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YAROSLAV V. KUZMIN

THE CHRONOLOGY OF EARLY MODERN HUMANS  

IN EASTERN EUROPE, SIBERIA AND EAST ASIA:  

RESULTS AND PROBLEMS

Abstract

This article presents an analytical review of the direct radiocarbon dating evidence of anatomically modern human fossil 
remains (early Homo sapiens) from Palaeolithic contexts in Eastern Europe, Siberia and East Asia, with a brief mention 
of other regions in Eurasia. One of the most ancient finds for entire Eurasia, which provided a direct radiocarbon date, 
is Ust’-Ishim in Western Siberia (ca. 45,000 years ago); in Eastern Europe, the earliest directly-dated H. sapiens fossils 
are Kostenki 14 and Kostenki 1 (ca. 35,500-37,400 years ago). For a number of finds (such as Kostenki 18, and human 
fossils from the site of Sungir), there are serious problems that need to be solved with help of new data. This is particu-
larly clear for Sungir where 21 radiocarbon dates were obtained on different collagen fractions (bulk collagen; ultra-
filtered collagen; and hydroxyproline), and dates, even of the same skeleton, often contradict each other. Prevailing 
methodological issues of radiocarbon dating bones, and the importance of possibilities to assess independently the 
results obtained, are also considered. When preservation of collagen (which can be controlled using a number of 
parameters) is good, dating of the bulk collagen fraction appears to be reliable. Claims that only specific amino acids 
(such as hydroxyproline) give accurate radiocarbon dates for bone are not strictly proven.
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INTRODUCTION

Establishing a reliable chronology is an essential part of Palaeolithic research. The most common way to 
determine the age of ancient sites is the radiocarbon (14C) dating method. At present, this method has been 
used to understand the main temporal patterns of the Upper Palaeolithic cultural complexes in northern 
Eurasia (e. g., Kuzmin, 2007; Anikovich et al., 2007; Kuzmin et al., 2011; Qu et al., 2013; Pitulko and Pav-
lova, 2016, 2020; Keates et al., 2019; Dinnis et al., 2019; Pavlova and Pitulko, 2020).
One of the directions in the study of the Upper Palaeolithic concerns the chronology of human fossils. Start-
ing from about 40,000 calendar years ago (cal BP), practically only one species of hominin was distributed 
throughout Eurasia – anatomically modern humans (early modern Homo sapiens, H. sapiens; hereafter: 
EMHS). According to direct 14C dating of Neanderthal fossils, they survived in Europe until ca. 35,400-
38,800 cal BP (Kuzmin and Keates, 2014: 756) and possibly to ca. 40,600-44,200 cal BP only (see Devièse 
et al., 2021), and therefore Neanderthals for some time coexisted with modern humans.
The most reliable estimate for the antiquity of human fossils is their direct (i. e., obtained on bones and 
teeth of ancient humans) 14C age determination; these data and their analysis are the focus of this article. 
A seminal paper by Street et al. (2006) clearly demonstrated the importance of such direction in Palaeolithic 
research. By acknowledging the pioneering role of Dr. Martin Street in this respect, here the main attention 
is given to Eastern Europe, Siberia, and East Asia, with a brief discussion of EMHS chronology for other parts 
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of Eurasia. The importance of reliable age determination for EMHS fossils increased significantly after the 
accumulation of the initial “critical mass” of information on DNA of ancient hominins (see reviews: Nielsen 
et al., 2017; Skoglund and Mathieson, 2018; Yang and Fu, 2018).

MATERIALS AND METHODS

Currently (as of January 2021), about 120 direct 14C dates have been published for EMHS fossils from Eur-
asia (Fig. 1; Kuzmin and Keates, 2014; see also: Formicola et al., 2005; Krause et al., 2007; Craig et al., 
2010; Marom et al., 2012; Gazzoni et al., 2013; Fu et al., 2014, 2016; Kuzmin et al., 2014; Reynolds et al., 
2017; Garralda et al., 2019; Devièse et al., 2019; Hublin et al., 2020; Kılınç et al., 2021). The geographical 
distribution of dated finds is not even (Fig. 2): Europe accounts for 88 % of the total (Western, Southern, 
Central and Southeastern Europe: 84 %; Eastern Europe: 4 %), and Asia for 12 %. Thus, Eastern Europe, 
Siberia and the neighbouring regions of Asia constitute 16 % of the 14C-dated EMHS.
Until now, there has been no clear explanation for the phenomenon of the small number of EMHS fossils in 
Siberia and Eastern Europe; this problem is specifically discussed by Turner et al. (2013: 386-390). Reference 

Fig. 1  Geographic distribution of early modern H. sapiens (EMHS) finds in Eurasia with direct 14C dates (according to the data as of 
January 2021); names of locations are indicated in Kuzmin and Keates (2014).
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to the insufficient degree of Palaeolithic research in Siberia compared to Western / Central Europe does not 
look convincing, because in southern Siberia systematic studies of the Palaeolithic have been carried out 
since 1871 when the very first Russian Palaeolithic site of ‘Military Hospital’ was discovered in the city of 
Irkutsk (Larichev et al., 1990).
Since the 1970s, collagen – the major organic part of the bone – has been used for 14C dating of animal and 
human remains. Several methods are now employed to extract collagen from the raw bones / teeth / tusks: 
1) dissolution of small pieces (up to 2-3 cm long) in a weak solution of hydrochloric acid (HCl) (e. g., Ars-
lanov and Svezhentsev, 1993); the resulting material is often assigned as “bulk collagen”; 2) dissolution of 
powdered material in HCl (Longin, 1971); with a certain reservation, such material can also be called “bulk 
collagen”; 3) ultrafiltration, with extracted collagen passed through a filter with the size of holes small 
enough to allow only molecules with an atomic weight of less than 30,000 Daltons (atomic weight units) to 
go through; the remaining material with a weight greater than 30,000 Daltons is the subject of 14C dating 
(Higham et al., 2006a; Brock et al., 2010); this can be classified as “ultrafiltered collagen”; 4) extraction 
of specific amino acids from collagen, mainly hydroxyproline (HYP) (McCullagh et al., 2010; Marom et al., 
2012); this may be called “individual amino acids”; and 5) extraction of collagen using absorbent resins 
of the XAD-2 type (Stafford et al., 1988); this can be defined as “resin-purified collagen”. The most wide-
spread methods at present are numbers 1-3; in some cases, methods numbers 4-5 are used.
One of the most important aspects of 14C dating Palaeolithic human bones and Late Pleistocene mammals 
is the quality assessment for the material dated. At present, certain criteria to estimate the suitability of 
extracted collagen have been developed (van Klinken, 1999; Brock et al., 2012): 1) the collagen content 
should ideally be more than 1 % weight (sometimes 0.5-1 % weight is sufficient); 2) the carbon content 
in collagen should be about 20-35 %, and the nitrogen content about 11-16 %; these values are approxi-
mate; 3) the atomic ratio of carbon to nitrogen (C:N) in collagen should be in the range of 2.9-3.6, and in 
some cases no more than 3.2-3.3; and 4) the ratios of carbon (δ13C) and nitrogen (δ15N) stable isotopes in 

Fig. 2  Distribution of early modern H. sapiens (EMHS) 14C dates by main regions of Eurasia (according to the data as of January 2021).
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collagen for terrestrial organisms and humans should generally be within the ranges of -19 ‰ ÷ -22 ‰ (for 
δ13C), and +2 ‰ ÷ +12 ‰ (sometimes up to +17 ‰) (for δ15N). In cases when at least one of these criteria is 
not met, the 14C date cannot be considered as reliable.
To compare the 14C dates with the palaeoclimatic events of the Late Pleistocene – in particular, with the 
global climate fluctuations based on the Greenland ice core records – it is necessary to convert the 14C ages 
into the calendar (astronomical) time scale. In order to do so, calibration software Calib Rev 7.0.4 (available 
at: http://calib.org/calib/), based on international standards (Reimer, 2020; Reimer et al., 2013), is used here. 
When performing the calibration, certain rules should be followed: 1) use a standard deviation of ± 2 sigma 
(σ); 2) round off the calibration results to the next 10 years; and 3) combine all the possible calendar inter-
vals together. In this paper, mostly calibrated 14C dates (expressed as “cal BP”) are used; sometimes, un
calibrated 14C ages (given as “BP”) are also applied.

RESULTS

General chronology of early modern humans in Eurasia: a brief overview

The overall chronology of Pleistocene modern humans in Eurasia, based on direct 14C age determinations, 
is shown in Figure 3. The oldest in Asia is the Ust’-Ishim human from West Siberia, dated to ca. 45,000 
years ago (y. a.; hereafter “y. a.” is the average value of the age intervals of calibrated 14C dates). Another 
very early date for East Asia is Tianyuan Cave (northern China), about 39,500 y. a. In Europe, the oldest finds 
of early modern humans are dated to ca. 44,800 y. a. (Bacho Kiro, south-eastern Europe); ca. 37,800 y. a. 
(Kostenki 14, Eastern Europe); and ca. 35,400 y. a. (Kent’s Cavern, Western / Southern Europe) (Kuzmin and 
Keates, 2014; Fu et al., 2014; Hublin et al., 2020).
As for the chronological relationship between EMHS in Eurasia and palaeoclimatic events of the second 
half of the Late Pleistocene (Seierstad et al., 2014; Rasmussen et al., 2014), the following patterns can be 
noted. Only a small number of EMHS finds corresponds to the time of the Last Glacial Maximum (LGM) 
(Fig. 3), currently dated to ca. 24,000-28,000 cal BP (Seierstad et al., 2014), or in a somewhat wider range 
to ca. 22,900-27,300 cal BP (Kuzmin and Keates, 2018). This undoubtedly reflects the fact that the Palaeo-
lithic populations of Eurasia declined during the coldest and driest climatic conditions for the last 130,000 
years. However, there is evidence of human habitation in the periglacial zone of Eastern Europe and south-
ern Siberia during the LGM (Kuzmin, 2008; Kuzmin and Keates, 2005, 2013, 2018; Pitulko and Pavlova, 
2020). In addition, a number of EMHS finds corresponds to other cold stages of the second half of the Late 
Pleistocene. For example, the Kostenki 1 skeleton dated to ca. 35,950 y. a. (mean calendar value of two 14C 
dates) corresponds to the Greenland GS-8 cold interval (ca. 36,000 cal BP) (Kuzmin, 2019). Thus, Upper 
Palaeolithic people possessed a sufficient set of tools (dwellings; complex clothes made from sewn pieces of 
skin; cf. Gilligan, 2019), which allowed them to survive even in high latitudes.
In addition to the 14C method, there are also direct age determinations of EMHS obtained by other tech-
niques with a wider dating range (cf. Walker, 2005). The most reliable is the Uranium series (U-series) 
method, sometimes used in conjunction with Electron Spin Resonance dating (ESR). The oldest find of 

Fig. 3  General chronology of early modern H. sapiens (EMHS) in Eurasia based on direct 14C dates (LGM Last Glacial Maximum); names 
of finds are indicated to the right. Data compiled after Kuzmin and Keates (2014), with additions.
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Pleistocene H. sapiens in Eurasia comes from the Misliya Cave in the Levant; the combined age by the U-
series and ESR methods is 174,000 ± 20,000 (calendar) years ago (Hershkovitz et al., 2018). For South-east 
Asia, the earliest date is from the Niah Cave dating to 35,200 ± 2,600 years ago; for Tabon Cave dates in 
the range of ca. 16,500-47,000 years ago are less reliable (cf. Keates et al., 2012: 343-346).
Reviews of other direct dates using the U-series method for EMHS in Eurasia are presented in our works 
(Keates et al., 2012; Kuzmin and Keates, 2014). It should be emphasized that the early dates for the Skhul II 
and Skhul IX in the Levant, in the range of ca. 121,000-131,000 years ago, are quite problematic (cf. Grün, 
2006: 31-34). The issue of the age for modern human remains in Tam Pa Ling Cave in Laos, ca. 46,000 years 
ago or older (Demeter et al., 2012), needs further confirmation (cf. Pierret et al., 2012).

Fig. 4  Geographic distribution of early modern H. sapiens (EMHS) with direct 14C dates in Eastern Europe and Asia (according to the 
data as of January 2021).
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Radiocarbon chronology of early modern humans in Eastern Europe, Siberia  
and East Asia

For Eastern Europe, Siberia, and East Asia, relatively few 14C dates have been obtained on EMHS fossils 
(Figs. 4-5; Tab. 1). As it was already noted, the earliest finds are Ust’-Ishim and Kostenki 14 (Fig. 5). It is of 
some interest that the Ust’-Ishim specimen in West Siberia, along with Bacho Kiro in south-eastern Europe 
(Fig. 3), have provided some of the oldest direct 14C dates for EMHS in entire territory of Eurasia.
An important aspect of determining the 14C age is the ability to control the results obtained using independ-
ent information – for example, stratigraphic markers such as layers of volcanic ash (tephra) with a known 
age. Unfortunately, in most cases such verification is impossible. However, for two sites of the Kostenki site 
cluster in Eastern Europe stratigraphic age confirmation is given.
For the Kostenki 1 skeleton (Layer 3), two 14C dates were generated resulting in ca. 35,520 y. a. (collagen 
without ultrafiltration) and ca. 36,360 y. a. (ultrafiltered collagen, Tab. 1). These calendar ages correspond 
well to the chronology of Layer 3, for which a series of 14C dates was obtained on charcoal with the earliest 
one of ca. 35,500 cal BP. It also fits well the general stratigraphy of the site where Layer 3 is very likely to be 
located above the tephra layer known as the Campanian Ignimbrite (CI) dated to ca. 39,000-40,000 cal BP 
(Holliday et al., 2007; cf. Muscheler et al., 2020). The CI tephra is also present at the Kostenki 14 site, where 
the age of a human burial dated using HYP is ca. 37,400 y. a. (Marom et al., 2012; Tab. 1). The well-pre-
served modern human skeleton here is associated with Layer 3, and it was found in a shallow pit which 
cuts through the CI tephra. Other 14C dates from Layer 3 of Kostenki 14 are in the range of ca. 32,300-
35,700 cal BP (Holliday et al., 2007); according to the latest information, the age of Layer 3 is younger than 
ca. 37,300-38,900 cal BP (Dinnis et al., 2019).
Difficulties with 14C dating of some EMHS fossils (Kostenki 18, Sungir, and Salkhit), as well as with the 14C age 
of finds with unclear species determination (Tuyana and Okladnikov Cave) should be considered separately.

Fig. 5  Chronology of early modern H. sapiens (EMHS) in Eastern Europe and Asia (cf. Tab. 1; ages of problematic finds are shown by 
non-filled rectangles); LGM Last Glacial Maximum.
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For Kostenki 18, several 14C dates (Fig. 6) were obtained on mammoth and human bones (Reynolds et al., 
2017). The discrepancy between the age of the burial based on 14C-dated HYP fraction and the overlying 
mammoth bones which are clearly younger than the human bones is noteworthy, although it is assumed 
that the skeleton and overlaying mammoth bones were simultaneously placed in the ground (Reynolds 
et al., 2017: 1439). Also, the 14C dates for human bones run on bulk collagen and HYP differ significantly 
from each other (Fig. 6). The reasons for these discrepancies remain unclear. Therefore, it is not possible 
to accept the conclusion by Reynolds et al. (2017) about the age of the Kostenki 18 modern human as 
ca. 27,600 y. a. Further work is required, including new 14C dates on animal bones from this site.
The situation with the 14C age of the Sungir burials looks even more complicated; this issue was discussed 
several times (cf. Kuzmin et al., 2014; Reynolds et al., 2017; Kuzmin, 2019; Higham, 2019; Pettitt, 2019). By 
February 2020, a total of 21 14C values had been generated for five EMHS fossils from this site (Fig. 7). Their 
ages range from ca. 23,000-31,800 y. a. (Kuzmin et al., 2014; Sikora et al., 2017) to ca. 34,000-34,100 y. a. 
(Marom et al., 2012; Nalawade-Chavan et al., 2014). Because there is no independent stratigraphic marker 
for the Sungir site that could help to establish the upper or lower limit for the antiquity of human bones, 
the only indirect way to assess the reliability of their 14C dates is to compare them with the age of animal 
bones from the same site.
The age of the reindeer bones is ca. 30,700-31,500 y. a.; and the 14C date of horse bones collected from 
a relatively large area is ca. 29,900 y. a. In addition, the 14C values of the woolly mammoth (Mammuthus 
primigenius) bone from a clear stratigraphic context (horizons 3 and 4, i. e., the lower part of the cultural 
layer) are ca. 30,400-32,000 y. a. (non-ultrafiltered bulk collagen). It should be noted that the 14C dates of 
ca. 33,600-34,200 y. a., generated for the mammoth bone using ultrafiltered collagen and HYP (Marom 
et al., 2012; cf. Kuzmin, 2019), are clearly older than the bulk collagen 14C age of ca. 31,400 y. a. for 
the same specimen. The reason for this is still not clear. Most of the other mammoth bones from Sungir 
have a 14C age similar to the value generated on non-ultrafiltered collagen from horizons 3-4: ca. 30,700-

Locality
Laboratory 
code

14C date
[BP]

Calendar age
[cal BP]

Reference

Ust’-Ishim OxA-25516 41,400 ± 1,300 43,210-46,880 Fu et al., 2014
Tianyuan Cave BA-03222 34,430 ±    510 38,120-40,940 Shang et al., 2007
Kostenki 14 OxA-X-2395-15 33,250 ±    500 36,690-38,980 Marom et al., 2012
Kostenki 1 OxA-15055 32,070 ±    190 35,710-37,000 Higham et al., 2006a
Buran-Kaya III GrA-37938 31,900 + 240/-200 35,510-36,890 Prat et al., 2011
Maly Log 2 (Pokrovka 2) OxA-19850 27,740 ±    150 31,420-32,440 Akimova et al., 2010
Shiraho-Saonetabaru Cave MTC-12820 20,415 ±    115 23,930-24,780 Nakagawa et al., 2010

Nakagawa et al., 2010
Nakagawa et al., 2010

MTC-13228 18,750 ±    100 22,060-22,900
MTC-12818 15,750 ±    420 18,000-19,840

Malta (Mal’ta) UCIAMS-79666 20,240 ±      60 23,890-24,420 Raghavan et al., 2013
OxA-7129 19,880 ±    160 23,330-24,260 Richards et al., 2001

Tam Hang Cave GrA-10952 15,740 ±      80 18,670-19,280 Demeter et al., 2009
Negata Beta-160572 14,200 ±      50 16,970-17,580 Kondo and Matsu’ura, 2005
Afontova Gora 2 UCIAMS-79661 13,810 ±      35 16,750-17,080 Raghavan et al., 2013
Khayrgas Cave Beta-453115 13,790 ±      40 16,550-16,940 Kılınç et al., 2021
Satsurblia OxA-34632 11,415 ±     50 13,130-13,380 Fu et al., 2016

Tab. 1  Direct 14C dates of early modern H. sapiens (EMHS) in Eastern Europe, Siberia and Asia (as of January 2021). Calibration per-
formed using Calib Rev 7.0.4 software (available at http://calib.org/calib/), with ± 2 sigma.
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32,000 y. a. (Trinkaus et al., 2015). It can be concluded that the 14C dates of human bones obtained using 
HYP, when compared to the 14C age of the reindeer and horse bones, as well as the majority of mammoth 
14C values, seem to be clearly older. Given this, the “true” age of the Sungir EMHS, however, remains un-
known (Kuzmin, 2019; Kuzmin et al., 2014).
As for the EMHS skull cap found in northern Mongolia, in the area of Salkhit within a gold placer field, two 
14C dates were obtained: ca. 27,700 y. a. on ultrafiltered collagen; and ca. 34,000 y. a. on HYP (Devièse et al., 
2019) (Fig. 5). Since there is no additional information about the age of what is essentially a surface find, 
such a significant difference between the 14C dates of the two collagen fractions generates the question 
which age should be accepted as the valid one? Devièse et al. (2019) believe that the HYP 14C value looks 
more reliable because the skull cap from which the sample was taken had been treated with conservants. 
This conclusion is part of a more general approach sensu Higham (2011, 2019) who considers the oldest 14C 
values as the most reliable ones because younger 14C dates reflect contamination which was not removed 
prior to dating (see also Discussion). In my opinion, the question of Salkhit’s age remains entirely unresolved.
For one of the hominin bones found at Okladnikov Cave in the Altai Mountains of southern Siberia (a frag-
ment of an adult humerus; Krause et al., 2007), a 14C date of ca. 28,300 y. a. was obtained. Because DNA 
was not retrieved from this sample (Krause et al., 2007: SI, p. 4), it is impossible to establish its taxonomic 
affiliation, whether it is a Neanderthal or a modern human. The age of the latest Neanderthals in Eurasia is 
ca. 35,400-38,800 y. a. (Kuzmin and Keates, 2014). Thus, the adult humerus from Okladnikov Cave most 
likely belongs to a EMHS. In this case, again, the question arises about the degree of disturbance of the site’s 
stratigraphy as suggested by Turner et al. (2013: 220; cf. Kuzmin and Keates, 2020).
More recently, data on hominin fossils from the Tuyana site in the Cis-Baikal region of southern Siberia were 
published (Vasiliev et al., 2017; Shchetnikov et al., 2019). For two human bones, 14C dates of ca. 31,100 y. a. 
and ca. 52,800 y. a. were generated. Because it is impossible to determine unequivocally the hominin spe-
cies to which the Tuyana finds belong, the question remains open until the results of ancient DNA analysis 
will be available (Vasiliev et al., 2017: 159). Based on the general chronology of EMHS in Eurasia (Fig. 3), it 
can be assumed that a bone with a date of ca. 31,100 y. a. belongs to a modern human.

Errors in radiocarbon dating of early modern humans in Eurasia

In rare cases, errors in the 14C dating of EMHS have occurred, and were subsequently corrected. The human 
talus bone found at the Baigara locality in central West Siberia was originally 14C dated to > 44,300 BP 
(Kuzmin et al., 2009). When the DNA was extracted from this bone at the Institute for Evolutionary Anthro-
pology of the Max Planck Society (Leipzig, Germany), it turned out that the DNA structure is atypical for the 

Fig. 6  The calibrated 14C dates of early modern H. sapiens (EMHS) and mammoth bones at the Kostenki 18 site (Reynolds 
et al., 2017; Kuzmin, 2019); lab codes for 14C dates are shown to the right.
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Palaeolithic (B. Viola, personal communication 2011). Repeated 14C dating in three laboratories (University 
of Arizona, Tucson, AZ, USA; University of Groningen, Groningen, the Netherlands; and Klaus-Tschira Lab-
oratory, Mannheim, Germany) showed that the age of the bone is much younger, ca. 10,300-10,440 y. a. 
(Kuzmin, 2016). Upon additional investigation, it was found that this happened as a result of the uninten-
tional misplacement of two samples at the AMS Laboratory of the University of Arizona in 2008: at some 
stage, the bone of a fossil elk (Alces latifrons or A. alces) was mislabelled as a human bone. Initially, the elk 
bone was 14C-dated to ca. 10,100 cal BP (Kuzmin et al., 2009). The subsequent re-dating of the elk gave 
the age of > 44,000 BP (G.W.L. Hodgins, personal communication 2013). However, this was a single error 
in this laboratory in the dating of about 1000 samples submitted by me in 1997-2014. Thus, Baigara should 
be excluded from the list of EMHS localities in Siberia (Kuzmin and Keates, 2014: 760).

DISCUSSION

Nowadays, it seems obvious that 14C dating of materials (presumably) associated with human remains (for 
example, animal bones or charcoal from the layer in which human bones are found) does not always give a 
reliable result. A clear case is the Vogelherd Cave in southern Germany, where H. sapiens remains were dug 
into an early Upper Palaeolithic (Aurignacian) cultural layer. The directly 14C-dated human bones transpired 
to be much younger, ca. 5500-5750 y. a. (Conard et al., 2004), than the animal bones from the Aurignacian, 
dating to ca. 35,700-40,300 y. a. (Conard and Bolus, 2003), indicating a Neolithic burial context for the 
human remains (Conard et al., 2004). Ironically, for many years the presumed “undisturbed” stratigraphy 
of the Vogelherd Cave did not raise any doubts among Palaeolithic experts on the context of these finds. 
Another example is the estimated age of an EMHS child burial at the Hungsugul Cave of the Turubong 
(Durubong) cave complex in South Korea (Nelson, 1993: 43; Norton, 2000). This burial, excavated in 1982, 
had always been associated with the Palaeolithic (e. g., Lee, 1997). Direct 14C dating of this skeleton, finally 
conducted in the mid-2000s (de Lumley et al., 2011: 286), generated a very late age that falls into the 
seventeenth to nineteenth centuries AD.
To these cases one can add the unexpectedly late, Holocene 14C dates for a number of presumed Pleisto-
cene EMHS finds in Germany, including even skeletal remains that were previously directly 14C-dated to 
ca. 40,800 y. a. (Hahnöfersand), 29,800-31,700 y. a. (Paderborn-Sande), ca. 25,500 y. a. (Binshof-Speyer), 
and ca. 35,200 y. a. (Kelsterbach) (Street et al., 2006). Also, some human fossils from Germany initially as-
sociated with the Palaeolithic, like Urdhöhle Cave, Weißenthurm, and Niedermendig, turned out to be of 
the Holocene age after direct 14C dating (Street and Terberger, 2004: 288-289).
The studies by Street et al. (2006), and Street and Terberger (2004) serve as excellent examples of how addi-
tional research fundamentally changed the view of the archaeological record. It can be added that by direct 
14C dating of some surface finds of modern humans, which were considered to be of Late Pleistocene age, 
it was possible to establish their antiquity towards a much younger date, like in the case of a femur from 
the Ordos region in northern China (Keates et al., 2007).
There are considerable more examples of conflicting dating results of EMHS based on indirect dates, and 
here I discuss one of them in order to illustrate the danger of uncritical acceptance of such ages. Liu et al. 
(2015) dated the geological contexts of modern human teeth in Fuyan Cave in southern China by the U-
series method to ca. 80,000-120,000 years ago. From Layer 1, overlying the human fossils, a U-series date 
of ca. 80,000 years ago was obtained on carbonates (speleothems, in this case flowstone and stalagmites). 
From Layer 2, containing the teeth of EMHS, U-series dates on carbonates have resulted in a large scatter of 
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dates, ranging from ca. 121,000 years ago to ca. 556,000 years ago. This allows me to suggest that the ma-
terial in Layer 2 is mixed, and explains why it has such a wide age range. For Layer 2, the 14C date on animal 
bones of ca. 43,000 y. a. (uncalibrated 14C value: 39,150 ± 270 BP, lab code: BA-14021; produced at the 
AMS Center, School of Physics, Peking University) was also generated. This information is presented only in 
the electronic Supplement to Liu et al. (2015: SI, p. 4). Liu et al. (2015: SI, p. 4) consider this value as beyond 
the range of the 14C dating method and therefore omit it: “This is close to the organic material background 
of AMS radiocarbon dating in Peking University (PKU) lab. Thus, 39150 ± 270 BP is beyond the limits of 
the radiocarbon technique at the lab.” This, in my opinion, is an attempt to justify the incorrect standpoint. 
Realising the importance of the Fuyan Cave human fossils, it should not be difficult to measure the 14C age 
of animal bones in AMS laboratories where the background of bone material is about 50,000 BP. Somehow, 
this was not done, and one can wonder what the reason for that may have been.
It is obvious that all the bones in Layer 2 of Fuyan Cave are not in situ; Liu et al. (2015) reluctantly admitted 
that the position of the bones was distorted after deposition in the cave, but, again, only in the electronic 
Supplement (see Liu et al., 2015: SI, pp. 2-3). Therefore, the lack of a direct determination of the age of 
the human teeth – for example, using the Uranium-Thorium method of dating tooth enamel (e. g., Walker, 
2005) – makes the conclusions by Liu et al. (2015) highly questionable (cf. Michel et al., 2016).
Nevertheless, there are also examples of careful (albeit indirect) determinations of the age of EMHS. West-
away et al. (2017) dated modern human fossils from the Lida Ajer Cave on Sumatra Island (Indonesia). Sev-
eral methods applied regularly in Quaternary geochronology were used to produce a reliable age estimate: 
1) coupled U-series and ESR dating of orangutan and gibbon teeth located next to the human remains be-
cause the curators of the museum in Leiden (the Netherlands), where the human fossils are stored, did not 
give permission for direct dating of the latter (K. Westaway, personal communication 2018); 2) determina-

Fig. 7  The calibrated 14C dates of early modern H. sapiens (EMHS) at the Sungir site (Kuzmin, 2019; Kuzmin 
et al., 2014; Sikora et al., 2017). S 1 - S 5 are skeleton and bone numbers (cf. Trinkaus et al., 2014); lab codes 
for 14C dates are shown to the right.

Bulk collagen             Ultrafiltered collagen              Hydroxyproline              Amino acids

OxA-X-2462-52

GrA-28182
OxA-15751
OxA-15754
OxA-X-2395-7
KIA-27007
AA-36476
OxA-9038

GrA-34760
OxA-15753
OxA-X-2395-6
AA-36475
AA-36474
OxA-9037

OxA-X-2666-52

GrA-21513
GrA-21507
OxA-X-2464-12
KIA-27006
AA-36473
OxA-9036

22,000          24,000         26,000         28,000         30,000         32,000         34,000         36,000 cal BP

S4

S3

S2

S5

S1

LAB CODES



260 Y.V. Kuzmin  ·  The Chronology of Early Modern Humans in Eastern Europe, Siberia and East Asia

tion of the age of carbonate flowstone by the U-series method; and 3) luminescent dating of quartz grains 
in the bone-bearing breccia. It should be noted that the work was carried out at an updated methodological 
level, with the selection of samples of fauna and cave deposits from in situ conditions. Combining all dating 
results and Bayesian age modelling for the layer in which the human teeth were found made it possible to 
establish the time of this EMHS’s presence in central Sumatra at 68,000 ± 5,000 years ago.
In the recent debate about direct 14C dating of human fossils (Kuzmin, 2019; Higham, 2019; Pettitt, 2019), 
some authors accept a priori that the oldest dates are the most reliable ones (Higham, 2011; Reynolds et al., 
2017). However, one should bear in mind that at many Upper Palaeolithic sites the bones of two species 
of the extinct Pleistocene megafauna are often dated – the woolly mammoth and the woolly rhinoceros 
(Coelodonta antiquitatis). The dates of these bones do not necessarily correspond to the time of human 
habitation, since it is well known that Upper Palaeolithic people collected large subfossil bones and tusks of 
animals, which died naturally, for various purposes (e. g., Soffer, 2003). In this case, the 14C dates obtained 
from megafaunal bones may well be older than the time of human presence. More reliable ages can be de-
termined by 14C dating of materials such as charcoal and bones of other animals that were probably hunted, 
such as Pleistocene bison (Bison priscus) and horse (Equus caballus), or other ungulates. Therefore, it is 
methodologically incorrect to simply accept the oldest 14C dates as the reliable ones sensu Higham (2011). 
That such a view may be too simplistic, was proven for Upper Palaeolithic sites in the central Russian Plain 
(Praslov and Sulerzhitski, 1999).
Concerning the issue which organic fraction of the bone – bulk collagen, ultrafiltered collagen, or HYP – is 
the most reliable material for 14C dating, there is still no consensus (see discussion in: Kuzmin, 2019; Higham, 
2019). Since the “true” age (i. e., supported by independent data, as in the case of the skeletons of Kos-
tenki 1 and Kostenki 14) of the human fossils in most of cases is unknown, this kind of discussion without 
the possibility to evaluate the 14C dates by independent means is essentially fruitless. As an example, there 
were three 14C dating campaigns for bones of Neanderthals from the Vindija Cave in Croatia. The first 14C 
values on bulk collagen were in the range of ca. 32,000-33,000 y. a. (Smith et al., 1999). Later, they were 

Fig. 8  The calibrated 14C dates of the elk bone from the Miesenheim IV locality and the time of eruption of the 
Laacher See Tephra (Kuzmin et al., 2018); lab codes for 14C dates are shown to the right.
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replaced by older 14C dates run on ultrafiltered collagen of ca. 36,600-36,800 y. a. (Higham et al., 2006b). 
Finally, all these dates were declared as too young, and the HYP 14C values of ca. 46,300-47,000 y. a. were 
accepted (Devièse et al., 2017). It is still not clear: which series of dates is the most reliable one? Probably, 
none of them, because at Vindija Cave there are no age markers which can be used as independent criteria 
to test the validity of the produced 14C dates.
Some researchers (e. g., Higham, 2019) believe that HYP is the most reliable material for 14C dating of 
bones. This, however, has not been supported by the measurement of the 14C age for a sample with a 
known upper age limit. The skeleton of an elk (A. alces), found at the locality of Miesenheim IV in the Ger-
man Rhineland, was selected for cross-dating in several laboratories, applying different collagen extraction 
methods. At Miesenheim IV, elk bones were buried below the Laacher See Tephra (LST), the eruption of 
which is reliably dated to ca.13,000 cal BP (Fiedel et al., 2013; Kuzmin et al., 2018). Parallel 14C dating in 
five laboratories of bulk collagen and ultrafiltered collagen, followed by comparison with the HYP 14C value, 
showed that all dates are almost contemporaneous (Fig. 8) and do not contradict the age of the tephra 
(Kuzmin et al., 2018). Thus, the “superiority” of HYP compared to other collagen fractions sensu Higham 
(2019) has not been proven in this particular case.
When bones were treated with conservants (mainly synthetic substances made of fossil carbon compounds, 
e. g., natural oil, such as the most commonly used polyvinyl acetate glue: PVA), the question of which colla-
gen fraction is the most reliable for 14C dating is a complicated issue. Our limited experience in cleaning the 
elk bones from the Miesenheim IV locality shows that solvent treatment (by hexane, acetone, and ethanol) 
can be successful in removing the PVA glue (Kuzmin et al., 2018: 11-13).

CONCLUSIONS

An overview of the state-of-the-art for direct 14C dating of EMHS from Eastern Europe, Siberia and Asia 
indicates that there is still little information available for these regions compared to Western, Southern, 
Central and south-eastern Europe. Nevertheless, it is possible to draw some conclusions. The oldest directly 
14C-dated EMHS in Eastern Europe and Asia is Ust’-Ishim from West Siberia, with an age of ca. 45,000 y. a. 
In East Asia, the oldest EMHS from Tianyuan Cave is dated to ca. 39,500 y. a. In Eastern Europe, the oldest 
EMHS fossils come from the Kostenki 14 and Kostenki 1 localities, and dated to ca. 35,500-37,400 y. a. 
The presence of humans in Siberia (Malta site) and East Asia (Shiraho-Saonetabaru Cave on Ryukyu Islands, 
Japan) at the height of the last glaciation (LGM) is noteworthy.
In most cases, it is impossible to assess the reliability of the 14C dates due to the lack of independent age 
markers, although for Kostenki 1 and Kostenki 14 there is a good correspondence between the 14C dates 
and the tephrochronology. In some cases (e. g., Kostenki 18 and Sungir), there are obvious contradictions 
that can be resolved only after generating new data, preferably using non-conserved samples. The degree 
of collagen preservation can be controlled by generally accepted parameters (collagen content in bone; 
carbon and nitrogen contents in collagen; atomic ratio of carbon to nitrogen; and carbon and nitrogen 
stable isotopes’ ratios). When a sample satisfies these requirements, the 14C date of bulk collagen seems to 
be reliable. The conclusion that HYP is the most reliable collagen fraction for 14C dating of bones has not 
been strictly proven.
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