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Supplementary Online Material 

 

General information about the Sungir burials and habitation site 

 The general results of excavations at Sungir, including stratigraphy, and lithic and bone assemblages, 

were published some decades ago (Bader 1978). However, the release of details for the burials and 

physical anthropology was significantly delayed. All the results of the investigation of Sungir have now 

been published (see Zubov 1984; Bader and Lavrushin 1998; Alekseeva and Bader 2000; Trinkaus et al. 

2014; Vasilyev and Gerasimova 2017; Zhitenev 2017), including analysis of Paleolithic human DNA 

(Sikora et al. 2017). 

 Grave 1 (Fig. S1), besides the S-1 skeleton, contains numerous artifacts made of ivory and animal 

bones, and some lithics. There are ca. 20 thin ivory bracelets and several ivory bead bracelets on the 

male’s hands, and several bone pendants. There is also a triple row of ivory beads on his head, and 20 

drilled Arctic fox canines on its back. Ivory beads (ca. 3500) decorated the clothes, and this allowed 

reconstruction of the shape and size of the clothes. There were also rows of beads lying along the arms, 

legs and body, as well as across the chest and hip bones. As for the lithic artifacts, drilled pebbles on the 

chest, a flint knife, and a scraper were found.  

 Grave 2 (Fig. S2) contained the remains of two sub-adult males (S-2 and S-3) lying antithetically 

head to head. The burial was simultaneous, since large spears made of mammoth ivory were placed in the 

grave alongside the bodies. One of the main distinctive features of Grave 2 are two ivory spears (2.42 m 

and 1.66 m long) and 12 ivory javelins; two pendants in the form of a horse or saiga antelope, and bison; 

two large ivory pins; four antler shaft wrenches; 25 ivory bracelets and 13 bead bracelets on the hands; 

drilled pebbles; a large bone sculpture of a mammoth (S-2); slotted disks; three ivory daggers; four ivory 

finger rings; and a bone needle. Around 2730 ivory beads were sewn on to the clothes and headgear of S-

2, and ca. 3500 beads on S-3. 

 Based on the large number of beads in graves 1 and 2 (in total, ca. 9730), and their arrangement in 

rows along arms, legs, across the skeleton, and above and below it, it is possible to assume that they were 

sewn on to clothes (Bader 1998; Gilligan 2019). For S-1, two layers of clothes can be established. The 

lower fitted garments were a fur or leather parka (a high-necked shirt, put on over the head), and trousers 

sewn with light moccasin-like shoes. The upper garment was a cloak-like piece. The headgear was 

decorated with bone beads and drilled Arctic fox canines. For S-2 and S-3, similar lower and upper 

garments were detected. The footwear of S-2 was reconstructed as high fur boots (mukluks type) tied 

above the knees. The headgears for S-2 and S-3 have richer ornaments compared to S-1: in addition to 

three rows of beads at the front and at the back, it has Arctic fox canines on its top and a small flat ring, 

perhaps for tying together Arctic fox tails on the headgear. 

 Based on analysis of some of the lithic artifacts from Sungir (ca. 2400 items, including 1624 tools of 

regular shape and 779 irregularly retouched/notched flakes and blades), it is possible to conclude that the 
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stone tools belong to the following categories: burins; chisel-shaped tools (pièce écailée); chips with 

trimming; triangular and leaf-shaped points with bifacial and unifacial retouch; bifaces; points on flakes, 

blades and bladelets; borers; side scrapers (Fig. S3; Fig. S4: 11–18); backed knives; combined tools, and 

retouched blades and flakes. Pièce écailée, scrapers and burins are the most numerous kinds of tools, in 

addition to blades and retouched flakes. Among other tool types, important for cultural identification, are 

bifacial points (Fig. S4: 1–10); and scrapers and points made on blades and bladelets. The majority of 

blades and almost all flakes were manufactured by direct percussion. As for the raw materials, different 

varieties of boulder and pebble flint (the dominant kind of stone), and silicified limestone, quartz, 

quartzite and slate were used for tool manufacture. 

 

Revision of the site’s stratigraphy and spatial distribution of artifacts 

 The number of artifacts we entered into the database is ca. 64,890 (Fig. S12). Adtollo’s Topocad and 

QGIS 3.14 computer packages were used. Unfortunately, the exact depths of artifacts were not originally 

measured during the excavations, because the cultural layer was divided by arbitrary levels/horizons 

(each 5–35 cm thick), and we followed this subdivision. The number of levels is from three to six in 

different parts of the site. The total thickness of a cultural layer, which contains the burials, is from ca. 

30–40 cm to ca. 1 m. As for the parts of the site disturbed by quarrying to remove clay for the brick 

factory, practiced before the discovery of Sungir in 1955, we were able to reconstruct these areas, 

including those where a cultural layer was only partially preserved (Fig. S12). 

 A two-dimensional map of finds’ density (“heat-map”) was compiled for the first time (Fig. S12). It 

shows the concentrations of artifacts, bones, and other features (spots enriched in charcoal and ocher) in 

certain parts of site (notably, excavation pits II and III). The areas with the highest density of artifacts 

were preliminary considered to represent the dwellings.  

 For Pit II, where the burials were found, we were able to record in more detail the spatial distribution 

of different categories of finds, such as artifacts, concentrations of charcoal, red ocher, animal bones, and 

humic-enriched spots (Fig. S13). By doing this, we established for the first time the stratigraphic position 

of the level from which the burial pits were dug.  

 According to Bader (1978), the surface from which the grave pits were dug was marked by the S-5 

skull in Grave 1. It was found 15 cm above the contact of the paleosol (essentially, the cultural layer) and 

the underlying sandy loam (bedrock). Thus, Bader (1978) assumed that the Sungir graves were dug from 

the lower part of the paleosol. After the publication of the monograph edited by Bader and Lavrushin 

(1998), Gavrilov (2001) suggested that the graves were dug from a higher stratigraphic level. The revision 

of O. N. Bader's field drawings made it possible for the first time to judge more accurately the 

stratigraphic position of the burials associated with the large concentration of ocher. 

 There are not many artifacts and other finds in the upper horizons of the grids where the graves were 

found (Figs. S12–S13), and immediately around them. Their number increases, but not significantly, with 
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depth (Fig. S13). The spaces between the graves contain the smallest amount of finds in all horizons. 

Hearth pits between the burials, despite the fact that they were dug from different elevations (some from 

below the bedrock, and some above it), are still found only in Horizon 5 (Fig. S13).  

 Small particles of ocher were recorded in Horizon 2, starting from the level of 20–30 cm above the S-

5 skull in Grave 1. Given that this skull was deposited on a bed of ocher, it is likely that the ocher spots 

above it mark the infill of the grave pit. In this case, the burial pit of S-1 was dug approximately from the 

second arbitrary level or the upper part of the paleosol. A similar picture emerges when analyzing the 

features of the cultural layer at the location of Grave 2. The traces of burials were recorded 3–5 cm below 

the contact of the paleosol and bedrock, at a depth of 78 cm from the top of the cultural layer. However, 

the first signs of this burial appeared much higher – also at the level of the second arbitrary level, in the 

form of a dark humus concentration of irregular shape with the inclusion of ocher spots. This feature has 

the same orientation as Grave 2: from southwest to northeast. Concentrations of ocher and humic-

enriched spots, and bones are located above the graves 1–2.  
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Fig. S1. The Sungir-1 burial: a – general view; b – location of beads and other adornments (1 – on the 

skeleton; 2 – beneath the skeleton) (after Bader 1998; modified). 
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Fig. S2. The double burial of Sungir-2 and Sungir-3: a – general view (Sungir-2 is below, and Sungir-3 is 

above); b – location of beads and other adornments on Sungir-2 (1 – on the skeleton; 2 – beneath the 

skeleton) (after Bader 1998; modified). 

  



 6 
 

 
Fig. S3. Lithic artifacts from the Sungir site: points on blades (1–5, 7–12, 30–31), fragment of tanged 

point (6), burin spalls (13, 16, 21, 22), edge-faceted cores for bladelets (14, 17), preform of edge-faceted 

core for bladelets (15), points on bladelets (18–20, 23), bladelets (24–25, 27, 29), retouched bladelets (26, 

28), retouched blades (32–33), and borer (34) (after Gavrilov 2017; modified). 
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Fig. S4. Lithic artifacts from the Sungir site: 1–10 – bifacial points; 11–14 – pièce écailée; 15–18 – side 

scrapers (after Bader 1978; modified). 
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Fig. S5. The stable isotope composition of the Sungir humans in relation to animals from the Sungir. 

Average value for reindeer are plotted with  2 s.d. (Trinkaus et al. 2014); the gray rectangles show the 

variations for 13C and 15N of terrestrial herbivores’ collagen (Richard and Trinkaus 2009). 
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Fig. S6. Comparison of 13C and 15N values for Early Upper Paleolithic humans from Eastern and 

Central Europe (see Table S2; for S-1–S-3 individuals, values from this paper are used). Abbreviations: 

BK – Buran-Kaya III (different individuals); K-1 – Kostenki 1; K-14 – Kostenki 14; K-8 – Kostenki 8; S-

1 – Sungir, S-1; S-2 – Sungir, S-2; S-3 – Sungir, S-3; S-5 – Sungir, S-5; PO – Peştera cu Oase 1; PCU – 

Peştera Cioclovina Uscată 1; P – Předmostí 1; PM-1 – Peştera Muierii 1; PM-2 – Peştera Muierii 2; BF-2 

– Brno-Francouzská 2; DV-35 – Dolní Věstonice 35; Pav – Pavlov; DVII13–43 – Dolní Věstonice II 

(different individuals). 
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Fig. S7. FTIR spectra of the bone surface of two bones of Sungir-1 skeleton and attributions of the respective vibrational bands in the table (ν: stretching vibration; 

as: asymmetric; s: symmetric). The extracted collagen from the vertebra corresponds to RICH-27986.1.1 and RICH-27986.2.1 (two extractions were performed on 

different parts of the bone) and the extracted collagen from the rib corresponds to RICH-27985.1.1 and RICH-27985.2.1 (two extractions were also performed on 

different parts of the bone).  

Rib 

Vertebra 

4000 3500 3000 2500 2000 1500 1000 500

3
9
7

4
6
8

5
3
2

5
6
4

6
0
4

7
7
9

3
4
0
4

3
6
2
0

3
6
9
8

3
6
9
6

6
9
2

8
7
5

7
9
7

6
9
4

1
0
9
1

1
0
3
4

1
4
1
8

1
4
5
3

1
5
4
9

1
6
4
5

1
0
3
6

3
4
0
6

1
6
4
0

1
5
5
3 1
4
5
1

1
4
1
9

1
0
9
1

8
7
4

7
9
7

7
7
9

3
9
7

6
0
5 5

6
5

Vertebra

Rib

A
b

s
o

rb
a

n
c
e

Wavenumber / cm
-1

4
6
8



 11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. S8. FTIR spectra of the bone (vertebra) surface of the Sungir-2 skeleton and of the soft brown surface consolidation (see picture) with attributions of the 

respective vibrational bands in the table (ν: stretching vibration; as: asymmetric; s: symmetric). The collagen extracted from this bone corresponds to the RICH-

30584.1.1 and the XAD from this bone is MUSE21173.  
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 Fig. S9. FTIR spectrum of the collagen extracted from the bone (vertebra) surface of the Sungir-2 skeleton presenting soft brown substance consolidation with 

attributions of the respective vibrational bands in the table (ν: stretching vibration; as: asymmetric; s: symmetric).  
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Fig. S10. The FTIR spectra of the collagens (two different extractions) extracted from the Sungir-1 skeleton (RICH-27985 – rib), with the attributions of the 

respective vibrational bands; in the table on the right the tabs highlighted in yellow show the bands of the contaminant (ν: stretching vibration; δ: bending 

vibration; as: asymmetric; s: symmetric; Tyr: tyrosine) and radiocarbon results in the table at the bottom (y: year). 
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 Fig. S11. FTIR spectrum of the collagen extracted from the Sungir-2 skeleton (rib) with the attributions of the respective vibrational bands in the table on the right 

(ν: stretching vibration; δ: bending vibration; ρ: rocking; as: asymmetric; s: symmetric) and radiocarbon results in the table at the bottom.  
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Fig. S12. FTIR spectrum of the collagen extracted from the Sungir-3 skeleton (rib) with the attributions of the respective vibrational bands in the table on the right 

(ν: stretching vibration; δ: bending vibration; ρ: rocking; as: asymmetric; s: symmetric) and radiocarbon results in the table at the bottom.  
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 Fig. S13. FTIR spectrum of the collagen extracted from the Sungir-1 skeleton (vertebra) with the attributions of the respective vibrational bands in the table on the 

right (ν: stretching vibration; δ: bending vibration; ρ: rocking; as: asymmetric; s: symmetric) and radiocarbon results in the table at the bottom. 
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 Fig. S14. FTIR spectrum of the collagen extracted from the Sungir-1 skeleton (other vertebra) with the attributions of the respective vibrational bands in the table 

on the right (ν: stretching vibration; δ: bending vibration; ρ: rocking; as: asymmetric; s: symmetric) and radiocarbon results in the table at the bottom.  
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Fig. S15. FTIR spectrum of the collagen extracted from the Sungir-1 skeleton (other piece of vertebra – same than RICH-30583) with the attributions of the 

respective vibrational bands in the table on the right (ν: stretching vibration; δ: bending vibration; ρ: rocking; as: asymmetric; s: symmetric) and radiocarbon 

results in the table at the bottom. 
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Fig. S16. FTIR spectrum of the collagen extracted from the Sungir-3 skeleton (vertebra) with the attributions of the respective vibrational bands in the table on the 

right (ν: stretching vibration; δ: bending vibration; ρ: rocking; as: asymmetric; s: symmetric) and radiocarbon results in the table at the bottom. 
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Fig. S17. Spatial structure of the Sungir settlement and burials, reconstructed from archival materials. 
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Fig. S18. Spatial structure of the part of Pit II above the burials, by 10 cm horizons, reconstructed from 

archival materials. 
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Table S1. 14C dates on animal bones from the Sungir site (after Sulerzhitsky et al. 2000; Dobrovolskaya et al. 2012a; Trinkaus et al. 2015; Gavrilov et al. 

2021; Stulova 2021; this paper). The material dated is non-ultrafiltered collagen, unless otherwise indicated. 

Year, excavation pit, grid a Species 
Arbitrary 

level 
14C date, BP Lab code 

Calendar age, cal 

BP (95.4%) b 

Relationship with 

burials 

1963, Pit I, grid A/154 mammoth ? 20,360  900 GIN-9585 22,530–26,320 unclear 

1966, Pit I, grid M/164 mammoth 3 23,600  600 GIN-8998 26,490–29,100 unclear 

1958, Pit I, grids T/102–103; Pit II, grids KH-F-U 

[ХФУ]/163, 165, 166; KH-F-TS [ХФЦ]/163 
horse c ? 25,770  600 GIN-9001 28,900–31,090 unclear 

1966, Pit III, grid ZH [Ж]/166; 1969, Pit III, grids Z [З]/151, 

K/158, L/138 
horse d 3–4? 26,300  300 GIN-9034 30,070–31,050 unclear 

1961, Pit III, grid A/142 mammoth 3 26,300 260 GIN-8995 30,090–31,030 unclear 

1966, Pit III, grid B [Б]/164 mammoth ? 26,600  300 GIN-9030 30,200–31,180 unclear 

1969, Pit III, grid M/147 reindeer 1 26,600  300 GIN-9035 30,200–31,180 unclear 

1963, Pit I, grid ? mammoth ? 27,000  320 GIN-9591 30,430–31,670 unclear 

1963, Pit I, grid ? mammoth ? 27,200  400 GIN-9027 30,430–31,970 unclear 

1970, Pit III, grid S [С]/157 mammoth 3 27,200  500 GIN-9586 30,200–32,750 unclear 

1957, Pit II, grid line V [В] – ZH [Ж] reindeer ? 27,260  500 GIN-9036 30,300–33,100 unclear 

1966, Pit I, grids A/127, S [С], T/147; Pit II, grids P [П]/132, 

S [С], T/159–160, TS [Ц]/147 
horse e ? 27,400  400 GIN-9033 30,810–32,790 unclear 

1995, Pit III, grid S [С]/162 mammoth 4 27,460  310 OxA-9039 f 31,050–32,010 

below the burials 
1995, Pit III, grid S [С]/162 mammoth 4 29,640  180 OxA-15752 f 33,810–34,500 

1995, Pit III, grid S [С]/162 mammoth 4 29,450  180 OxA-15755 f 33,580–34,410 

1995, Pit III, grid S [С]/162 mammoth 4 30,100  400 OxA-X-2395-8 f 33,850–35,340 

1966, Pit III, grid T/118 mammoth 2 27,630  280 GIN-9031 31,110–32,160 unclear 

1987, Pit IIa, the surface of dark soil horizon mammoth ? 27,700  500 GIN-5880 31,000–33,150 unclear 

1963, Pit I, grid V [В]/109 mammoth ? 27,800  600 GIN-9588 30,950–33,600 unclear 

1963, Pit I, grid P [П]/151 mammoth ? 28,000  250 GIN-8997 31,380–32,930 unclear 

1966, Pit I, grid A/159 mammoth 2 28,000 300 GIN-9029 31,300–32,990 unclear 

1967, Pit III, grid D [Д]/150 mammoth 3 28,120  170 GIN-8999 31,690–32,900 unclear 

1963, Pit I, grids L [Л]/132–133 mammoth ? 28,130  370 GIN-8996 31,290–33,250 unclear 

1966, Pit I, grids R, S [Р, С]/170 mammoth 1 28,350  200 GIN-9032 31,850–33,140 unclear 

1970, Pit II, grid P [П]/144  mammoth 3 28,800  240 GIN-9028 32,190–33,910 below the burials g 

2014, Test pit 4, depth -285 from the datum reindeer 4 h 28,900  330 OxA-30843 i 32,170–34,160 below the burials 

2014, Test pit 4, depth -285/-295 from the datum reindeer 4 h 29,650  350 OxA-30844 i 33,290–34,710 below the burials 

2014, Test pit 3, depth -339 from the datum bone j ? 29,670  350 OxA-30846 i 33,300–34,740 unclear, redeposited 

2014, Test pit 4, depth -347 from the datum bone j 5–6 h 30,140  370 OxA-30842 i 33,980–35,330 below the burials 

2014, Test pit 3, depth -333.5 from the datum bone j ? 30,320  380 OxA-30845 i 34,140–35,450 unclear, redeposited 
a In square brackets, the original Russian letters are indicated if different from the English alphabet (see Sulerzhitsky et al. 2000). 
b Calib Rev 8.1.0 software was used (Reimer et al. 2020). Calibrated ranges combined; values are rounded to the next 10 years. 
c Seven bones; combined sample. 
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d Five bones; combined sample. 
e Six bones; combined sample.  
f These dates were run on the same bone, with non-ultrafiltered collagen (OxA-9039), ultrafiltered collagen (OxA-15752 and 15755) and hydroxyproline (OxA-X-2395-8) (Marom et al. 

2012). 
g This sample is the most securely associated with the layer below the burials (among the samples collected before 2015), in relative vicinity to them (see Figure S17). 
h The correlation with arbitrary levels of ON Bader was obtained on the basis of Stulova (2021). 
i Ultrafiltered collagen was dated. 
j Unidentified to species. 
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Table S2. Stable isotope values for the Sungir humans and other Early Upper Paleolithic modern humans from Eastern and Central Europe. 

Site, skeleton 
C:Natom 

ratio 
% C % N 13C, ‰ 

15N, 

‰ 

Collagen 

yield, % 

Radiocarbon date, 

BP 

Calendar age (cal 

B.P.), median value 
Reference 

Eastern Europe 

Sungir, S-1* 3.3 29.64 10.60 -19.9 12.0 4.4 26,100  200 ca. 30,300 This paper 

    -19.2 11.3  22,930  200 ca. 27,570 Pettitt and Bader (2000) 

 3.1 44.5 16.8 -19.5 10.7  27,050  210 ca. 31,340 Dobrovolskaya et al. (2012a) 

 3.2 40.2 14.8 -19.7 11.3 8.9 29,780  420 ca. 34,240 This paper 

Sungir, S-2* 3.3 39.50 13.90 -19.5 11.6 15.1 25,910  130 ca. 30,150 This paper 

 3.5   -19.0 11.2 6.0 23,830  220 ca. 28,680 Pettitt and Bader (2000) 

 3.1   -19.9 11.1 5.4 26,190  120 ca. 30,880 Kuzmin et al. (2014) 

 3.4 38.7 13.3 -20.1 11.3 15.5 25,630  250 ca. 29,780 This paper 

Sungir, S-3* 3.3 31.40 11.10 -19.7 11.8 9.1 26,780  140 ca. 30,940 This paper 

 3.4   -18.9 11.3 3.4 24,100  240 ca. 28,930 Pettitt and Bader (2000) 

 3.5 44.0 14.8 -19.6 11.0  26,000  410 ca. 30,520 Dobrovolskaya et al. (2012a) 

Sungir, S-5 3.4 34.9  -17.9 12.9 1.2 25,240  160 ca. 29,280 Sikora et al. (2017) 

Kostenki 14 3.1   -19.5 13.5  33,250  500 ca. 37,840 Dobrovolskaya and Tiunov (2011) 

Kostenki 1† 3.1 38.1  -18.3 15.3 6.6 32,070  190 ca. 36,360 Higham et al. (2006) 

Buran-Kaya III (BK3-07-01) 3.3 43.2 15.3 -19.4 15.4  31,900  230 ca. 36,200 Prat et al. (2011) 

Buran-Kaya III (BK3-11-01) 3.1 34.6 13.2 -18.8 15.8    Drucker et al. (2017) 

Buran-Kaya III (BK3-12-01) 3.2 41.9 15.4 -18.9 16.8    Drucker et al. (2017) 

Kostenki 8 3.2   -18.3 10.9  23,020  320 ca. 27,180 Dobrovolskaya et al. (2012b) 

 

Central Europe 

Peştera cu Oase 1 3.3   -19.0 13.3 4.0 34,920  920 ca. 39,070 Trinkaus et al. (2009) 

Peştera Muierii 1 3.4 41.5 13.3 -19.3 12.3 13.3 29,930  170 ca. 34,030 Trinkaus et al. (2009) 

Peştera Muierii 2 3.3 41.7 14.9 -19.1 12.4 11.2 29,110  190 ca. 33,860 Trinkaus et al. (2009) 

Peştera Cioclovina Uscată 1 3.4 44.4 15.9 -19.6 12.7 5.9 28,510  170 ca. 32,430 Trinkaus et al. (2009) 

Dolní Věstonice II, DV16 3.3 38.5 13.8 -19.7 12.5 13.9 27,220  110 ca. 31,300 Fewlass et al. (2019) 

Dolní Věstonice II, DV43 3.3 38.9 13.7 -19.6 12.6 10.2 27,070  110 ca. 31,160 Fewlass et al. (2019) 

Dolní Věstonice II, DV13 3.2 38.5 14.0 -19.3 12.9 13.5 27,040  100 ca. 31,140 Fewlass et al. (2019) 

Dolní Věstonice II, DV42 3.4 39.2 13.5 -19.8 12.7 9.0 26,880  110 ca. 31,070 Fewlass et al. (2019) 

Dolní Věstonice II, DV14 3.5 39.0 13.1 -20.2 13.3 9.5 26,760  100 ca. 31,010 Fewlass et al. (2019) 

Dolní Věstonice II, DV15 3.2 37.1 13.3 -19.4 12.6 8.0 26,680  70 ca. 30,960 Fewlass et al. (2019) 

Pavlov, Pav 1 3.4 41.2 14.3 -19.5 13.6 9.3 25,490  90 ca. 29,690 Fewlass et al. (2019) 

Brno-Francouzská 2    -19.0 12.3  23,680  200 ca. 28,510 Trinkaus et al. (2009) 

Dolní Věstonice 35    -18.8 12.3  22,840  200 ca. 27,480 Trinkaus et al. (2009) 

Předmostí 1 3.6 32.5 10.6 -19.4 12.6 2.6   Bocherens et al. (2015) 

*The values in bold for the S-1 – S-3 individuals are used in this paper. 
†Average values (see Richards et al. 2001; Higham et al. 2006). 
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