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Abstract 

Personal ornaments have become a key cultural proxy to investigate cognitive evolution, 

modern human dispersal and population dynamics. Here we reassess personal ornaments 

found at Zhoukoudian Upper Cave and compare them with those from other Late Paleolithic 

Northern Chinese sites. We reappraise the information provided by Pei Wen Chung on Upper 

Cave personal ornaments lost during WWII and analyze casts of 17 of them, along with two 
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unpublished objects displayed at the Zhoukoudian Site Museum and three original perforated 

teeth rediscovered at the Zhoukoudian Site Museum. We apply archeozoological, 

technological and use-wear analyses to document variation in ornamental practices and their 

change throughout the site stratigraphy. Badger, fox, red deer, sika deer, marten and tiger 

teeth as well as carp bone, bird bone, Anadara shell, limestone beads and perforated pebble 

appear to have been the preferred objects used as ornaments by Upper Cave visitors. 

Multivariate analysis of technological data highlights a correspondence between cultural 

layers and perforation techniques, with radial incising being typical of layer L2 and 

bidirectional incising of L4. The three rediscovered badger canines display features 

suggesting they were sewed on clothing rather than suspended from necklaces or bracelets. 

Elemental (SEM-EDS) and mineralogical (µ-Raman) analyses of red residues adhering to the 

rediscovered teeth indicate these objects were originally coated with ochre and identify 

variations that match differences in technology. The two ornaments exhibited at the 

Zhoukoudian Site Museum are ancient teeth that were recently perforated and should be 

excluded from the Upper Cave assemblage. A seriation of Late Paleolithic ornaments found 

at Northern Chinese sites identifies a clear-cut difference in preferred ornament types 

between western and eastern sites, interpreted as reflecting two long-lasting traditions in 

garment symbolic codes.  

 

Keywords: Symbolism; East Asia; Upper Paleolithic; Homo sapiens; Fake identification; 

Residue analysis 

 

1. Introduction 
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The last two decades have radically changed our understanding of the origin and 

evolution of technologies used by humans to modify their appearance and transform their 

bodies into means of communication. Evidence attesting to a very ancient use of mineral 

pigments in Africa and Europe indicates that body painting and associated practices may date 

back to at least 300 ka (Roebroeks et al., 2012; de Lumley et al., 2016; Watts et al., 2016; 

Brooks et al., 2018). A growing number of African and Levantine sites has revealed that the 

origin of ornament manufacture and use should be pushed back to at least 120 ka 

(Bouzouggar et al., 2007; Steele et al., 2019; Vanhaeren et al., 2019; Bar-Yosef Mayer et al., 

2020; d’Errico et al., 2020). Compared to the earliest occurrences of pigment and personal 

ornament in Africa, Levant and Europe, the evidence from East Asia is relatively recent 

(Song and Shi, 2013; Wei et al., 2016, 2017; Pitarch Martí et al., 2017; Langley et al., 2019, 

2020; Li et al., 2020). For most of the last century, Zhoukoudian Upper Cave Upper Cave 

(UC), which is the focus of the present work, has represented the only Paleolithic site 

providing substantial information on early personal ornamentation and ochre use in East Asia 

(e.g., Reynolds, 1991; Clark et al., 1992; Wu, 2004; Norton and Jin, 2009). The discovery of 

personal ornaments at Xiaogushan, Liaoning Province, (Huang et al., 1986), has not 

dramatically changed this picture due to the relatively small number of objects found at this 

site and uncertainties surrounding the chronology of its occupations. 

Recent discoveries from Asia document in unprecedented ways the first occurrences 

of body ornamentation in various sub-regions of this vast continent. They reveal a striking 

diversity and complexity of practices and provide initial insights into long-term regional 

trends (Pitulko et al., 2012; Song and Shi, 2013; Stiner et al., 2013; Wei et al., 2016, 2017; 

Pitarch Martí et al., 2017; Shidrang, 2018; Bosch et al., 2019; Langley et al., 2019, 2020; 

Bar-Yosef Mayer et al., 2020; Shunkov et al., 2020). However, the number of sites we can 

rely upon to document the origin of this key phenomenon in Asia remains limited, and those 
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with sufficient material to characterize the practices involved in personal ornaments 

manufacture and use are even rarer. Only a handful of sites have yielded personal ornaments 

within stratigraphic sequences covering a long timespan, allowing to document changes in 

body decoration through time (Langley et al., 2016, 2020). Consequently, we are still far 

from being able to explore regional variability of ornaments through multivariate analyses at 

a continental scale, as it was done for the early Upper Paleolithic and the Mesolithic-

Neolithic transition in Europe (Vanhaeren and d’Errico, 2006; d’Errico and Vanhaeren, 2015; 

Rigaud et al., 2015, 2018), and for Australian Aboriginal ornaments (McAdam, 2008; Balme 

and O’Connor, 2019). 

In Asia, the origin of personal ornaments is a research subject closely intertwined 

with that of modern human dispersal out of Africa. The first reason for such a connection 

certainly lies in the fact that ornaments and ochre use were traditionally regarded, before the 

African discoveries, as a distinctive feature of biologically and culturally modern populations 

and the alleged adaptive advantages they would have granted to these human groups during 

their dispersal (Mellars, 2006a, b; Liu et al., 2015; Dennell et al., 2020). Second, this 

association is supported by the fact that, unlike in Europe, Asian archaeological contexts in 

which ornaments and ochre co-occur at sites occupied by archaic populations, such as 

Neanderthals and Denisovans, are very rare (Petraglia et al., 2007; Bar-Yosef Mayer et al., 

2020; Shunkov et al., 2020). In addition, most of the earliest known occurrences of these 

novel cultural traits date back to ca. 45–40 ka, an age fully consistent with the attested 

presence of modern humans in many regions of East Asia and Wallacea (Kealy et al., 2016; 

Bergström et al., 2021). In North China, for instance, the direct dating of modern human 

remains from Tianyuan Cave (Shang et al., 2007), the locality 27 of the Zhoukoudian site 

complex, and presence of hæmatite at this site (Tong et al., 2004), suggest a link between 

modern human dispersal and symbolic material culture around 42–39 ka. Third, recent 
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chronological reappraisal of human remains from key Southern Chinese sites (Sun et al., 

2021) previously interpreted as early evidence for modern human dispersal between ca. 120–

80 ka (Shen et al., 2013; Bae et al., 2014; Liu et al., 2015; Dennell et al., 2020), give 

supplementary strength to the view that items of personal ornamentation and ochre use can be 

considered as proxies for modern human dispersal in this region. Direct AMS dating and 

OSL and U-Th ages for sediment and flowstones from these sites have considerably lowered 

the age of these human remains and make current evidence fully compatible with a ‘late’ 

human arrival, i.e., 50–45 ka, in this region (Curnoe et al., 2021; Sun et al., 2021; see, 

however, Higham and Douka, 2021; Martinón-Torres et al., 2021). 

Whether or not the link between modern human dispersal and complex symbolic 

material culture is confirmed by future studies, the mere presence of personal ornaments and 

pigment does not, in and of itself, shed light on past population structure and cultural 

trajectories. Given the key role these cultural items play in signaling distinct ethnic and social 

affiliations among traditional societies (Malinowski, 1922; Cordwell and Schwarz, 1979; 

Carey, 1986; Sanders, 2002; McAdam, 2008; Casella, 2012; McAdam and Davidson, 2018; 

Balme and O’Connor, 2019), the reconstruction of past population dynamics requires detailed 

investigation of the practices associated with personal ornament manufacture and pigment 

use. Such informative potential is even higher in East Asia considering the relatively 

undiagnostic character of early Late Paleolithic lithic industries, most often attributed to 

either core-and-flake or blade technologies. 

Prior to the current study, it was believed that owing to the regrettable loss of the 

Zhoukoudian collections during the Second World War, the information available on the 

personal ornaments and mineral pigments found by Pei Wen Chung during his excavation at 

UC was restricted to the illustrations and descriptions contained in his monograph (Pei, 

1939), a few plaster casts of ornaments curated at the Institute of Vertebrate Paleontology and 
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Paleoanthropology (IVPP) in Beijing, and two perforated teeth reported by Sina News on 

their website in 2005 (Sina News, 2005), exhibited at the Zhoukoudian Site Museum (ZSM). 

In his monograph, Pei provided information on the stratigraphic provenience of personal 

ornaments and ochre fragments and proposed a taxonomic attribution for the perforated teeth, 

shells and fish bone. He further attempted to identify perforation techniques, use-wear, and 

notices the presence of ochre residues on some ornaments. By examining the excellent 

iconography contained in Pei’s monograph (1939) and the available casts, we realized more 

information could be gleaned from a reappraisal of these sources using modern analytical 

approaches. 

With this in mind, this study addresses the following aims: 

Our first aim is to present the results of a detailed analysis of Pei’s photographs and 

drawings, which provide novel information on raw material selection, the techniques used by 

UC visitors to produce personal ornaments and their evolution through time. 

Inspection of the new ZSM premises allowed us to discover that not all personal 

ornaments had been lost during the Second World War. Thus, our second aim is to submit the 

rediscovered specimens to an in-depth technological and use-wear analysis. 

Numerous pieces of ochre with anthropogenic modifications and red pigment residues 

attached to objects and human remains were reported by Pei (1939). However, the loss of the 

Zhoukoudian collections prevented their chemical characterization. Thus, our third aim is to 

analyze ochre residues adhering to the personal ornaments rediscovered at the ZSM to gather 

information on the composition of pigments used by UC people.  

Our fourth aim is to combine technological, use-wear and residue analysis to establish 

how ZSM ornaments were worn and propose hypotheses on their role in social interactions 

and group recognition.  
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Our fifth aim is to study the two purported ornaments exhibited at the ZSM. We show 

they are fossilized teeth perforated recently to transform them into personal ornaments. 

Lastly, we investigate variation in Northern Chinese Paleolithic personal ornaments to 

identify cultural dynamics, defined as the processes and mechanisms responsible for the 

maintenance, decline or expansion of cohesive cultural entities (d’Errico and Banks 2013) 

Collectively, our results provide novel perspectives on the complexity and evolution 

of symbolic practices enacted by Homo sapiens populations living in East Asia during the 

Late Pleistocene. We document two long-lasting cultural traditions possibly mirroring 

population structure, and demonstrate the value of reassessing old iconography and 

collections with new methodologies in light of emerging questions. 

 

1.1. Archaeological context 

 

UC, also known as Zhoukoudian Locality 26 (Shen et al., 2016), is one of the 27 

archeological and paleontological sites located in the Zhoukoudian region, 48 km southwest 

of Beijing (39° 41′ 21″ N, 115° 55′ 26″ E). The cave is located directly above the southwest 

wall of Zhoukoudian Locality 1, the famous ‘Peking Man’ site, where Pei and his team 

unearthed numerous Homo erectus remains (Shen et al., 2016). Discovered in 1930 and 

excavated in 1933 and 1934 by Pei and his team, the UC infilling consisted of grey sediments 

and slightly consolidated, fossiliferous breccia with limestone blocks collapsed from the cave 

wall and ceiling (Pei, 1939). Within the >10 meters sedimentary sequence, Pei identified five 

cultural layers, L1 (top) to L5 (bottom), overlying a ‘Lower Recess’ filled with 

archaeologically sterile sediment (Pei, 1939; Norton and Gao, 2008). The schematic sections 

drawn by Pei (Fig. 1) show that what he calls ‘cultural layers’ are in fact thin archaeological 

horizons separated from one another by 2–3 meters of undifferentiated deposits, in some 
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cases containing isolated archaeological items. At the bottom of the sequence, a thick, 

discontinuous, stalagmitic layer separates the UC Late Pleistocene infilling from the red-

colored, hard sediments identified as layers 1–2 in the Zhoukoudian Locality 1 sequence and 

now dated to 400 ka (Shen et al., 2001, 2009). According to Pei (1939:38), burrowing 

animals, such as the badger, caused horizontal and vertical displacements of archaeological 

material. Li and colleagues suggest this is particularly the case close to the edges of the 

deposit where 14C ages appear inconsistent (Li et al., 2018). 

UC yielded a rich faunal assemblage, which encompasses more than 50 species of fishes, 

reptilians, amphibians, mollusks, birds, and mammals (Pei, 1940). Mammals dominate the 

faunal spectrum with cervids being the most represented herbivore, rabbits accounting for 

most of the rodents, and foxes (Vulpes vulgaris, V. corsac) and badgers (Meles sp.) 

constituting the bulk of the carnivore guild. All taxa are disproportionately represented by 

cranial elements. The presence of at least 30 articulated cervid skeletons in the Lower Recess 

combined with the absence of human and cultural remains in this locus together support its 

interpretation as a natural trap (Pei, 1939; Norton and Gao, 2008). Anthropogenic 

modifications documented on faunal remains from L1 to L5 include cut marks and exposure 

to heat. Carnivore tooth marks were also recorded, indicating that carnivores may have 

played a role in the accumulation of bone (Norton and Gao, 2008). 

Numerous H. sapiens remains attributed to at least eight individuals were found at UC. 

Pei (1939) mentions the presence of isolated human bones in L1 and L2, and isolated teeth in 

L4 and L5. In the sediments sandwiched between L3 and L4, below a limestone overhang, 

Pei discovered three complete human skulls (UC101, UC102, UC103), and numerous other 

human remains. The presence of ochre coating on all skulls, personal ornaments on UC102, 

and the discovery of several articulated postcranial elements, encouraged Pei (1939) and 

Weidenreich (1939) to interpret these remains as burials of individuals interred together, or 
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over a relatively short timespan, that were later disturbed by carnivores. Recent 

morphometric analyses of the casts of these skulls have led authors to refute the hypothesis 

that the three individuals belonged to the same family, and suggest instead that their 

morphometric variability reflects variation within a broader penecontemporaneous Asian 

Pleistocene population (Cunningham and Wescott, 2002), ancestral to Paleoamericans 

(Cunningham and Jantz, 2003). 

The UC lithic assemblage comprises only 25 pieces and fits the definition of the Northern 

Chinese core-and-flake technology. Quartz is the main raw material (n = 17) followed by flint 

(n = 4), sandstone (n = 3), and chert (n = 1). Hard hammer and bipolar techniques are the 

preferred knapping strategies for the production of flakes that were later retouched into 

scrapers and end-scrapers. Bone tools are rare. The only formal bone tool consists of an eyed 

needle found in L1 (Pei, 1934, 1939; d’Errico et al., 2018). A few mammalian long bone 

fragments bearing unusual flake scars were interpreted by Pei as knapped bone tools (Pei, 

1939). Pei describes two other anthropogenically modified osseous objects: a lower mandible 

of a large Sika deer (Cervus nippon) with an unusual polish, and the basal portion of a Wapiti 

antler (Cervus elaphus canadensis) polished and decorated with a criss-cross pattern of thin 

engraved lines (see Fig. 10, Plate VI in Pei, 1939; see also Supplementary Online Material 

[SOM] Figs. S1 and S5). 

Contrary to stone or bone tools, cultural remains usually interpreted as evidence for 

symbolic behavior were found in large number at UC (Table 1). Pieces of red ochre, 

described by Pei as ‘oolitic hæmatite’, were frequently unearthed throughout the sequence. 

One of them measured 20 cm in length and some specimens bore clear traces of grinding to 

produce ochre powder and a smoothed area suggesting the use of these pieces in a fashion 

similar to crayons. Ochre particles were abundantly found in the sandy clayish matrix 

adhering to the human skulls. An oval limestone fragment exhibited three faint, oval, red 
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patches. Ornaments were exclusively found in L2 and L4, with the exception of seven 

limestone beads attached to skull UC102 and a deer canine recovered in close proximity. 

Ornaments from L2 consist of fox and badger perforated canines and a single notched bone 

tube. L4 yielded the bulk of the ornaments and the most diverse sample, including perforated 

carnivore and herbivore teeth, marine shells attributed to Arca sp., and a perforated pebble 

made of a volcanic rock. Three notched bone tubes, found in the sieving, may also have come 

from this layer. The stratigraphic provenience of a perforated fish supraorbital bone attributed 

to Ctenopharyngodon idlla is unknown, although Ciprinidae remains were found exclusively 

in L4. 

Attempts to date the UC sequence by TL, U-series, conventional and AMS 14C were 

carried out between 1977 and 1992. They yielded ages ranging between 50 and 10 ka, with 

numerous stratigraphic inconsistencies (ZK The Institute of Archaeology, Chinese Academy 

of Social Sciences, 1977, 1980; Chen et al., 1984, 1989, 1992; Pei, 1985; Chen and Zhang, 

1991; for a review, see Li et al., 2018). The most recent study, based on the AMS 14C dating 

of 11 faunal remains, proposes that the deposition of L4 occurred between 38.3–35.8 ka, and 

that of L1 between 35.1–33.5 ka (Li et al., 2018). This proposed chronology, however, should 

be taken with caution considering that 1) 12 AMS 14C ages produced by previous studies 

situate the accumulation of the UC sequence between 44.5 and 15.3 ka; 2) the ages obtained 

by Li et al. (2018) range between 50 and 33.5 ka; and 3) the remains dated by Li et al. (2018) 

were attributed to Pei’s cultural layers on the basis of their excavation date compared to that 

of the discovery of key finds with known stratigraphic origin. In some cases, the dated 

remains were found the day before or after the stratigraphically attributed key finds; in others, 

between three and 15 days had lapsed between the discovery of the key finds and the dated 

remains. Li et al. (2018) attributed the marked difference between their and previous results 

to the application of collagen ultrafiltration pretreatment. It is unclear, however, how the lack 
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of such pretreatment would have produced in previous studies numerous AMS ages between 

23 and 27 ka, i.e., 5–10 kyr younger than those obtained during the last dating campaign. In 

sum, although the most recent study has not entirely resolved the chronology of the UC 

sequence, it is reasonable to think that the personal ornaments found at UC, discovered in 

cultural layers L2, L4 and in association with the UC102 skull, found between L3 and L4, are 

older than 33.5 ka, the minimal age for L1. If Li et al.’s (2018) dates for L1 are taken as a 

terminus ante quem, the UC ornaments are likely older than 35 ka and possibly as old as 38.3 

ka. 

 

2. Materials and methods 

 

In the present study, we exploit seven different sources of information: 1) contextual data 

on the stratigraphic provenience of personal ornaments and their association with possible 

burials; 2) technological descriptions, photographs, drawings and color plates included in 

Pei’s (1939) monograph (SOM Figs. S1–S7; SOM Table S1); 3) good quality casts of 17 

objects produced in 1939 and curated at the IVPP; 4) the direct analysis of two unpublished 

objects displayed at the ZSM, the photographs of which were available on the internet (Sina 

News, 2005) when we started the project but had not yet been studied; 5) the analysis of three 

perforated teeth rediscovered during a visit at the new ZSM in May 2014 by four of us 

(F.d’E., A.P.M., M.V., and X.G.); 6) the chemical characterization of red residues and 

sediment still adhering to these three ornaments; and 7) a database of personal ornament 

types found at Northern Chinese sites based on data mined from the literature (An, 1965; Jia 

et al., 1972; Gai and Wei, 1977; Huang et al., 1986; Xie et al., 2006; Mei, 2007; Song and 

Shi, 2013; Wei et al., 2016, 2017; Pitarch Martí et al., 2017; Li et al., 2020), which integrates 
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changes in the taxonomic attribution of UC personal ornaments on teeth proposed in the 

present study. 

 

2.1. Taxonomic and skeletal element identification 

 

In his monograph, Pei (1939) proposed a taxonomic identification for 129 of the 133 

ornaments made of teeth, bone and shell. Four bone tubes lacked diagnostic features to 

propose an identification. To verify Pei’s taxonomic identification and, whenever possible, 

obtain information on the anatomical position of the element and age of the animals, we 

compared the iconography presented in his monograph with mammal teeth kept in the 

zoological reference collection curated at the PACEA laboratory, Bordeaux. To distinguish 

upper from lower fox canines as well as to side those teeth, we used criteria synthesized by 

Vercoutère (2003). Sex and age determination of red deer canines followed the protocol 

established by d’Errico and Vanhaeren (2002). Sex determination was based on the tooth’s 

morphology and the root width/thickness ratio. Young stag canines have a globular shape that 

tends, due to use-wear, to become triangular in older animals. Crowns of young hinds are 

pointed and become rectangular in old animals. The root width is always more than twice its 

thickness among stags and less so among hinds (d’Errico and Vanhaeren, 2002). Age 

estimation relied on two complementary methods. The first method, based on qualitative 

variables, included 1) five stages of occlusal wear, 2) three stages of root development, 3) the 

state of calcification of the pulp cavity, and 4) the removal by wear of the disto-linguo-

cervical lobe. The second method involved the use of two regression equations, one for stags 

and the other for hinds. For stags, the equation considered the lengths and widths of the 

crown, root and wear facet. For hind, the equation took into account the crown length, width 

and thickness, and the wear facet length and width. Marine bivalves were attributed by Pei to 
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Arca sp. In the absence of information on color, we reassessed the taxonomic identification 

of these shells by relying on the distribution of Arcidae species and morphological and 

ornamental criteria, i.e., shell form, umbo (the pointed prominence of a bivalve shell) 

position relative to the anterior/posterior axis, concentric growth lines, orientation and 

morphology of radial ribs, and crenulation of the ventral margin, (Bernard et al., 1993; Qi, 

2004; WoRMS Editorial Board, 2021). 

 

2.2. Technological and morphometric analysis 

 

Iconography of personal ornaments provided by Pei (1939) was scanned with an Epson 

Perfection V660 photoscanner at a resolution of 2400 dpi (SOM Figs. S1–S7) and analyzed 

to recover information on perforation size (small, medium, large), its location on the root 

with the crown oriented downward (top, medium, low), orientation/shape relative to the tooth 

main axis (circular, vertical, horizontal, oblique), and technology (unidirectional incising, 

bidirectional incising, radial incising, piercing by rotation, grinding). Incising to carve a 

perforation is produced by the repeated displacement—unidirectional, bidirectional or 

radial—of a pointed lithic tool. A correspondence analysis was performed with these 

categorical variables using PAST v. 2.1 (Natural History Museum, Oslo; Hammer et al., 

2001). The casts and rediscovered original ornaments were scanned at a resolution of 2400 

dpi with an Epson Perfection V660 Photoscanner and photographed with a Canon PowerShot 

S100 camera. Microscopic analysis of the rediscovered specimens was conducted using a 

Leica Wild M3C stereomicroscope equipped with a Nikon CoolPix E990 digital camera at 

magnifications of 4–40×. Identification of manufacturing techniques and use-wear traces was 

based on observations of ethnographic, experimental and archaeological ornaments 

(Vanhaeren and d’Errico, 2001, 2002, 2005, 2017; d’Errico and Vanhaeren, 2002; White, 
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2007; d’Errico and Rigaud, 2011; Rigaud, 2013; Vanhaeren et al., 2013; Rigaud et al., 2014, 

2017; Wei et al., 2016, 2017; Cvitkušić, 2017; d’Errico et al., 1993, 1998, 2017; Pitarch 

Martí et al., 2017; Cârciumaru et al., 2019; Arrighi et al., 2020; Niekus and Amkreutz, 2021). 

Morphometric data were collected with a digital caliper and rounded to the nearest 0.01 mm; 

variables include maximum length, width and thickness for each specimen as well as the 

minimum and maximum diameter of the perforation. 

 

2.3. Residue analysis 

 

Bright red residues located around the perforations of the three rediscovered teeth (Fig. 2) 

and a greyish coarser sediment still adhering to the root of the complete specimen (Fig. 2A) 

were sampled under a reflected light microscope with single-use, sterilized scalpels. The four 

samples were photographed with a motorized Leica Z6 APOA equipped with a DFC420 

digital camera linked to a LAS Montage and Leica Map DCM 3D computer software (Leica, 

Heerbrugg) at the PACEA laboratory, Bordeaux. The samples were analyzed with a FEI 

Quanta 200 scanning electron microscope under a low vacuum mode by using an accelerating 

voltage of 15kV. Backscattered electron images were collected with a SiLi detector. EDS 

spectra were obtained with a SDD-EDAX detector. Four magnifications were set for the EDS 

analyses of each sample, i.e., 500×, 1000×, 1750×, and 3500×. The working distance was 

kept constant at 10 mm. Acquisition time was set up to 100 seconds for each EDS spectrum. 

Raman analysis was conducted with a SENTERRA Dispersive Raman Microscope. The 

analyses were done with a 785 nm laser and a laser power of 1 mW to avoid thermal 

photodecomposition on the analyzed area. Acquisition time was set to 20 seconds and 

multiple co-additions. The spectrometer worked in a spectral range from 65 to 2980 cm-1. 

The working areas were observed through an integrated color camera INFINITY1. Data were 
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collected and processed with OPUS v. 7.2 (Bruker Optik GmbH, Ettlingen). The mineral 

phase identification was based on comparisons of the recorded spectra with those of several 

spectra libraries (de Faria et al., 1997; Castro et al., 2005; Lafuente et al., 2016). 

 

2.4. Seriation 

 

Data on reported occurrences of Late Pleistocene personal ornaments in Northern China 

were compiled from the available literature (An, 1965; Jia et al., 1972; Gai and Wei, 1977; 

Huang et al., 1986; Xie et al., 2006; Mei, 2007; Zhang et al., 2010; Song and Shi, 2013; Wei 

et al., 2016, 2017; Song et al., 2017; Pitarch Martí et al., 2017; Li et al., 2019; Li et al., 2020). 

During our 2014 visit to the IVPP, we reassessed the taxonomic identification of the 

perforated teeth found at Xiaogushan and attribute both carnivore canines to V. vulpes based 

on their more pronounced curvature and crown morphology (Pales and Garcia, 1981a; 

Berkovitz and Shellies, 2018). Seriation of a presence-absence matrix of ornament types 

(columns) and archaeological layers (rows) was performed in PAST v. 2.1 (Natural History 

Museum, Olso; Hammer et al., 2001). The seriation routine reorganized the data matrix such 

that the occurrences are concentrated as much as possible along the diagonal. We used the 

unconstrained mode, where both rows and columns are free to move. Occurrences were given 

different colors according to their chronology. 

 

3. Results 

 

3.1. Taxonomic reassessment 
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Pei (1939) reports the discovery of 125 perforated teeth belonging to nine mammalian 

species. In decreasing order of identified specimens, the species are badger (Meles meles and 

M. leucurus), common fox (V. vulpes), red deer (Cervus elaphus/canadiensis), corsac fox (V. 

corsac), Sika deer (C. nippon), weasel (Mustela sp.), roe deer (Capreolus capreolus), and 

tiger (Panthera tigris). However, Pei only provided photographs and/or drawings for 83 teeth 

(SOM Table S1). Bearing in mind the difficulty of proposing a taxonomic attribution on the 

basis of images rather than the actual objects, our reassessment (SOM Table S1) endorses to 

a large extent Pei’s original identifications, with the possible exception of two specimens: a 

lower canine originally interpreted as belonging to a Mustela sp. which we attribute to a 

Martes sp. because of its larger size and more pronounced curvature, and a tiny pointed tooth 

originally identified as a C. capreolous deciduous lower canine, which we identify with a 

high degree of certainty as a red deer deciduous upper canine, since roe deer do not have 

canines (Pales and Garcia, 1981b) and the size and morphology of the specimen is fully 

consistent with our identification (d’Errico and Vanhaeren, 2002). Reappraisal of the three 

marine bivalves attributed by Pei to Arca sp. suggests, based on the present distribution of 

Arcidae species in the Yellow Sea, on shell form, umbo position relative to the 

anterior/posterior axis, concentric growth lines, orientation and morphology of radial ribs, 

and crenulation of the ventral margin, that one specimen (Fig. 3A) should be attributed to 

Anadara disparilis (Reeve, 1844) or A. satowi (Dunker, 1882) and the two others (Fig. 3B, 

C) to A. broughtonii (von Shrenck, 1867). The only personal ornament made of fish bone was 

identified at Pei’s request by Tchang Tchun Lin (1897–1963), at the time a well-known 

ichthyologist specializing in the study of Cyprinidae, as a supraorbital bone of a 

Ctenopharyngodon idellus, or grass carp, now called C. idella (Cuvier and Valenciennes 

1844). The size of the bone indicates a fish length of ca. 65 cm. The bone tubes interpreted by 

Pei as ornaments do not retain morphological features allowing their taxonomic 
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identification. Their thickness and absence of spongy bone suggested to Pei they were 

probably of avian origin, an attribution that is difficult for us to assess from casts and 

drawings. 

 

3.2. Teeth, sex, and age identification 

 

Thirty-nine of the 60 badger teeth found by Pei—we have a single surviving cast (Fig. 

3K)—are illustrated in his 1939 monograph. We identified 26 lower canines including nine 

right and four left, as well as 13 upper canines among which are two right (Fig. 3K; Table 2; 

SOM Figs. S2, S4, S6, S7; SOM Table S1); 13 lower canines and 11 upper canines could not 

be attributed to either side. By comparison to modern specimens, variation in size and use-

wear suggest juvenile and both younger and older adults are represented. The three teeth 

rediscovered at the ZSM correspond to two lower left and one lower right badger canines 

(Fig. 2; Table 2). We were not able to identify these specimens in the pictures and drawings 

provided by Pei (1939). They probably belong to the group of 21 teeth not illustrated in the 

monograph. Twenty-five of the 37 fox teeth found by Pei—we have casts for three of them 

(Fig. 3L–N)—are illustrated in his 1939 monograph. We identified, in decreasing order, 10 

upper right, four upper left, four lower right and three lower left canines as well as four upper 

canines that we were not able to side (Fig. 3L–N; Table 3; SOM Figs. S6–S7; SOM Table 

S1). Variation in size and use-wear suggest a wide range of ages is represented, from very 

young to very old. 

The thirteen permanent red deer canines belong to three stags and nine hinds. We 

have three surviving casts (Fig. 3O–Q; SOM Figs. S1 and S6). This minimum estimate of the 

number of individuals (MNI) accounts for the fact that two morphologically similar hind 

canines almost certainly come from the same individual (SOM Fig. 1). Analysis of Pei’s 
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photographs and drawings indicate mature and old individuals are disproportionately 

represented (Table 3; SOM Table S1). A more precise age attribution was obtained from data 

collected on the three surviving casts. One stag canine and one hind canine were given an age 

of 7.83 and 9.50 years, respectively (Fig. 3P, Q; Table 3 Nos. 2 and 3; SOM Text S1). These 

age estimations are based on the application of regression equations derived from modern 

teeth of known age, which take into account lengths and widths of the crown, root and wear 

facet for stags, and the crown length, width and thickness as well as the wear facet length and 

width for hinds (d’Errico and Vanhaeren, 2002). The age of the other canine, with an 

incipient facet that could not be measured on the cast, was attributed based on qualitative 

characters (d’Errico and Vanhaeren, 2002). It features an incipient occlusal wear, an open 

root apex, a visible pulp cavity and a preserved disto-linguo-cervical lobe. This association of 

characters indicates the tooth comes from a 2–4-year-old stag (Fig. 3O; Table 3). The 

deciduous red deer canine (SOM Figs. S2 and S6) belongs to a one-year-old stag or hind, the 

time at which red deer loses these teeth. The tiger lower lateral incisor features a heavily 

worn crown indicative of an old individual (SOM Figs. S2 and S6). Data on grass carp 

development suggests that, based on its length (24.56 mm), the perforated supraorbital bone 

belongs to an eight-year-old individual (Milardi et al. 2015). 

 

3.3. Technology 

 

Analysis of Pei illustrations shows that less than half of the depicted teeth (46%) were 

perforated with the application of a single technique: a third of these (31%) were perforated 

by incising their root with a pointed tool moving from the root apex toward the crown 

(unidirectional incising), 27% were perforated by incising their root with the to-and-fro 

movement of a lithic point (bidirectional incising), 23% by incising the roots radially, and 
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19% by rotation (SOM Table S1). The remainder of the teeth (54%) were perforated by 

associating two techniques. In 59% of these cases, the root was first ground to produce a 

concave facet and then perforated by radial incising (18%), unidirectional incising (15%), 

rotation (15%), and bidirectional incising (11%). In 41% of these cases, the root was first 

incised with a unidirectional (37%) or bidirectional (4%) movement and then perforated by 

rotation (SOM Table S1). No perforation technique is systematically associated with a tooth 

type or species. In contrast, a striking correspondence is observed between the two main 

cultural layers (L2 and L4) and the perforation techniques (Fig. 4). Radial incising is 

typically found in L2, bidirectional incising in L4. The three other techniques, i.e., grinding, 

unidirectional incising and rotation, are found in both layers. 

Pei hypothesized that the Anadara valves were perforated by rubbing the umbo—the 

pointed prominence of a bivalve shell—against a sandstone. Analysis of the photos and casts 

applying experimental criteria (d’Errico et al., 1993; Wei et al., 2016) contradicts this 

hypothesis. No striated facets typical of the technique proposed by Pei are visible around the 

perforations, which display irregular edges consistent with a perforation produced by 

percussing the umbo and roughly regularizing the resulting perforation by rotation. This 

interpretation is further supported by the morphology of the fracture on the A. 

disparilis/satowi (Fig. 3A; SOM Fig. S3), suggestive of a percussion inflicted tangentially on 

the apex of the umbo, which resulted in the removal of a large triangular flake. Bifacial 

perforation by rotation was applied with a sharp point on the fish bone (Fig. 3J; SOM Fig. 

S3). The pebble was first flattened by abrading one aspect with a movement oblique to the 

object’s main axis and then perforated by rotating a robust lithic tool on both sides (Fig. 3D; 

SOM Figs. S3–S4). The thickness and probable hardness of the pebble indicate the 

perforation must have been a time-consuming task. Of the five illustrated stone beads found 

on skull UC102, between L3 and L4, three bear clear traces of a unifacial perforation by 
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rotation followed by a rough regularization of the hole on the opposite side, producing 

microchipping (Fig. 3E, F; SOM Figs. S1, S3–S4). This technique was applied before the 

final shaping of the blank by unifacial trimming, as observed in some manufacturing 

sequences of archaeological and ethnographic ostrich egg shell beads (OESB; Kandel and 

Conard, 2005; Vanhaeren, 2005; Orton, 2008; Wei et al., 2017; d’Errico et al., 2020; 

Backwell and d’Errico, 2021). The application of trimming is demonstrated by the diagnostic 

denticulated edge visible on one bead (Fig. 3E; SOM Fig. S3). On two other specimens, the 

serrated edge appears smoothed, which may have been caused by intentional regularization 

by grinding or use-wear. Another stone bead has a rounded shape and displays no traces of 

trimming, indicating that regularization by grinding was applied to at least some beads. 

Interestingly, the size and sections of the perforations on the stone beads with traces of 

trimming are very similar to those on the pebble from L4, possibly reflecting a lasting know-

how. 

Judging from their photos, drawings and available casts (Fig. 3G–I; SOM Figs. S2 and 

S3), the four bone tubes lack diagnostic features to identify how they were made and whether 

all modifications are anthropogenic in origin. Traces left by stone tools are generally 

detectable on transverse notches and grooves decorating bone rods (Laroulandie and 

d’Errico, 2004; Wright et al., 2014; Shunkov et al., 2020). In contrast, grooves on UC tubes 

are ∪-shaped in section and appear exceedingly shallow and polished. They may have been 

produced with an uncommon technique, difficult to identify on available evidence, or be of 

natural origin. Although the section of the tube ends is compatible with a sawing made by a 

robust cutting edge, no traces of the application of this technique are detectable. 

Disappearance of manufacturing traces may have been produced by intense wear. 

 

3.4. Rediscovered tooth pendants 
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The three rediscovered teeth consist of two lower left (Fig. 2A, C) and one lower right 

(Fig. 2B) canines of badger. Only one specimen is complete (Fig. 2A); the two others are 

broken at the level of the perforation. The factures display both ancient and recent breakages 

indicating the ornaments were either lost or discarded at the site in Paleolithic times and their 

original fractures subsequently damaged during recovery or curation. The three objects are 

entirely coated with a transparent varnish, which has preserved their surface and adhering 

residues. Two types of residues are recognized: 1) a grayish coarse sediment covering the 

labial aspect of the root apex on the complete tooth and the area between the perforation and 

neck on the same aspect (Fig. 2A), and 2) bright red residues concentrated around and inside 

the perforations on all ornaments and present in the form of micro-spots and stains all over 

their surfaces (see section 3.5 for more details). When co-occurring, microscopic analysis 

reveals the grayish residues systematically cover the red residues. This observation indicates 

the red residues are remnants of the ochre compounds covering the objects while they were 

used as ornaments in the Paleolithic, and the grayish residues consist of archaeological 

sediments coating them at the time they were found. 

Microscopic analysis identifies commonalities and differences in the way the three teeth 

were modified. All teeth display on the labial aspect a large, flat facet extending over a large 

portion of the root (Figs. 2, 5B, D, I). The incomplete specimens only preserve half of this 

facet. The facets were made before perforating the teeth. Although no traces of the technique 

used to produce these facets is observed due to subsequent wear, their morphology suggests 

they were originally produced by grinding (for comparable examples of the effect of grinding 

on the morphology of osseous objects, see David, 2004; d’Errico and Rigaud, 2011; 

Vanhaeren et al., 2013; Langley et al., 2016; Wei et al., 2016; d’Errico et al., 2018; Zhang et 

al., 2018). The main differences identified among the three teeth relate to their perforation. 
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Two techniques were used on the incomplete specimens to achieve the perforations on the 

facets, i.e., on the labial aspect of the teeth. In one case the broken perforation bears traces of 

rotation (Figs. 2B, 5D), in the other the rotation was preceded by whittling (Figs. 2C, 5I). On 

the complete tooth, the perforation on the facet was probably hollowed by whittling and later 

enlarged and regularized by rotation with a stone tool (Figs. 2A, 5B). Three techniques were 

used to perforate the lingual aspect of the teeth roots. On the complete specimen, the section 

of the perforation widens toward the crown, suggesting the hole was made by incising 

unidirectionally or radially the root with a lithic point in the direction of the crown (Figs. 2A, 

5A). On one of the broken specimens (Figs. 2B, 5E), the hole was carved with the same 

motion albeit using a more pointed tool, which has left a distinct large groove filled with 

ochre. On the other broken specimen, the lingual aspect of the root was gouged with the edge 

of a robust lithic tool, which produced a concave surface displaying thin longitudinal parallel 

striations crossed by chatter marks (Figs. 2C, 5H). The perforation was achieved by rotation. 

On the complete tooth, use–wear takes the form of shallow notches located, on the lingual 

aspect, on either side of the perforation (Fig. 5A). On the labial aspect of this tooth, ochre-

filled subparallel micro-striations are found on the left of the perforation (Fig. 5B, C). Grey 

sediment covering the ground facet prevents detection of eventual use-wear traces on this 

area. On the labial facets of the broken teeth, sub-horizontal, ochre-filled, parallel and slightly 

curved micro-striations are present below the perforation (Fig. 5G, J). On the lingual aspect 

of a broken tooth, ochre-filled randomly oriented micro-striations are seen on the left of the 

perforation (Fig. 5F). 

 

3.5. Residue analysis 
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Greyish residue on the complete tooth 1 Under optical microscopy, the residue appears as an 

admixture of up to 100 µm in length with angular and sub-angular grains featuring different 

shades (colorless, white, yellow and, less often, orange and black; Fig. 6 A, B). SEM-EDS 

shows that the residue is composed of sub-rounded silicate crystals (ca. 40 µm in length; Si), 

equiaxed platelets and sub-angular aluminosilicate crystals (ca. 5–20 µm in length; Si, Al, 

Mg, Ti, Fe and traces of Ca, K, P, Na), as well as sub-angular iron/titanium-rich oxy-

hydroxide crystals (<2 µm; Fe and Ti) unevenly distributed within the matrix. Traces of P 

and S were also detected (Fig. 6C–E; Table 4). Micro-RS analyses did not produce diagnostic 

spectra, probably due to the presence of clays, which generates strong fluorescence when 

excited by laser beams (Košařová et al., 2013).  

 

Red residue on complete tooth 1 Observed under the optical microscope (Fig. 7A, B), the 

residue appears as a heterogeneous material composed of silt to sand sized (ca. 20–250 µm), 

sub-angular, translucent white and black particles agglomerated by tiny red crystals. SEM-

EDS analysis shows sub-angular crystals identified as iron/manganese-rich oxy-hydroxides 

(up to 8 µm in length; Fe, Mn) and feldspars (ca. 140 µm; Si, Al, Na, K, Ca) as well as platy-

like particles (10–50 µm) probably aluminosilicates, and small angular crystals (<6 µm in 

length; Fe, Mn) mixed with tiny platelets (<2 µm; Si, Al, K, Ca, Na, Mg, Ti; Fig. 7C–F; 

Table 4). Micro-RS analysis confirmed the presence of hæmatite and feldspars (microcline) 

and detected the presence of calcite and possibly sulphates (Fig. 8A; Table 5). As with the 

greyish residue from the same tooth, the intense spectral background may indicate the 

presence of clays. 

 

Red residue from broken tooth 2 Apart from its finer granulometry, this residue, composed of 

up to 20 μm sub-angular translucent and black grains embedded in a reddish matrix, appears 
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similar to that adhering to complete tooth 1 (Fig. 9A, B). Likewise, its elemental composition 

is characterized by a substantial amount of micrometric sub-angular crystals (ca. 2–4 µm in 

length) of iron oxy-hydroxides with variable proportions of manganese in association with 

platelets of clay minerals (<2 µm; Si, Al, Ti, K, Mg, Na), micrometric lath-like Na and K-rich 

feldspars (ca. 3.5–10 µm in width and 10–25 µm in length), sub-angular carbonate crystals 

(ca. 2–4 µm; Ca) and rounded silicate crystals (ca. 15 µm length; Si). Traces of P, S and Cl 

are sporadically detected (Fig. 9C–F; Table 4). Micro-RS analyses identify hæmatite, quartz 

and muscovite (Fig. 8B; Table 5). 

 

Red residue from broken tooth 3 This residue features a granulometry and crystal 

morphology similar to that found on broken tooth 2, i.e., a material composed of micrometric 

sub-angular, translucent and black crystals in a matrix of red particles (Fig. 10A, B). 

However, its color is darker. SEM-EDS analyses shows that the sample is composed of sub-

angular crystals (30 µm; Si, Al, K, Ca, Mg, Na) coated with a mix of platy-like and sub-

angular crystals (<5 µm in length; Fe, Mn together with Si, Al, Ca, K, Mg, Na; Fig. 10C–E; 

Table 4). As with the previous two red residues, µ-RS analyses identified hæmatite and 

quartz (Fig. 8C; Table 5), and an intense spectral background suggesting the presence of 

aluminosilicates. 

 

3.6. Identification of fake personal ornaments 

 

The two objects displayed at the ZKM consist of a canine fragment from an unidentified 

large felid (Fig. 11A; Table 2) and the right canine of an adult male red deer (Fig. 11B; Table 

3). Quantitative and qualitative methods for age estimation (d’Errico and Vanhaeren, 2002) 

indicate the red deer canine comes from a 14-year-old stag (Table 3). The tooth is 
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substantially smaller than the stag canines illustrated in Pei’s (1939) monograph and those 

preserved as casts. Both the felid canine and the red deer canine display a partial exfoliation 

of the cementum and manganese dendrites indicating an advanced stage of fossilization. 

Microscopic analysis shows that the perforations on these teeth markedly differ in 

technology, shape, size, use-wear and occurrence of residues from the rediscovered badger 

canines, available casts, and the teeth depicted in Pei’s monograph (Figs. 2–3; SOM Figs. S2, 

S4, S6–S7). To perforate these teeth, a flared, probably lithic, point was first used in a 

rotating motion to create incomplete conical perforations on both aspects of the tooth. The 

use of a lithic point in this stage of the perforation is supported by the morphology of the 

striations indicating the motion of an irregular serrated edge. A thinner, conical, possibly 

metal, drill, was then applied to both aspects to complete the perforations (Fig. 12). The 

characteristic opposing double funnel-like section produced by this technique is not seen on 

any tooth documented from UC thus far. The perforation diameter is tiny when compared to 

those recorded on the rediscovered teeth, on the casts and on the ornaments depicted by Pei. 

The only exception with a perforation comparable in size is the deciduous red deer canine, 

where the perforation diameter is constrained by the very small width of its root (SOM Fig. 

S6). Striking similarities in section and perforation diameter suggest the same tools, if not the 

same person, produced the perforations on both teeth (d’Errico and Vanhaeren, 2002; 

Henshilwood and d’Errico, 2005). The crenulated outline of the edges and the microflake 

scars around them indicate the perforations were made on already fossilized teeth. The 

striations left on the holes by the rotating tools are very fresh and do not show the darker 

patina present on the unmodified surface of the teeth. No use-wear is detected on the hole 

surfaces nor on the remainder of the teeth, unlike the rediscovered badger canines and the 

teeth depicted by Pei (1939). No residues of pigment or sediment, found by Pei on a number 

of teeth and abundantly present on the rediscovered ornaments, are found inside the holes. 
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3.7. Northern Chinese personal ornaments seriation 

 

Two interesting features appear when examining the seriation of Northern Chinese 

Paleolithic personal ornaments (Fig. 13). First, the seriation identifies two groups of sites 

characterized by different personal ornament types. The first group, comprising the 

Shuidonggou, Shizitan and Hutouliang site complexes, and Lingjing, layer 5, is dominated by 

OESBs, ostrich egg shell (OES) pendants, and perforated bivalves. The second group, 

including UC, Xiaogushan and Shiyu, presents ornaments consisting of perforated mammal 

teeth and to a lesser extent stone beads, perforated pebbles and perforated marine bivalves. 

Bone tube is the only ornament shared by the two groups. Finally, stone and bone pendants 

were only found at the Hutouliang site complex and Xiaogushan layer 3. Second, while the 

sites of the first group cover the entire timespan examined, i.e., from 40 to 10 ka, those from 

the second group only belong to the first time slice, i.e., 40–30 ka, with a single site, 

Xiaogushan, layer 3, dated to the second, i.e., 30–25 ka. 

 

4. Discussion 

 

The reappraisal of UC personal ornaments, including rediscovered specimens, and 

comparison with available data on the earliest traditions of body decoration in Northern 

China, provide new insights into early ornamentation practices of this region. The striking 

differences observed between the two teeth displayed at the ZSM and those described by Pei 

(1939) and by ourselves in the current study, strongly suggest that the former are fossilized 

objects perforated recently, i.e., not modified by UC visitors and, as a consequence, they 
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should be excluded from the UC ornament assemblage. Based on our reassessment, we 

therefore discard these two teeth from the following discussion. 

 

4.1. Ornamentation practices at Upper Cave 

 

In traditional societies, personal ornament types and their association and location on the 

body reflect the people’s view of the world and the perceptions individuals have of their 

place in it (Kuper, 1973; Brain, 1979; Cordwell and Schwarz, 1979; Hodder, 1982; Carey, 

1986; Kassam, 1988; Preston-Whyte, 1994; Joyce, 2005; Hart et al., 2016). The raw material 

choice and provenience often indicate the symbolic link connecting people to matter, other 

living and imaginary beings, places and other human groups (Malinowski, 1922; Sharp, 

1934; Dubbeldam, 1964; Turner, 1980; Hodder, 1989; Ogundiran, 2002; Sanders, 2002; 

Kuhn and Stiner, 2007; Casella, 2012). In an ornamental system dominated by animal teeth, 

such as the one observed at UC, these objects signal the symbolic bond the group established 

with those species. In this respect, a number of species identified in the UC faunal 

assemblage by Pei (1940) have not been considered as suitable personal ornament providers 

by UC visitors. This is the case for wolf, bear, hyena, horse, bos/bison and Elephantidae. The 

large teeth size of the mammals considered as unsuitable ornament providers contradicts the 

hypothesis that their absence in the assemblage could result from taphonomic processes or 

recovery techniques. This indicates that UC visitors considered some of the species available 

in the environment, i.e., deer, badgers, foxes, mustelidae, and tiger, as befitting teeth 

providers to be used as ornaments. This conclusion is further supported when considering 

that the disregarded teeth were commonly used as personal ornaments in other contemporary 

Eurasian Paleolithic contexts (Goutas, 2004; Vanhaeren and d’Errico, 2006; d’Errico and 

Vanhaeren, 2015; Shunkov et al., 2020), which makes UC preferences even more 
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compelling. It is equally interesting to note that all UC personal ornaments made of teeth 

belong to taxa found in the faunal assemblage. Thus, contrary to what has been observed at 

some Paleolithic sites from Europe (Giacobini and Malerba, 1995; Vanhaeren and d’Errico, 

2005), there is no evidence at UC for ornamental use of teeth from species absent in the 

environment and acquired via long-distance exchange networks. The only objects attesting to 

probable exchanges over ca. 200 km are the marine bivalves. 

The preference was given to species rather than tooth types. The UC visitors used all fox 

and badger canines at their disposal irrespective of their anatomical position, i.e., upper 

versus lower, left versus right, or the age of the animal. Both stag and hind canines of all ages 

were used as personal ornaments. The relative overrepresentation of mature hinds is difficult 

to interpret owing to the small sample size. The overall pattern is consistent with a hunting 

strategy targeting both adult stags throughout the year and dominant individuals at the end of 

the rutting season as well as hinds of all ages throughout the year with a preference for old 

individuals (Vanhaeren and d’Errico, 2002). 

A question that must be addressed when examining the proportions of personal ornament 

types at UC is to what extent they are representative of their importance in UC visitors’ 

garments. Badger, fox, and red deer canines numerically dominate the picture, yet they are 

much larger than most other ornament types, i.e., red deer deciduous canine, sika deer 

incisors, marten canine, and stone beads, which are only represented by a few specimens. 

Although the very presence of these small objects and the recovery of small faunal remains 

by Pei collectively demonstrate that tiny items were retrieved during the 1933–1934 

excavations, we have no means of establishing if and what material might have been 

overlooked. The discovery of small stone beads in the matrix attached to skull UC102 

suggests small ornaments may have been lost. If this was not the case, it would indicate that 

the UC visitors who buried this individual in a layer sandwiched between L3 and L4 used 
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substantially distinct garments and adornments from those who lost their beads in L2 and L4, 

in which small stone beads were not recovered. It is therefore probable that their similarity 

with natural items present in the layer, e.g., small stones, or the mesh size of the sieves 

prevented the full recovery of small items. In spite of these biases, the UC ornaments support 

the view that the human groups who frequented the site were wearing complex garments 

adorned with an association of ornaments that may have been instrumental to signal gender, 

age class and social status (Malinowski, 1922; Cordwell and Schwarz, 1979; Carey, 1986; 

Sanders, 2002; McAdam, 2008; Casella, 2012; McAdam and Davidson, 2018; Balme and 

O’Connor, 2019).  

Additional information on the site visitors may be inferred from the technological 

analysis. On the aspect opposite to the ground facet, bidirectional incising is almost 

exclusively observed on perforated teeth from L4 and radial incising on teeth from L2. This 

change in technology doesn’t depend on the tooth type as the two predominant techniques are 

seen on teeth of all species found in either layer. Therefore, it is clear the UC visitors changed 

their preferred method of perforating teeth through time. Application of other techniques in 

each layer, i.e., rotation and unidirectional incising, probably reflects individual variation 

either due to personal habits within the same group or accumulation in each layer of 

ornaments lost by members of different groups sharing to some degree the same cultural 

background. The stone beads from the matrix adhering to UC102 better fit the first 

hypothesis. Being associated with a possible burial, they would seem to reflect variation in 

the technology of ornaments worn by a single individual. These beads display differences in 

manufacture, in particular the degree of regularization of their edge, suggesting, in light of 

archaeological and ethnographic studies of OESBs (Kandel and Conard, 2005; Orton, 2008; 

Wei et al., 2017; d’Errico et al., 2020 and references therein), that their final shaping was not 
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performed by the same person. Ethnographic studies show that variation in the final stages of 

OESB manufacture often reflects individual shaping habits (Backwell and d’Errico, 2021). 

The rediscovered badger canines offer an opportunity to gather information otherwise 

unavailable from iconography and casts on the way some UC ornaments were manufactured 

and worn. Technologically, they have in common the production of a large ground facet but 

differ in the techniques (incision, rotation, whittling, gouging) and motions (unidirectional, 

radial) used to achieve the perforation. The abraded facet appears to be the only shared 

element in the bead manufacture, the perforation process being largely determined by 

individual variability. The idea that facets were produced by abrasion to stabilize the tooth on 

a surface before perforating it is contradicted by the fact that this technique is not applied to 

the hundreds of perforated teeth discovered at other prehistoric sites throughout Eurasia (e.g., 

Vanhaeren and d’Errico, 2006; Pitulko et al., 2012; d’Errivo and Vanhaeren, 2015). The most 

likely hypothesis is that this large facet ensured a large, secure contact with a cloth (Fig. 14). 

This hypothesis is reinforced by the presence of two shallow notches on either side of the 

perforation on the lingual aspect of the complete tooth, likely produced by the strings fixing 

the tooth to the cloth. The orientation and location of the ochre-filled micro-striations present 

on the facets of the three teeth are consistent with this interpretation. The sub-horizontal 

micro-striations detected below the perforation may have been produced by low amplitude 

oscillations of the tooth against a cloth surface coated with ochre. Striations present on either 

side of the perforation are the probable consequence of micro-movements of the strings 

attaching the teeth to the cloth. 

 In sum, our results suggest that by combining several techniques, the UC visitors 

modified certain teeth, especially those from carnivores, to securely affix them on their 

clothing and cover them with ochre. It is possible, but currently difficult to verify, that 

smaller teeth featuring small perforations may have been incorporated into necklaces or 
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bracelets. The relatively large number of specific teeth from targeted species, i.e., badger and 

fox canines, suggests these objects were positioned on clothing to create arrangements, e.g., 

single or multiple alignments, symmetries, and possibly associations responding to particular 

fashion codes. This has been frequently observed ethnographically (e.g., Speck, 1940; Taylor, 

1994; Night Pipe, 2012) and likewise proposed for archaeological perforated teeth (Christiani 

et al., 2012; Larsson, 2012; Christiani et al., 2014; Trinkaus and Buzhilova, 2018). These 

garments were almost certainly instrumental in conveying information about the wearers' 

gender, age, and social status, as well as the ethnic group or subgroup.  

Pei (1939) reports that red fragments, interpreted as ‘oolitic hæmatites’, were found 

throughout the sequence and ochre residues were found on objects. Our microscopic and 

elemental analyses of residues on rediscovered teeth reveal clear differences between the 

sediment sample still adhering to the root of the complete tooth and the red residues found 

around and inside the perforation on this and the other specimens. The former is coarser, only 

displays rare iron-rich particles, and lacks manganese in its composition. These differences 

imply that the red residues do not derive from UC sediments and were originally present on 

the teeth when they were lost or disposed at the site. It is clear that the ornaments were 

covered with ochre while being sewn on clothing, and, considering the amount of ochre 

adhering to them, that the clothing itself were heavily stained if not tanned with iron-rich 

compounds. Red residues from teeth 1 and 2 display a similar composition but a different 

granulometry, which may either reflect lateral or vertical variation in the ochre source or in 

the ochre preparation process. A difference is instead observed between the residues from 

these two teeth and tooth 3. The latter has a slightly different color and lacks titanium in its 

composition. The ubiquitous presence of titanium and the polymetallic nature of the ochre 

from teeth 1 and 2 may be diagnostic of a common clay source (Bain, 1976). Interestingly, 

the difference in ochre composition corresponds to distinct perforation techniques on the 
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lingual aspect, with incision being applied on teeth 1 and 2, and gouging followed by rotation 

on tooth 3. The application of ochre of different composition to ornaments manufactured with 

distinct techniques reinforces the hypothesis that the UC ornaments were produced by 

different individuals, a pattern already observed when analyzing ochre-stained OESBs from 

Shuidonggou Locality 2 (Pitarch Martí et al., 2017). 

 

4.2. Personal ornaments and Late Pleistocene population dynamics in Northern China 

 

The seriation of Northern Chinese Late Pleistocene personal ornaments provides the 

opportunity to explore this record at a regional level. Previous work (Bar-Yosef and Wang, 

2012; Qu et al., 2013; Song and Shi, 2013; Li et al., 2014; Wei et al., 2016) has already 

highlighted diachronic and geographic differences in raw material and technology, 

interpreted by some as the possible reflection of distinct cultural traditions or cultural changes 

over time. Although the available data are limited, seriation is a powerful tool to place 

cultural phenomena in linear order on the basis of their similarity to one another and to make 

inferences on culture-historical trajectories (Lyman and O’Brien, 2006; O’Brien et al., 2008).  

Our seriation identifies a clear-cut difference in preferred ornament types between sites 

roughly located east and west of the 112°E longitude, as well as a chronological continuity 

encompassing the period between 40 and 10 ka in the West, and a shorter timespan, 40 to 25 

ka, during which different ornament types were used in the East. Seriation, however, or any 

other multivariate analysis to which archaeological data may be subjected, does not disclose, 

in and of itself, the factor or factors that have shaped the resulting pattern (Shennan, 2009; 

García Rivero, 2016; Straffon, 2019). It has been cautioned that continuity or regionalization 

of environmental conditions, convergent evolution and particular artifact functions may 

constitute main drivers of these trends (Lyman and O’Brien, 2006; Shennan, 2009). Also, 
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what we perceive as gradual change may hide a more complex cultural evolution with new 

variants representing branches of an undetected evolutionary tree that can possibly split, and 

join together again, producing complex patterns of hybridization (Collard and Tehrani, 2005; 

Greenhill et al., 2009). 

In our case, however, it is difficult to attribute the pattern emerging from the seriation to 

differences in the environmental conditions of these regions or to changes through time in 

those conditions. Mammal teeth, among which those of many species present in the UC 

faunal assemblages and other sites from the same cluster located in the East, were available 

in western regions in which Paleolithic people preferred to wear OESBs and freshwater shells 

(Norton et al., 2011). Likewise, ostriches were present during the Late Pleistocene in the 

region comprising the UC cluster (Janz et al., 2009) and freshwater shells were certainly 

present in lakes and rivers; faunal and isotopic data indeed suggest prehistoric groups 

exploited the resources available in water bodies located in the vicinity of Zhoukoudian (e.g., 

Hu et al., 2009). Yet, neither OES nor freshwater shell was selected to produce ornaments by 

people occupying the eastern region between 40 and 25 ka. The contrast between the two 

clusters is particularly striking when one considers that UC visitors had the know-how for 

producing small circular beads, as demonstrated by the stone beads of this morphology found 

close to skull UC102, and featuring the same technology applied to the production of OESBs. 

The use at UC of marine shells collected from shores located more than 200 km away from 

the site further reinforces the idea that UC visitors would have been able to acquire, either by 

direct collection or through exchange, desirable materials to make ornaments if they 

considered that displaying them on their garments as elements of adornments was required 

(Vanhaeren, d’Errico, 2006; Bar-Yosef Mayer, 2020). They would certainly have been able 

to collect ostrich eggs or, if in short supply, find fossilized eggs in the environment, if using 

beads made of this raw material was needed. Therefore, owing to the symbolic role or, at 
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least not strictly utilitarian nature, of objects used by traditional societies for display on the 

body (Hahn, 1972; Brain, 1979; Cordwell and Schwarz, 1979; Kassam, 1988; Newell et al., 

1990; Sanders, 2002; Kuhn and Stiner, 2007; McAdam, 2008; Casella, 2012; Hart et al., 

2016; McAdam and Davidson, 2018), the dichotomy between the two clusters cannot be 

explained by functional reasons. 

 The most parsimonious interpretation for the identified clusters is that they reflect two 

different cultural traditions, defined here as a body of knowledge and associated practices 

transmitted within a group or a society. The main difference between the two cultural systems 

is that the western tradition apparently lasted much longer than the eastern one and was 

characterized, as far as durable ornamentation is concerned, by the persistent use of the same 

small selection of ornament types, which suggests a very limited cultural drift. At the end of 

the Late Paleolithic, sites such as Lingjing, layer 5, where OESs were transformed into 

pendants rather than circular beads, may well reflect regional diversification occurring in the 

western tradition. Likewise, the presence of OESBs and their association with stone beads, 

bone tubes and bone pendant at the Hutouliang site complex, which includes Yujiagou and is 

geographically located among the sites belonging to the eastern tradition, may reflect 

processes of cultural exchange or eastward migration of the human groups carrying a 

branching variant of the western tradition.  

Key questions concerning these traditions are, of course, where do they come from 

and why the eastern tradition seems to disappear from the archaeological record 25 ka, while 

the region remains occupied throughout the Late Paleolithic (Bae et al., 2018; Yue et al., 

2021). Although it is probably too soon to conclude they both represent intrusive phenomena, 

perforated mammal teeth and bone tubes are present at apparently older Siberian sites (Rybin, 

2015; Shunkov et al., 2020; Lbova, 2021). OESBs covered with ochre have also been 

discovered, even if not in great numbers, at older or contemporaneous Siberian sites; in some 



   35 

instances, in association with perforated mammal teeth, bone tubes and other ornament types 

(Shunkov et al., 2020). This evidence is consistent with the hypothesis that the two 

ornamental traditions identified in Northern China result from a branching process taking its 

origin in Siberia. Establishing whether such possible branching entailed cultural or demic 

diffusion is problematic due to the undiagnostic character of the lithic industries associated 

with both Northern Chinese ornament traditions. The direct dating of Homo sapiens remains 

from Tianyuan Cave, attesting to the presence of modern humans in Northern China at 42 ka 

(Shang et al., 2007), implies that, if confirmed, such demic diffusion occurred shortly after 

the arrival of modern human populations in Siberia (Kuzmin et al., 2021). Aside from the 

Hutouliang site complex which yielded OESBs associated with stone and bone pendants, the 

relative absence of sites younger than 25 ka and belonging to the eastern tradition may 

certainly be due to the fact that these sites exist but have yet to be found. The small number 

of sites discovered so far makes this possibility quite probable. However, this absence could 

also indicate that the groups carrying this tradition have either died out, adopted alternative 

modes of personal ornamentation that remain to be documented archaeologically, or migrated 

elsewhere and were replaced by human groups that made and wore ornaments belonging to a 

different tradition and perhaps left little trace of themselves in the archaeological record. 

Although fragmentary, the available information on the genetic diversity of Eastern 

and Northeastern Asia from 40 ka onward (Fu et al., 2013; Yang et al., 2017; Sikora et al., 

2019; Massilani et al., 2020; Mao et al., 2021) is consistent with the trends highlighted by 

ornaments and the scenario we inferred from them. Genomic analysis of human remains 

found at the site of Salkhit, Northeastern Mongolia (Massilani et al., 2020), and Tianyuan, 

another locality comprised in the Zhoukoudian site complex (Fu et al., 2013; Yang et al., 

2017), indicates that differences in ornament types may reflect penecontemporaneous 

population structure. These human remains date from around 34 ka and 40 ka respectively, 
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the approximate time period of the earliest ornaments found in East Asia, and come from 

sites located in the two regions identified by our seriation as belonging to two different 

cultural traditions. Comparison of the genetic data of these two individuals reveals an 

interesting boundary effect. Both individuals carry genome segments indicating admixture 

with the same Denisovan population, different from the one that have contributed to the 

genome of present-day Australasians. However, the Salkhit individual was a member of a 

population that experienced, prior to 34 ka, substantial gene flow from West Eurasians. Such 

a gene flow, the traces of which are still detected in the genome of a contemporaneous 

individual from the site of Yana RHS, Northeastern Siberia (Sikora et al., 2019), impacted 

the Tianyuan population to a much lesser extent. The ornament type association identified as 

the western tradition could represent the archaeological signature of the Salkhit population, 

carrying western Eurasian genes, and the eastern tradition representing the Tianyuan 

population. Future research will need to contrast the ornament and genomic datasets to 

establish whether, and to what extent, the cultural geography and chronology highlighted by 

the ornaments match population dynamics identified by genetic data. 

 

5. Conclusions 

 

Our study of Pei's iconography and available casts allowed us to verify, and in some 

cases refine or modify, the taxonomic attribution of the mammalian teeth and invertebrates 

used to produce personal ornaments. Our study also allowed us to specify in many cases the 

anatomical position of the teeth, and identify in some instances the sex and age of the animals 

from which the teeth came. In addition, we were able to show that the relative temporal 

continuity in the choice of teeth and other media to make personal ornaments was in fact 

associated with a change in the technical processes chosen to modify the teeth. This trend is 
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consistent with the hypothesis that, if cultural drift introduced variation in UC visitors’ 

ornamental traditions, it was mostly expressed in the technology rather than in the symbolic 

framework that governed the choice of raw material transformed into beads. 

 The seriation of Upper Paleolithic personal ornament assemblages from Northern 

China identifies two regionally distinct traditions. If and when they came in contact, their 

bearers would have easily recognized each other as carriers of distinct traditions from the 

garments they wore. It is reasonable to assume these differences in appearance helped 

reinforce the individuals’ sense of belonging to either group and to structure these 

populations.  
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Figure Legends 

 

Figure 1. Schematic drawing of Zhoukoudian Upper Cave stratigraphy, modified after Pei 

(1939: Fig. 1). Top: location of the site in the Dragon Bone Hill of Zhoukoudian; Lower left: 

North-South profile; Lower right: East-West profile. Black lenses in the profiles correspond 

to cultural layers L1–L5. En = Entrance; R = Upper room; r = Lower room; Lr = Lower 

recess. Symbols in the stratigraphic profiles correspond to a) bone eyed needle, b and c) 

human skulls, and d) perforated marine shell. 

 

Figure 2. Rediscovered badger teeth from Zhoukoudian Upper Cave curated at the 

Zhoukoudian Site Museum. Notice the abundant red residue present in and around the 

perforation on all three specimens, and the coarser greyish sediment adhering to the root of 

the complete specimen. See Table 2 for details. In Tables 4 and 5, the SEM-EDS and µ-RS 

results from the analyses of the sediments and red residues are provided for teeth no. 1 (a), 

no. 2 (b) and no. 3 (c). Scale = 1cm. 
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Figure 3. Casts of Zhoukoudian Upper Cave objects interpreted by Pei as personal 

ornaments. The casts were produced in 1939 and are curated at the Institute of Vertebrate 

Paleontology and Paleoanthropology, Beijing. See Tables 2 and 3, and SOM Table S1 for 

details. Scale = 1 cm. 

 

Figure 4. Correspondence analysis of data on the location, size, morphology and technology 

of perforations on animal teeth used as personal ornaments at Zhoukoudian Upper Cave. 

Notice that radial incising is typically found in layer L2 and bidirectional incising in layer L4. 

Other perforation techniques are ubiquitous. Confidence ellipses at 90%. 

 

Figure 5. Close-up views of the perforations and use-wear on the Zhoukoudian Upper Cave 

rediscovered badger teeth. Notice the large facet on the labial aspect of the teeth (B, D, I). 

Black, vertical bars indicate the location of the areas enlarged in the micrographs on the right 

(C, F, G, J). Scales (white, horizontal bars): macro views (A, B, D, E, H, I) = 5 mm; 

microscopic views (C, F, G, J) = 1 mm. 

 

Figure 6. Analyses conducted on sediment adhering to the root of rediscovered complete 

badger tooth and covering the red residues. A) Location of the sampled area; B) Micrograph 

of the sample; C) SEM image in BSE mode. The dotted square indicates the area enlarged in 

D; D) Close-up view with the location of the analyzed area and spot; E) EDS spectrum 

obtained from the analyzed area and spot. Notice the high content of Si, Al, Mg, Ti, Fe 

indicating the presence of aluminosilicate crystals and rare iron/titanium rich oxy-hydroxide 

crystals (SP 1). See Table 4 for identification of major and minor elements. 
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Figure 7. Analyses conducted on the red residue adhering to the rediscovered complete 

badger tooth (see Fig. 2). A) Location of the sampled area; B) Microphotograph of the red 

residue; C–F) SEM images in BSE mode at different magnifications. Dotted areas in C and D 

are enlarged in D–F. Circles indicate the location of the analyzed spots. Notice sub-angular 

crystals, identified as iron/manganese-rich oxy-hydroxides and feldspars, platy-like particles, 

probably aluminosilicates, and small angular crystals mixed with tiny platelets. See Table 4 

for identification of major and minor elements. 

 

Figure 8. Selected Raman spectra and microscopic views of the analyzed areas on red 

residues adhering to the Zhoukoudian Upper Cave rediscovered badger teeth. A) Complete 

specimen illustrated in Fig. 2A; B) Broken specimen illustrated in Fig. 2B; C) Broken 

specimen illustrated in Fig. 2C. C = calcite; H = hæmatite; Ms = muscovite; Mc = microcline; 

Q = quartz. All three spectra identify hæmatite. Microcline is detected in A and Muscovite in 

B. Dots indicate unresolved RS bands. See Table 5 for details. Scales = 50 µm. 

 

Figure 9. Analyses conducted on the red residues adhering to one of the broken badger teeth 

(see Fig. 2B). A) Location of the sampled area; B) Microphotograph of the red residues. 

Squares indicate particles analyzed in the present study; C–F) SEM images in BSE mode at 

different magnifications. Dotted area in D is enlarged in E. Circles indicate the analyzed 

spots. Notice the presence of micrometric sub-angular crystals of iron oxy-hydroxides with 

variable proportions of manganese in association with platelets of clay minerals micrometric, 

sub-angular carbonate crystals and rounded silicate crystals. See Table 4 for identification of 

major and minor elements. 
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Figure 10. Analyses conducted on the red residues adhering to the second broken badger 

tooth (see Fig. 2C). A) Location of the sampled area; B) Microphotograph of the red residues; 

C–E) SEM images in BSE mode at different magnifications. Dotted areas in C are enlarged 

in D–E. Circles indicate the analyzed spots. Notice the presence of sub-angular crystals 

coated with a mix of platy-like and sub-angular crystals, mostly composed of Fe, Mn. See 

Table 4 for identification of major and minor elements. 

 

Figure 11. Photographs of two fossilized teeth exhibited at the Zhoukoudian Site Museum, 

interpreted in the current study as fakes. See Tables 2 and 3 for details. Scale = 1 cm. 

 

Figure 12. Close-up view of the recent perforations present on the two fossilized teeth 

exhibited in the Zhoukoudian Site Museum. Labial (B, D) and lingual (A, C) aspects of the 

felid (A, B) and red deer (C, D) canines. Notice the fringed outlines, freshness, small 

diameter, funnel-like morphology of the perforations and absence of patina and sediment. 

Scales = 1 mm. 

 

Figure 13. Location of the sites included in the seriation (top). Seriation of the ornament 

types found in the archaeological layers of Late Paleolithic Northern Chinese sites dated 

between 40 and 10 ka (bottom). Numbers in brackets following the site name and layer refer 

to the numbers on the map. The seriation identifies a difference in preferred ornament types 

between sites roughly located east and west of the 112°E longitude, and a chronological 

continuity encompassing the period between 40 and 10 ka in the West, and a shorter timespan 

(40 to 25 ka) in the East. Map made by LD using QGIS v. 2.14.3-Essen (Free Software 

Foundation, Inc., Boston) and free vector and raster from Natural Earth 

(naturalearthdata.com). 
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Figure 14. Schematic rendition of how the complete badger tooth might have been attached 

to the clothing of Zhoukoudian Upper Cave visitors based on the location of a large ground 

facet on the labial aspect and shallow notches produced by use-wear on either side of the 

perforation on the lingual aspect.  
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SOM Text S1. Quantitative method for the age estimation of red deer canines. 

 

The quantitative method for the age estimation of red deer canines involves the use of 

two regression equations, one for stags and the other for hinds. The method described by 

d’Errico and Vanhaeren (2002) is summarized here.  

To establish which equation should be used, the sex of the animal must first be 

established. This is done based on the tooth’s morphology and the root width/thickness ratio. 

Young stag canines have a globular shape that tends, due to use-wear, to become triangular in 

older animals. Crowns of young hinds are pointed and become rectangular in old animals. In 

addition to these morphological characteristics, the root width is always more than twice its 

thickness among stags and less so among hind. 

When the sex of the individual is determined, the corresponding regression equation 

may be used to estimate the age of the individual. For stags (Equation 1), the regression 

equation considers the lengths (-L) and widths (-W) of the crown (C-), root (R-) and wear 

facet (W-). The result is expressed in months. 

 

𝑦 = 300.13 + (−16.80CL) + (9.28WL) + (−6.69RL) + (−12.74CW) + (7.64RW) + (−3.93WW) 

Equation 1. Regression equation for the age estimation of red deer male individuals using 

the crown length (CL), crown width (CW), root length (RL), root width (RW), wear facet 

length (WL) and wear facet width (WW). 

 

For hind (Equation 2), the regression equation considers the crown length (CL), width 

(CW) and thickness (CT) as well as the wear facet length (WL) and width (WW). The result 

is expressed in months. 

 

𝑦 = 222.09 + (−10.83CL) + (
5.14(WL ∗ WW)

2
) + (

−5.75(CW ∗ CT)

2
) 

Equation 2. Regression equation for the age estimation of red deer female individuals using 

the crown length (CL), width (CW) and thickness (CT) as well as the wear facet length (WL) 

and width (WW). 
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SOM Figure S1. Reproductions from Pei’s (1939) monograph of Figure 10 showing a cervid 

antler bearing engraved incisions (1), Figure 11 showing perforated stone beads (2), Figure 

12 showing a perforated pebble (3), and Figure 13-I depicting the perforated red deer canines 

(4). Scale in (2) is inaccurate in the original document; it should be 3 cm instead of 6 cm.   
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SOM Figure S2. Reproductions from Pei’s (1939) monograph of Figure 13-II showing 

perforated badger canines (1), Figure 14 depicting four bone tubes with shallow notches (2), 

Figure 13–III showing (A) a tiger incisor, (B, C, E,) three Sika deer incisors, (D) a marten 

canine and (F) a red deer decidual canine (3), and Figure 15 a perforated grass carp supra-

orbital bone (4). Scale for (4) is absent in the original document. 
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SOM Figure S3. Reproduction of Plate IV from Pei’s (1939) monograph. Photographs of 

different aspects of perforated shells (1–3), pebble (4), stone beads (5–9), grass carp supra-

orbital bone (10) and bone tubes with shallow notches (13–16) are presented here. Note that 

the fish vertebrae (11–12) are not perforated and are not personal ornaments.   
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SOM Figure S4. Reproduction of Plate V from Pei’s (1939) monograph. Watercolors of the 

perforated pebble (1), stone beads (2–4), perforated badger canines (6–13), a pebble with 

three red stains on one aspect (5) and a large piece of ochre (14). 
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SOM Figure S5. Reproduction of Plate VI from Pei’s (1939) monograph. Photographs of 

different aspects of the incised cervid antler (1) and the lower mandible of a Sika deer with an 

unusual polish (2). 
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SOM Figure S6. Reproduction of Plate VII from Pei’s (1939) monograph. Photographs of 

different aspects of perforated red deer canines (1–13), a bone eyed needle from layer L1 

(14), a perforated decidual canine of a red deer (15), perforated fox canines (16–17, 19–21) 

badger canines (18, 22–23), marten canine (24), tiger incisor (25), Sika deer incisor (26–28), 

and two long bone diaphyses with flake scars (29–30). 
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SOM Figure S7. Reproduction of Plate VIII from Pei’s (1939) monograph. Photographs of 

different aspects of perforated fox canines (1–11, 29–31, 33–36, 38, 42) and badger canines 

(12–28, 32, 37, 39–41, 43–44). 
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SOM Table S1 

Zhoukoudian Upper Cave personal ornaments database presenting Pei’s (1939) descriptions, the list of objects originally cast with indication of those still kept 

at the Institute of Vertebrate Paleontology and Paleoanthropology (Chinese Academy of Science, Beijing) and those lost, our reassessment of Pei’s data (this 

study), and data used in the correspondence analysis. Text in bold indicates changes or additions to Pei’s descriptions. 

Species Element

Known 

layer Figure Plate Species Element

Latera-

lisation Sex Age Size Location Orientation

Bidirectional 

incision

Unidirectional 

incisio

Radial 

incision Rotation Grinding

1 Bead Limestone UC102 11.A IV.5a–5d; V.3a–3b RP39116

2 Bead Limestone UC102 11.B IV.6a–6d; V.2a–2b RP39117–1

3 Bead Limestone UC102 11.c IV.9a–9c; V.4a–4c RP39118 (lost)

4 Bead Limestone UC102 IV.7a–7b RP39117–2 (lost)

5 Bead Limestone UC102 IV.8a–8b RP39117–3 (lost)

6 Perforated pebble Pebble 12 IV.4a–4b; V.1a–1b RP39119

7 Perforated tooth Tooth Cervus canadensis Upper canine 13I.A VII.1a–1b RP39120(A) Cervus elaphus Upper canine Left Male Adult medium middle circle present present

8 Perforated tooth Tooth Cervus canadensis Upper canine 13I.B VII.2a–2b Cervus elaphus Upper canine Right Male Adult medium middle oblique present

9 Perforated tooth Tooth Cervus elaphus Upper canine 13I.C VII.3a–3b Cervus elaphus Upper canine Left Female Adult–old medium middle circle present present

10 Perforated tooth Tooth Cervus elaphus Upper canine 13I.D VII.4a–4b Cervus elaphus Upper canine Right Female Adult–old

11 Perforated tooth Tooth Cervus elaphus Upper canine 13I.E VII.5a.5b RP39120(E) Cervus elaphus Upper canine Left Male Old medium bottom circle present present

12 Perforated tooth Tooth Cervus elaphus Upper canine 13I.F VII.6a–6b Cervus elaphus Upper canine Left Female Adult

13 Perforated tooth Tooth Cervus elaphus Upper canine 13I.G VII.7a–7b Cervus elaphus Upper canine Female Prime small bottom circle present

14 Perforated tooth Tooth Cervus elaphus Upper canine 13I.H VII.8a–8b Cervus elaphus Upper canine Left Female Adult–old

15 Perforated tooth Tooth Cervus elaphus Upper canine 13I.I VII.9a–9b Cervus elaphus Upper canine Right Female Old medium top circle present present

16 Perforated tooth Tooth Cervus elaphus Upper canine 13I.J VII.12a–12b Cervus elaphus Upper canine Right Female Young medium middle circle present

17 Perforated tooth Tooth Cervus elaphus Upper canine 13I.K VII.13a–13b Cervus elaphus Upper canine Left Female Adult–old

18 Perforated tooth Tooth Cervus elaphus Upper canine 13I.L VII.10a–10b Cervus elaphus Upper canine Right Female Adult medium middle circle present

19 Perforated tooth Tooth Cervus elaphus Upper canine 13I.M VII.11a–11c RP39120(M) Cervus elaphus Upper canine Right Female Old medium middle circle present

20 Perforated tooth Tooth Meles leucurus Canine 13II.top/left RP39121–1 Meles  sp. Lower canine Left

21 Perforated tooth Tooth Meles leucurus Canine 13II.top/right Meles  sp. Lower canine Right

22 Perforated tooth Tooth Meles leucurus Canine 13II.bottom/left Meles  sp. Lower canine Left

23 Perforated tooth Tooth Meles leucurus Canine 13II.bottom/right Meles  sp. Lower canine Right

24 Perforated tooth Tooth Panthera tigris Incisor 13III.A VII.25a–25b RP39122A (lost) Panthera tigris Lower lateral incisor

25 Perforated tooth Tooth Cervus nipon Incisor 13III.B VII.27a–27b RP39122B (lost) Cervus nipon Incisor medium middle circle present present

26 Perforated tooth Tooth Cervus nipon Incisor 13III.C VII.28a–28b RP39122C (lost) Cervus nipon Incisor medium middle circle present

27 Perforated tooth Tooth Mustela sp. Lower canine 13III.D VII.24a–24b RP39122D (lost) Martes sp Lower canine Left

28 Perforated tooth Tooth Cervus nipon Incisor 13III.E VII.26a–26b RP39122E (lost) Cervus nipon Incisor

29 Perforated tooth Tooth Capreolus capreolus Milk lower canine 13III.F VII.15a–15b RP39122F (lost) Cervus elaphus Decidual upper canine medium middle circle present

30 Bone tube Bone Bird 14.A IV.14a–14d RP39123A (lost)

31 Bone tube Bone Bird 14.B IV.16a–16d RP39123B

32 Bone tube Bone Bird L2 14.C IV.13a–13d RP39123C

33 Bone tube Bone Bird 14.D IV.15a–15d RP39123D

34 Perforated bone Bone Ctenopharyngodon idellus Supra–orbital 15 IV.10a–b RP39124 Ctenopharyngodon idella Supra-orbital

35 Perforated shell Shell Arca sp. IV.1 RP39126–1 Anadara disparilis/satowi

36 Perforated shell Shell Arca sp. IV.2 RP39126–3 Anadara broughtonii

37 Perforated shell Shell Arca sp. IV.3a–3b RP39126–2 Anadara broughtonii

38 Perforated tooth Tooth Vulpes vulpes VII.16 Vulpes vulpes Upper canine medium top circle present present

39 Perforated tooth Tooth VII.17 RP39121–2 Vulpes vulpes Lower canine Left medium middle circle present present

40 Perforated tooth Tooth VII.18 Meles  sp. Lower canine medium middle horizontal present

41 Perforated tooth Tooth VII.19 Vulpes vulpes Upper canine small middle circle present present

42 Perforated tooth Tooth VII.20 Vulpes vulpes Lower canine Right large middle circle present present

43 Perforated tooth Tooth VII.21 RP39121–3 Vulpes vulpes Lower canine Left medium middle vertical present

44 Perforated tooth Tooth VII.22 Meles  sp. Upper canine Right small bottom circle present present

45 Perforated tooth Tooth VII.23 Meles  sp. Upper canine

Pei's data
This study

Cast catalog 

number

Reappraisal based on Pei's data and surving casts Correspondence analysis variables on peforations

N˚ Type

Raw 

material

 

  

Code de champ modifié
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SOM Table S1 (continued) 

 

Species Element

Known 

layer Figure Plate Species Element

Latera-

lisation Sex Age Size Location Orientation

Bidirectional 

incision

Unidirectional 

incisio

Radial 

incision Rotation Grinding

46 Perforated tooth Tooth Vulpes vulpes Upper canine L2 VIII.1 Vulpes vulpes Upper canine Right medium middle vertical present

47 Perforated tooth Tooth Vulpes vulpes Upper canine L2 VIII.2 Vulpes vulpes Upper canine Right large middle vertical present

48 Perforated tooth Tooth Vulpes vulpes Upper canine L2 VIII.3 Vulpes vulpes Lower canine Right small top circle present

49 Perforated tooth Tooth Vulpes vulpes Upper canine L2 VIII.4 Vulpes vulpes Upper canine Right medium middle vertical present present

50 Perforated tooth Tooth Vulpes vulpes Upper canine L2 VIII.5 Vulpes vulpes Lower canine Right

51 Perforated tooth Tooth Vulpes vulpes Lower canine L2 VIII.6 Vulpes vulpes Upper canine Right medium middle circle present

52 Perforated tooth Tooth Vulpes vulpes Lower canine L2 VIII.7 Vulpes vulpes Upper canine Right large bottom vertical present

53 Perforated tooth Tooth Vulpes vulpes Lower canine L2 VIII.8 Vulpes vulpes Upper canine Right large middle oblique present present

54 Perforated tooth Tooth Vulpes vulpes Lower canine L2 VIII.9 Vulpes vulpes Upper canine Right medium bottom oblique present

55 Perforated tooth Tooth Vulpes vulpes Lower canine L2 VIII.10 Vulpes vulpes Upper canine Right medium middle circle present

56 Perforated tooth Tooth Vulpes vulpes Lower canine L2 VIII.11 Vulpes vulpes Upper canine Right

57 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.12 Meles  sp. Upper canine small middle circle

58 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.13 Meles  sp. Upper canine medium middle circle present

59 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.14 Meles  sp. Upper canine medium top vertical present present

60 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.15 Meles  sp. Upper canine large top circle present

61 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.16 Meles  sp. Upper canine large middle oblique present present

62 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.17 Meles  sp. Upper canine

63 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.18 Meles  sp. Upper canine small top circle present present

64 Perforated tooth Tooth Meles sp. Upper canine L2 VIII.19 Meles  sp. Upper canine

65 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.20 Meles  sp. Lower canine large bottom horizontal present

66 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.21 Meles  sp. Lower canine medium middle circle present present

67 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.22 Meles  sp. Lower canine small top circle present

68 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.23 Meles  sp. Lower canine large middle vertical present present

69 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.24 Meles  sp. Lower canine

70 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.25 Meles  sp. Lower canine large middle horizontal present

71 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.26 Meles  sp. Lower canine medium middle vertical present present

72 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.27 Meles  sp. Lower canine medium middle circle present present

73 Perforated tooth Tooth Meles sp. Lower canine L2 VIII.28 Meles  sp. Lower canine

74 Perforated tooth Tooth Vulpes vulpes VIII.29a–29b Vulpes vulpes Upper canine Left small middle vertical present

75 Perforated tooth Tooth VIII.30 Vulpes vulpes Upper canine Left large middle vertical present present

76 Perforated tooth Tooth VIII.31 Vulpes vulpes Upper canine Left small middle horizontal present present

77 Perforated tooth Tooth VIII.32 Meles  sp. Lower canine Right small middle oblique present present

78 Perforated tooth Tooth VIII.33 Vulpes vulpes Upper canine Right small middle vertical

79 Perforated tooth Tooth VIII.34 Vulpes vulpes Upper canine small bottom circle present present

80 Perforated tooth Tooth VIII.35 Vulpes vulpes Upper canine Left medium top vertical present present

81 Perforated tooth Tooth VIII.36 Vulpes vulpes Lower canine Right small top circle present

82 Perforated tooth Tooth VIII.37 Meles  sp. Lower canine small bottom horizontal present

83 Perforated tooth Tooth VIII.38 Vulpes vulpes Upper canine large middle vertical present

84 Perforated tooth Tooth VIII.39 Meles  sp. Lower canine medium top circle present

85 Perforated tooth Tooth VIII.40 Meles  sp. Upper canine large middle vertical present

86 Perforated tooth Tooth VIII.41 Meles  sp. Lower canine Right medium middle circle present present

87 Perforated tooth Tooth VIII.42a–42b Vulpes vulpes Lower canine Left small middle oblique present

88 Perforated tooth Tooth VIII.43a–43b Meles  sp. Upper canine Right medium top vertical present present

89 Perforated tooth Tooth VIII.44a–44b Meles  sp. Lower canine Right large top vertical present present

90 Perforated tooth Tooth Meles sp. Lower canine V.6a–6b Meles  sp. Lower canine Right

91 Perforated tooth Tooth V.7 Meles  sp. Lower canine

92 Perforated tooth Tooth Meles sp. Upper canine V.8 Meles  sp. Upper canine

93 Perforated tooth Tooth Meles sp. Lower canine V.9a–9b Meles  sp. Lower canine Left

94 Perforated tooth Tooth Meles sp. Lower canine V.10a–10b Meles  sp. Lower canine Right

95 Perforated tooth Tooth Meles sp. Lower canine V.11a–11b Meles  sp. Lower canine Right

96 Perforated tooth Tooth Meles sp. Lower canine V.12a–12.b Meles  sp. Lower canine Right

97 Perforated tooth Tooth Meles sp. Lower canine V.13a–13b Meles  sp. Lower canine Left

N˚ Type

Raw 

material

Pei's data

Cast catalog 

number

This study

Reappraisal based on Pei's data and surving casts Correspondence analysis variables on peforations
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Table 1 

Stratigraphic provenience and numbers of Zhoukoudian Upper Cave personal ornaments as 

reported by Pei (1939). 

Pei's 
cultural 
layers 

Hæmatite 
Stone 
beads 

Perforated 
pebble 

Perforated teeth Bone tube 
Perforated 

shell 
Perforated 
fish bone 

Total 

Carnivore Herbivore     

L1 Present         

L2 Present   n = 28 
collected 
over an 
area not 

exceeding 1 
square 
meter 

 n = 1   29 

L3 Present         

Sediments 
between L3 
and L4 

Particles in 
the matrix 

adhering to 
UC101, 
UC102, 
UC103 
skulls 

n = 7 
adhering to 
UC102 skull 

  n = 1 deer 
canine 

found near 
UC102 skull 

   8 

L4 Present  n = 1 Mostly 
found in L4 

(n ≈ 80)a 

Mostly 
found in L4 

(n ≈ 16)b 

Probablec 

(n ≈ 3) 
n = 3  ≈103 

L5 Present         

Unknown        1 1 

Total   7 1 108 17 4 3 1 141 

a Pei only indicates the cultural layer for the 28 carnivore canines recovered in a single square 

meter of L2. The other specimens are assumed to come from L4. 

b Pei only indicates that one red deer canine was found closed to UC102. There are no indications 

that perforated deer canines were found in L2. Therefore, the other specimens are assumed to 

come from L4. 
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c Based on Pei’s (1939:31) statement that "One (tubular bone pendant) was found in L2 in situ 

and the others (n =3) from the sieved material for which the exact level could not be located. But 

judging by their appearance, they might have come from L4." 
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Table 2 

Descriptive and morphometric data on the Zhoukoudian Upper Cave personal ornaments.  

            Morphometric variables (mm) 

      All specimens   Teeth only 

N˚ Institution Figure 
Raw 

material 
Species 

Anatomical 
position/ 

side 
Lengtha ,b Width c,d Thickness d 

Perforation 
maximum 
diameter 

Perforation 
minimum 
diameter 

 
Crown 
length 

Root 
length 

1 IVPP 3A Shell Anadara disparilis/satowi  33.57 38.59 14.76 10.54 10.56    

2 IVPP 3B Shell Anadara broughtonii  30.92 35.44 13.72 8.8 8.38    

3 IVPP 3C Shell Anadara broughtonii  23.49 30.16 10.8 4.75 3.69    

4 IVPP 3D Pebble   40.08 28.76 12.05 3.28 2.63    

5 IVPP 3E Calcite   7.37 7.59 2.5 2.68 2.22    

6 IVPP 3F Calcite   7.33 7.15 2.38 2.24 2.38    

7 IVPP 3G Bone Aves  39.16 13.15 9.86 Inc. Inc.    

8 IVPP 3H Bone Aves  31.4 14.38 11.93 Inc. Inc.    

9 IVPP 3I Bone Aves  18.72 14.48 12.02 Inc. Inc.    

10 IVPP 3J Bone Ctenopharyngodon idella  24.56 14.44 5.89 1.57 11.54    

11 IVPP 3K Tooth Meles sp. Lower/right 27.84 9.31 7.06 2.07 1.86  14.82 14.92 

12 IVPP 3L Tooth Vulpes sp. Upper/right 32.43 7.55 5.36 2.28 1.89  15.98 15.89 

13 IVPP 3M Tooth Vulpes sp. Lower/right 30.4 6.98 4.76 2.14 1.98  16.03 13.1 

14 IVPP 3N Tooth Vulpes sp. Lower/right 28.53 6.3 5.18 1.33 1.33  14.4 14.67 

15 ZKD 2A Tooth Meles sp. Lower/left 26.12 7.67 5.53 2.35 2.02  11.41 17.08 

16 ZKD 2B Tooth Meles sp. Lower/right 22.4 7.5 5.33 Inc. 2.1  10.98 Inc. 

17 ZKD 2C Tooth Meles sp. Lower/left Inc. 5.98 4.84 Inc. 1.6  Inc. Inc. 

18 ZKD 11A Tooth Felix sp.   22.64 8.68 4.54 0.84 0.84       

Abbreviations: IVPP = Institute of Vertebrate Paleontology and Paleoanthropology; ZKD = 

Zhoukoudian Site Museum; Inc. = incomplete and therefore not measured. 
aMaximum diameter for calcite beads. 
bHeight of Arca sp. shells. 
cMinimum diameter for calcite beads. 
dMeasured at the collar for Vulpes sp. and Meles sp. teeth. 
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 1 

Table 3 2 
 3 

Descriptive and morphometric data on the Zhoukoudian Upper Cave personal ornaments.  4 

      Morphological variables  Metrical variables (mm) 

N˚ Institution Figure Sex Side Age
a 

OCW RA PC DLCL  Length Width PMxD PMnD CL CW CT RL RW RT RWA WL WW 

1 IVPP 3O M Left ca. 2-4 None Open Visible Present  29.19 15.97 4.01 4.02 14.97 15.94 8.74 13.54 13.39 4.49 5.99   

2 IVPP 3P M Left 7.83 Affected Closed Not visible Absent  22.62 13.80 3.35 3.22 11.44 11.93 5.42 10.48 12.90 3.10 5.89 15.34 7.87 

3 IVPP 3Q F Left 9.50 Affected Closed Not visible Present  20.12 12.76 2.75 1.99 5.90 12.69 7.63 12.54 9.17 3.71 3.25 11.67 7.81 

4 ZKD 11B M Right 13.79 Final Closed Not visible Present  14.81 7.70 0.62 0.62 4.50 7.96 3.34 10.25 6.99 2.41 3.31 7.97 3.99 

Abbreviations: IVPP = Institute of Vertebrate Paleontology and Paleoanthropology; ZKD = 5 

Zhoukoudian Site Museum. M = stag; F = hind, OCW = occlusal wear; RA = root apex; PC = 6 

pulp cavity; DLCL = disto-linguo-cervical lobe; PMxD = perforation maximum diameter; PMnD 7 

= perforation minimum diameter; CL = crown length; CW = crown width; CT = crown thickness 8 

(equivalent to maximum thickness); RL = root length; RW = root width; RT = root thickness; 9 

RWA = root apex width; WL = wear facet length; WW = wear facet width. 10 
aAge based on modern Cervus elaphus reference samples (d'Errico and Vanhaeren, 2002).  11 

  12 



 

   78 

Table 4 13 

Results of SEM-EDS analyses of sediments and red residues present on the Zhoukoudian Upper 14 

Cave rediscovered badger canines. 15 

Reference Zone Spectrum 

Features  Elemental composition 

Interpretation Figure 
Length 
(µm) 

Width 
(µm) Shape 

BSE 
contrast  Major elements Minor elements 

Tooth no.1 General view Spot 1 77.5 24.5 Sub-angular White  Fe, Si, Al Mn, Ca, K, Mg, Na, P Iron/manganese oxy-hydroxide + clays Fig. 7C 

 
General view Spot 2 137 NA Sub-angular Grey  Si, Al, Na, Ca K, Mg Na-rich aluminosilicate (feldspar) Fig. 7C 

 
Zoom 3 Spot 1 1.9 1.9 Sub-angular White  Fe, Si, Al, Mn, Ca, Na, K, Mg, Ti S Iron/manganese oxy-hydroxide + clays Fig. 7F 

 
Zoom 3 Spot 2 1.7 1.6 Sub-angular White  Fe, Si, Al, Mn, Ca Na, Mg, K, P Iron/manganese oxy-hydroxide + clays Fig. 7F 

 
Zoom 3 Spot 3 3 1.7 Sub-angular White  Fe, Si, Mn, Al, K, Ca Na, Mg, Ti, S Iron/manganese oxy-hydroxide + clays Fig. 7F 

 
Zoom 3 Spot 4 6 4 Sub-angular Grey  Fe, Mn, Si, Al, Ca, Na Mg, K, Ti Iron/manganese oxy-hydroxide + clays Fig. 7F 

Tooth no.2 Partic. 2 Spot 1 1.8 1.3 Sub-angular White  Si, Fe, Al, Na, K, Ca Mg, Mn, P Iron/manganese oxy-hydroxide + clays Fig. 9E 

 
Partic. 2 Spot 2 1.3 0.8 Sub-angular White  Fe, Si, Ti, Al, K, Ca Mn,Mg, P, Na, Cl Iron/titanium oxy-hydroxide + clays Fig. 9E 

 
Partic. 2 Spot 3 1.3 0.7 Sub-angular White  Fe, Si, Ca, K, Mn, Al Ti, Mg, P, Na Iron/manganese oxy-hydroxide + clays Fig. 9E 

 
Partic. 2 Spot 4 15 11 Sub-angular Grey  Si, Fe, Mn, Al, Ca P, Mg, Na Iron/manganese oxy-hydroxide + silicates + clays Fig. 9E 

 
Partic. 2 Spot 5 3.7 2.6 Sub-angular White  Fe, Si, Ca, Al, K, Mn, Mg Na, P Iron/manganese oxy-hydroxide + clays Fig. 9E 

 
Partic. 2 Spot 6 NA NA NA Grey  Fe, Si, Mn, Al, K, Ca, Mg Ti, P, Na Iron/manganese oxy-hydroxide + clays Fig. 9E 

 
Partic. 3 Spot 1 10.4 3 Tabular White  Si, Al, Fe, Na, Ca K, Mg, P Na-rich aluminosilicate (feldspar) Fig. 9F 

 
Partic. 3 Spot 2 1.3 0.7 Sub-angular White  Ca, Fe, Si, Al K, Mg, Mn, Na, P Iron/manganese oxy-hydroxide + Ca-rich carbonate + clays Fig. 9F 

 
Partic. 3 Spot 3 27.7 8.7 Tabular Grey  Si, Al, K, Fe, Na Ca K-rich aluminosilicate (feldspar) Fig. 9F 

Tooth no.3 Partic. 1 Spot 1 NA NA Agglom. White  Fe, Si, Al, Ca, K P, Mn, Mg, Na Iron/manganese oxy-hydroxide + clays Fig. 10D 

 
Partic. 2 Spot 1 NA NA Agglom. White  Fe, Si, Al, Ca P, K, Mn, Mg, Na Iron/manganese oxy-hydroxide + clays Fig. 10E 

 
Partic. 2 Spot 2 NA NA Agglom. White  Ca, Fe, K, Si, Al, P Mn, Mg, Na — Fig. 10E 

 
Partic. 2 Spot 3 NA NA Agglom. Grey  Si, Al, K, Fe, Ca P, Mg, Na K-rich aluminosilicate (mica) Fig. 10E 

UC sediment Zoom 1 Area NA NA NA Grey  Si, Ca, Na, Fe, P, K, Mg Na, Ti, S Mixture of aluminosilicates (clays + feldspars) + silicates + iron/titanium oxy-hydroxides Fig. 6D 

  
Zoom 1 Spot 1 1.5 0.7 Sub-angular White   Si, Fe, Al, Ti, Mg, Ca K, P, Na Iron/titanium oxy-hydroxide Fig. 6D 

NA = not available. 16 

See Figure 2 for illustration of teeth no. 1 (Fig. 2a), no. 2 (Fig. 2b) and no. 3 (Fig. 2c).  17 
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Table 5 18 

Results of µ-RS analyses of red residues present on the Zhoukoudian Upper Cave rediscovered 19 

badger canines. 20 

Reference n Morphology Color 
Identified 

compoundsa 

Unresolved RS 
bands (cm-1) 

Tooth no.1 3 Agglom. Red to dark red H (C + Mc) 
872, 965 

 2 Agglom. Red to dark red H + clays 

Tooth no.2 6 Agglom. Red to dark red H 

  1 NA Brown Ms (H) 

 1 Sub-ang. Colorless Q (H) 

Tooth no.3 2 Agglom. Red H 

805, 942, 964, 
1109, 1425 

 
3 Agglom. 

Red + dark red + 
colorless 

H + Q + clays 

  4 Agglom. Colorless + red Q + H 

Abbreviations: n = number of times this item was analyzed. Agglom. = agglomerate; NA = not 21 

available; Sub-ang. = sub-angular; C = Calcite; H = Hæmatite; MC = Microcline; Ms = 22 

Muscovite.  23 
aCompounds in parentheses play no role in the mineralogical composition of the analyzed items. 24 

The unresolved RS bands around 900 cm-1 could be explained by the presence of sulphates 25 

(Kloprogge and Frost, 2000) or, alternatively could be linked to the presence of an organic 26 

compound such as Paraloid B72 commonly used by conservators and restorers (Conti et al., 27 

2013). 28 

See Figure 2 for illustration of teeth no. 1 (Fig. 2a), no. 2 (Fig. 2b) and no. 3 (Fig. 2c). 29 

 30 
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