the studied interval, which is compatible with a cold and arid climate. The grain-size distribution curves are bimodal and the cumulative curve has two stages; the suspended sediment component was largely replaced by a saltation component (with a representation >50%), indicating an increased fluvial influence on sedimentation. The change in the sedimentary environment may have been related to the contraction of the lake under a substantially drier climate than during the previous stage. The site would have been located some distance from the lake and the sediments were largely delivered by runoff, represented by lower pollen concentrations at this stage.
[image: Figure 7]FIGURE 7 | Comparison of the pollen PCA axis 1 and axis 2 scores values with the (A) LR04 benthic δ18O stack (Lisiecki and Raymo, 2005); (B) summer insolation at 65 °N (Berger and Loutre, 1991); (C) mean annual temperature (MAT) reconstruction on the eastern Tibetan Plateau (Zhao et al., 2021); (D) PCA axis 2 scores values; (E) PCA axis 1 scores values; (F) Nihewan Basin monsoon index (Ao et al., 2012b).
Environmental Characteristics of the Banshan Site During the Interval of Hominin Occupation (1.324–1.317 Ma)
The interval of hominin activity at the Banshan site was mainly during 1.324–1.317 Ma. The pollen assemblage during this interval was dominated by Pinus, and the herb pollen representation was ∼ 30%, indicating that the regional vegetation was mainly forest, but with substantial numbers of herbaceous plants. In addition, there are some animal fossils which adapted to a forest environment in the artefact layer of the site, included Elephantids, Cervids and Rhinocerotids; while, there are also some animal fossils, adapted grassland environment, e.g., Equus; also some amphiphilic animals such as Canis (Wei, 1994). These findings also indicate that in addition to forest, there were also areas of grassland. Sample scores on PCA axis 1 are positive, indicating a wet climate and that hominin activity in the area was initiated during the period when the climate changed from cold to warm and wet, which is roughly equivalent to marine isotope stage (MIS) 41 (Lisiecki and Raymo, 2005; Channell et al., 2016). The stage began with a change from weak to strong Northern Hemisphere insolation (Berger and Loutre, 1991) and summer monsoon index from Nihewan Basin (Ao et al., 2012b) with resulting rapid climatic warming. In addition, the results are roughly consistent with the variation trend of temperature reconstruction (MAT) on the eastern Tibetan Plateau (Zhao et al., 2021) (Figure 7). In the Chinese loess-paleosol stratigraphy, this period is roughly equivalent to S16, characterized by minor magnetic susceptibility variations, indicating a warm relatively stable climate (Ding et al., 2002; Sun et al., 2006; Sun et al., 2010). During the same interval in Iberia, hominin sites in the Guadix-Baza Basin (dated to 1.4–1.3 Ma) also show that ancient humans occupied a forested lake margin environment, under a warm and wet climate (Altolaguirre et al., 2021).
The grain-size cumulative curve shows that the sediments during this interval were dominated by a saltation component (with a content of 70%, which is slightly higher than during the previous interval), with a suspended component of 25% and a minor suspended component. These characteristics suggest a stable high-energy hydrodynamic environment (Zhang et al., 2018). The grain-size frequency distribution curves of a few samples are bimodal, but most of the curves are unimodal, with the mode concentrated below 35 μm, which is characteristic of transport in suspension (Middleton, 1976). The pollen data indicate a change to a warm and humid climate, and the increased precipitation may have led to increased surface runoff; hence, the grain size became coarser and the suspended component increased (Sun et al., 2001). The site was likely a floodplain or lakeside environment.
The charcoal particles show the highest concentration during hominin occupation period than that in other periods, with 8.2 times higher than that before the appearance of hominins and 6.5 times higher than that after the end of hominin activity. More over, the charcoal content of medium and coarse particles is also much higher than that in the other two periods, indicating that local fires occurred more frequently (Miao et al., 2016; Shi et al., 2020). One hand, the high frequency local fires may be related to artificial fire. The earliest evidence of artificial fire in China can be traced back to Yuanmou (1.8 Ma) sites (Jia and Wang, 1978), which is older than Banshan site. but direct archaeological evidence of artificial fire in Bashan site is still absent. On the other hand, it maybe come from wildfire. Even it was the wildfire, which still benefit for the huminid survive. Studies on the behavior of modern primates in Africa have shown that some primates can not only coexist peacefully with wildfire, but forage in the fire-modified landscape (Herzog et al., 2016; Pruetz and Herzog, 2017). This might also be the case of huminid facing wildfire (Gao, 2020). It can be seen that himinins at Banshan site can benefited from whether artificial fire or wildfire.
Environmental Characteristics After the End of Hominin Activity
After the termination of paleo-human activity at the Banshan site (1.317–1.290 Ma), the climate continued to be warm and wet but a drying trend then commenced and the forest vegetation gradually declined. The pollen record indicates that the environment during this interval can be divided into two stages. During the first stage (1.317–1.312 Ma), the pollen assemblages are consistent with the animal fossil assemblages of the cultural layer, indicating that the warm and humid climate lasted until ∼ 1.312 Ma. The termination of local hominin activity may have related to the rise in the lake level. The grain size cumulative curve shows a single stage, consistent with a lacustrine deposit which may led to the decrease of charcoal concentration. It is possible that the continuous warm and wet climate caused the shoreline of the Nihewan ancient lake to expand landward and the site was submerged. This scenario is consistent with the understanding of the Turkana Basin in Africa (Roach et al., 2018). The influence of lake expansion and contraction on paleo-human activities was mainly manifested by the consistency of the location of hominin activity with the shifts in the lakeside zone. Therefore, we conclude that the expansion of the lake was a least one of the reasons for the disappearance of hominin activity at the site.
During the second stage (1.312–1.290 Ma), the pollen assemblage was dominated by herbs, especially Artemisia. Drought-tolerant shrubs (e.g., Elaeagnaceae) increased, and most of the tree pollen content less than 30%, indicating that the vegetation had degenerated to steppe or forest steppe. Sample scores on PCA axis 1 and axis 2 are negative, indicating that the climate was becoming dry. The charcoal concentration decreased substantially, suggesting a decrease in the biomass due to climatic drying. The grain size cumulative curve shows three well defined stages, with a saltation component of nearly 70%, and the appearance of a creep component, indicating a strengthened fluvial influence and suggesting that the lake had contracted which resulted in the deposition of fluvial facies. Compared with the previous stage, the climate became dry which would not have provided a habitat favorable for ancient humans. Shrinking lakes and the decreasing biomass would likely have caused a reduction in available food and water resources for humans.
CONCLUSION

1) Before the appearance of hominin activity at the Banshan site (1.337–1.324 Ma), the climate of the region was generally cold, with fluctuations between cold-wet and cold-dry conditions. The vegetation changed from forest dominated by Pinus and Picea to grassland dominated by plants tolerant of dry conditions, such as Artemisia and Chenopodiaceae.
2) During the period of hominin activity (1.324–1.317 Ma), the climate was warm and wet and the vegetation was mainly Pinus forest; however, the forest cover was not high since herbaceous plants are well represented in the pollen record. The site was located on the lake margin.
3) A warm and humid climate during 1.317–1.312 Ma led to the continuous expansion of the lake and the lake level rose. The site was a lacustrine environment and hominins were likely forced to migrate outside the area. During 1.312–1.290 Ma the climate changed from warm and wet to cold and dry, and the vegetation changed from forest to grassland again (Xu et al., 2017).
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