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            Abstract
Considerable attention has been paid to dating the earliest appearance of hominins outside Africa. The earliest skeletal and artefactual evidence for the genus Homo in Asia currently comes from Dmanisi, Georgia, and is dated to approximately 1.77â€“1.85 million years ago (Ma)1. Two incisors that may belong to Homo erectus come from Yuanmou, south China, and are dated to 1.7Â Ma2; the next-oldest evidence is an H. erectus cranium from Lantian (Gongwangling)â€”which has recently been dated to 1.63Â Ma3â€”and the earliest hominin fossils from the Sangiran dome in Java, which are dated to about 1.5â€“1.6Â Ma4. Artefacts from Majuangou III5 and Shangshazui6 in the Nihewan basin, north China, have also been dated to 1.6â€“1.7Â Ma. Here we report an Early Pleistocene and largely continuous artefact sequence from Shangchen, which is a newly discovered Palaeolithic locality of the southern Chinese Loess Plateau, near Gongwangling in Lantian county. The site contains 17 artefact layers that extend from palaeosol S15â€”dated to approximately 1.26Â Maâ€”to loess L28, which we date to about 2.12Â Ma. This discovery implies that hominins left Africa earlier than indicated by the evidence from Dmanisi.
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                    Fig. 1: Location map of the Chinese Loess Plateau and the Lantian area.[image: ]


Fig. 2: The landscape and loessâ€“palaeosol section of the Shangchen Palaeolithic locality.[image: ]


Fig. 3: Summary of the loessâ€“palaeosol section with artefact sequence of the Shangchen Palaeolithic locality.[image: ]


Fig. 4: Selected artefacts found in situ in layers S27â€“L28 (2.09â€“2.12Â Ma), L27 (1.95â€“2.09Â Ma), L25 (1.73â€“1.80Â Ma) and S23 (1.59â€“1.65Â Ma) from the Shangchen Palaeolithic locality.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Material composition of aeolian deposits in the Lantian area.
a, b, Grain size distributions for loess (a) and palaeosol (b) samples from the Shangchen section. The features of sediments in Shangchen section are the same as those from the Lingtai section31, which is one of the typical Chinese loess sections. This indicates that sediments from the Shangchen section are aeolian deposits that are similar to those at Lingtai. c, Comparison of major elements between the loess sediments at Lantian and Luochuan7. The x and y coordinates represent logarithmic values of the major element content of loess from Luochuan and Lantian, respectively, and the plot shows that loess from the two sites is geochemically similar (data fall on or close to the 1:1 line). d, Chondrite-normalized rare-earth element distribution patterns for loess and palaeosol samples from the Shangchen section. Characteristics of partition modes of rare-earth elements from loess and palaeosol samples in the Shangchen section indicate they are the same as those from the Luochuan section.


Extended Data Fig. 2 Rock magnetism.
a, Temperature-dependent magnetization variations for four representative samples from the Shangchen section. Arrows indicate heating or cooling runs. These curves were obtained in air using a field of 100â€‰mT, and indicate the presence of maghemite, dominant magnetite and haematite. This type of magnetic mineral assemblage is typical of that previously recovered for the Chinese loessâ€“palaeosol sequence19,32. b, Hysteresis loops for representative samples after correction for paramagnetic slope. Ms, saturation magnetization; Mrs, saturation remanence; Bc, coercive force; and Bcr, coercivity of remanence. c, Anisotropy of magnetic susceptibility for 694 specimens from loess L5 to loess L28 in the main section that we studied, and parallel sections at the Shangchen locality. Left, Flinn diagram. L, lineation (Îºmax/Îºint). F, foliation (Îºint/Îºmin). Right, stereographic projections of anisotropy-of-magnetic-susceptibility ellipsoids of specimens. Data for Îºmax and Îºmin are shown as black squares and red circles, respectively. The data are indicative of normal, undisturbed sedimentary fabrics and support the magnetostratigraphic interpretation presented in this study. d, Equal area projections for the natural remanent (left) and characteristic remanent (right) magnetization directions for all 694 studied specimens.


Extended Data Fig. 3 Palaeomagnetic dating.
aâ€“o, Demagnetization diagrams for representative specimens from the Shangchen section. Solid and open symbols refer to data projected onto the horizontal and vertical planes, respectively. Scales of demagnetization temperature and coordinate axes are in degrees Celsius and mAÂ mâˆ’1, respectively. In m, n, the specimens from the magnetic horizon of the RÃ©union excursion are shown. See Source Data for detailed listings of palaeomagnetic data from the Shangchen section.


Extended Data Fig. 4 Landscape in which palaeomagnetic sampling and artefact collecting were carried out at the Shangchen locality.
The establishment of magnetostratigraphy in the Shangchen locality was based on the traditional and effective-linking methods (using marker layers and palaeomagnetic reversal boundaries of offset sections29). The comprehensive main section and timescale of the Shangchen locality have been established from five subsections, the spatial distribution of which is shown below. a, b, The main sections are exposed continuously along the same gully. Because of the steep terrain and multistep gully bottom (see c, d), we divided the sampling into four subsections (offset sections) in this gully. Several marker layersâ€”such as L9, L15 and L25â€”that are white and thick are obvious in the section at short range and can easily be used to link the subsections. The subsections I, II, III and IV contain the following layers: I (L5â€“L15), II (L15â€“L25), III (L25â€“L27), and IV (L27-L28, on the other side of the slope). c, The steep subsection II with fresh outcrops of original loess and palaeosols. Many artefacts were found within more than 10 horizons in subsection II or on both its sides. The first artefact was found here in S22. Note the two individuals on the upper part of the section as an approximate scale. d, Subsection V, which is a short parallel section opposite subsection II (c). e, Many artefacts were found in situ in palaeosol S22 during our sampling and excavation. Palaeomagnetic analysis confirms that the artefacts were collected from undisturbed loess or palaeosol (seeÂ Supplementary Information). The steepness of slope (shown in c, d) prevents large-scale excavation. More details can be seen in Extended Data Fig.Â 6. f, g, The section of the exploratory trench (named subsection KW) contains layers L25â€“L28. It is part of the same small hill as the main composite section (subsections Iâ€“IV), and is located about 500â€‰m northeast of palaeomagnetic section IV (see Extended Data Fig.Â 5a). Based on the outcrops of marker layers L9, L15 and L25 in the loessâ€“palaeosol sequence, these sections can easily be linked (see Extended Data Fig.Â 5 for further details).


Extended Data Fig. 5 Distribution and linking method of sections at the Shangchen locality.
a, Schematic plan of the subsections of palaeomagnetic sampling. The numbers 800 and 900 refer to the height in metres above sea level. The contour interval is 20â€‰m. Subsection KW refers to the additional parallel section from L25 to L28 with the excavation into S27 and L28. b, Schematic of the method used to link the five subsections in the Shangchen locality. This figure and Extended Data Fig.Â 4 show the loessâ€“palaeosol stratigraphy, with key marker layers, sampled subsections and the locations where artefacts were found. The details of the method used to link the five subsections are given below. Subsections I and II are linked on the basis of the L15/S15 boundary. Measured horizons of subsection I start from the mid-to-lower part of L5 and run downward to the base of marker layer L15 (to the boundary of L15/S15). Measured horizons of subsection II start from the lowest part of L15 and run downward to the lower part of L25. Because the measured thickness of marker layer L15 is the same in both subsections I and II, we cut out the overlapped L15 in subsection II. Thus, subsection I ends at the base of L15, and subsection II begins at the top of S15. Subsections II and III are linked on the basis of the top boundary of the Olduvai subchron. A small normal-polarity segment of the Olduvai subchron was detected in the marker layer L25 at the base of II. Measured horizons of subsection III start from the lower part of L25 to the top of L27, and record the entire Olduvai subchron with a small reversed-polarity segment on the top (in L25) and at the base (top of L27) of the subsection. Thus, the overlapped normal-polarity segment of the Olduvai subchron at the base of subsection II and a small reverse-polarity segment on top of subsection III were cut out. The reverse-polarity segment at the base of subsection II is linked to the normal-polarity top segment of subsection III, and the whole normal-polarity segment of the Olduvai subchron is contained within subsection III. Subsections III and IV were linked on the basis of the base of the Olduvai subchron. Measured horizons of subsection IV start from the top of L27 to the mid-to-upper part of L28, with a small normal-polarity segment of the base of the Olduvai subchron at the top. After cutting out both the small reverse-polarity segment at the base of subsection III and the small normal-polarity segment on top of subsection IV, the reverse-polarity segment just below the Olduvai subchron in subsection IV is linked to the normal-polarity base of the Olduvai segment in subsection III. Subsection KW contains horizons of L25 (marker layer) to L28, including units L25, S25, L26, S26, L27, S27 and L28. Against the general background of reversed magnetostratigraphy, two normal magnetozonesâ€”the Olduvai subchron (1.78â€“1.95Â Ma) and the RÃ©union excursion (2.13â€“2.15Â Ma)â€”are recorded. Therefore, section IV and section KW are linked by the base of S27 (that is, S27 at the base of section IV is linked to L28 at the top of subsection KW). Subsection V is opposite of subsection II, which is on the other side of a narrow gully and has two distinct marker layers, L15 in the upper half and L25 in the lower half. There is a palaeosol layer with many artefacts in the middle part of subsection V. The stratigraphic correlation and horizon number demonstrate that this layer belongs to S22. Palaeomagnetic measurements on samples collected from this parallel section all showed reversed polarity.


Extended Data Fig. 6 Stone artefacts found during the sampling of S22 (1.54â€“1.57Â Ma) and S24 (1.71â€“1.73Â Ma) at the Shangchen section.
a, First discovery of a stone artefact in S22 (â€˜place Iâ€™). b, Schematic profile of the section-cutting of place II. c, The place II section was excavated into the original palaeosol layer to a depth of about 150â€‰cm. Note the presence of stone artefacts on a ledge in the original palaeosol, below the weathered crust. d, View of the excavation in subsection V. e, Profile of the original slope surface with a weathered crust of only 3â€“6-cm thickness, and no slope wash. Palaeomagnetic analysis of the samples taken around the stone artefacts confirmed that they were in undisturbed deposit. f, View of the excavation in S24. Note the weathered surface crust upslope, the slope wash to the left of the cutting and section cleaning debris below the excavation. g, Schematic profile of excavation into S24. h, Side view of place I of the section cut by the excavation, showing two artefacts within fresh original palaeosol. Note that there is a clear difference between the thin weathered crust and the original loess. iâ€“k, Discovery and exposure of a large quartzite core in place II of the section (i, j), which led to the removal of the core shown in k. Details of the large core (SC080710-1) are given in Supplementary TableÂ 6. Analysis of the palaeomagnetic samples taken alongside the stone artefacts showed that the loess and palaeosol was undisturbed, and did not represent slope wash.


Extended Data Fig. 7 Details of artefacts excavated from the roadside section at the Shangchen locality from S27, which occurs below the Olduvai subchron and is dated to approximately 2.1Â Ma.
The hill slope is covered by a dark brown slope wash of 10â€“30-cm thickness that is easily distinguishable from the in situ loess in the roadside section. After cleaning the section, stone artefacts were exposed between 1.5 and 3â€‰m below the top of the section, and extracted from in situ loess. a, b, This shows the obvious difference between slope wash and the original loessâ€“palaeosol layer. b, First finding of a stone standing out of the surface crust which is situated about 1.5â€‰m below the top of slope wash. câ€“f, The finding and collecting process for the artefact is the same in Extended Data Fig. 6. Details of the artefact SC 20120507-3â€”which was found after digging >30â€‰cm into the fresh original palaeosol layerâ€”are given in Fig.Â 4a, Supplementary TablesÂ 6, 7 and Supplementary VideoÂ 1. gâ€“i, A stone is marked with its specimen number before removal (g), and the artefact is disclosed step by step (h, i). j, The stone artefact after removal. k, View of core (SC20120507-1). Clear flake scars are evident. This piece is shown in Fig.Â 4d and details are given in Supplementary TablesÂ 6, 7.


Extended Data Fig. 8 The stratigraphic partition, grid layout and distribution of artefacts and fossils in the exploratory trench (subsection KW) in S27 and L28.
a, b, The vertical section (a) and the horizontal plane (b) of the exploratory trench, which is composed of a primary and a secondary trench. The primary exploratory trench is 6â€‰m long, 1.4â€“1.78â€‰m deep and 2â€‰m wide, and the secondary trench is 1.7â€‰m long, 2â€‰m deep and 2â€‰m wide. The excavated area (approximately 15.4â€‰m2) was divided into a grid of 1-mÂ Ã—Â 1-m squares. I, II, the numbers of grid lines on the vertical section. A1â€“A6 and B1â€“B6, numbers of the grid squares on the horizontal plane in the primary trench. â€“A1, â€“B1, the numbers of grid lines on the horizontal plane in the secondary trench. In the south and the north of the primary trench, 108 palaeomagnetic samples were continuously collected in two sampling trenches. The north sampling trench is 0.8â€“1â€‰m wide and 2.3â€‰m deep, and the south sampling trench is 0.4â€‰m wide and 1.2â€‰m deep. Some stone artefacts and fossil remains were excavated in situ in S27 and L28 from our exploratory trench. The features of eight artefacts can be seen in Fig.Â 4, Extended Data Fig.Â 10 and Supplementary TableÂ 6. The fossils from the excavation were primarily tooth and bone fragments (Extended Data Fig.Â 10) of different animals, including a cervid, a bovid and a suid. No bones or jaws were complete. The fossil remains and stone artefacts occurred on the same horizon and were close to one another. Note that the artefacts and fossils also occur in the deepest part of the trench and not near the modern slope surface.


Extended Data Fig. 9 The excavation of the exploratory trench (the subsection KW) in layers S27 and L28 at Shangchen locality.
aâ€“c, The primary (a, c) and secondary (b) exploratory trenches. d, e, Palaeomagnetic sampling trench in the north of the primary exploratory trench. The boundary between the cultivated horizon (cropland soil) and original loess horizon (S27) is very clear. The top layer is a grass-covered cropland soil of a depth of 20â€“40â€‰cm (without any crops planted at this time). Underlying the cultivated layer are clear, homogeneous, solid and undisturbed loessâ€“palaeosol strata. Several stones and fossils were found in situ in the original palaeosolâ€“loess strata (S27â€“L28). These stones and mammalian fossils were kept in the reserved pillars of palaeosol and loess during the exploration process (aâ€“c). The RÃ©union excursion is situated in the lower part (L28) of the palaeomagnetic sampling trench (e).


Extended Data Fig. 10 Selected artefacts and fossils from the exploratory trench (subsection KW) in S27 and L28.
These are the oldest artefacts discovered at the Shangchen locality during this investigation. a, Quartzite core (SC-K4) from the boundary between S27 and L28 at a depth of 60â€“70â€‰cm below the boundary between cultivated soil and fresh original palaeosol, and 164â€‰cm above the end of the RÃ©union excursion. See Fig.Â 4i and Supplementary TablesÂ 6, 7 for details. b, c, The oldest artefacts SC-K30 and SC-K55 within L28 from the exploratory trench, from 69â€“114â€‰cm above the end of the RÃ©union excursion. See Supplementary TableÂ 6 for details. d, Quartzite flake tool (SC-K5) from the exploratory trench, from the boundary between S27 and L28 at a depth of about 75â€‰cm below the boundary between cultivated soil and fresh original palaeosol and 149â€‰cm above the end of the RÃ©union excursion. See Fig.Â 4h and Supplementary TablesÂ 6, 7 for details. e, Flake tool SC-K54 from within the L28 from the exploratory trench. f, Mandibular fragment of a small bovid (SC-K60) from the same horizon of S27 as the stone artefacts found during the excavation of S27 and L28. Top image shows the occlusal view of the mandible. g, A left mandibular fragment of a large cervid (SC-K10), which was found near and in the same horizon of S27â€“L28 as the stone artefacts SC-K4 and SC-K5. In the scales, each division represents 1â€‰cm.
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