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ARTICLE INFO ABSTRACT

Keywords: “Dragon stones” are prehistoric basalt stelae carved with animal imagery found in Armenia and surrounding

Armenia regions. These monuments have a complex history of use and reuse across millennia, and the original date of

gaucasuz creation is still a matter of debate. In this article, we present a unique dragon stone context excavated at the site
ronze Age

of Lchashen, Armenia, where a three-and-a-half-meter high basalt stela with an image of a sacrificed bovid was
found above a burial dating to the 16th century BC. The burial stands out among hundreds from this site as the
only one in connection with a “dragon stone”, and one of very few containing the remains of newborn babies.
Furthermore, our analyses of ancient DNA extracted from the well-preserved skeletal remains of two 0-2-month-
old individuals showed them to be second-degree related females with identical mitochondrial sequences of the
haplogroup U5alal lineage, thus indicating that the infants are closely related. Additionally, we assessed that
the buried individuals displayed genetic ancestry profiles similar to other Bronze Age individuals from the
region.

Ancient DNA
Burial practices
Next-generation sequencing

water-rich meadows located between 2000 and 3000 m above sea level.
From their shape and iconography, previous research (Gilibert et al.,

1. Introduction

“Dragon stones” (Arm. Vishapakar) are ca. 150-550 cm high stelae of
basalt carved with animal imagery and found in mountain meadows of
present-day Armenia and neighboring regions (modern Southern Geor-
gia and Eastern Turkey) (Fig. 1). Their current vernacular name likely
connects to local folk tales of dragons in the shapes of mythical bulls, fish
and snakes living in the mountains, as divine guardians of water and
thunder. Until now, ca. 150 known examples of dragon stones have been
recorded, which are usually found collapsed to the ground at secluded,

* Corresponding author.

2012) identified three main classes of dragon stones: piscis (fish-shaped),
vellus (carved as if the hide of a bovid had been draped on them), and
hybrid (combining the iconographies of both types). Based on the
ongoing excavations at the site of Karmir Sar on Mount Aragats (N
40.418336°, E 044.145849°, 2850 m above sea level) (Hnila et al.,
2019), we favor the interpretation of dragon stones as commemorative
monuments located in the centers of open-air sanctuaries. At Karmir Sar,
the earliest known dragon stones were erected at the end of the fifth
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millennium BC. Later, they were repeatedly re-embedded in various
ritual and secular contexts. Whether these episodes of re-embedment
went together with radical re-semantizations of the symbolic and
mythological meanings of the steles or rather provided a long-term
framework of survival and transmission of ancestral beliefs remains
open to discussion. While early research on dragon stones concentrated
mainly on the art-historical aspects of the phenomenon, more recent
works apply the tools of modern archaeology and shift the accent to the
surrounding landscape and archaeological context (cf. Gilibert et al.,
2012; Bobokhyan et al., 2015; 2018; Hnila et al., 2019). The current
article aims at advancing the discussion further by addressing the
problem from a new perspective, implementing an interdisciplinary
approach based on ancient DNA (aDNA) from two human remains
excavated under one of such monuments in Lchashen, Armenia.

2. The Lchashen site and the dragon stone context

Lchashen is located on the north-western edge of the high-altitude
Sevan Lake and is one of the most important archaeological site-
clusters in Armenia (Fig. 2). Since 1950s, investigations of the site
have expanded our understanding of the development patterns of the
Bronze and Iron Age societies in South Caucasus. The site includes an
Iron Age fortress with an Urartian cuneiform rock inscription of king
Argishti I from the 8th century BC, an Early and Middle Bronze Age
settlement within the area of the fortress, and Middle to Late Bronze Age
cemeteries, including a cluster of separate elite barrows in the area of
the modern Lchashen village. From the cuneiform inscription, we know
the name of the fortress-town during the Iron Age, and possibly also
earlier — Ishtikuni (for details cf. Petrosyan, 2018; 2022). Lchashen
became well known in world archaeology especially due to finds of well-
preserved wheeled wooden vehicles from the Late Bronze Age tombs,
which emerged after the waters of Lake Sevan had decreased in level
(Piggott, 1968).

The archaeological landscape of Lchashen includes two dragon
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stones, one of which is directly connected to this study (Khanzadyan,
2005; cf. Bobokhyan et al., 2017). It was discovered in 1980, 2.5 km
south-west of the village Lchashen, in an ancient cemetery area called
“Hamaliri taratsk“ (Complex area, N 40.50779°, E 44.91174°, 1975 m
above sea level), while installing water pipes. After being investigated in
situ, the stela with materials found within the partly destructed burial,
was transported to the Metsamor Historical-Archaeological Museum
Reserve in the same year and placed at the museum’s entrance (Figs. 1-
6).

Although the machine excavator installing the water pipe dug over
the barrow, it was still possible to investigate the context. According to
the short preliminary report published by Khanzadyan (2005), the stela
was found at a depth of 1.5 m below the surface, above a burial chamber
identified at a depth of 2.5 m below the surface. The earthen barrow
with pebble filling was surrounded by ca. 10 mid-sized circular stone
barrows, which formed a cluster separate from the main Bronze Age
cemeteries at Lchashen. The burial chamber was quadrangular and
oriented from north to south (Fig. 3).

Khanzadyan reports broken artefacts, animal bones and incomplete
human skeletal remains scattered all over the tomb (Figs. 4-5). She
interpreted the disturbed find context as evidence for ancient looting
and, based on the find position of the skull, she proposed to reconstruct
the burial as the inhumation of an adult individual laid down on its left
side in a hocker position. The materials found during the excavations
include seven pottery vessels, a bronze hair ring, a carnelian bead, a
bone needle and an obsidian tool (Fig. 4). The hair ring was found under
the skull of an adult individual, a vessel with a stamped ornament was
recorded adjacent to the back of the same individual. In the centre of the
tomb, near a medium-sized rough stone, there were fragments of painted
and simple-ware vessels, parts of a pot with finger imprints and a bead.
In the south-western part of the tomb three simple pots were placed.

The dragon stone was found well-preserved above the burial cham-
ber. The excavations could not determine whether this position had been
the result of a collapse or rather an intentional setting. The stela is made
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Fig. 1. Topographic map of the South Caucasus indicating the locations of dragon stone monuments (red circles) discovered so far; P. Hnila, Catalogue: A. Bobokhyan/
A. Gilibert/P. Hnila, Topography: GMTED2010 and Natural Earth. masl — meters above sea level.
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Fig. 2. Topographic map of Lchashen archaeological cluster with location of the dragon stones Lchashen 1 and 2 (P. Hnila).

of dark grey porous basalt; its size is 370x72x47 cm (Fig. 6). The waist
widens upwards and the top is cut obliquely. The relief represents the
hide of a bovid as if draped on the stela itself. The hide descends from the
top of the stone to the back, ending in a tail with a multi-spiral bundle.
The bovid’s ears and the horns with arches descending on either side of
the head are clearly distinguishable. A liquid flowing from the mouth of
the bovid may represent water, blood, or a synecdoche of both (cf.
Storaci and Gilibert, 2019).

3. Materials and methods
3.1. Osteological material

The human skeletal remains from the Lchashen barrow were in-
ventoried at the Metsamor Historical-Archaeological Museum Reserve.
The recent anthropological investigation of the remains as archived
today revealed that they belong to two infants, hereinafter referred to as
Dragonl and Dragon2 (Fig. 5). These individuals were not accounted for
in the original publication. Yet, a femur bone of a child is very likely
identifiable on an archived field photograph of the excavation context.
Another archived field photograph unequivocally proves that the tomb
also contained an adult skull (published as Fig. 3 in Khanzadyan, 1995).
However, neither this skull nor other adult bones are currently kept at
the Metsamor Historical-Archaeological Museum Reserve. We could not
find any trace of their current storage location. Supposedly, they were
separated in 1980s and sent to Moscow to be studied by a Russian an-
thropologist Natalya Ermolova cooperating with Emma Khanzadyan.

The long bones of the upper and lower limbs (Table 1) of Dragonl
and Dragon2 were measured to estimate the biological ages of buried
individuals, based on the method of V. Pashkova (1963). In addition, the
degree of growth of deciduous teeth (hidden in the jaw or protruding

from its broken parts) as well as the sizes of individual bones were
measured according to the methods developed by B. Baker et al.,
(2010,157-165).

3.2. Radiocarbon dating

Originally, two samples underwent radiocarbon analyses at the Curt-
Engelhorn Archaeometric Centre in Mannheim, Germany: one from the
skull tentatively attributed to the Dragonl individual (MAMS-32867)
and one from a rib bone tentatively attributed to the Dragon2 individual
(MAMS-34093). We consider attributions of Mannheim samples to
respective individuals to be tentative, because after the sampling it
became apparent that bones may have been found commingled and
were separated into two skeletons only upon a later anthropological
examination. According to the laboratory report from Mannheim,
collagen was extracted from the bones and the >30kD fraction was
separated with ultrafiltration. This fraction was freeze-dried and burned
to CO5 in an elemental analyzer. The resulting CO, was catalytically
reduced to graphite. The radiocarbon values were measured in the
accelerator mass spectrometer of the MICADAS type. Due to the chro-
nological consistency issues, which emerged during the results evalua-
tion, the archived collagen from both original samples was redated in
the Mannheim laboratory under new laboratory numbers: MAMS-55173
for Dragonl, and MAMS-55174 for Dragon2.

To resolve issues with the tentative attribution to infant skeletons,
two additional samples were taken from the left femurs of Dragonl and
Dragon2 — the same bones that were used for DNA analysis. They were
analyzed under the numbers UGAMS-58597 (left femur of Dragon1) and
UGAMS-58598 (left femur of Dragon2) in the Center for Applied Isotope
Studies at the University of Georgia (CAIS) — with the additional goal of
producing a cross-check for the samples dated in Mannheim. According
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Fig. 3. Conjectural reconstruction of the dragon stone tomb. The indicated position of the skeletons and the pottery is based on evidence from field photographs and

parallels from other coeval tombs at Lchashen (A. Hakhverdyan).

to the report by Alexander Cherkinsky, the bones analyzed in CAIS were
cleaned by wire brush and washed, using ultrasonic bath. After cleaning,
the dried bone was gently crushed into small fragments. The crushed
bone was treated with 1 N HCI at 4° for 24 h. The residue was filtered,
rinsed with deionized water and under slightly acid condition (pH = 3)
heated at 80 °C for 6 h to dissolve collagen and leave humic substances
in the precipitate. The collagen solution was then filtered to isolate pure
collagen and dried out. The dried collagen was combusted at 575 °C in
evacuated/sealed Pyrex ampoule in the present CuO. The resulting
carbon dioxide was cryogenically purified from the other reaction
products and catalytically converted to graphite using the method of
Vogel et al. (1984). Graphite 14C/13C ratios were measured using the
CAIS 0.5 MeV accelerator mass spectrometer. The sample ratios were
compared to the ratio measured from the Oxalic Acid I (NBS SRM 4990).

All radiocarbon determinations received from Mannheim and CAIS
were first calibrated individually in the OxCal software (Bronk Ramsey,
2009), version 4.4.4 from 2021, with atmospheric data from Reimer
et al. (2020). Afterwards, given the archaeological premise of a single
burial event (see sections “The Lchashen site and the dragon stone
context” and “Discussion”), we combined the radiocarbon de-
terminations into a chronological model within the OxCal software —
using the contemporaneity of samples as a prior restraining factor. In
comparison to the individually treated radiocarbon determinations, a
combination of several determinations in chronological models usually

leads to substantial improvements in terms of precision.

To factor in the differences between samples securely and tentatively
attributed to specific individuals, in our model we achieved the com-
bination by using two different methods. The first method - the
R_Combine of the OxCal software — arithmetically averages individual
determinations to produce a combined determination, which is subse-
quently calibrated; it is reserved for samples with the same radiocarbon
reservoir, e.g., for remeasurements of the same sample or for samples
from the same skeleton, or generally from a single source. The second
method — Combine in the OxCal software — averages the probability
distributions of individual determinations after they were already cali-
brated; it is used for multiple sources dating to the same event (for the
use of both methods see Bronk Ramsey, 2005, ch. “Combination of
Dates/Radiocarbon Dates”). Accordingly, in the first step we used
R Combine for MAMS-34093 and MAMS-55174, the only two de-
terminations that remeasured the same sample twice and thus un-
equivocally represent the same individual. In the second step, we used
the Combine method and nested the result from the first step together
with the three determinations belonging to the same burial event but not
necessarily to the same individual (MAMS-55173, UGAMS-58597,
UGAMS-58598; see Table 2).
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Fig. 4. Archaeological finds from the barrow with the dragon stone of Lchashen: 1-7 — dark-gray and painted pottery, 8 — bronze hair pin, 9 - carnelian bead, 10 —
bone needle, 11 - fragment of obsidian (Courtisy of the Metsamor Historical-Archaeological Museum Reserve).

3.3. DNA extraction and sequencing

Materials and methods used. The ancient human remains samples
were processed in dedicated clean laboratory facilities at the GLOBE
Institute, University of Copenhagen, following established workflows
designed to reduce the risk of contamination. Initially, we targeted the
petrous bones for DNA extraction by isolating the densest part of the
cochlea, which contains the highest endogenous DNA fraction (Gamba
et al., 2014; Pinhasi et al., 2015). Each of the newborns had only one
petrous bone remaining in the archaeological record: Dragonl — right
petrous, Dragon2 — left petrous. Since the individuals were buried
together, in order to avoid the potentially wrong designation of the

petrous bones to specific individuals, we also sampled the left femurs
from each individual.

The drilled bone samples were divided into two different DNA lo-
bind tubes per individual, each containing 100-200 mg of bone. DNA
extractions were performed following a modified silica-in-solution
protocol (Allentoft et al., 2015; Damgaard et al., 2015) and eluted in
64 pl of Qiagen’s EB buffer. Two double-stranded libraries were gener-
ated from 32 pl of each extract following the BEST protocol, using
adapters compatible with BGI sequencing according to Carge et al.,
2017; Mak et al., 2017. Quantitative real-time PCR (qPCR) was per-
formed using SYBR green and Amplitaq Gold (Thermo Fisher) to esti-
mate the required number of cycles for library index amplification. Each
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Fig. 5. Bones of the two newborn children from the barrow with dragon stone of Lchashen (H. Simonyan).

library was then double indexed and amplified using Amplitaq Gold
(Thermo Fisher) and purified using SPRI beads as in (Rohland and Reich,
2012). The amplified libraries were quantified using the High-
Sensitivity DNA Assay on an Agilent 2200 TapeStation (Agilent Tech-
nologies, Palo Alto, CA, USA). The amplified libraries were sequenced at
BGISEQ-500 PE100.

Bioinformatics analysis and quality assessment. The PALEOMIX BAM
workflow was used to process the raw fastq files (Schubert et al., 2014).
In brief, BGI adaptors and stretches of Ns at both ends of the sequences
were trimmed using AdapterRemoval v2.2 (Schubert et al., 2016),
keeping only sequences with a minimum length of 30 bp. The trimmed
sequences were mapped to the human reference genome build GRCh37
and the revised Cambridge reference sequence (rCRS, NCBI accession
number NC_012920.1) using BWA v0.7.15 with “aln” algorithm (Li and

Durbin, 2009) with the seed disabled allowing higher sensitivity
(Schubert et al., 2012). We removed all the reads below mapping quality
30 and sorted the aligned sequences using Samtools v1.18 (Li et al.,
2009). Duplicate sequences were filtered out by Picard MarkDuplicates
(http://picard.sourceforge.net). The read length distribution and
approximate Bayesian estimates of damage parameters were obtained
using mapDamage v2.0 (Jonsson et al., 2013). We used contamMix for
estimating the authentic fraction of DNA in ancient samples (Fu et al.,
2013) and Picard CrosscheckFingerprints (https://picard.sourceforge.
net) to verify the consistency of single libraries originating from the
same individual.

Genetic sexing. We used the ratio of reads mapping to the Y chro-
mosome (chrY) and X chromosome (chrX) to determine the sex of each
sample as described in (Skoglund et al., 2013).
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Fig. 6. Photo of the dragon stone of Lchashen 1 (erected at the entrance of the Metsamor Historical-Archaeological Museum Reserve) and its drawing on the right (A.

Hakhverdyan).

Table 1
Maximum longitudinal dimensions (mm) of long bones of the skeletons of the
Lchashen tomb with dragon stone, without epiphyses.

Dragonl Dragon2

Right Left Right Left
Clavicle(Cl) - 45.3 - 44.1
Humerus (H) - 63.4 63.6 -
Radius (R) 49.6 - 48.9 -
Ulna (U) 57.5 - 57.1 -
Femur (F) - 75.6 - 75.1
Tibia (T) 64.6 64.5 63.1 63.3

Mitochondrial genome analysis. To call the consensus mtDNA se-
quences, we aligned DNA reads from both individuals to the human
mitochondrial reference genome: revised Cambridge Reference Genome
(rCRS) with the same parameters as for the whole genome mapping. We
applied base quality > 20 and mapping quality > 30 filters and only
considered sites with at least “10x” coverage using beftools mpileup |
beftools call pipeline. We then used haplogrep2 (Weissensteiner et al.,
2016) for mtDNA haplogroup assignment. We finally inspected the se-
quences manually using Geneious Prime 2024 (https://www.geneious.
com).

Genetic relatedness analysis. We assessed the genetic relatedness of the
two individuals (four samples) by calculating estimating the 2dsfs
through IBSrelate (Hanghgj et al. 2019; Waples et al. 2019). We ran
IBSrelate using a minimum mapping quality of 30 and base quality of 20
as well as the sites with a minimum depth of 3 (“-setMinDepthInd 3" in
ANGSD). Additionally, we applied the KING software (Manichaikul
et al., 2010) to the imputed dataset (explained below), assessing relat-
edness up to the second degree for all imputed genomes through the
identification of segments Identical-by-State (IBS) and Identical-by-
Descent (IBD) between pairs of individuals.

Imputation and IBD sharing. We imputed the genomes using GLIMPSE
v1.1.185 (Rubinacci et al., 2021), employing the 1000G phase3 panel as
a reference (Auton and Salcedo, 2015). To minimise batch effects, we
imputed each genome individually. Subsequently, we filtered the
imputed genomes based on established criteria (Sousa da Mota et al.,
2023), which entailed excluding locations within repeat-rich regions

and eliminating sites with QUAL < 30. Following this, we used IBDseq
(Browning and Browning, 2013) on the imputed data to identify
genomic segments shared identically-by-descent (IBD) within a refer-
ence panel of ancient genomes published in (Allentoft et al., 2024) and
adhering to their criteria (LOD score > 3, minimum length of 2 ¢cM and
removing regions of excess IBD).

Runs of Homozygosity (ROH). We estimated ROH using Plink (Purcell
et al., 2007) and applying the parameters outlined by (Ceballos et al.,
2018) (—homozyg-snp 50 —-homozyg-kb 300 —-homozyg-density 50
—-homozyg-gap 100 —-homozyg-window-snp 50 —-homozyg-window-het 1
—-homozyg-window-threshold 0.05).

Population genetics analyses. To assess the genetic relationship be-
tween the dragon stone tomb individuals and other ancient populations
we combined the shotgun sequencing data of the two dragon stone ge-
nomes with previously published ancient and modern datasets based on
the Affymetrix Human Origins SNP array (Allentoft et al., 2015;
Broushaki et al., 2016; Cassidy et al., 2016; de Barros Damgaard et al.,
2018; Fuet al., 2016; Haak et al., 2015; Haber et al., 2017; Harney et al.,
2018; Hofmanova et al., 2016; Jones et al., 2015; Kiling et al., 2016;
Lamnidis et al., 2018; Lazaridis et al., 2014 and 2016; Martiniano et al.,
2017; Mathieson et al., 2018, 2015; Mittnik et al., 2018; Narasimhan
et al.,, 2019; Olalde et al., 2018; Sikora et al., 2019; Skoglund et al.,
2017; Valdiosera et al., 2018; Wang et al., 2019). These included ancient
individuals spanning from Late Paleolithic and Mesolithic until Iron Age
from across Eurasia as well as an ancient individual from South Africa as
an outgroup.

For obtaining the genotypes of the two ancient individuals from the
dragon stone burial we used the “beftools mpileup” command followed
by a single read sampling of the major allele for each of the sites present
in the comparative reference dataset, with mapping and base quality >
30.

We used smartPCA (Patterson et al., 2006) implemented in EIGEN-
SOFT v7.2 for conducting the principal components analysis (PCA) by
projecting the ancient genomes (Isqproject: YES) onto the modern
variation. The latter was inferred from a total of 769 present-day in-
dividuals from Europe, Caucasus and the Middle-East using n = 442,941
polymorphic sites. The ancient dataset was represented by the two
samples from dragon stone burial along with 239 ancient individuals
from 30 populations.
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Table 2
Radiocarbon data from Lchashen “dragon stone” tomb.

Sample Object of Skeleton Cage  Year of 513C (%0) GN  C(%) 8N Collagen Unmodelled Modelled calibrated

(laboratory analysis part (years analysis (Method) (%o0) (%) calibrated date, 95.4 date, 95.4 %

number or OxCal BP) % confidence range, confidence range,

command) years BC years BC

MAMS 32,867 Dragonl? skull 3347 + 2017 -9.5 2.6 41.6 2.6 1730-1721 (2.6 %) outlier, not

22 (AMS) 1688-1539 (92.8 %) modelled
MAMS 34,093 Dragon2? rib 3258 + 2018 -21.8 2.9 37.9 7.6 1610-1576 (9.9 %) 1600-1588 (5 %)
23 (AMS) 1562-155 (1.7 %) 1544-1506 (90.5
1547-1492 (71.1 %) %)
1482-1451 (12.7 %)
MAMS 55,173 MAMS- skull 3268 + 2022 —20.1 3.2 42.3 1612-1572 (17.9 %) 1600-1588 (5 %)
32867 22 (AMS) 1566-1497 (74.0 %) 1544-1506 (90.5
1474-1460 (3.6 %) %)
MAMS 55,174 MAMS- rib 3291 + 2022 -27.8 3.2 42.9 1614-1506 (95.4 %) 1600-1588 (5 %)
34093 26 (AMS) 1544-1506 (90.5
%)
UGAMS 58,597 Dragonl left femur 3280 + 2022 —18.45 3.20 66.48 12.12 1612-1572 (28.4 %) 1600-1588 (5 %)
20 (IRMS) 1567-1502 (67.0 %) 1544-1506 (90.5
%)
UGAMS 58,598 Dragon2 left femur 3300 + 2022 —18.44 3.25 66.31 12.31 1616-1514 (95.4 %) 1600-1588 (5 %)
20 (IRMS) 1544-1506 (90.5
%)

R_Combine Dragon2? rib 3273 + 2023 1612-1572 (18.4 %) 1600-1588 (5 %)
(MAMS 34093 18 1565-1500 (77.0 %) 1544-1506 (90.5
+ MAMS %)

55174)

skull, rib, 2023
left femurs

Combine (all Dragonl
samples except +2
MAMS 32867)

1600-1588 (5 %)
1544-1506 (90.5 %)

Radiocarbon dates from the infants buried in the Lchashen dragon stone tomb, with the reported laboratory values and with the results calibrated in the OxCal software
v.4.4.4 using the atmospheric data from Reimer et al., 2020. The code used for the chronological modelling is below the table.

Using a larger set of ancient pseudo-haploid individuals (n = 393) we
conducted a maximum likelihood-based clustering analysis with
ADMIXTURE (Alexander et al., 2009). After pruning the dataset for
linkage disequilibrium using plink v1.9 with the settings (—indep-pair-
wise 50 10 0.1) the total number of SNPs was 167,968. We removed
individuals from the analysis that had genotypes for less than 20 % of the
SNPs, resulting in a total of 304 individuals. We used the program pong
(Behr et al., 2016) to visualize the best run (out of 20 replicates) for each
K and similar components between different Ks.

D-statistics estimates were computed with the ADMIXTOOLS (Pat-
terson et al., 2012) and R package “admixr” (Petr et al., 2019) based on
189,406 transversions.

Metagenomic analysis. We screened reads not mapped to the human
reference genome with the metagenomic profiler MALT (Herbig et al.,
2016; Vagene et al., 2018) and the screening tool HOPS (Hiibler et al.,
2019) as implemented in the nf-core/eager pipeline (Fellows Yates et al.,
2021), using standard parameters. Our reference panel included all
complete bacterial and viral assemblies present in the NCBI as of July
2022. The resulting profiles were qualitatively assessed within HOPS for
the number of aligning reads, the read edit distance against different
taxa and the presence of aDNA damage patterns.

4. Results
4.1. Anthropological analyses

Anthropological analyses of the two individuals clearly indicate that
both skeletons belonged to neonatal individuals in the age range of 0-2
months. The longitudinal dimensions of identical long bone from the
two skeletons differ by 1.2 mm in the case of clavicle, 0.7 mm in the case
of humerus, 0.4 mm in the case of radius, 0.5 mm in the case of femur
while in the case of the tibia, as there are bones on the right and left
sides, respectively by 1.5 and 1.2 mm (Table 1).

4.2. Chronological evaluation and radiocarbon dating

Based on comparative analysis of the corresponding tomb material
(Fig. 4) — particularly the pottery vessels dating to the last phase of the
Middle Bronze Age (Sevan-Artsakh and Karmir-Berd traditions) with
some characteristics typical to the earliest stages of the Late Bronze Age
— Emma Khanzadyan originally dated the tomb to the 16th-14th cen-
turies BC (Khanzadyan, 2005). In one of her later manuscripts, she
updated the dating of the tomb to a few centuries earlier: 17th-16th
centuries BC (cf. Bobokhyan et al., 2017).

Khanzadyan’s adjusted absolute chronological estimate fits remark-
ably well with the results of radiocarbon dating. Two left femur bones —
the same ones confirmed by the genetic analysis as remains of second-
degree relatives (see below) — were analyzed in the Center for Applied
Isotope Studies at the University of Georgia (CAIS). The reported dates
of 3280 + 20 years BP for Dragonl (UGAMS-58597) and 3300 + 20
years BP for Dragon2 (UGAMS-58598) translate after their individual
calibrations with 95.4 % probability to calendar years 1613-1503 BC for
Dragonl and 1616-1514 BC for Dragon2 (Fig. 7, Table 2).

Though the CAIS results of Dragonl and Dragon2 radiocarbon
samples by all standards cleanly overlap, their combined maximum
possible span of 113 calendar years (1616-1503 BC) is rather broad and
does not allow any decision about the contemporaneity of both in-
dividuals. It represents the most conservative estimate of the burial date
in terms of absolute chronology. However, under the premise that both
skeletons belong to a single burial event, the dating of the Lchashen
tomb can be rendered more specific and more precise by incorporating
radiocarbon determinations from Mannheim and by combining all
available dates within a single chronological model.

Three Mannheim radiocarbon dates fit well with those obtained from
CAIS: MAMS-55173 (3268 + 22 years BP), MAMS-34093 (3258 + 23
years BP), and MAMS-55174 (3291 + 26 years BP), offering a welcome
cross-check concerning the dating accuracy. The single exception is
MAMS-32867 (3347 + 22 years BP), which was confirmed as a labora-
tory outlier and thus excluded from further analysis (after the combi-
nation of first two Mannheim samples, MAMS-32867 and MAMS-34093,
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Fig. 7. Calibrated radiocarbon data from Lchashen “dragon stone” tomb. A) Plot of the modelled calibrated date combining exclusively UGAMS-58597 and UGAMS-
58598 radiocarbon determinations from left femurs of Dragonl and Dragon2 skeletons; B) Plot of the modelled calibrated date combining all five radiocarbon
determinations from both skeletons as listed in C. In respect to A, it can be observed that the probabilities strongly shift towards the 2nd half of the 16th century BC.
C) Plot of all radiocarbon determinations when combined under the premise of their contemporaneity. The uppermost light-grey distribution and the dark-grey
distributions summarize the result of the entire combination, which is shown in detail in B. The light-grey color of four lower dates shows the original distribu-
tion of calendar age probabilities, before combining them. The horizontal bars show the position of the 95.4 % probability ranges.

failed to pass the chi-squared test in the OxCal model, the collagen from
both samples was reanalyzed in the Mannheim lab; the new results
revealed that MAMS-32867 does not fit with other three determinations
from Mannheim and two determinations from CAIS).

As outlined in the methodology section, two determinations from
CAIS and three determinations from Mannheim were combined into a
single chronological model. The modelled result of the complete nested
combination of all five radiocarbon determinations shows a distribution,
which is at the 95.4 % confidence level remarkably uneven in respect to
the individual calibrations: a statistical chance of only 5 % for a date
between 1600 and 1588 BC, but astonishing 90.5 % for a date between
1544 and 1507 BC (Fig. 7, Table 2). Though none of these two calendar
years ranges can be outright excluded, the combined distribution clearly
leans towards the later range, with the probabilities reduced from 113
years (1616-1503 BC) to 12 + 37 years (1600-1588 and 1544-1507 BC)
- a remarkable improvement in terms of precision. Given the second
Millennium BC timescale and the uncertainties, all resulting dates
should be rounded to decades. In conclusion, the infants buried in the
Lchashen vishap tomb died in the 16th century BC, with a very high
probability in its second half.

4.3. DNA data generation and authentication

Since neither the sex nor the biological relatedness between the
newborn individuals could be determined using standard archaeological
or anthropological methods, we applied ancient DNA (aDNA) tech-
niques to provide new insights. We generated a total of ca. 3.1 billion
DNA sequences using shotgun sequencing. The skeletal remains were
remarkably well-preserved, exhibiting high levels of endogenous human

DNA content ranging from 37 % to 52 %. This allowed for an average
genomic coverage of 13.6x and 11.2x for Dragonl and Dragon2 in-
dividuals, respectively. We observed typical aDNA read length distri-
bution and deamination patterns for all samples, as well as low levels
(<1%) of DNA contamination based on mtDNA analysis (Table S1 and
S2). Interestingly, even though the average endogenous DNA fraction in
petrous bones was higher than that of the femurs, this difference was not
as large as expected from previous studies (Hansen et al., 2017). How-
ever, DNA damage profiles with lower deamination rates in the petrous
bones may further support the higher DNA preservation rates in these
parts of the skeletons.

4.4. Molecular sex, biological relatedness, parental relatedness and
mitochondrial DNA analysis

Genetic sex determination based on X and Y chromosome reads
revealed that both Dragonl and Dragon2 were female.

Biological relatedness analysis revealed that the right and left
petrous bones that allegedly originated from Dragonl and Dragon2
samples, respectively, were genetically identical, indicating that either
the two individuals were identical twins or that both petrous bones
originated from the same individual. To address potential sample mix-
ups due to proximity and disarticulated nature of the graves, we
tested the genomes obtained from two left femurs from Dragonl and
Dragon2 to confirm they represent different individuals. Moreover, both
petrous bones matched the femur sample from Dragon1, suggesting that
all three bone fragments (right/left petrous bones and the left femur)
originated from the same individual: Dragonl. Therefore, we combined
the sequences from the petrous portions with the femur sample from
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Dragonl for downstream analyses. The genomes from Dragonl and
Dragon2 yielded an average coverage of 13.6x and 11.2x, respectively.
The biological relatedness analysis conducted on the final, combined
genomes indicated a second degree relationship, implying potential
biological relations such as half-sisters, aunt-niece, double-cousins, or
grandparent-grandchild (Table 3, Table S6).

Identifying segments identical-by-descent (IBD) between the two
individuals helped us discard the double-cousin classification. Double
cousins are anticipated to share both chromosomes IBD (IBD2) in 1/16
of their genomes (Ramstetter et al., 2018), yet no such segments were
found in our data, as indicated in Fig. 8.

Distinguishing between half-sisters and aunt-niece relationships was
impossible, given no additional relatives or individuals from the same
population were available, therefore both half-sister or aunt-niece re-
lationships are consistent with our data.

If they were half-sisters and shared the same mother, we would
expect their maternally inherited mitochondrial genomes to be iden-
tical, as is seen here. However, the identical mitochondrial genomes also
occur for paternally related siblings, if their mothers each had the same
genome.

To further test if the two individuals shared a maternal or paternal
link we examined their IBD shared segments. Due to sexual dimorphism
in human meiotic recombination, females tend to transmit a larger
number of smaller IBD segments compared to males (Bhérer et al.,
2017). Maternal half-siblings, in particular, share approximately 1.4
times as many IBD segments on average as paternal half-siblings (Ca-
ballero et al., 2019). Based on this premise, we compared IBD sharing
patterns in our individuals with previously published paternal half-
brothers in (Schroeder et al., 2019). This analysis revealed that the
two neonatal individuals buried at Lchashen shared 89 IBD chunks,
~1.4 times more than the half-brothers from Koszyce, which in average
shared 66 IBD chunks (Table 4, Table S4). However, variations in the
background population may influence the number of IBD chunks shared,
making it uncertain whether the differences between the half-brothers
from Koszyce and the half-sisters from Vishap are attributable to back-
ground population history or to differences in the common parent.

The absence of long Runs of Homozygosity (ROH) revealed that
Dragonl and Dragon2 did not originate from genetically related parents.
Additionally, the absence of shorter ROH (>4cM) suggested they did not
belong to a population with small effective population size, as shown in
Table S5.

The mitochondrial sequences of both individuals were identical and
belonged to the haplogroup USalal maternal lineage (Table S3). Among
the ancient samples this mtDNA lineage is found in e.g. an Iron Age
sample from Finland (DA234 (Sikora et al., 2019)); two Early Bronze
Age Yamnaya individuals (SVP50 and SVP52 (Haak et al., 2015));
Bronze Age individual from Latvia (Kivutkalns153 (Mittnik et al.,
2018)); Iron Age Germany (I12 (O’Sullivan et al., 2018)); Iron Age
Finland (JK1968 and JK1970 (Lamnidis et al., 2018)); Afanasievo in-
dividual from Russia (RISE507) and Bell Beaker individual from Ger-
many (RISE560) (Allentoft et al., 2015); Scythian individual from
Moldova (SCY197 (Juras et al., 2017)).
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Fig. 8. IBD sharing patterns between Dargonl and Dragon2 per chromosome.

Table 4
Genomic segments shared identically-by-descent (IBD).

Individual 1  Indindividual2  nIBD  IBDlength (cM)  Relatedness

RISE1163 RISE1168 63 2492.088339 Paternal half-
brothers
RISE1163 RISE1169 68 2124.24765 Paternal half-
brothers
RISE1173 RISE1168 61 2351.551708 Paternal half-
brothers
RISE1173 RISE1169 72 2464.470657 Paternal half-
brothers
Dragonl Dragon2 89 1324.783098 Half-sisters

Number of IBD chunks (nIBD) and the total sum of IBD segments (IBD length
(cM)) between pairs of individuals from Koszyce (Schroeder et al., 2019) and the
Lchashen individuals (this study).

4.5. Genetic affinities

We analysed the genetic relationship between the two individuals of
the burial with dragon stone stela at the site Lchashen and other ancient
populations from the region to assess whether these individuals buried
in the tomb were possibly of a different genetic background. The
comparative dataset included Chalcolithic, Bronze Age and Iron Age
individuals from Armenia as well as various populations from Eurasia
ranging from Mesolithic until Iron Age for a broader context.

Table 3

Pairwise genetic relatedness.
Sample Sample nSites RO R1 KING Relatedness
Dragonl_Femur Dragonl_Petrous 262,766 0 2.678 0.421 Identical
Dragonl_Femur Dragon2_Femur 724,563 0.166 0.403 0.155 Second degree
Dragonl_Femur Dragon2_Petrous 424,817 0 2.96 0.428 Identical
Dragonl_Petrous Dragon2_Femur 265,602 0.191 0.318 0.125 Second degree
Dragonl_Petrous Dragon2_Petrous 186,931 0 2.724 0.422 Identical
Dragon2_Femur Dragon2_Petrous 427,281 0.189 0.333 0.129 Second degree

We used the known variable transversion sites from the 1000 Genomes project to estimate the RO, R1 and KING-robust kinship statistics implemented in IBSrelate.
nSites shows the number of sites with three-fold and above coverage which were used for the IBSRelate analysis.
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The results clearly show that based on the PCA and ADMIXTURE
analysis the individuals from the Lchashen burial form a group together
with other Bronze Age individuals from Armenia (Fig. 9).

4.6. Pathogen screening

We were unable to identify any endoparasites or viral/bacterial in-
fectious agents that could account for the death of the individuals, as the
non-human sequences mainly originate from the environment.
5. Discussion

5.1. Anthropological evidence

Anthropological evidence proves that the two skeletons belonged to
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individuals of identical age sharing a nearly identical growth pattern.
Small differences in the maximum longitudinal dimensions of identical
long bones of the two skeletons could be the result of differentiated
intrauterine growth and unequal distribution of food resources. Such an
observation was documented at the site Olerdola in Barcelona, 4th-2nd
centuries BC. The skeletons of the two-week-old Olerdola children were
studied by the orthodontic method. They show a discrepancy between
identical bone sizes of up to 5 mm, considering it to be the result of an
asymmetry of intrauterine growth of normal couples (Crespo et al.,
2011; for modern observations on the birth weight and fertilization
temporal distance of twins cf. Mogollon et al., 2020). Differences in
dimension between other bones of the two skeletons do not reach 2 mm,
which again stands well within the range of possible intrauterine growth
differences.

An alternative explanation for the differences in bone dimensions
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Fig. 9. PCA and admixture analyses. A) PCA analysis of the two dragon stone individuals (Dragon1 and Dragon2) and relevant comparative ancient populations from
Eurasia ranging from Mesolithic till Iron Age. The ancient genomes were projected onto the modern variation based on the HO panel of populations from Europe,
Near East and Caucasus. B) Unsupervised clustering analysis using ADMIXTURE, (K=5) to estimate ancestry proportions of Dragon2 individual. Since the two dragon
stone individuals were related we only used the sample with the highest depth of coverage i.e., Dragon2. A total of 300 individuals with 190,111 SNPs markers were
used for the analysis. Similarly, model-based clustering analysis using Admixture revealed that the genetic ancestry of Dragonl and Dragon2 individuals were similar
to that of Bronze Age Armenia and Caucasus (Maykop and Kura-Araxes cultures).
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may be variation in birth weight, as has been reported for twins origi-
nating from superfecundation, and which were interpreted as a conse-
quence of the time passed between the two fertilizations (Jonczyk, 2015,
35).

5.2. Dating the time of death by radiocarbon

The simultaneous death of the two individuals can be neither
confirmed, nor excluded on the basis of the radiocarbon dating alone. It
should be stressed that confirming simultaneous deaths from dated
bones is beyond the reach of the radiocarbon method, since the un-
certainties caused by the calibration curve are currently larger than a
single human generation. Even in the best possible scenario, in the case
of a single bone from the middle of the 16th century BC being repeatedly
dated by radiocarbon in the same laboratory with an unrealistic cer-
tainty of one radiocarbon year, the resulting range after calibration in
calendar years would cover half a century or more (tested with ten
simulations in the OxCal software with R Simulate command using the
calendar date of 1550 BC with uncertainty of 1 year).

5.3. Genetic evidence and archaeological interpretation

The genomic analysis of the two newborn females from the “dragon
stone” tomb indicates that they were second-degree related, sharing 25
% of their DNA. Biologically speaking, this may result from the two
individuals being (a) half-sisters, (b) aunt (likely maternal) and niece,
(c) double-cousins or (d) grandmother (likely maternal) and grand-
daughter. The option (c) double-cousins was rejected based on the IBD
results. However, without additional related individuals or references
from the same population, it’s challenging to differentiate between these
remaining categories solely based on genetic data.

From the archaeological perspective, most of these options are ex-
pected to occur in multi-generational tombs, repeatedly reopened for the
inhumation of members of extended families or small communities.
However, multi-generational tombs are not attested among the over 400
tombs excavated at Late Bronze Age Lchashen, nor are they in any other
contemporary necropolis in Armenia. Additionally, the dragon stone
tomb lacks the defining characteristics of multi-generational burials,
such as architectural features allowing the easy recursive reopening of
the burial chamber (a dromos, a door, a built stone cist etc.), significant
quantities of older bones selected and curated in specific collection areas
and artefacts dating to a longer period of time. On the contrary, the
inventory, the all-encompassing pattern of bone dispersal, and the
radiocarbon dating of the Lchashen dragon stone barrow are consistent
with a single-event burial robbed in antiquity, which is the norm for the
Middle and Late Bronze Age.

If indeed the infants’ burial occurred in one event, the scenarios
listed above are exceptionally rare or, in one case, impossible. Consid-
ered case by case:

(a) If the individuals were half-sisters sharing the same mother as
suggested by the mitochondrial genome and IBD analysis com-
bined, it would imply heteropaternal superfecundation.

(b) If the individuals were aunt and niece, the scenario implies one
parent and her/his offspring each having a daughter and losing
her at the same time.

(c) We discard the possibility of the simultaneous birth of a grand-
parent and a grandchild.

The event envisaged by the burial is in any case exceptional, both
from the point of view of genetics and from the archaeological view-
point. In Late Bronze Age Armenia in general and at Lchashen in
particular, burials of children are rare and the burial of two newborns
combined with a monumental stela is unique.

The loss of the adult skeletal remains originally retrieved from the
tomb deprives us of an important genetic source to further narrow down
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the possible scenarios. However, two observations may suggest that the
adult skeleton was female. First, the excavator noted that the skeleton
was found lying on its left side (Khanzadyan, 2005, 89). According to
anthropological analyses, the position of bodies buried at the Late
Bronze Age Lchashen cemetery depends on their sex, with male bodies
laid down on their right side and female bodies laid down on their left
side (Vardanyan, 2019, 68). Second, the bronze hair-ring found under
the adult skull is of a type that needs to be interwoven into long hair or
braids. In Late Bronze Age Eurasia, it was typically (though not exclu-
sively) worn by females, seen in the Balkans (Zaharia, 1959, 105) and in
Germany (Schwarz, 2014, 724). No similar evaluations exist yet from
the Caucasus.

We can thus reasonably expect that the Dragonl and Dragon2 in-
dividuals were buried with a female. If the genomic evidence were
lacking, archaeologists would almost certainly interpret this peculiar
context as the burial of a mother and her twin offspring, likely victims of
one of the most widespread causes of death in ancient times: childbirth
death. However, the presence of the dragon stone and the location of the
graves outside the main cemetery distinguish this burial from other
burials of the time. The genomic evidence, which reveals the biological
sex and an unexpected degree of relatedness, adds a further level of
uniqueness to the context and may offer a possible key to better un-
derstanding it.

5.4. The evidence from socio-anthropological perspective

In the South Caucasus, stelae are sometimes used to mark graves.
However, out of 454 Bronze Age graves excavated at Lchashen (Pet-
rosyan, 2018, 7), not one was marked by any kind of stelae. Only this
grave was marked with a dragon stone. We hypothesize that the stela
was put on this tomb because the twin children were considered
extraordinary (for the topic cf. Abrahamian, 1983, 131-186), a phe-
nomenon which could have enhanced the uniqueness of the event.

In this perspective the question, how did the newborns die, becomes
more intriguing. The possibilities are two: they died naturally or were
killed/sacrificed. The burial may be the result of a difficult birth, at the
end of which the twins died. However, both the widespread spirituality
among ancient societies and an unparalleled symbolic connotation of
the burial with a dragon stone, raise the possibility of a sacred killing,
although no direct traces of violence were detected on the fragile infant
remains. The killing of twins at birth is a wide-spread cultural phe-
nomenon (cf. Abrahamian, 1977, 181). In some ancient traditions are
known also graves of twins to be located on lake shores (cf. Ivanov,
1991, 176; Zakaryan, 2014, 76). This context raises the possibility that
the Lchashen newborns were perhaps sacrificed in a ritual connected to
the zoomorphic statue.

6. Conclusions

In the 16th century BC, a three and half meter high stela of basalt
with an image of sacrificed bovid was put on a barrow in Lchashen, in a
plateau overlooking Lake Sevan, in present-day Armenia. The pit of the
burial contained archaeological material as well as human bones of an
adult (supposedly female) and two newborns at the age of 0 to 2 months.
Nearly identical bone sizes of those children implied the possibility of a
twin burial. This primary assumption was tested by ancient DNA ana-
lyses, which showed that the two female individuals were second-degree
related and display genetic ancestry profiles similar to that of other
Bronze Age individuals from the South Caucasus. Archaeologically,
second-degree related infants (possibly half-siblings) have never been



A. Bobokhyan et al.

attested': in this context, the case of Lchashen seems to be of special
interest. We argue that the reason for placing such an impressive mon-
ument on the burial of two newborns is that they were considered
extraordinary.
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