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DIRECT RADIOCARBON DATING OF LATE PLEISTOCENE HOMINIDS IN EURASIA: 
CURRENT STATUS, PROBLEMS, AND PERSPECTIVES

Yaroslav V Kuzmin1 • Susan G Keates2

ABSTRACT. The corpus of radiocarbon dates run directly on Pleistocene-age human remains in Eurasia (~120 values, with 
~80 of them found to be reliable) is analyzed and interpreted. The latest Neanderthals are dated to ~34,000–30,500 BP (~38,800–
35,400 cal BP). They probably coexisted with the first modern humans at ~36,200–30,200 BP (~42,500–32,800 cal BP) in 
the western and central parts of Europe. The earliest direct 14C dates on modern humans in Eurasia are ~34,950–33,300 BP 
(~40,400–37,800 cal BP). A paucity of 14C dates corresponding to the LGM is evident for Europe, but Asia perhaps had larger 
populations during this timespan. The main criteria for the selection of bone/tooth material for direct 14C dating as now widely 
accepted are (1) the collagen yield (generally, 1% or more) and (2) the C:N ratio (within the 2.9–3.4 range).

INTRODUCTION

The direct radiocarbon dating of Late Pleistocene humans from Eurasia is an important task. It was 
initiated in the 1970–1980s, and progress was at first slow (see e.g. review in Bednarik 2009:274–5). 
More results were published in the early 2000s when the accelerator mass spectrometry (AMS) 
technique was more widely used (e.g. Gambier et al. 2000; Richards et al. 2001; Svoboda et al. 
2002). Since the mid-2000s, direct AMS 14C dating of Pleistocene human fossils greatly acceler-
ated. A more extensive program of direct dating has become all the more important since it was 
demonstrated that several hominids previously thought to be of Late Pleistocene age are in fact 
of Holocene origin (e.g. Vogelherd, see Conard et al. 2004; for other cases, see Street et al. 2006; 
Keates et al. 2007).

In order to estimate how many human fossils have direct dates, the following example can be used. 
If the total number of Neanderthal individuals in Eurasia is at least 280 (Klein 1999:372; Derevian-
ko 2009), only 15 of them (5.4% of the total) have been directly dated. This calls for more serious 
efforts to increase the age determinations for Late Pleistocene humans. Recent overviews of the 
Eurasian records are presented by Higham et al. (2011), Prat et al. (2011), and Keates et al. (2012). 
This article reports the latest developments and discusses some of the existing problems.

MATERIAL AND METHODS

The database for this study consists of about 120 14C values obtained directly on human fossils from 
Eurasia, which were published before early 2014 to the best of our knowledge; about 80 of these 
are considered to be reliable according to the original researchers (see Table 1). Only pre-Holocene 
14C dates (i.e., older than ~10,000 BP, or ~11,500 cal BP) associated with the Paleolithic cultural 
complexes are included. Mesolithic-associated 14C dates older than ~10,000 BP (e.g. Meiklejohn et 
al. 2010) are not considered due to space limitations. If there are two (or more) 14C dates generated 
for the same individual, and they overlap in calendar age, only one 14C value is included in Table 1 
(the other values are given in the footnotes) and Figure 2.

The remains of 15 Neanderthals and 60 anatomically modern humans constitute the basis of this 
study. Their geographic distribution is uneven (Figure 1). The majority of Neanderthals with direct 
dates are from western (53%) and central (33%) Europe (86% of the total). In eastern Europe and 
Asia, only two sites (Mezmaiskaya and Okladnikov caves) have direct 14C dates. The same trend can 
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be observed for modern humans: their number for western/southern Europe is 30%, and for central 
Europe it is 47% (together, 77%); the rest of Eurasia has only 23% of the dates.

In this overview article, we do not evaluate every direct 14C date on human fossils based on modern 
criteria (e.g. Brock et al. 2010a, 2012) because of space limitations and insufficient information on 
collagen yield and C:N ratio in many of the original publications. Also, most of the 14C dates have 
been evaluated by the authors of the original reports and in several review articles (e.g. Higham et al. 
2006a, 2011; Street et al. 2006; Pinhasi et al. 2011; Prat et al. 2011; White and Pettitt 2012; Keates et 
al. 2012), and we agree with their evaluations. Furthermore, several 14C dates that were not accepted 
by the original authors are mentioned in the footnotes of Table 1 as “rejected.”

In this study, only 14C dates produced on human remains are considered. This is because other 
dating methods, mainly uranium series (U-series) and electron spin resonance (ESR), require prior 
assumptions (first of all, annual radiation dose and relative humidity of fossil-bearing sediments; 
e.g. Malainey 2011:109–40). However, this information cannot always be derived from the sites 
either because they were entirely excavated or because of a complicated taphonomy; see the recent 
example of the Tam Pa Ling site in Laos (Demeter et al. 2012a,b; Pierret et al. 2012). Therefore, the 
results of both U-series and ESR dating of fossil humans should be treated with caution.

As a striking example, the Tabun Cave in the Levant can be used. Before attempts were made to 
date directly the Neanderthal skeleton C1, analysis of the site’s chronology and stratigraphy by 
Farrand (1994) resulted in his conclusion that the early uptake (EU) model for ESR dating is the 
most appropriate one (see Farrand 1994:50). The first U-series dating campaign produced an age of 
~34,000–33,000 yr using the EU model for the C1 mandible and linear uptake (LU) for the C1 femur 

Figure 1  Geographic distribution of directly 14C-dated Late Pleistocene humans in Eurasia (numbers correspond to 
Table 1).
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(Schwarcz et al. 1998); the EU model gives a date of ~19,000 yr for the femur. These results were 
considered to be too young, and the second campaign using the ESR method generated a much older 
age of ~143,000–112,000 yr for the C1 tooth (Grün and Stringer 2000). Assuming that Farrand’s 
(1994) conclusion about the uranium uptake model is the correct one, the ESR age of the C1 tooth is 
112,000 ± 29,000 yr (Grün and Stringer 2000:610). The LU–ESR model was considered as the best 
one to estimate the age of Layer B at Tabun at ~122,000 yr (Grün and Stringer 2000:610).

However, these studies have a major weakness in terms of the uncertain provenance of the C1 skel-
eton (from either Layer B or Layer C; e.g. Farrand 1994). As a result, assumptions about the dose 
rate that should be used for age calculation of the U-series and ESR methods (e.g. Grün and Stringer 
2000:608–10) are, in our opinion, at the level of mere guessing. This is why it is impossible to estab-
lish the “true” age of Tabun layers B and C. The basic assumptions concerning the dose rate (caused 
by the fact that the human fossil-bearing sediments were removed long before the dating campaigns) 
are quite uncertain, and this is why all the results of direct dating of the Tabun C1 human fossils are 
very approximate (e.g. Grün 2006:31). In such cases (and in general), only direct 14C dating, which 
does not require any prior assumptions about a sample’s burial history, can shed light on the exact 
age of human fossils within the upper limit of the dating method, around 50,000 BP (e.g. Wood et al. 
2010), corresponding tentatively to ~53,000 cal BP (see Bronk Ramsey et al. 2012).

Figure 2  Calendar age ranges for directly 14C-dated Late Pleistocene humans in Eurasia (sequence of values corresponds 
to Table 1).
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RESULTS AND DISCUSSION

According to the existing corpus of 14C dates, the age of Eurasian Neanderthals is ~48,400–30,500 BP 
(~63,300–35,400 cal BP), with the latest specimens from modern Belgium (Engis 2) and Croatia 
(Vindija Cave) (Figure 2). The oldest 14C value comes from the El Sidrón site (Spain); due to the 
large standard deviation, its calendar age can provisionally be determined as ~53,600 cal BP (me-
dian value, see Table 1). Obviously, Neanderthals existed in Europe before this date (e.g. Harvati 
2007), but these remains are beyond the limits of 14C dating. 

The rib of the Mezmaiskaya Cave individual Mez 1, found in Layer 3, was directly 14C dated to 
29,195 ± 965 BP (Ua-14512) (Ovchinnikov et al. 2000). In light of the Oxford ultrafiltered collagen 
date, produced on the Mez 2 skeleton from the overlying Layer 2 (~39,700 BP, see Table 1), and the 
14C dates from Layer 3 generated on animal bones (greater than 45,200–46,100 BP, see Pinhasi et al. 
2011), the ~29,200 BP value for the Mez 1 Neanderthal from Layer 3 is perhaps too young. It was 
suggested that this is due to collagen contamination, which was later eliminated after more rigorous 
pretreatment using the ultrafiltration protocol (e.g. Pinhasi et al. 2011:8613).

The earliest directly 14C-dated modern humans come from different parts of Eurasia (Table 1): 
central Europe (Peştera cu Oase: ~34,950 BP or ~40,400 cal BP), East Asia (Tianyuan Cave: 
~34,400 BP or ~39,500 cal BP), and eastern Europe (Kostenki 14: ~33,300 BP or ~37,800 cal BP).

Higham et al.’s (2011) very early age of the KC4 maxilla from Kent’s Cavern in Britain (see Ta-
ble 1) is disputed by White and Pettitt (2012) based on an analysis of archival records, concluding 
that not all the strata in Kent’s Cavern are in situ position. This indicates that the use of the animal 
bone 14C dates by Higham et al. (2011) to establish the age of the KC4 specimen may not be valid. 
Because the provenance of the KC4 specimen is not well known according to White and Pettitt 
(2012), the dating of material supposedly associated with the human fossil to establish its age as was 
done by Higham et al. (2011) cannot guarantee that it is the correct date. Therefore, its previous di-
rect 14C age of ~30,900 BP (~35,400 cal BP) should be kept (see Figure 1 and Table 2) as a tentative 
value until this controversy is resolved.

The possible coexistence of both the latest Neanderthals and the earliest modern humans in Eurasia 
is one of the most debated issues in Paleolithic archaeology and anthropology (e.g. Gravina et al. 
2005; Finlayson et al. 2006; Higham et al. 2011). Judging from information available in early 2014, 
it is clear that there is a definite overlap in 14C dates for both species (subspecies) in western/central 
Europe (Figure 2). It seems that at ~36,200–30,200 BP (~42,500–32,800 cal BP, see Figure 2) both 
Neanderthals and modern humans lived in several parts of Europe, although due to the small number 
of directly dated fossils further study is needed. Nevertheless, at some sites of similar age and locat-
ed in the same greater region (Vindija Cave and Mladeč in central Europe; and Engis 2 and Kent’s 
Cavern in western Europe) Neanderthals and moderns may well have been contemporaneous.

A gap in the 14C dates of modern humans in Europe corresponding to the Last Glacial Maximum 
(LGM, ~22,000–16,000 BP or ~26,000–19,000 cal BP; see Clark et al. 2009) is evident, with only 
a few values (e.g. Mittlere Klause site in southern Germany, ~18,600 BP; see Figure 2). In Asia, 
however, there are several directly 14C-dated human remains belonging to this timespan, from Malta 
(Siberia) and Shiraho-Saonetabaru Cave (Ryukyu Archipelago, Japan).

The general 14C chronology of the Siberian Upper Paleolithic based on 14C records of nonhuman 
Paleolithic materials (e.g. charcoal and animal bone; see Kuzmin and Keates 2013) shows that 
there was no significant depopulation of northern Asia at the LGM. This conclusion, initially put 
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forward in the late 1990s (see details: Kuzmin 2008:203–5), was repeatedly confirmed in the 2000s 
(e.g. Kuzmin 2008, 2009; Kuzmin and Keates 2005). Opponents of this model, who had for years 
argued that people were not able to cope with the harsh environment of the LGM in Siberia (e.g. 
Goebel 2004; Graf 2005, 2009), have recently abandoned their opinion and suggest that “...parts of 
south-central Siberia were occupied by humans throughout the coldest stages of the last ice age” 
(Raghavan et al. 2014:89). This is presented as their own achievement, without any mention of 
studies where exactly the same interpretation was published before (e.g. Kuzmin and Keates 2005), 
thereby ignoring the primary sources on this subject. Also important is that all previous results by 
Graf (2005, 2009) concerning the LGM depopulation of Siberia contradict what is now claimed in 
Raghavan et al. (2014), where K E Graf is one of the leading coauthors. 

The quality of human fossils for 14C dating is also very important for the correct interpretation of 
the results obtained. The collagen fraction is the most reliable compound for bone 14C dating. As an 
illustration of this, the case of the Wajak site on Java (Southeast Asia) can be used. Here, a direct 
AMS 14C age of a human bone (femur) was obtained: 6560 ± 140 BP (AA-7718) (Shutler et al. 
2004:90; see also Keates et al. 2012:339), corresponding to a calendar age of ~7500 cal BP. How-
ever, presumably due to poor preservation of collagen, the apatite fraction of the bone was dated 
(Shutler et al. 2004:91). More recently, Storm et al. (2013) performed laser ablation U-series dat-
ing of other human bones from the Wajak site, and received much older ages: ~37,400–28,500 yr. 
The apatite fraction of their WF1 sample (post-cranial bone) was 14C dated to 14,870 ± 100 BP 
(S-ANU-25111), corresponding to an age of ~18,200 cal BP. The U-series age of this specimen 
is 36,500 ± 5800 yr. According to Storm et al. (2013), the Holocene age of Shutler et al.’s (2004) 
femur may be explained by the fact that the apatite fraction is almost always younger than the col-
lagen. Also, Storm et al. (2013:362) found significant secondary carbonate contamination of the 
Wajak crania WF1–WF2 and extremely low collagen yields (0.01–0.19%). Thus, poor collagen 
preservation may also be responsible for distorted ages (see below).

The gradual developments in 14C dating of bone material (Longin 1971; Brown et al. 1988; Arslanov 
and Svezhentsev 1993; Higham et al. 2006b; Brock et al. 2010b, 2012; Talamo and Richards 2011) 
resulted in a widely accepted protocol for collagen extraction by dissolution of bone/tooth material 
in acid, and gelatinization of the remaining organic fraction. The evaluation of the quality of colla-
gen also advanced (e.g. van Klinken 1999; Brock et al. 2010a). Two main criteria for the selection of 
bone/tooth material for direct 14C dating are (1) the collagen yield, which should generally be 1% or 
higher (e.g. Brock et al. 2012); and (2) a C:N ratio of collagen within the 2.9–3.4 range (e.g. DeNiro 
1985). Samples with both parameters outside of these limits are usually not suitable for a secure age 
determination, and are now routinely rejected at the very preliminary stage (e.g. Brock et al. 2012).

CONCLUSIONS

In the Late Pleistocene, the youngest Neanderthals existed in several regions of Eurasia, mainly in 
Europe, until ~30,500 BP (~35,400 cal BP). Beginning at ~34,950–33,300 BP (~40,400–37,800 cal 
BP), modern humans occupied different parts of Eurasia over thousands of kilometers. It is therefore 
possible that both Neanderthals and modern humans coexisted, at least in western/central Europe at 
~36,200–30,200 BP (~42,500–32,800 cal BP). Modern humans associated with Upper Paleolithic 
complexes lived in Eurasia until ~10,000 BP, and continued as Mesolithic-Neolithic populations 
afterwards. A few of the European directly 14C-dated finds are from the time of the LGM, and more 
materials are known from Asia. This may reflect the relative density of human populations at the 
LGM in different parts of Eurasia; however, more data are needed to arrive at a solid conclusion.
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