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The Nihewan Basin is infilled by a relatively complete Pliocene to Pleistocene sequence, rich mammalian fossils and containing many Palaeolithic artefacts, implying that it is a unique location for Quaternary multidisciplinary study. Fossil excavations in these deposits have been carried out for nearly a century. The systematic study of the fossils by Teilhard de Chardin and Piveteau in 1930 laid the foundations for the classic Nihewan Faunal assemblage, which has been widely followed as a standard for the Early Pleistocene biochronology in eastern Asia. With the availability of magnetostratigraphic analyses on several sections in the Nihewan basin, a comprehensive geochronological study is timely pending. Here we report the results of a comprehensive survey of the Xiashagou section, where the classic Nihewan Fauna was discovered. By synthesising the lithostratigraphical, biostratigraphical, and magnetostratigraphical information, together with measurements taken by the authors, the total thickness of the Nihewan Formation in the Xiashagou section being 116 m. Furthermore, the geochronological study demonstrates that the classic Nihewan Fauna was originally recovered from at least 6 fossil horizons, spanning from ∼2.4 Ma to ∼1.8 Ma, i.e., the early Early Pleistocene. The new evidence from the Xiashagou section also suggests several cycles of fluctuations in the biodiversity and population of the classic Nihewan Fauna during the early Pleistocene. The preliminary correlation of these cycles matches the short periods of glaciation in the early Pleistocene.
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1 INTRODUCTION
The initial scientific explorations of the deposits on the outskirts of Nihewan village, located on the east bank of the Hulihu River in Hebei province (Figure 1) began in 1924–25 (Barbour, 1924; Barbour, 1925; Barbour et al., 1926). These works divided the Nihewan strata into four groups: (a) Zone of the “Red Clays,” (b) Zone of gravels and sand, (c) Middle zone of sand and clays, (d) Zone of white marls. They also reported finds of fragmentary remains of Rhinoceros, Bos, Elephas, and a cervid. Subsequently, E. Licent (1936) undertook an extensive excavation in the Nihewan basin, which lead to the discovery of almost 2,000 fossil specimens, while citing some of these excavations in his diary. Emile Licent emphasised the similar age of all the fossil mammals he excavated in the Xiashagou valley. Meanwhile, Teilhard de Chardin identified 42 species among 31 genera from the Nihewan Bed together with Piveteau and suggested that the Nihewan Fauna belongs to the roughly same horizon (25 pockets) and was comparable with the European Villafranchian faunas (Teilhard de Chardin and Piveteau, 1930) or more precisely above the Quaternary/Neogene boundary that defined by the Vrica marine section on the top of C2n (=Olduvai), dated 1.796 Ma (Qiu Z., 2000). These early discoveries eventually led to the recognition of the Nihewan Basin as a standard lower Pleistocene stratum of East Asia at the 18th International Geological Congress in 1948. Henceforward, the “Nihewan Bed” became the standard stratum in North China for this period, continuously utilized for correlation with other Neogene faunas (Huang 1974; Wei, 1976; Cheng et al., 1978).
[image: Figure 1]FIGURE 1 | The location of Nihewan Basin in Hebei, China, and the important villages in the area. The two fossil localities that produced the Nihewan Fauna and Dongyaozitou Fauna are marked with big and small yellow circles.
The excavations in the Nihewan Basin deposits and the succession fossil sites also surprisingly resulted in the discovery of numerous sites and artifacts (Wei, 1974; Chia et al., 1979; You et al., 1979; Jia and Wei, 1980; Cai, 1987; Wei, 1994; Wei et al., 2003; Deng and Zheng, 2005; Cai et al., 2008; Ao et al., 2010; Hou et al., 2010; Keates, 2010; Liu et al., 2010; Pei et al., 2010; Jia, 2011; Tong, 2012; Dennell, 2013; Liu et al., 2013; Tong et al., 2014; Liu et al., 2016; Ao et al., 2017; Tong et al., 2017a; Tong et al., 2017b; Chen and Tong, 2017; Guo et al., 2017; Pei et al., 2017; Yang et al., 2017; Rui et al., 2019). The importance of the presence of early hominids in the Nihewan Basin, as well as the abundant fossil, has greatly motivated a series of studies to investigate the geological, geochronological setting (Cheng et al., 1978; Huang, 1980; Wu et al., 1980; Chen et al., 1986; Yue and Jiang, 1986; Du et al., 1995; Yang, 2001; Li et al., 2008; Liu et al., 2013; Chen et al., 2015) and palaeoenvironment of the Nihewan Basin based on palynological analyses (Liu, 1980; Zhou and Liang, 1983; Li et al., 2016; Ding et al., 2020), Electron Spin Resonance (ESR) (Jin et al., 1987; Yang et al., 1993; Wang et al., 1997; Xia and Han, 1998; Liu et al., 2010; Duval, 2015), Optical Spectrometry Luminescence (OSL) (Nagamoto et al., 2009; Zhao et al., 2010), fossil invertebrates (Huang and Guo, 1985; Liu, 1989), geochemical properties (Yue and Wen, 1990), stromatolites (Li and Yuan, 1992; Xia et al., 1993), and palaeomagnetostratigraphy (Yang and Li, 1999a; 1999b; Su et al., 2000; Løvie et al., 2001; Qiu et al., 2001; Wang et al., 2003; Hong and Deng, 2004; Wang et al., 2005; Min, 2006; Zhu et al., 2007; Deng et al., 2008; Ao, 2010; Zuo et al., 2011; Ao et al., 2012; Liu et al., 2012; Ao et al., 2013; Liu et al., 2014; Liu et al., 2018). The summary of these studies showed that the Nihewan strata spans part of the Pliocene, the Lower Pleistocene, and part of the Middle Pleistocene, but does not extend into Upper Pleistocene (Long et al., 1991). The results have demonstrated that the sequence preserves evidence for numerous cycles of climatic change (Xia, 2001; Zhang et al., 2020; Farjand et al., 2023), the impact of which led to the appearance and later disappearance of ancient Lake Nihewan together with its contained classic Nihewan Fauna (Liu and Xia, 1983; Xia, 1992; Yuan, et al., 2009).
Currently, over twenty new fossil sites, and four formations have been recognised within the deposits filling the Nihewan Basin. These formations are: 1. The early Pliocene Shixia Formation, 2. The late Pliocene Daodi Formation, 3. The Pleistocene Nihewan Formation, and 4. The overlying Malan Loess (Du et al., 1988; Yang et al., 2003; Wang et al., 2013). Based on the current biostratigraphical setting, two major large-mammal assemblages, the Nihewan and Dongyaozitou faunas (the latter also known as the Danangou Fauna) are recognisable. This contrasts with three distinct phases of mammalian evolution that were previously identified during the Pleistocene in the region (Cai et al., 2004).
The Dongyaozitou Fauna, based on the presence of Lynx variabilis sp. Nov., Zygolophodon sp., Coelodonta antiquitatis, Hipparion sp., Paracamelus sp., Antilospira yuxianensis sp. Nov., Gazella sinensis, Axis sp. (Tang, 1980), and small mammals including Orientalomys nihowanicus, Ochotona lagrelii, and Ochotona minor (Zheng, 1981; Qiu, 1985; Zheng and Li, 1986; Cai, 1989; Zheng and Cai, 1991; Zhang et al., 2003) represent a distinctly different assemblage from that of the Nihewan Fauna, the latter representing a slightly older phase. Based on the presence of Hipparion sp. In the Danangou section Tang et al. (1981), suggest that a lower Quaternary is more plausible for this assemblage. Therefore, the Danangou section can be subdivided into two parts. The upper part yields the classic Nihewan Fauna, whilst the lower part comprises the Dongiaozitou Fauna. This assemblage is comparable to the Youhe Fauna of Weinan, Shansi (Shaanxi), or Etouaires of early Villafranchian (Teilhard de Chardin and Piveteau, 1930) age in Europe (Tang and Ji, 1983; Li, 1984).
Despite all the previous studies, lack of a reliable chronological record for the Nihewan strata, combined with the lithological complexity, has delayed construction of a biostratigraphical record for the classic Nihewan Fauna. The presence of late Pliocene species [e.g., Hipparion (Proboscidipparion) sinense] together with extant species (e.g., Ovis ammon) in the Xiashagou section strengthen these uncertainties that classic Nihewan Fauna may represent a longer time interval than was previously thought. In this study, the classic Nihewan Fauna housed in the Tianjin Natural History Museum (TNHM) was analysed and combined with numerous fieldwork and the recently relocated original fossil localities (Farjand et al., 2023) to present the first biostratigraphical profile of the classic Nihewan Fauna.
2 MATERIALS AND METHODS
2.1 The classic Nihewan Fauna
This research’s primary materials were the original classic Nihewan Fauna excavated in the early 20th century by Émile Licent around Xiashagou village (Figure 2). At present, most of these specimens (roughly 1,600 specimens) are housed at the Hoang Ho Pai Ho Museum, the predecessor of the TNHM and IVPP (28 specimens) although some of the best-prepared specimens (126 specimens) were relocated to MNHN, France. This dispersion is one of the many obstacles to studying the classic Nihewan Fauna since some species are only housed in specific institutes (e.g., the Suidae material is only housed in the MNHN).
[image: Figure 2]FIGURE 2 | Some of the specimens used in this study, Tianjin Natural History Museum (TNHM). (A). A left radius and ulna of a Cervidae, (B). Broken mandible of a Cervidae, (C). Three separate Bovidaes’ carpals, (D). Four separate Rhinocerotidaes’ astragali. (E). The original identification and explanatory notes that cooperate with some of the specimens.
The classic Nihewan Fauna primarily consists of large mammals, including four orders of Perissodactyla, Artiodactyla, Carnivora, Proboscidea, and many genera. Therefore, the specimens were catalogued, noting the characteristics and information of all known species of the classic Nihewan Fauna in a database and thus succeeded in updating the list of classic Nihewan Fauna (Table1).
TABLE 1 | The updated list of classic Nihewan Fauna. Modified after Tong et al. (2021).
[image: Table 1]Measurement of the specimens was executed by using a digital calliper and, in some instances, a laser measurer for measuring the larger specimens. These statistics, accompanied by identification tags, and other important properties of each specimen, were then recorded in a broad sheet Excel file. Additionally, since the authors were not granted permission to relocate some of these specimens, the selected specimens were photographed.
2.2 Biostratigraphy
The term Nihewan Basin in this study is mainly adopted to refer to sections within three main gorges incised into the basin infill in the vicinity of the village of Nihewan. These gorges are named from east to west Shixia, Xiashagou and Langdonggou. Yet, a continuous outcrop of Nihewan Formation is exposed in none of these places. Therefore, all these localities were surveyed, the sequence systematically measured, and the fossil and sediment were sampled. For the sedimentological analysis in the field and logging, the method of Stow (2010) was followed, while the biostratigraphical profile was compiled by following Lister (1992) and Wang et al. (2013).
As a standard technique, the following stages were followed in constructing the Nihewan Formation and Fauna biostratigraphical profile: 1. Locate the area of interest and identify the exposed rock formations; 2. Find potential mammalian fossil sites within the formations; 3. Conduct stratigraphical analyses in the area to determine the approximate age of the rock formations; 4. Measure the thickness and distribution of the rock formations at five locations, and identify the different strata within the Nihewan Formation; 5. Collect mammalian fossils from each layer or stratum, and identify each fossil’s species and approximate age; 6. Compare the collection of mammalian fossils with those from other areas and stratigraphic sequences to build a chronological framework for the area of interest; 7. Determine the age of the rock formations within the area by matching the mammalian fossils to known time periods in the geological timescale; 8. Use the established chronology to correlate the rock formations within the area to other geological sequences and to interpret the region’s geological history. Overall, the original classic Nihewan Fauna was analysed to determine their relative age and this information was used to build a chronological framework and interpret the geological history of the Nihewan Formation.
3 RESULTS
In the previous study of the original fossil localities of the classic Nihewan Fauna, Farjand et al. (2023), rediscovered 30 of the original fossil sites (Table 2). This study used the position of these fossil localities to find their position on the overall stratigraphy of the Nihewan Formation. As a result, it was shown that the classic Nihewan Fauna occurs at least six fossil horizons (Table 3, Table 4). Furthermore, the number and diagnosis of each specimen and their appearance on these fossil horizons were noted. These data show a shift in the biodiversity of classic Nihewan Fauna during the Early Pleistocene that coincides with the lithological and perhaps paleoclimate alterations.
TABLE 2 | The location of original fossil localities of the Classic Nihewan Fauna in the Xiashagou Valley (Farjand et al., 2023).
[image: Table 2]TABLE 3 | Identified Fossil Horizons in the Nihewan Formation, Xiashagou section (Farjand et al., 2023).
[image: Table 3]TABLE 4 | The large mammal fossil specimen count of each fossil horizon in the Xiashagou section.
[image: Table 4]The actual thickness of the Nihewan Formation was measured in the Xiashagou section at 116 m. Here the sequence could be divided into three members based on lithological changes (Figure 3). Each of these members represents different phases of the depositional process and numerous minor lithological changes during the Plio-Pleistocene. The lower member of the Nihewan Formation is only exposed to the south of the Xiashagou villages on the eastern side of the valley. This member is comprises massive reddish/brownish sandy, silty claystone (Figure 4). Unlike the red clay of the Shixia Formation, there is no visible calcareous or carbonate concentration. This thick red silty clay/clayish silt overlain at least 3.5 m of gravel and conglomerate. This coarse fluvial deposit marks the onset of deposition of the Nihewan Formation in the Xiashagou section. Moreover, this member’s thickness was measured 14.5 m.
[image: Figure 3]FIGURE 3 | Rediscovered original fossil localities around the Xiashagou village and the geological setting. The numbers 1 to 5 mark the location of outcrops that were measured for reconstructing the biostratigraphical profile.
[image: Figure 4]FIGURE 4 | (A) The Lower member, (B) The Middle member, (C) The Upper member of the Nihewan Formation in the Xiashagou section.
No original fossils nor localities were identified from the lower member, except some newly discovered Equidae fragments and some ichnofossils. The magnetostratigraphical data from Liu et al. (2012) shows that the Gauss–Matuyama magnetic boundary is located within this unit. The age of these deposits is therefore estimated at 2.6 to 2.4 Ma (i.e., basal Pleistocene). We emphasize that the current authors have carried out no original magneto-stratigraphic work.
The middle member of the Nihewan Formation displays a rapid change in lithology and the palaeoenvironment. This member comprises fluvial sediments dominated by current-bedded yellow sand and silty sand interbeds with thin layers of pebbles and gravel lenses (Figure 4). These strata are about 44 m thick. This unit retains all the original fossil sites. The current magnetostratigraphy suggests an age of 2.4 Ma at the base and its termination by the end of the Olduvai Subchron at 1.8 Ma.
The appearance of thick fluvial cycles of cross-bedded gravel and sand characterises the Nihewan Formation’s upper member (Figure 4). The upper member outcrops in various places north of Xiashagou village, where Malan Loess abruptly overlies this member. We measured around 55 m of the upper member.
This member includes none of the rediscovered original fossil localities. However, the authors did recover small mammal remains from the lower, and a broken antler and mandible from the middle part of this member. Chronologically the onset of the Upper Member coincides with the termination of the Olduvai Subchron (i.e., 1.8 Ma), and it continues to the beginning of Brunhes normal polarity reversal, while containing the Jaramillo Subchron. Therefore, the paleomagnetic data suggest an age of 1.8 to 0.6 Ma.
4 DISCUSSION
4.1 The Early Pleistocene climate change
The Early Pleistocene is widely known for the multiple, yet short glacial/interglacial climatic periodicity with c. 40 ky cycles (e.g., Lisiecki and Raymo, 2007), which later gave way to the 100 ky cycles during the Mid-Pleistocene transition. (Huybers, 2006). These fluctuations in temperature and precipitation eventually drove the mass migrations and megafaunal extinction by the end of the epoch. For example, by the middle of the Early Pleistocene, many large Felidae, Hyaenidae and even small Canidae, such as Nyctereutes sinensis (Farjand et al., 2020), had disappeared from the Nihewan Basin. Indeed, the Nihewan Faunal assemblages exceptionally portray this transformation.
The Early Pleistocene deposition in the Nihewan Basin (lower member) exhibits a low-energy palaeoenvironment predominantly represented by lacustrine sediments. This massive brownish silty clay and silt are contemporaneous with deposition of the Wucheng Loess (An, 2014) and the retreating Nihewan Palaeolake. Later, climatic change and uplift of the Nihewan strata determined the form and character of the Nihewan Formation Middle and Upper members. In comparison, the Middle member records numerous cycles of water flow, alternating dry and wet periods, whilst the Upper member is marked by forming of proximal alluvial fan deposits and a feeder river. This alteration was observed during the fieldwork and was previously mentioned by authors (Farjand, et al., 2023). Hence, it is safe to interpret the paleoclimate change during the Early Pleistocene as impacting both the biodiversity and population of classic Nihewan Fauna. The intense change towards the colder periods of the Middle Pleistocene may have caused the final disappearance of the Classic Nihewan fauna elements or push them to beyond the basin. Pollen evidence for the environmental context of the Early Pleistocene in the Xiashagou section also indicates three cycles of cold and two warm intervals (Zhang et al., 2020).
The chronology of the classic Nihewan Fauna suggests a younger age than that of the Dongyaozitou and Danangou Fauna (Farjand, et al., 2023). However, the presence of several elements of the classic Nihewan Fauna in the older and younger strata necessitates further studies. The new discovery of large and small mammals in the Nihewan Formation upper member and hipparion material in the lower member is a testimony to the possibility that the classic Nihewan Fauna may represent a longer time span as well as including the Dongyaozitou Fauna as well. For this reason, and in the light of the evidence presented above, the Xiashagou section is proposed here as the type of section for the Nihewan Formation.
4.2 Biostratigraphy and geochronology of the classic Nihewan Fauna
The discovery of the original excavation sites and the subsequent fossil beds helped the authors to identify six fossil horizons in the Middle member of the Nihewan Formation (Farjand, et al., 2023). These fossil horizons contain several original excavation sites and have a unique age. Despite the similar lithological properties in which these fossil horizons occur, they vary in fossil abundance and large-mammal distribution (Figure 5). Chronologically, the lowest fossil horizon occurs at c.15 m above the Gauss–Matuyama magnetic boundary. Therefore, this lowest horizon represents an age of ∼2.4 Ma. By contrast, the topmost fossil horizon is dated to the termination of the Olduvai Subchron. Therefore classic Nihewan Fauna represents an interval of 2.4 to1.8 Ma. Within this time span we recognized 6 fossil horizons.
[image: Figure 5]FIGURE 5 | The biostratigraphical profile of the classic Nihewan Fauna and the sediment log of the Nihewan Formation. The magnetostratigraphical profile is modified from Liu et al. (2012).
The Xiashagou Fossil Horizon 1 includes localities 13, 18, and 34. In total, 40 specimens of Bovidae sp., Cervus sp., the first appearance of Eucladoceros boulei, Paracamelus sp., Equus sanmeniensis, Canis sp., and Meles had been identified from this horizon. The Xiashagou Horizon 2 occurs at localities 3, 4, 11, 12, and 16, the richest localities, yielding 474 fossil specimens from this fossil horizon. This horizon also has produced most of the classic Nihewan Fauna (32 species). Hence, it represents the acme of the classic Nihewan Fauna. In this fossil horizon, Perissodactyla are abundant (49% of all specimens). Notably, the finds of E. sanmeniensis and Hipparion (Proboscidipparion) sinensis demonstrate the coexistence of these two species. Artiodactyla are the second largest order in this horizon, where they comprise 43% of the classic Nihewan Faunal assemblage. Carnivores are also abundant in the Fossil Horizon 2, which indicates a favored paleoenvironment for Canidae, Mustelidae, Felidae, and Hyaenidae.
In contrast, the Xiashagou Fossil Horizon 3 is represented by only 62 specimens excavated from localities 6, 6A, 14, 17, 20, and 32, while Perissodactyla (58%) and Artiodactyla (37%) are abundant. The record of Bovidae in this horizon is limited to Bison sp. and G. sinensis, whilst Carnivora are scarce. A left broken mandible of Erictis sp. marked the last appearance of Mustelidae in this unit.
Next, the Xiashagou Fossil Horizon 4 occurs in localities 2, 10, 15, and 21. The increase in species finds in this horizon suggests the reflourishing of the classic Nihewan Fauna. In this Horizon Bovidae and Cervidae are abundant, and the only known record of Spirocerus wongi was recorded. Fossil Horizon 4 marks the last occupation of Antilope sp., Elasmotherium sp. Nyctereutes sinensis, Lynx shansius and Megantereon nihowanensis and the scarceity of Equus Sanmeniensis.
The Xiashagou fossil horizon 5 includes localities numbers 9, 9A, and 31. This crucial horizon marks the disappearance of Felidae, Hyaenidae, Mustelidae, Camelidae and Girrafidae. Bovidae, such as Bison palaeosinensis, Gazella sp., Ovis sp., are also present, but Ovis ammon and Eucladoceros sp. and Hipparion sinensis appear for the last time. In contrast Sus lydekkeri and Equus teilhardi are recorded for the first time. Only 2 and 5 fossil specimens of Canis sp. and Canis chihliensis was recovered from this horizon, respectively.
The Xiashagou fossil Horizon 6 represents the last fossil occurrence in the Nihewan Formation with only two known localities of 1 and 8. Perissodactyla are the largest order at this time, and Hipparion sp. become more scarce than in lower fossil horizons. Of the 86 known specimens of Equidae, only three belong to Hipparion (Proboscidipparion) sinensis (only 3.5%), while E. sanmeniensis remains are abundant. Also present in this unit are finds of Rhinocerotidae. The only identified Dicerorhinus sp. appears in this horizon. This late appearance indicates the later arrival of this genus compared to other Rhinocerotidae. Finally, a broken tooth (m1) and a well-preserved tibia (possible in situ deposition) also indicate the presence of Elephantidae.
4.3 Statistical analysis
The authors catalogued 1,764 examples of the original classic Nihewan Fauna for this study. However, only 60% (1,048 specimens) of them were employed in this research because of their improper preparation and missing original information. The statistical analysis shows that Perissodactyla are the most prominent order within the classic Nihewan Fauna as a whole, consisting of 48.9% of all the specimens. They are followed by Artiodactyla, Carnivora and Proboscidea which comprised 43.2%, 7.3%, and 0.2%, respectively (Figure 6).
[image: Figure 6]FIGURE 6 | The general biodiversity of the classic Nihewan Fauna and each fossil horizon.
Furthermore, the fossil abundance varies in each fossil horizon. This fluctuation in biodiversity of classic Nihewan Fauna were recognised during the Early Pleistocene by comparing the number of genera and specimens that were preserved on each of these fossil horizons (Figure 7). A sharp increase in the number of recovered mammalian fossils from XFH-1 (40 specimens) to XFH-2 (474 specimens) displays an acme around 2.2 Mya (Figure 5), while the XFH-3 and XFH-4 resemble the next cycle of reduction and increase. A sharp decrease in the quantity and biodiversity of mammalian fossils in XFH-3 (62 fossil specimens) is replaced by a marked increase in the number of genera and increasing biodiversity of large mammals in XFH-4 (153 fossil specimens). However, compared to XFH-2, XFH-4 it is less fossiliferous. This weak revival of the number of mammalian fossils is more noticeable when compared to the Carnivora from these two fossil horizons. The absence of Felidae, Mustelidae, and Hyaenidae in XFH-5 and XFH-6 supports the view that the total disappearance of Felidae records immediately before the onset of the Olduvai Subchron.
[image: Figure 7]FIGURE 7 | Number of genera and specimens on each fossil horizon.
The upper part of the middle member of the Nihewan Formation also shows the third and weakest cycle of disappearance and revival of taxa of the classic Nihewan Fauna during the Olduvai Subchron. Currently, there are explanations for this event. However, the effect of this short earth magnetic reversal on the decline of classic Nihewan Fauna may have caused the prominent Perissodactyla population to decrease dramatically and triggered the extinction of all Hipparion species. On the contrary, the termination of Olduvai Subchron could be marked by an increase in the population of Ovis sp., Gazella sp. And Bison sp. We acknowledge that further analysis of the biostratigraphy profile of the other Early Pleistocene Fauna, such as Yuanmou Fauna, is required to fully establish this connection.
Meanwhile, the Rhinocerotidae are among the families least affected in the Xiashagou section. Although the fossil record of Proboscidea in this section is insufficient for a reliable analysis, they are undeniably present throughout the Early to Middle Pleistocene (Tong and Wang, 2014). Rhinocerotidae are the fourth most abundant family of classic Nihewan Fauna (11.4%). The most noticeable aspect of the presence of Rhinocerotidae is the replacement of Elasmotherium sp. By Dicerorhinus sp. on the onset of Olduvai Subchron.
The record for Canidae, Felidae, Mustelidae, Hyaenidae, Elephantidae, Girrafidae, and Suidae is also insufficient to allow reliable analysis. However, the survival of more generalised Canidae by the end of Olduvai Subchron is remarkable. The scarcity of food, rapid climate change and their inability to adapt to environmental changes possibly caused the disappearance of Hypercarnivores. The recent palynological study of the Nihewan Formation support the climatic events (Zhang, et al., 2020).
5 CONCLUSION
This study presents the biostratigraphical profile of the Nihewan Formation that includes the distribution of classic Nihewan Fauna and it’s age estimation. As a result we show that the appearance of all known classic Nihewan Faunal elements are contemporary to deposition of middle member (2.4–1.8 Ma). Henceforward, the classic Nihewan Fauna potentially includes various groups of large mammals that may not have coexisted. Moreover, the biodiversity of the classic Nihewan Fauna altered significantly, while some large predators completely disappeared. The newly discovered hipparion material and cervids from the Lower and Upper members, respectively, also necessitate further excavation before the active sand mining activities destroy the history of this precious early Pleistocene record of large and small mammals once and for all.
This study also unexpectedly emphasised the possible importance or effects of the Olduvai Subchron in the disappearance of classic Nihewan Fauna. This new biostratigraphical profile indicates that the Olduvai Subchron coincided with lithological and paleoclimatic changes in the region, together with the almost a total collapse of the large mammals that colonised the Nihewan Basin at the time. Therefore, it is suggested that the Olduvai Subchron as an event requires further high-resolution paleomagnetic and Cosmogenic Nuclides analyses.
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Marked in

Original maps

1 62 3 Yes 4017'35.36"N 114°42'29.93"E
2 66 0 Yes 40716'47.79"N 114°42'36.77"E
3 221 23 Yes 4016'33.73"N 114°42'47.41"E
4 10 n Yes 40°16/32.08"N 114°42'46.43"E
5 74 6 Yes 40°16'44.66"N 114°42'35.31"E
6 51 2 Yes 4016'53.86"N 11443'561"E
% 23 0 No 40'15'52.86"N 114'41'21.00"E
8 136 0 Yes 40°17'3945"N 114°42'28.20"E
9 101 5 Yes 40'17'19.16"N 114'42'9.16"E
10 39 3 Yes 4017'4.06"N 114°42'5240"E
1 151 3 Yes 4016'23.90"N 114°42'49.85"E
12 4 0 Yes 40716'25.03"N 114°42'46.34"E
13 2 2 Yes 40°16'8.40"N 114°42'51.39"E
14 1 0 Yes 4016'45.70"N 114°42'26.11"E
15 68 1 Yes 4016'59.72'N 114°42'5943"E
16 1 1 Yes 4016'48.39"N 11443'821"E
17 10 2 Yes 4016'51.16"N 11443'3.12"E
18 6 0 Yes 40°16'13.56"N 114'42'49.96"E
19 0 0 Yes 40°17'11.47"N 114°43'119"E
20 x 2 Yes 40'16'42.34"N 11442'46.23"E
21 1 0 Yes 4017'8.04'N 114°42'53.34"E
22 3 1 Yes 40°16/38.97"N 114°42'37.87"E
23 21 1 Yes 4016'29.53"N 114°42'58.53"E
2 0 0 No - -

25 3 0 No - -

26 0 0 No - -

27 0 0 No . =

28 1 0 No - -

29 4 0 No - -

30 0 0 No = =

31 2 2 Yes 40°17'27.36 “N 114°42'11.60"E
32 12 26 Yes 40°16'43.39 “N 114°42'38.13"E
33 1 0 No 40'15'33.84 “N 114'41'096"E
34 20 0 Yes 40°16'4.83'N 14°42'497"E
35 0 1 No = =

36 2 1 Yes 4016/34.79"N 114°42'53.58"E
SA 60 8 Yes 40°16'45.62"N 114°42'33.70"E
6A 1 0 No - -
9A 1 2 Yes 4017'2022"N 11442'635"E
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Orde Family Genus Species
Artiodactyla Bovidae Bison Bison palacosinensis
sp.
Ovibovine Megalovis piveteaui
Gazella Gazella subgutturosa
Gazella sinensis
sp.
Spirocerus Spiroceros wongi
Spiroceros cf. peii
? Antelospira robusta
Ovis Ovis shantungensis
.
Antilope Hydropotes sp
Protoryx? sp.
Cervidae Cervulus ‘Muntiacus bohlini
Cervus (Elaphurus) Elaphurus bifurcatus
Cervus (Eucladoceros) Eucladoceros boulei
Cervus (Rusa) Nipponicerus elegans
Cervus (Rusa) .
Cervus (Canadensis) sp.
Axis sp.
Camelidae Camelus (Paracamelus) Paracamelus gigas
sp.
Suidae Sus Sus lydekkeri
Girrafidae .
Perissodactyla Equidae Equus Equus sanmeniensis
Equus teilhardi
Hipparion (Proboscidipparion) Hipparion (Proboscidipparion) sinense
sp.
Rhinocerotidae Rhinoceros Stephanorhinus yunchuchensis
Coelodonta nihowanensis
sp.
Coelodonta .
Elasmotherium Elasmotherium sp
Dicerorhinus sp.
Chalicothere Chalicotherium Postschizotherium chardini
Circotherium Hesperotherium sp.
Proboscidea Elephantidae Elephas Mammuthus trogontherii
Eulipotyphla Erinaceidae Erinaceus Erinaceus cf. dealbatus
Rodentia Dipodidae Allactaga Allactaga sibirica
Spalacidae Siphneus (Myospalax) Yangia tingi
Arvicolidae Borsodia chinensis
Ochtonoidae Ochtona Ochtonoides complicidens
Carnivora Canidae Canis Canis chihliensis
Canis palmidens
Nyctereutes Nyctereutes sinensis
.
Eucyon Eucyon minor
Vulpes Vulpus chikushanensis
Felidae Homotherium Homotherium crenatidens
Megantereon Megantereon nihewanensis
Acinonyx Acinonyx sp.

Lynx

Lynx shansius
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Xiashagou fossil horizon

Sum

Percentage

Bovidae 6| 8 |6 28 31|54 210 20
Cervidae 16 113 17 34 36 | 15 231 2
Camelidae 4|2 |0[3|0]0 9 09
Suidae 0 0 0 0 1 1 2 02
Girrafidae 0| 1 |ofo|o0o]o0 1 01
Equidae s 189 25 47 3 86 39 375
Rhinocerotidae ~ 0 | 44 | 11 |28 13 23 | 119 114
Elephantidee 0 | 1 | 1 | 2 0 | 2 6 06
Canidae 5|23 |18 |n|s 56 53
Mustelidae 1.1 1,0 00 3 03
Felidae o120 [3|0]0 15 14
Hyaenidae 0/ 3 0 0 00 3 03
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Fossil horizon

Locality numbers
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(TNHM)

Specimens

(MNHN)

XFH-1 13,18, 34 38 2
XFH-2 3,4,11,12, 16,23 508 39
XFH-3 6, 14,17, 20, 32 75 32
XFH-4 2,10, 15,21 174 4
XFH-5 9,94, 31 17 9
XFH-6 18 198 3
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