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“Applying red” is a common phenomenon observed in Chinese archaeological
sites, with the red pigments having been identified as red ochre or cinnabar if
ever been scientifically analyzed. However, this is not the case for Tibet.
Although a relatively large number of red-painted artifacts have been
recovered in Tibet dating from the Neolithic Period to the Tubo Dynasty,
little effort has been made on the pigment composition. Recently, nearly
one hundred red substances covered shell beads made of the scared chank
(Turbinella pyrum), a large conch from the Indian Ocean, were unearthed from
the Qulong site (c. 800-500 BC) in the Ngari plateau, western Tibet. This shell
beads assemblage represents the largest and most concentrated group of
chank shell beads recovered in the Tibetan Plateau and its surrounding
regions. It provides a crucial clue for exploring the local “applying red”
tradition. In this study, eight shell beads excavated from the Qulong site
were examined by the Portable Energy-dispersive X-ray Fluorescence
Spectrometer (pXRF), X-ray diffraction (XRD), Fourier Transform infra-red
spectroscopy (FTIR), and Laser Raman spectroscopy. The results are as
follows: 1) the coloring agent of all red pigments on the shell bead is iron
oxide, i.e., red ocher; 2) bone powder that has not been heated to high
temperatures (above 600°C) and proteinaceous binders were added to the
paint on the outer surface of sample QSM1-11a, but the thin layer on its interior
surface was without bone powder; 3) bone powder was not added to the red
residues on samples other than QSM1-11a, QSM1-13b, and QSM2-12. This
research may reveal the complexity and diversity of the red substances
applied to shell beads from Qulong, and shed light on our understanding of
human practices and local customs in the Tibetan plateau and the surrounding
areas in prehistoric times.
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1 Introduction

“Applying red” is a common phenomenon observed during
archaeological excavations in China, especially in burial contexts.
Red painted or stained artifacts and human skeletons were widely
recovered from Chinese archaeological sites ranging in date from
the Paleolithic Period to the Historical times (see details in Gao,
2011; Tian, 2018). According to the scientific analyses conducted
on the red paint or pigment sampled from sites, most of them
were proved to be red ochre or cinnabar.

In recent decades, several burial sites in Tibet have also
been reported with the discoveries of grave bottoms scattered
with red powder or funerary goods painted red, dating from
the late Neolithic Period to the Tubo Dynasty. However, the
majority of them have simply been characterized as red
substances or red residues, usually without scientific
examination. A rare example of scientifically examined red
paint may come from the Qugong Site (late Neolithic, c.
1750-1500 BC) in Lhasa (IACASS & BCRTAR, 1999),
where around 200 red painted stone tools, elaborately
manufactured and displaying clear traces of usage, were
recovered (Wang, 2014). The colorant was identified as
ochre by emission spectrometry analysis (IACASS and
BCRTAR, 1999). It is also reported that cinnabar powder
was discovered underneath the human skeleton from Tomb
PGMS6 (cal. 725-170 BC) at the Gelintang Locus of the Piyang-
Donggar Site in Zanda County, Ngari Prefecture (CTSSU
et al,, 2001a). However, no related scientific analysis has
been published yet. In addition, although archaeological
pigments are often mixed with other materials, little
attention has been paid to the organic binders that could
have been added to the pigments from Tibetan “applying red”
contexts and therefore no relevant results have been
published. Consequently, more research needs to be done
on these red substances, if available.

The 2019 excavation season at the Early Metal Age (c.
1000 BC-AD 600, see definition in Tong, 1985) site of
Qulong in western Tibet yielded 96 shell beads made of the
sacred chank shell, which were covered or stained by red
substances in varying degrees. At the same time, beside them
were also discovered red residues on and around the human
remains. Although the red traces remaining on human skeletons
and grave bottoms cannot be analyzed due to belated sampling
and contamination, the shell beads could provide an excellent
opportunity to examine the “applying red” phenomenon in
Tibetan archaeology.

In this study, various non- and micro-invasive analytical
techniques were adopted on eight samples of the chank shell
objects. The goal is to investigate the material composition of the
red substances applied to these shell beads, and then unveil the hidden
human behaviors behind them to shed new light on the early
indigenous culture and ancient tradition on the world’s highest
plateau.
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2 Materials and methods

2.1 Archaeological background and chank
shell beads

The Ngari plateau, covering western Tibet with an average
elevation of over 4,500 m MSL (Ye et al., 2016), is reputed as “the
top of the Roof of the World” (Tang et al., 2018). This region was
once the heart of the ancient Zhang Zhung Culture till the
seventh century and the Guge kingdom in the later historical
period (10th-17th century) (Huo, 1997; Li, 2017). In the last two
decades, a series of archaeological researches, including
excavations and surveys, have been conducted in Ngari,
mainly concentrated in the Zanda Basin, the cradle of the
ancient cultures that originated in the Ngari area.

Qulong, a site from the Early Metal Age, is located around
Qulong Village in Zanda County, Ngari Prefecture, Tibet. The
site contains nine scattered loci (4,200-1,600 m MSL) on both
banks of the mainstream of the upper Langqen Zagbo (Sutlej)
River, encompassing an area over 100,000 m?. A team of
archaeologists from Shaanxi Provincial Institute of Cultural
Heritage and Archaeology and Northwest University in China
has carried out a long-term project at the Qulong Site
beginning in 2018. Numerous archeological remains,
including petroglyphs, cave dwellings, tombs, and stone
(The

archaeological report of the Qulong site has not been

house foundations, have been  uncovered
published. The archaeological data from Qulong presented
in this paper were provided by co-author Lin Xi, the team
leader of the Qulong excavation for the 2019 season).

During the 2019 excavation season, 96 perforated shell
beads were unearthed in three tombs at two loci of Qulong:
Tomb 2019QSZM1 at Sazha Locus and Tombs 2019QSM1 and
2019QSM2 at Sailaginbopu Locus. In these tombs, human
skeletons were buried with numerous animal bones and shell
objects. Pottery and artifacts made of stone, wood, bronze and
iron were also recovered. Although no radiocarbon dates of
the three tombs are available yet, they could be typologically
dated to around 2,800-2,500 years ago. All these beads are
made of the shell of scared chank, a large Indian Ocean conch
Turbinella pyrum (Subba Rao, 2003) which has been
intensively exploited as raw materials for ornaments
production in South Asia since the Harappan period (e.g.
Kenoyer, 1991). More than half of them are roughly disc-
shaped, while around a quarter show profiles as flat collared
beads (e.g., Figure 1C, QSZMI1-26), followed by a few
triangular, rounded square, and irregular shell pieces. The
shell beads vary in size between 17 and 68 mm along the long
axis. Most beads have a single central perforation, whereas
others bear two or more, apparently used as pendants and/or
buttons.

Although all the beads exhibit varying degrees of weathering,
red substances remained on one or both sides of the beads. It is
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FIGURE 1

(A) Tomb 2019QSZM1 at Sazha Locus of Qulong Site; (B) Tombs 2019QSM?2 at Sailaginbopu Locus of Qulong Site; (C) Photos of samples in this

study.

worth noting that about one-10th of the samples exhibit a
relatively thick red layer, such as QSM1-11a, QSM1-13b, and
QSM2-12 (see Figure 1C). At the same time, other shell artifacts
only show red traces that could barely be detectable with the
naked eye (e.g., Figure 1C, second row). As Figures 1A,B show, a
red substance, unclearly paint coat or powder, was found
covering the bodies of the tomb owners and the shell beads
nearby. Thus, it could be reasonable that the red residue attached
to the shell surface was the red substance intentionally splashed
onto the deceased during the burial process, signifying an
indigenous funeral practice. It may explain the situation of the
shell beads with faint red traces (e.g., sample QSMI-17b,
Figure 1C), but not all the objects. Consequently, if the
composition of this thick layer differs from that of the weak
residues that remained on other shell decorations, it is possible
that these thick red layers were not left behind due to the burial
practice. If the result is opposite, we cannot rule out the
possibility that the thick layer was also formed during funeral
rites. In addition, take QSMI1-11a as an example. It shows
different textures of the pigment layers on two sides: the inner
surface (of the original conch) displays a thin layer of red paint
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that is homogenous and bright; the outside, on the contrary, is
crusted by a much thicker and darker layer, although part of it
has flaked away. The contrast in texture of the substances may
suggest a discrepancy in their composition. If it is the case, the
formation of the red layers on QSM1-11a could not all have
resulted from the red pigment splashing behavior. In short, two
questions arise: 1) Are the thick coatings on some of the shell
beads comprised of the same material as the faint red pigment
remnant on the remaining shell objects? 2) Are the compositions
of the red layers on the inner and outer surfaces of sample QSM1-
11a different?

2.2 Methods

To answer these questions, non-destructive methods of pXRF
and Raman spectrum were used to analyze the chemical
composition and phase composition of pigments on the inner
and outer surfaces of eight shell beads. In addition, the powder
scraped from the outer surface of sample QSM1-11a was detected
by micro-invasive methods including XRD and FTIR.
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TABLE 1 The chemical composition of the shell beads from the Qulong Site (wt%).

Sample number Test point Na,O MgO Al,O3 SiO, P,05 K,0 Ca0 Fe,03 SrO
QSM1-11a a n.d n.d 4.03 14.98 30.01 0.52 48.71 1.52 0.23
b n.d n.d n.d 17.25 0.00 n.d 56.12 25.95 0.69
QSM1-13b a n.d n.d n.d 5.30 9.49 n.d 82.17 2.80 0.25
QSM2-12 a n.d n.d n.d 5.55 38.27 n.d 55.01 1.02 0.15
b nd n.d 1.31 9.84 37.11 0.21 49.39 1.99 0.15
c n.d n.d n.d 6.59 1.70 0.34 90.40 0.73 0.24
d nd nd nd 6.36 32.10 0.10 60.24 1.03 0.18
QSM1-16a a 0.22 n.d n.d 3.89 1.56 0.11 93.23 0.81 0.19
QSM1-17b-1 a n.d nd nd 1.52 0.18 nd 98.07 0.03 0.20
b n.d n.d n.d 343 0.18 n.d 95.81 0.36 0.21
QSM2-19b a nd nd 1.89 9.60 1.50 0.50 85.74 0.52 0.25
QSZM1-26 a n.d n.d n.d 3.25 0.23 n.d 96.18 0.05 0.28
QSZM1-25d b nd nd nd 4.29 0.21 0.06 95.10 0.10 0.24
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FIGURE 2
Raman results of sample QSM2-12 (A) and QSM1-16a (B).

2.2.1 Portable energy-dispersive X-ray
fluorescence spectrometer (pXRF)

The pXREF test was performed on all eight shell beads, and the
test points are marked in Figure 1C. The chemical compositions of
the samples were analyzed via pXRF (OURSTEX 100FA) at the
Shanghai Institute of Optics and Fine Mechanics, Chinese Academy
of Sciences. The target material of this pXRF spectrometer is
palladium (Pd). The excitation voltage of the X-ray tube is 40 or
15KV, the current is 0.5 or 1.0 mA, the maximum power is 50 W,
and the diameter of the X-ray focal spot is about 2.5 mm.
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2.3.2 X-ray diffraction (XRD)

About 10 mg of pigment powder was scraped from the
outer surface of sample QSM1-11a for XRD analysis. XRD
analyses were performed on a Rigaku TTR-III X-ray
diffractometer using Cu Ka irradiation (A = 0.154056 nm)
at the University of Science and Technology of China. A small
amount of pigment powder was scraped from the sample for
analysis. The 20 range was 10-70. The crystal phase of the
samples was determined by comparison with standard spectra
in the Jade software.
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FIGURE 3
FTIR result of sample QSM1-11a.

2.3.3 Laser Raman spectroscopy (Raman)

Raman spectroscopic analysis of samples QSM2-12 and
QSM1-16a was performed with a LabRAM HR Evolution
(HORIBA JY) at the Instruments Center for Physical
USTC. The equipment’s this
analysis were set up as follows: excitation light sources,

Science, parameters for
785 nm; the detection range, 100-800 cm™'; power, 17 mW;

and common objective lens, x50.

2.3.4 Fourier transform infra-red spectroscopy
(FTIR)

The sample used for FTIR analysis was from the powder
remaining after the XRD analysis. FTIR analysis was performed
at the Instruments Center for Physical Science, USTC. KBr tablet
method was used for the FTIR test. The model of the instrument
is Nicolet 8700, with a spectral range of 4000-400 cm™' and a
resolution of 0.1 cm™.

3 Results
3.1 Pigment composition

The red pigment of eight samples contains Fe, indicating that
the coloration may be Fe,O; (Table 1). To further confirm the
composition of the pigment, samples QSM2-12 and QSM1-16a
were analyzed by Raman spectroscopy, and the external surface
of QSMI1-11a was analyzed by XRD and FTIR. The Raman
spectrum of QSM2-12 and QSM1-16a (Figure 2) shows bands
at222 cm™,289 cm™', 406 cm™', and 606 cm ™', which are entirely
characteristic of hematite (Guglielmi et al., 2022). The infrared
spectrum of QSM1-11a (Figure 3; Table 1) shows bands at
467 cm™' and 529 cm™' which may be assigned to hematite
(Bikiaris, et al., 2000), while there are also obvious diffraction
peaks of hematite in the XRD spectrum (Figure 4). Therefore, the
chemical composition and phase analysis show that the red
pigment used in the shell beads unearthed at the Qulong Site
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XRD result of sample QSM1-11a.

is hematite. In addition, XRD results show the presence of quartz,
which may be derived from the soil on the surface of the sample.

Interestingly, Ca and P were detected in the outer surface
pigments of samples QSM1-11a, QSM2-12, and QSM1-13b. The
shell beads matrix is CaCOj3, which will have a certain impact on
pXRF analysis. But theoretically, the influence of the matrix on
the compositional analysis is relatively small, given the thick
coating layer. Therefore, the possibility that a kind of substance
rich in Ca and P, such as bone ash, was mixed into the pigment
should be considered. The XRD result of samples QSM1-11a
indicated that hydroxyapatite was indeed present in the red
pigment. The FTIR spectra recorded on the same samples also
show the peaks of hydroxyapatite. A strong peak at 1,039 cm ™ is
due to the asymmetric v; stretching modes of (PO,)*, the
562 and 598 cm™' peaks are due to the asymmetric bending v,
mode of (PO,)* groups (Opris et al, 2022). Besides the
phosphate groups peaks, we observed weaker peaks due to the
carbonate groups as follows: the 875 cm™ peak is due to the
symmetric v, mode of (CO3)> groups, and the 1,421 and
1,479 cm™' are due to the asymmetric v; stretching modes of
(COs)* groups (Opris et al., 2022). The results showed that the
red pigment was indeed doped with bone powder. However, the
inner surface of the sample QSM1-11a lacks P, suggesting that no
bone meal was added during the production of the outer surface
pigments.

To further understand the production process of the
pigments, the SF value of the infrared spectrum were
calculated to evaluate whether the bone meal was heated. The
FTIR SF calculation for bioapatite is based on the degree of peak
splitting in the PO,’” antisymmetric bending mode (Andrew and
John, 1996), which is an important index when discussing bone
crystallinity after long-term depositing or burning. First, a local
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FIGURE 5

9. Chokhopani.

baseline was drawn between 750 and 495 cm™". Then the heights
of the v3POS*
approximately 565 cm™ (A) and 604 cm™ (B) above this local

antisymmetric bending frequencies at

baseline were measured and divided by the height of the enclosed
valley (C) (Weiner and Bar-Yosef, 1990; Todd and Mary, 2001).
Finally, the SF value of the bone meal in the samples QSM1-11a
was calculated to be 3.7 by the formula SF = (A+ B)/C. The SF
index of modern bones is about 2.8-3.0, and that of
archaeological samples is about 3.5-4.8 (Guo et al,, 2017). SF
values are relatively stable until 600°C, then strongly increase to
reach values around 8-10 for samples heated from 700 to 900°C
(Lebon et al., 2008). The SF of the bone meal in the QSM1-11a
pigment is within the range of the SF value of the archaeological
sample, indicating that it has not been heated at a high
temperature above 600°C.

In general, the red pigments of the shell beads of the Qulong
site are all hematite, and most of the samples are doped with bone
powder that has not been heated at a high temperature (600°C).
Unlike the outer surface, the pigment on the inner surface of
sample QSM1-11a does not contain bone powder, which may
indicate the different processes of pigment production.

Frontiers in Earth Science
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3.2 Glue identification

Binding media is an important part of ancient painted
cultural relics. In the process of making a color painting,
mixing glue and mineral pigment can improve the force
between pigment particles and strengthen the adhesion
between the pigment and the painting matrix (Yang et al.,
2011a). The study on the existence and types of binding media
will help us to understand the production technology of the
surface pigments of the shell beads at the Qulong site and the
utilization of animal and plant resources by the ancients.

The binders in ancient painted cultural relics include
proteins, lipids, polysaccharides, resins, etc. For QSM1-11a,
the strong absorption bands in the 1,628-1,636 cm™! were
attributed to amide I (C=O stretching), a characteristic of
proteinaceous binders (Pellegrini et al., 2016). Additionally,
the asymmetrical N-H stretching vibration occurring near
3,300 cm™', the methyl (CH;) and methylene (CH,) groups
produce asymmetric stretching vibrations respectively at
2957 and 2925 cm ™' and small symmetric stretching bands at
2,854 cm™' (CH,) (Invernizzi et al., 2018). Common ancient
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FIGURE 6

Chank shell beads from Ropa. (after Deshpande-

Mukherjee et al., 2015, Figures 6, 7). (A) perforated disk-shaped
bead; (B) cowrie-shaped shell bead

proteinaceous binders include animal glue (bone glue, skin glue,
fish bladder glue), eggs (whole egg, egg yolk, egg white), and milk.
Among them, the whole egg, egg yolk, skin glue, and milk are rich
in lipids, and there are C=0 stretching bands near 1745 cm ! of
their infrared spectra (Ma et al., 2020). There is no band near
1745 cm™ in the infrared spectrum of sample QSM1-11a, which
may indicate that the proteinaceous binders were not from the
whole egg, egg yolk, skin glue, milk, and other lipids rich
materials, but the degradation of lipids during the burial
process increases the uncertainty of the deduction. Previous
studies showed that during the evolution of organisms from
the sea to the land, some amino acids in collagen, such as serine
(Ser), were gradually converted into hydroxyproline (Hyp) to
adapt to the new higher temperature living environment (Song
et al,, 2008). Therefore, the content of hydroxyproline (Hyp) in
the collagen of terrestrial mammals is significantly higher than
that of fish, while the content of serine (SER) is lower than that of
fish. It is shown that there is an absorption peak generated by the
stretching vibration of the C-O on the serine side chain in the
1,076 cm™" of fish bladder gum, which is not significant in the
infrared spectrum of terrestrial mammalian gum (Yang et al,
2011b). There is no peak around 1,076 cm™' in the infrared
spectrum of sample QSM1-11a, which may indicate that the
proteinaceous binders are not fish bladder glue, but the effect of
protein degradation cannot be excluded.

In addition, due to the presence of bone powder that has
not been heated at a high temperature, it is still necessary to
further explore whether the protein detected on the surface of
the shell beads was attributed to bone powder or intentionally
added glue. The amide-to-phosphate ratio (amide I/PO,) has
been used to evaluate the preservation of collagen in bone
(Trueman et al., 2004; Fredericks et al., 2012; Kontopoulos
etal., 2020). LeBon et al. (2016) studied 42 bone samples from
the Pleistocene to modern times. The results showed that the
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amide I/PO, ratio had a good correlation with the nitrogen
content, and thus established the relationship between the
amide I/PO, ratio and N wt% and Collagen wt%:

Nwt% = 20.6 amide 1/PO, + 0.31
Collagen wt% = 113.13 amide I/PO, + 1.69

M
2

According to the guidance of Bouchard et al. (2019), the
ratio of the area under the Amide I peak to the area under the
phosphate v; peak was calculated, and the amide I/PO, value
of QSM1-11a was about 0.23. Thus, the nitrogen content is
about 5.05% and the collagen content is about 27.71wt%.
Depending on the species and type of bone, fresh bone
20-35% of which ~90% is
collagen, giving bone a %N of ~3.5-4.5% (Brock et al,
2012; Currey 2012; Richter et al., 2022). Kontopoulos et al.
(2020) tested 266 human and animal bone samples from
10,000 BC to 1850 AD, and found that the amide I/PO,
values were lower than 0.2 and the collagen content was

contains organic matrix,

lower than 25%. Meanwhile, the mean value of amide
I/PO4 value in 42 bones was measured by LeBon et al.
(2016) was 0.08, the highest value was 0.18, the mean value
of N content was 2.29%, and the highest value was 4.25%. In
the case of the degradation of ancient proteins and the
reduction of the thermal stability of collagen by hematite
(Pellegrini et al., 2016), proteinaceous binders should be
added to the surface of shell beads at the Qulong Site,
resulting in such high nitrogen content and collagen
content, even higher than that of fresh bones.

Therefore, FTIR results showed that the outer pigment of
sample QSM1-11a was doped with bone powder and then
added with proteinaceous binders. There are no characteristic
peaks of the whole egg, egg yolk, skin glue, milk, and other
lipids-rich binders and fish bladder glue in the spectrum.
However, the degradation limits the exploration of the
specific ancient binder.

4 Discussion and conclusion

The scientific analyses show that the red pigment applied to
chank shell beads included in this paper is red ochre, one of the
most important pigments found at archaeological sites around
the globe (Langley and O’Connor, 2018; Siddall, 2018).
Nevertheless, different types of shell objects are treated
differently. For example, phosphorus-rich substances were
found in the pigments on the outer surfaces of samples
QSM1-11a, QSM1-13b, and QSM2-12. XRD and FTIR results
suggest that they were bone powder. However, phosphorus did
not exist on the inner surfaces of these samples and both sides of
the other analyzed shell beads, indicating the absence of bone
powder. Moreover, proteinaceous binders were detected in the
powder scraped from the outer paint of sample QSMI-11a,
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which are necessary for bonding thick pigments. Therefore, we
believe that the shell beads with thick pigments on the outside
were already coated with a red pigment mixed with ochre, bone
powder and proteinaceous binders before burial. Although it is
still challenging to determine the specific types of binders,
anthropological evidence may provide a clue. Modern Tibetan
herders often boil the milk dregs separated from the butter
making them into a thick, dark brown paste, that is used as a
binder to apply red paint on their faces. The glue can be
immediately used to smear the face or stored for later use.
Only a tiny amount of water must be added, and then it can
be used after being heated to a thick paste (Melvyn and Cynnthia,
1990). The ethnographic record may shed light on future
research.

For the other shell samples from Qulong, the situation is
different. The photographs taken during fieldworks (Figures 1A,
B) exhibit red pigments scattered around the shell beads and the
human skeletons, suggesting a burial practice after the beads were
placed in the tombs. Thus, for the shell objects as samples
QSZM1-25d, QSMI-17b, QSM1-16a, and QSM2-19b, they
might not have been painted before interment but stained red
due to the ochre powder splashing activity in the funeral. In
addition, samples QSM1-11a, QSM1-13b, and QSM2-12,
showing similarities in shape and bearing a thick red layer on
the outside, have a thin and brighter layer on the inner surface,
apparent in sample QSM1-11a. Although the composition of the
thin layer could not be distinguished from other weak red traces,
its distinct texture and appearance may indicate that the three
samples’ inner surfaces had also been painted red before the
funeral, despite a pigment difference in composition from that of
the outer surfaces. This may indicate an elaborate treatment of
this type of shell ornaments. In brief, the diversity of material
compositions of the red substances may indicate that the ancient
people at Qulong treated a variety of shell bead types in different
ways according to their distinct functions, or that the source of
these shell objects had defined their forms and colors before
being imported into Qulong.

Similar perforated chank shell beads, ranging in number
from one to 17, were also sporadically recovered from a few sites
in the Himalayan region, including Chuvthag (c. 2,400-2200 BP)
(TACASS et al, 2015; Tong, 2021, 539-540), Gepa Serul (c.
3500-2200 BP) (CTSSU et al, 2001b) (The shell beads
information from Gepa Serul as well as the archaeological
background were provided by co-author Songmei Hu who
participated the excavation at Gepa Serul in 2018.) and
Piyang-Donggar (Gelingtang Locus, ¢. 2700-2200 BP) (CTSSU
et al, 2001a) in western Tibet, Malari (c. 2400-2100 BP)
(Deshpande-Mukherjee et al, 2015; Bhatt and Nautiyal,
1987-88), Lippa (c. 2600-2300 BP) (Nautiyal et al., 2014;
Deshpande-Mukherjee et al,, 2015) and Ropa (probably close
to the period of Malari and Lippa) (Deshpande-Mulkherjee et al.,
2015) in northwestern Indian, and Chokhopani (c. 2800 BP)
(Simons et al., 1994; Tiwari, 1984/85) in north Nepal (see
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locations in Figure 5). Most of these shells are disk-shaped
and show faint or no traces of red pigment, except for two
beads from Ropa in Himachal Pradesh, India (Figure 6A). As
shown in Figure 6A, the photographed shell bead from Ropa is
similar in shape and color to samples QSM1-11a, QSM1-13b and
QSM2-12 from Qulong, demonstrating solid connections
between these artifacts from the two sites. It is worth noting
that besides these two red shell objects, the other 13 cowrie-
shaped shell beads, which were stored together with the red ones
in a large vessel when unearthed, are purely white (Figure 6B).
Thus, the red beads should have been painted red before being
buried with other white shell beads, just as the three samples from
Qulong.

Most of the archaeological data from the Qulong site has
yet to be analyzed and published. Based on the limited
information, only three gemstone beads of carnelian or
agate and a handful of small bronze tools were recovered
with the chank shell beads at Qulong, indicating a not very
prominent social status of the tomb owners. Besides, although
the red pigment splashing activity during the funeral
ceremony might suggest a religious behavior, there is no
evidence to support that the tomb owners were associated
with indigenous shamanism. So far, we could assume that
these shell beads were used as ornaments for the Qulong
people, such as headdresses, necklaces, and buttons sewn onto
clothing, in the same manner as in today’s traditional Tibetan
dress. Moreover, the red-painted ones might have been the key
design in a set of shell beads since the Tibetan people have
been fond of red since ancient times. For example, as the Old
Book of Tang (Jiutangshu) records, in the time of the Tubo
King Songtsen Gampo’s reign (seventh century), there was a
popular custom of painting faces red in Tibet (Liu, 1974; Li,
2006). Therefore, although it is difficult to determine whether
the shell ornaments were manufactured and/or painted red
locally, the affection for the color red by the Qulong people is
perceptible.

The present study was designed to examine the material
composition of the red substances adhering to eight chank shell
beads recovered from the 2019 season excavation at Qulong in
western Tibet. The results are as follows: 1) the coloring agent of
all red pigments on the shell bead is iron oxide, i.e., red ocher; 2)
bone powder that has not been heated to high temperatures
(above 600°C) and proteinaceous binders were added to the paint
on the outer surface of sample QSM1-11a, but the thin layer on
its interior surface was without bone powder or organic binders;
(3) neither bone powder nor proteinaceous binders were added
to the red residues on samples other than QSM1-11a, QSM1-13Db,
and QSM2-12. The results of this study suggest the complexity
and diversity of the red substances applied to shell beads from
Qulong and clarify our understanding of human practices and
local customs in the Tibetan plateau and the surrounding areas in
prehistoric times. More research is required to determine the
specific kind of protein glue mixed with ochre in the future.
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