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The temporal bone discovered in the 1960s from the Darra-i-Kur cave in Afghanistan is often cited as one
of the very few Pleistocene human fossils from Central Asia. Here we report the ﬁrst direct radiocarbon
date for the specimen and the genetic analyses of DNA extracted and sequenced from two areas of the
bone. The new radiocarbon determination places the ﬁnd to ~4500 cal BP (~2500 BCE) contradicting an
assumed Palaeolithic age of ~30,000 years, as originally suggested. The DNA retrieved from the specimen
originates from a male individual who carried mitochondrial DNA of the modern human type. The
petrous part yielded more endogenous ancient DNA molecules than the squamous part of the same bone.
Molecular dating of the Darra-i-Kur mitochondrial DNA sequence corroborates the radiocarbon date and
suggests that the specimen is younger than previously thought. Taken together, the results consolidate
the fact that the human bone is not associated with the Pleistocene-age deposits of Darra-i-Kur; instead
it is intrusive, possibly re-deposited from upper levels dating to much later periods (Neolithic). Despite
its Holocene age, the Darra-i-Kur specimen is, so far, the ﬁrst and only ancient human from Afghanistan
whose DNA has been sequenced.
© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction
The site of Darra-i-Kur (Cave of the Valley; other spellings
 r; Ba
ba
 Darwısh is another name of the site) in
include Darra-e Ku
Afghanistan ﬁrst came to prominence in the late 1950s with
ﬁeldwork and extensive site surveys undertaken by a team of researchers from the American Museum of Natural History (NYC) and
the National Museum of Afghanistan (Kabul). Louis Dupree and
Abdul Rauf Wardak (Dupree, 1972a) surveyed limestone foothills in
northern Afghanistan and recorded more than 100 caves. In the
r-i Gunjus Kha
n
Badakhshan province, near the village of China
(36 440 N, 69 590 E) (Fig. 1) they identiﬁed a cave called Darra-i-Kur
as potentially promising, after ﬁnding Mousterian-like ﬂakes
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eroding on the talus slopes leading to the site. Subsequently, in
1966, the site was excavated and three trenches were dug. The ﬁrst,
Trench 1, with prominent Neolithic ﬁnds, was 2.5 m wide and
reached bedrock ~1 m down at one end, while at the other end
there was a large roof fall. A second trench was then excavated in
order to avoid the roof fall debris. This was 4 m in length, 2.5 m in
width and reached 2.5 m depth before the bedrock was encountered. A third trench was the largest (2.5 m wide and 24 m in
length) and extended out of the cave down the talus slope and into
deposits supposedly derived from the action of a nearby stream.
According to Dupree (1972b) periodic ﬂooding may have been
responsible for mixing some of the hearth-related charcoal material found at the site with overlying silts.
The lithic industry of the site comprised implements and debitage made of locally available, poor-quality ﬂint or chert. More
than 800 implements, predominantly made using Levallois techniques, were recovered (Dupree and Davis, 1972). The lithics
included crude Levallois points (Costa, 2012) and ﬂakes, handaxes,
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Figure 1. Map of Afghanistan showing the location of Darra-i-Kur in the northeastern part of the country (Badakhshan province).

scrapers and ﬂake-blades, and were attributed to the Middle
Palaeolithic (Mousterian). Neolithic and Iron Age implements were
also found in the sequence toward the upper sections, as well as
Late Islamic and modern 20th century material.
The excavators identiﬁed enough charcoal for radiocarbon
dating, found in association with the Middle Palaeolithic ﬂake implements and cores. Radiocarbon dating was undertaken at the
GeoChron Laboratories (Cambridge, Massachusetts, USA) in the
early 1970s. However, the laboratory was compelled to amalgamate
the charcoal and soil material in order to get enough carbon for
dating using a conventional system. The radiocarbon date, produced on total carbon, GX-1122: 30,300 þ 1900/-1200 BP (Dupree,
1972b), must be looked at very critically; it is almost certainly a
minimum age as the radiocarbon laboratory noted at the time
(Krueger pers. comm. in Dupree, 1972b) and echoed by others since
(Stringer and Burleigh, 1981).
2. The human fossil
Angel (1972) described a fragmentary human right temporal
bone discovered at the Mousterian level of the site (Cut LC 11:200)
(Fig. 2). The bone comprised the tympanic and petrosal bones, with
the mastoid process and paramastoid crest broken at the base.
Angel (1972) compared measurements of the temporal and, speciﬁcally, the tympanic bone, which was quite well-preserved,
against anatomically modern human and Neanderthal equivalents
and suggested that the temporal sat closer to moderns than Neanderthals. In particular, he emphasized that due to the ﬂatness of
the tympanic bone and most other features, with the exception of
the very large internal auditory meatus and slightly lateral location
of the stylomastoid foramen, the temporal bone was modern in
appearance. Assuming an age that overlapped with that of Neanderthals, Angel cautiously suggested that the Darra-i-Kur temporal

could be transitional to modern humans rather than a Neanderthal.
Bricker (1976) urged caution about inferring too much from the
remains due to the fragmentary nature of the ﬁnd. Arensburg et al.
(1981) included the Darra-i-Kur fossil in their study of 140 middle
ear bones belonging to three different populations of modern
humans and concluded that there was a general homogeneity
observed in their results, regardless of antiquity. More recently, in
their study of the ossicular chain of La Ferrassie 3, Quam et al.
(2013) found that the Darra-i-Kur specimen fell within, but towards the upper end, of the recent Homo sapiens range of variation.
The Darra-i-Kur temporal bone is mentioned in various publications because it stands out as one of the very few human remains
recovered from this period in Central Asia. It is regularly referred to
by a range of authors and in a variety of studies revolving around
human paleoanthropology and paleoenvironments of Asia (e.g.,
Lindly and Clark, 1990; Trinkaus, 2005; Jaubert et al., 2006; Sonakia
 and
and de Lumley, 2006; Glantz et al., 2008a, 2008b; Malasse
Gaillard, 2011; Reyes-Centeno, 2016).
Given doubts regarding the precise age and skeletal attribution
of the specimen, we decided to test it for the ﬁrst time by direct
dating and by DNA analysis. The bone [Catalog number: NMNH
387961] is housed in the Smithsonian National Museum of Natural
History in Washington (DC). We obtained permission for destructive sampling in 2014.
3. Methods and materials
3.1. Sampling procedure
Prior to sampling, the temporal bone was CT scanned to document the morphology for future research and to plan the most
appropriate locations from which to take samples. The CT images
were acquired using the Skyscan 1173 (Bruker, Belgium) at the

88

K. Douka et al. / Journal of Human Evolution 107 (2017) 86e93

Figure 2. High resolution photographs of the Darra-i-Kur human temporal bone, now housed at the Smithsonian National Museum of Natural History (catalog number NMNH
387961). Copyright Smithsonian NMNH. (a) Inferior view; (b) Internal view; (c) Right lateral view; (d) Superior view. (Photo credit: James DiLoreto, NMNH).

Department of Human Evolution, Max Planck Institute for Evolutionary Anthropology, Leipzig. Key scan and reconstruction parameters include 130 kV, 61 uA, and a 0.025 mm voxel size. For use
in the context of this study the latter was resampled to 0.100 mm.
The CT image stack was analysed using Avizo 7.1 (Visualization
Sciences Group).
The three key criteria in the selection of the sampling locations
were: (1) target dense bone as it has been shown to yield a
relatively higher proportion of endogenous DNA (Pinhasi et al.,
2015); (2) avoid features that provide morphologically and
taphonomically important information; and (3) avoid sampling
the edges of the specimen, so that these can always be matched
should more pieces of the cranium be found in future excavations.
Given that both the external and internal morphology of the
temporal bone is distinct in anatomically modern humans and
Neanderthals (Harvati, 2003; Spoor et al., 2003), particular care
had to be taken to avoid phylogenetically relevant features. For the
ﬁrst sample used for DNA analysis, the densest bone of the
specimen was targeted, which can be found internally in the otic
capsule surrounding the bony labyrinth of the inner ear. The CT
scans showed that the otic capsule posteromedially to the posterior semicircular canal has a thickness of up to 4 mm, sufﬁcient to
be sampled without damaging the canal itself (Fig. 3b). The latter
was critical because the spatial relationship between the arcs of
the posterior and lateral semicircular canals is a feature that
diagnostically distinguishes modern humans and Neanderthals
(Spoor et al., 2003). The sampling was planned by doing a ‘virtual
trial’ in which a hole was simulated using a 3D visualization of the
temporal bone (Fig. 3a). The hole reaches superiorly from the roof
of the jugular fossa, in parallel with and medioposterior to the
plane of the posterior semicircular canal. The temporal bone
visualization with simulated hole was 3D printed at natural size.
Using this model as guidance, the actual hole was drilled under a
binocular microscope using 1.0 mm dental drills (H1SX-010-RA,
NTI-Kahla, Germany). The cortical bone in the jugular fossa was

drilled and disposed of, and a 53.0 mg sample (sample A) was
obtained from the otic capsule superiorly.
For the second sample used for DNA analysis and dating, the
temporal squama superior to the anterior petrosal surface was
targeted (Fig. 3c). In this area the middle of the squama is pneumatized by air cells, but the cortical bone laterally and medially is
sufﬁciently thick for sampling (1.5e2.5 mm). Before sampling, the
external surface on either side was removed using 1 mm dental
drills. Subsequently a hole was drilled centrally through the targeted area, and expanded radially, leaving the superior margin of
the squama intact. A 586.4 mg sample (sample B) could thus be
collected.
3.2. AMS radiocarbon dating and stable isotope analysis
Sample B was dated in the Oxford Radiocarbon Accelerator Unit
(ORAU), University of Oxford, using the standard method for preparing bone samples. This involved the demineralisation of the
bone matrix using an HCl step, followed by a NaOH and a second
HCl wash. The gelatinized extract underwent ultraﬁltration for the
removal of low molecular weight contaminants and other impurities. The sample was then combusted, converted to gas and its
stable isotopes measured in a CHN elemental analyser, operating in
continuous ﬂow mode using an He carrier gas linked with a Europa
IRMS. The CO2 was graphitized and its radiocarbon content was
measured using the Oxford HVEE Accelerator Mass Spectrometer
(for a detail description of the pretreatment method see Brock et al.,
2010).
3.3. DNA extraction, library preparation and sequencing
We used 15.2 mg of bone powder from sample A and 17.0 mg
from sample B as input for DNA extraction (Dabney et al., 2013;
Korlevi
c et al., 2015). Thirty percent of each DNA extract
(Supplementary Online Material [SOM] Table S1) was converted
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Figure 3. CT-based visualization of the Darra-i-Kur temporal bone. (a) Three-dimensional reconstruction with the cross-sections shown in (b) and (c). (b) CT image showing where
sample A (asterisk) was taken medioposteriorly to the inferior limb of the posterior semicircular canal (PSC) and drilling superiorly from the jugular fossa underneath; the top of the
cochlea (CO) is shown as well. (c) CT image through the squama with lines marking the area where sample B was taken. Scale bar 10 mm.

into a single-stranded DNA library (Gansauge and Meyer, 2013;
Korlevi
c et al., 2015) tagged with a pair of unique indexes
(Dabney and Meyer, 2012; Kircher et al., 2012; Korlevi
c et al., 2015).
The number of DNA molecules in the libraries was determined by
digital droplet PCR (Slon et al., 2016). 1 mg of each library was
enriched for human mitochondrial (mt) DNA sequences (Maricic
et al., 2010; Fu et al., 2013a). Sequencing was performed on a
MiSeq (Illumina) instrument. Details on the processing of
sequencing data are provided in the SOM.
4. Results and discussion
4.1. Radiocarbon dating and stable isotope analysis
We used 490 mg of bone powder and obtained 29.4 mg of
collagen, a yield of 6% by weight. This indicates a reasonably well-

preserved bone, which initially raised suspicions that it might be
younger than anticipated. All other analytical data routinely
collected (C:N atomic ratio: 3.2; %C on combustion: 42.6) was
within expected ranges. AMS 14C dating of the Darra-i-Kur sample
produced a conventional radiocarbon age of 3989 ± 31 BP (OxA31781). When calibrated using the latest INTCAL13 calibration
curve (Reimer et al., 2013) and OxCal v4.2 software (Bronk Ramsey,
2009) this converts to an age ranging between 4530 and 4410 cal
BP/2580e2460 BCE at 95.4% probability.
This radiocarbon determination is much younger than the
conventional date on charcoal (GX-1122, ~30 ka BP) suggesting that
the human bone was intrusive in the Mousterian layer. In fact, the
layer just above, described by Dupree (1972a) as a “Goat Cult”
Neolithic, was also dated in the early 1970s at 3780 ± 130 BP (GX0910), a determination statistically identical to the new AMS date
we report here. Very importantly, the Neolithic layer also contained
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human remains consisting of skull fragments and several long
bones of one or two children (Dupree, 1972a). We may assume
therefore that the temporal bone belongs to the overlying Neolithic
layer of the site and possibly relates to the other human individual(s) discovered there.
In addition to dating, the ratios of stable carbon (13C/12C, the
d13C value) and nitrogen (15N/14N, the d15N value) were measured
at 19.0‰ and 12.3‰, respectively. d13C values are reported in ‰
with reference to VPDB (Coplen, 1994), d15N values with respect to
AIR, while analytical precision is ±0.2 and ± 0.3‰ respectively.
These values are consistent with other isotopic results from
humans dating to a similar period in Central Asia (e.g., Lightfoot
et al., 2015).
4.2. DNA preservation in the Darra-i-Kur temporal bone
To evaluate the preservation of DNA molecules in the Darra-iKur temporal bone, we compared the output of shallow shotgun
sequencing of the library prepared from the petrous part (sample
A) to that prepared from the squama (sample B) (SOM Table S2).
0.8% of sequences longer than 35 bases originating from sample A
could be mapped to the human reference genome, compared to
only 0.1% of sequences originating from sample B. By multiplying
the fraction of sequences that mapped to the reference genome by
the number of DNA molecules in the library, we extrapolated the
number of sequences from different DNA fragments that would be
yielded had the library been sequenced to exhaustion. We estimate
that the library prepared from sample A contains 3.93*106 such
human DNA fragments per mg of bone powder, approximately 11
times more than the library prepared from sample B (3.54*105
fragments).
Ancient DNA molecules can be distinguished from present-day
contamination based on the presence of a speciﬁc type of nucleotide misincorporation. Cytosine (C) bases at the end of DNA molecules tend to undergo deamination, resulting in uracil residues,
which are read by DNA polymerases as thymine (T) bases. When
aligning sequences to a reference genome, this damage can be
recognized as a C to T substitution, which characteristically occurs
at or near the ends of ancient DNA fragments (Briggs et al., 2007;
Krause et al., 2010; Sawyer et al., 2012). In both libraries prepared
from the Darra-i-Kur specimen, there is an elevated frequency of C
to T changes at the ends of molecules: 16.1% and 17.4% of Cs in the
reference genome appear as Ts at the 50 - and 30 -end of sequences
from sample A and 5.0% and 7.1% of sequences from sample B (SOM
Table S2, SOM Figure S1), suggesting the presence of ancient DNA
molecules in the libraries. These terminal C to T frequencies are
signiﬁcantly
higher
(p-value
¼
1.442*1015
and
p12
0
0
value ¼ 2.159*10
for the 5 - and 3 - ends, respectively) for sequences originating from sample A than from sample B.
When ﬁltering in silico for sequences likely to be of ancient
origin based on the presence of a C to T change on one end, the
frequency of C to T substitutions on the other end increases (SOM
Table S2), indicating that the libraries contain a mixture of
ancient and modern DNA fragments (Meyer et al., 2014). We
retained 466 sequences with a terminal C to T substitution from
sample A and 89 such sequences from sample B, constituting
0.043% and 0.002% of sequences in each respective library that
show evidence of being derived from authentic ancient DNA fragments. We estimate that if sequenced to exhaustion, approximately
33-times more sequences showing a terminal C to T substitution
would be yielded from sample A than from sample B (SOM
Table S2).
Thus, in concurrence with previous studies showing that the
dense part of the petrous bone preserves ancient DNA particularly
well (Gamba et al., 2014; Pinhasi et al., 2015), we ﬁnd that for the

Darra-i-Kur specimen, the petrous part yielded substantially more
endogenous ancient DNA fragments than the squamous part of the
same temporal bone.
4.3. Sex determination based on genetic data
To determine the sex of the Darra-i-Kur individual, we combined the sequences from the two libraries and compared the
coverage of the X chromosome to the coverage of the autosomes. To
mitigate the inﬂuence of present-day contamination, we limited
this analysis to sequences carrying a terminal C to T substitution to
the reference genome (Meyer et al., 2014). Congruent with the
morphological analysis (Angel, 1972), the X to autosome coverage
ratio of 0.50 indicates that the Darra-i-Kur individual was a male.
In sequencing data originating from a male individual, an excess
of fragments mapping to the X chromosome is indicative of
contamination by female DNA. When including all sequences in the
analysis, the female contamination estimate (see SOM) is signiﬁcantly lower (p-value ¼ 1.29*104) for sequences originating from
sample A (10.7%) than from sample B (29.7%).
4.4. The Darra-i-Kur mitochondrial genome sequence
To reconstruct the mtDNA genome sequence of the Darra-i-Kur
individual (see SOM), we combined sequences from the two libraries enriched for mtDNA fragments and used a consensus calling
software that takes into account the characteristics of ancient DNA,
i.e., terminal C to T substitutions and shorter sequence length, to
separate endogenous ancient sequences from contaminating ones
(Renaud et al., 2015). The 47,386 mtDNA fragments produced from
the Darra-i-Kur specimen yielded an average mtDNA coverage of
181.9-fold.
The mtDNA sequence of Darra-i-Kur was compared to those of
present-day and ancient humans, Neanderthals, Denisovans and a
Middle Pleistocene hominin (Sima de los Huesos) (SOM Table S3) to
determine to which hominin group it should be attributed. We ﬁnd
that the mtDNA of Darra-i-Kur is of the modern human type
(Fig. 4a). It pertains to haplogroup H2a, a subclade of an mtDNA
haplogroup estimated to have diverged from a shared common
ancestor with other haplogroups only ~23,900 years ago (Fu et al.,
2013b) and that still exists in European and Central Asian populations today (Loogvali et al., 2004). Molecular dating of the Darrai-Kur mtDNA sequence, using the mtDNAs of 10 other directly
radiocarbon-dated ancient modern humans (SOM Table S3) as
calibration points, yielded a tip date ranging between 12 and 31,587
years (Fig. 4b). Thus, the results of the mtDNA analysis also
contradict the previously published age estimate (~30,000 years)
for this individual (Dupree, 1972b).
4.5. Archaeological implications
Despite covering a vast area of over four million km2 that
bridges western and eastern Eurasia, Central Asia is extremely poor
in paleoanthropological remains from the Middle and Late
Pleistocene.
The elimination of the Darra-i-Kur temporal bone from the
Pleistocene fossil record of Central Asia means that of the handful of
presumably Pleistocene-age humans, none can be attributed
securely to early H. sapiens (possibly with the exception of the
recently discovered premolar from Kul'bulak). We know, however,
that modern humans reached west Siberia by ~45,000 years ago
based on the evidence from Ust'-Ishim (Fu et al., 2014), before
arriving in Europe, possibly having crossed Central Asia ﬁrst.
Regrettably, the archaeological record of the region for this
important period is mute. The Early Upper Palaeolithic is
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Figure 4. The mtDNA sequence of the Darra-i-Kur specimen. (a) Maximum likelihood
phylogenetic tree showing that the Darra-i-Kur mtDNA sequence (red arrow) falls
within the variation of ancient and present-day modern humans, to the exclusion of
Neanderthals, Denisovans and a Middle Pleistocene hominin (Sima de los Huesos
[SH]). The tree is rooted using the chimpanzee (C) mtDNA genome. (b) Excerpt from a
Bayesian phylogenetic tree used for dating the Darra-i-Kur tip. Branch lengths are
scaled by number of years, and ancient individuals are noted in italics. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web
version of this article.)

underrepresented and evidence of it remains patchy and poorly
understood, despite the growing number of largely undated sites
with lithic assemblages attributed to the period (e.g., Shugnou and
Kharkush in Tajikistan, Kul'bulak, Dodekatym-2 and Kyzyl-Alma-2
in Uzbekistan, Maibulak in Kazakhstan, Kara Kamar in northern
Afghanistan) (see Ranov et al., 2012; Kolobova et al., 2013 for some
recent work and discussion).
Despite showing that the temporal bone from the Mousterian
layer of Darra-i-Kur is of Holocene age, the character of the lithic
assemblage it was found associated with is not questioned. In fact,
Middle Paleolithic e often Levallois Mousterian-lithic assemblages
have been found at several sites in Central Asia (and southern
Siberia), strongly supporting the presence of Neanderthals in the
region (e.g., Vishnyatsky, 1999; Derevianko et al., 2013). From a
palaeoanthropological perspective, Neanderthal fossils are more
numerous and better represented in the record compared to
modern human counterparts. The most famous Neanderthal
specimen from the region is the Teshik-Tash child from Uzbekistan
(Debetz, 1940; Gremiatsky, 1949). Until about a decade ago, it was
thought to represent the easternmost extent of the Neanderthal
range. However, extraction and ampliﬁcation of genetic material
from three human bones found in the Okladnikov Cave in Siberia
(Krause et al., 2007) revealed that they carried Neanderthal mtDNA,
therefore stretching this range 2000 km further to the east. In the
same study, the Neanderthal afﬁnities of the Teshik-Tash child were
also conﬁrmed with retrieval and analysis of mtDNA from the left
femur of the skeleton (Krause et al., 2007). Since then, further
Neanderthals have been identiﬁed in Siberia, at Chagyrskaya and
Denisova caves (Mednikova, 2013; Buzhilova, 2013; Prüfer et al.,
2014). The human remains from a single juvenile from ObiRakhmat Grotto in Uzbekistan were considered originally to show
a mosaic of Neanderthal and modern human traits (Glantz et al.,
2004); Bailey et al. (2008), however, suggested that the dentition
is essentially Neanderthal. The Sel'-Ungur teeth from Kyrgyzstan
originally attributed to pre-Neanderthal forms are non-human
(Glantz, 2010), while a ﬁfth metatarsal from Anghilak and the
Khudji deciduous incisor could not be attributed to a speciﬁc human group (Trinkaus et al., 2000; Glantz et al., 2008b).
This is not the ﬁrst time that the assumed Pleistocene age of a
human fossil has been proven wrong on the basis of direct dating
and DNA analysis. Using similar methodologies to the ones we used
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here, Benazzi et al. (2014) showed that the human remains from
San Bernardino cave in Italy, previously attributed to Neanderthals,
belong instead to recent (14th c. AD) H. sapiens, most likely incorporated in the Mousterian deposits of the site during historic times.
Along similar lines, the presumed late surviving Neanderthals from
Riparo Mezzena were shown to belong to Neolithic humans
(Talamo et al., 2016). Likewise, Conard et al. (2004) and Street et al.
(2006) have shown that a large corpus of the German paleoanthopological record, previously assumed to be Pleistocene in age,
was instead of Holocene age.
Lastly, we also note that despite its Holocene age, the Darra-iKur specimen is so far the only ancient human from Afghanistan
whose DNA has been sequenced. Future genetic studies on this
specimen may shed light on the ancestry of Holocene populations
in the region and their genetic afﬁnity to other ancient and presentday populations.
5. Conclusions
We demonstrate here that mCT scans of temporal bones can be
used to plan targeted sampling of an area likely to contain a relatively high amount of ancient endogenous DNA, while avoiding
damage to the surrounding morphologically valuable features.
Based on new radiocarbon dating and DNA analysis, the Darra-iKur temporal bone is clearly not a Paleolithic-aged specimen.
Instead, it is a much later human bone that appears to have been
reworked down the stratigraphic sequence from the Neolithic deposit of the site. Its association with the Middle Paleolithic
archaeological remains at the site cannot be sustained. The specimen ought to be removed from discussions revolving around the
fossil and archaeological record of late Pleistocene Central Asia.
Accession information
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KX638446.
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