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Abstract 

This study analyzed two glass eye beads discovered in an ancient tomb complex at Dongxin Furniture Square 
in Datong, Shanxi Province in China. The tomb complex was dated to the Northern Wei Dynasty (398–494 AD), 
when Datong was known as Pingcheng. We used scanning electron microscopy (SEM) and energy dispersive 
spectrometry (EDS) as well as a 3D microscope system with ultra-depth of field to conduct non-destructive tests 
on the beads. We examined the beads’ manufacturing techniques, including matrices, eye patterns, and bead holes. 
The composition analysis revealed that both beads belonged to the mix of v-Na-Ca and m-Na-Al glass system, which 
is a key indicator of local production in Java. The bases were colored using  Co2+, whereas the white, red, and yellow 
colors of the eye patterns were achieved using  SnO2,  Cu2O, or  Cu0, and  PbSnO3, respectively. These findings indicated 
that both objects were Jatim beads originating in the Kingdom of Java in Southeast Asia. This study provides valuable 
insights into ancient trade routes between different regions and offers reliable scientific evidence of the glass trade 
and technical exchanges in ancient times.

Keywords Northern Wei Period, Glass eye bead, Jatim bead, Composition analysis, Location of manufacture, 
Kingdom of Java

Introduction
The Northern Wei Dynasty (386–534 AD) was the first 
of the Northern Dynasties, and was established by Tuoba 
Gui from the Xianbei tribe in the north of ancient China. 
Datong was known as Pingcheng during the North-
ern Wei Dynasty. It served as the Dynasty’s capital for 
nearly a century from 398 AD, the first year of the Tian-
xing Era under the reign of Emperor Daowu, to 494 
AD, the 18th year of the Taihe Era under the reign of 
Emperor Xiaowen. Earlier in the Western Han Dynasty 

(202 BC–8 AD), before the Xianbei people established 
a capital in Pingcheng, they engaged in activities along 
the Silk Road. Shortly after the Tuoba Clan of the Xian-
bei Tribe founded the Northern Wei Empire, they started 
to expand their territory. During the reign of Emperor 
Taiwu, whose name was Tuoba Tao, the Northern Wei 
Empire conquered several neighboring kingdoms, includ-
ing Rouran, Xia, Northern Yan, and Northern Liang, and 
unified the Yellow River Basin. These victories reopened 
the Silk Road, which had been congested since the cha-
otic Sixteen Kingdoms period. Pingcheng grew into an 
international metropolis with a population of nearly one 
million people. The Empire’s envoys and Buddhist monks 
engaged in frequent exchanges with kingdoms across the 
Xiyu and Haidong regions [1]. An array of cultural relics 
from this period, including gold and silverware, glass-
ware, tomb figures of the Hu people, and rock-cut cave 

*Correspondence:
Yanqin Jia
525148965@qq.com
1 Datong Museum, 506 Taihe Road, Pingcheng District, Datong City, 
Shanxi Province, China
2 School of Archaeology and Museology, Peking University, No.5 Yiheyuan 
Road, Haidian District, Beijing, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40494-024-01319-w&domain=pdf


Page 2 of 13Jia et al. Heritage Science          (2024) 12:204 

temples, attest to the diverse and prosperous cultural 
landscape at the time.

Glass is one of the oldest manufactured materials in 
human civilizations. It was invented in Mesopotamia 
between the twenty-fifth and twenty-third centuries BC 
as a raw material for beaded accessories. Single-color 
beads were invented in the West between the sixteenth 
and thirteenth centuries BC, multi-colored beads were 
created in the fifteenth century BC, and inlaid beads 
(commonly known as dragonfly eye beads in China) were 
popular ornaments between the tenth and sixth centuries 
BC [2]. The shift from single-colored to multi-colored 
and then to eye beads was gradual. Eye beads are created 
based on a single-colored bead (known as the matrix) by 
inlaying one or several glass pieces of different colors on 
the bead, which form concentric or non-concentric cir-
cular patterns on the surface of the matrix. Due to their 
resemblance to animal eyeballs, these types of beads are 
known as “compound eye beads” in the West and “drag-
onfly eye beads” in China. The Eye of Horus was the 
inspiration for the circular patterns on the beads. Peo-
ple in the West wore eye beads primarily to ward off 
evil spirits, as they believed that the multiple eyes on 
the beads were protective [3]. The oldest eye bead dis-
covered dates to the 18th Dynasty of Egypt (1550–1307 
BC). The first eye beads excavated in China were found 
in Luntai and Baicheng of the Xinjiang region, and dated 
to the late Western Zhou Dynasty (1046–771 BC) [4]. 
Eye beads present significant physical records of ancient 
China’s cultural exchanges with foreign countries, trade 
routes, and the development of glass in ancient times. 
As only a small number of eye beads from the Northern 
Wei Dynasty have been excavated to date, this study was 

the first to conduct a composition analysis of such beads. 
The findings of this study could guide future investiga-
tions into the development of ancient glass manufactur-
ing techniques.

Background information about the samples
Datong, located in the north of Shanxi Province, is a 
major center in the search for the archaeology of the 
Pingcheng period of the Northern Wei Dynasty in China. 
The two eye beads examined in this study were unearthed 
from the Northern Wei tomb complex excavated at Phase 
Two of Dongxin Furniture Square by the Datong Institute 
of Archaeology in 2013. Grave goods found in the com-
plex included gold and silverware, ironware, bronzeware, 
and ceramicware. Both beads are slightly weathered but 
fairly well-preserved. These spherical beads are harmo-
nious and well-proportioned in form. They both have 
smooth surfaces, each with a round hole in the middle.

Excavation M292-6: labeled as No. DX-1, weighing 
10.3 g with a diameter of 1.6 cm (Fig. 1a). The upper and 
lower openings of its hole vary in size, with diameters of 
0.35 and 0.41 cm, respectively. One of the openings seam-
lessly merges with the matrix, whereas the other slightly 
protrudes from its surface. The matrix is dark blue with 
double-layered rings of “eye sockets” of different shapes 
randomly distributed over its surface. Each eye socket 
consists of two irregularly shaped white concentric rings. 
Some eye sockets are distorted due to compression, 
whereas others remain partially open. The “eyeballs” are 
the same dark blue as the matrix.

Excavation M302-3: labeled as DX-2, weighing 10.8  g 
(Fig.  1b). The diameters of the bead and its hole are 
1.8  cm and 0.33  cm, respectively. One opening of the 

Fig. 1 DX-1 and DX-2
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hole seamlessly merges with the matrix, whereas the 
other slightly protrudes from its surface. The matrix is 
dark blue with red and white rings surrounding the eye 
sockets. Some eyeballs are the same dark blue as the 
matrix, whereas others are yellow. This design creates a 
visually impactful effect with intense contrast and high 
saturation.

Analytical methods and test conditions
3D microscope with ultra‑depth of field
VHX-5000 (Keyence, Japan), a three-dimensional (3D) 
microscope with ultra-depth of field, was adopted to 
microscopically examine the morphology of the beads. 
This instrument possesses features such as depth compo-
sition, high resolution, and low distortion. It uses 3D syn-
thesis to provide excellent observation results for various 
uneven cultural artifacts. It can detect craft structures 
that are not recognizable or clearly distinguishable to the 
naked eye.

Scanning electron microscopy (SEM) and energy dispersive 
spectrometry (EDS)
Scanning electron microscopy and energy dispersive 
spectrometry (SEM–EDS) was conducted for micro-
scopic observations of the morphology of bead matrices 
and eyes as well as for component micro-area analysis. 
The brand and model of the SEM was Tescan Vega 3, 
and the EDS was Oxford instruments. Due to the signifi-
cant value of these samples, we did not apply a carbon or 

metal coating. The following test conditions were applied: 
high voltage of 15 kV, BSE detector, working distance of 
15 mm, low-vacuum environment, beam intensity of 10, 
and collection time of 60  s. Before testing, three glass 
samples synthesized at the Corning Glass Works and 
collected by the School of Archaeology and Museology, 
Peking University were used to calibrate the instrument 
to optimal conditions. Table  1 presents the major and 
minor compositions of the Corning glasses [5].

Results and discussions4.1. 3D microscope analysis
As shown in Fig. 2, the eyes on DX-1 are densely distrib-
uted, each outlined by two layers of white rings and filled 
with blue. However, a closer examination reveals various 
distinctions between the eyes, including the shape of the 
rings in the eye socket, ring size, and relative position 
of inner and outer rings. In most cases, both eye socket 
rings are fully closed; however, partially open outer rings, 
partially open inner and outer rings, half inner and outer 
rings, and inner layers rendered into dots instead of cir-
cles due to excessively thick lines can also be observed. 
The majority of eye sockets are round, some are squeezed 
into ovals, and a few exhibit distinct, pointy angles. The 
eye sockets adjacent to the bead hole have more unique 
shapes. Three severely distorted eyes are seen next to one 
of the hole’s openings. We may infer that their shapes 
were altered without significant consideration due to a 
lack of space. Conversely, several droplet-shaped eyes are 
arranged around the other opening in a radial pattern. 

Table 1 Major and minor compositions of Corning glasses mass fraction

Data marked with a were collected from Brill [5], while those without a were collected by our SEM–EDS

Corning USNM A C D

SiO2 66.56a 67.7 34.87a 34.3 55.24a 56.6

Al2O3 1.00a 0.87a 0.8 5.30a 6.0

Fe2O3 1.09a 0.9 0.34a 0.52a

MgO 2.66a 3.0 2.76a 2.8 3.94a 3.8

CaO 5.03a 4.8 5.07a 4.9 14.8a 14.9

Na2O 14.3a 15.3 1.07a 1.4 1.20a 2.5

K2O 2.87a 2.9 2.84a 1.4 11.3a 11.3

MnO 1.00a 1.0 0.82a 2.7 0.55a

P2O5 0.13a 0.14a 3.93a 4.1

TiO2 0.79a 0.7 0.79a 0.38a

Sb2O3 1.75a 2.1 0.03a 0.97a

CuO 1.17a 1.2 1.13a 1.6 0.38a

PbO 0.12a 36.7a 39.2 0.48a

CoO 0.17a 0.18a 0.023a

BaO 0.56a 11.4a 12.3 0.51a

SnO2 0.19a 0.19a 0.10a

SrO 0.10a 0.29a 0.057a

ZnO 0.044a 0.052a 0.10a
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This eye type can be seen only around the bead hole and 
appears to be a deliberate design.

DX-2 has an elegant and sophisticated design with clear 
patterns. Except for a few incomplete eye sockets, most 
are closed patterns. However, they vary in color and size. 

As shown in Fig. 3, the eyes on DX-2 can be divided into: 
(1) eyes outlined in white and red and filled with the same 
blue color as the matrix and (2) eyes outlined in red and 
filled with yellow. The first type can be subdivided into 
three-ring eyes with white, red, and red-white outlines 

Fig. 2 Microscopic images of DX-1 obtained using a 3D microscope with ultra-depth of field
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Fig. 3 Microscopic images of DX-2 obtained using a 3D microscope with ultra-depth of field
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progressing from the outer to inner layer, and two-ring 
eyes with white and red outlines in the same outer-to-
inner layer sequence. In areas of dense eye distribution, 
eyes overlap and press against one another, whereas in 
other areas, they are positioned loosely. Multiple eyes 
with similar droplet shapes are arranged radially around 
the bead hole, where the opening slightly protrudes from 
the surface. Furthermore, the red and white outlines of 
these eyes are smooth. These eye shapes and positions 
strongly resemble those around the bead hole of DX-1. 
However, inside the bead hole of DX-2, the remaining 
parts of the red and white outlines of an eye and its yel-
low eyeball can be clearly seen. This means that one part 
of this eye is on the surface of the bead body, close to the 
bead hole, whereas the other part is pressed into the hole. 
Rather than being on the same surface, its two parts meet 
at right angles. Although the eyes near the other opening 
of the hole are distributed more loosely, a similar pattern 
emerges, with part of the red eye socket pressed into the 
hole.

Chemical composition system and source of raw materials
The chemical composition analysis of ancient glass is 
significant, as differences in raw materials and manufac-
turing techniques often result in distinct features based 
on period and region. Ancient glass was mainly made 
from quartz sand, fluxing agents, and a stabilizer. Some 
colored glass included colorants, opacifiers, and clarify-
ing agents [6]. As shown in Table  2, the blue matrix of 
DX-1 has a  Na2O content of 10.5–17.0 wt% and a CaO 
content of 3.5–6.7 wt%. The blue matrix of DX-2 has a 
 Na2O content of 9.3–15.4 wt% and a CaO content of 
5.7–6.8 wt%. Both blue matrices of the beads belong to 
the Na-Ca glass system. Soda-lime glass can be further 
divided into plant-ash and natron glass based on the 
fluxing agents used. Plant-ash glass uses plant ashes as 
fluxing agents, containing  K2O and MgO with mass frac-
tions higher than 1.5%. It was commonly found in Egypt 
and Mesopotamia during the Later Sasanian and Islamic 
Empires [7]. Natron glass uses natural soda developed 
from pure  Na2CO3 crystals as fluxing agents. The con-
tent of its impurities, namely  K2O and MgO, is lower 
than 1.5%. The blue maritrices of the beads have a  K2O 
content of 1.1–3.4 wt% and MgO content of 1.1–2.5 wt%. 
Thus, the blue matrices are considered to be v-Na-Ca 
glass. However, for the white part of DX-1 and the white, 
red and yellow regions of DX-2, the content of  Al2O3 is 
significantly higher than that of CaO. The different colors 
of glass appear to indicate varying practices. The blue and 
white glass might suggest a mixing of different glass reci-
pes, whereas the red glass seems more typical of m-Na-
Al glass. On the whole, the composition of DX-1 and 

DX-2 should be attributed to the mixed glass system of 
v-Na-Ca and m-Na-Al.

In addition to  SiO2,  Na2O, and CaO, the matrices have 
a fairly high  Al2O3 content, which primarily originates 
from the m-Na-Al glass, whether in the mixed (blue and 
white) or unmixed (red) cases. In the m-Na-Al glass. The 
alumina comes from the poorly refined sand, while the 
sand is the sources of silica [8].

Colorants and opacifiers of the eye beads
Ancient glass craftsmen used colorants and opacifi-
ers to make colorful glass artifacts. Major colorants for 
glass included Cu and Co.  Co2+ is an effective blue color-
ant, and if its content is above 0.01%, the glass exhibits 
a bright blue color [9]. Our tests revealed that the CoO 
content in the matrices of the two beads was 0.1 and 0.2 
wt%, indicating that these elements were added by the 
craftsmen. A failure to detect CoO in certain sections 
might be influenced by the sensitivity of the instrument. 
CoO was adopted as a glass colorant in ancient China 
starting from approximately the Eastern Han Dynasty 
(25–220 AD), whereas cobalt blue was first applied in 
Mesopotamia and ancient Egypt in approximately 1000 
BC [10]. The cobalt material used in both beads exhib-
ited high iron and low manganese content, which differed 
from the chemical composition of the cobalt materials 
made in China. The blue matrix of the two glass beads 
tested contained very low levels of  MnO2, between 0.1–
0.4wt%, which is more compatible with the eastern Medi-
terranean origin, as cobalt blue coloring from South Asia 
or China is associated with  MnO2 in excess of 1.0wt%. 
[11, 33].

Both DX-1 and DX-2 have white eye socket patterns. 
As shown in Figs. 4 and 5, many bright white points on 
the white eye sockets are distributed randomly. An EDS 
test identified these bright spots as  SnO2, with a con-
tent of 16.1–69.5 wt%, as depends on the thickness and 
size of the spots analyzed, including the influence of the 
glassy matrices. This indicates that tin white  (SnO2) was 
used as an opacifier. The use of tin white dates to the 18th 
Dynasty of Egypt. It was applied in glass manufactur-
ing in the Roman and Byzantine periods after the fourth 
century AD. Because of the fact that the opaque glasses 
were used mainly for mosaic tesserae, while marble or 
limestone provided a cheaper and easier source of white 
tesserae, the tin oxide-colored white glass was not preva-
lent during this period [12, 13].

The red eye sockets of DX-2 have a substantial  Cu2O 
presence of 1.9–5.2 wt%. Their vibrant red hue indi-
cates the presence of copper as the coloring element. 
Copper present in glass as  Cu2O and  Cu0 displays a 
red color [14]. Determining the exact form of copper 
requires additional phase analysis. Chinese craftsmen 
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did not start making copper red glazes until approxi-
mately the seventh–tenth centuries AD [15], which 
was significantly later than production in the West.
Copper red glass occured widely in Europe, the Mid-
dle East, South Asia, and Southeast Asia in this period 
[16–18], Copper red glass was among the colored glass 
excavated from Mesopotamia and dates to 250 BC [19]; 
thus, we inferred that the copper red coloring material 
was not native to China.

The yellow eyeballs of DX-2 contain characteris-
tic elements, such as Pb and Sn. The oxides of these 
two elements, namely PbO and  SnO2, have contents of 
24.8–37.9 wt% and 10.7–20.7 wt%, respectively. This 
indicates that lead–tin yellow  (PbSnO3 or  PbSn1−xSixO3) 
was adopted as an opacifier. Both lead–tin yellow and tin 
white are tin-based opacifiers; however, lead–tin yellow 
was invented later than tin white. It was applied in glass 
manufacturing in the Roman Empire between the second 

Table 2 SEM–EDS analysis results (wt%) for bead parts of different colors

Parts SiO2 Na2O Al2O3 CaO Fe2O3 K2O MgO TiO2 MnO2 CoO SnO2 Cu2O Sb2O3 PbO

Blue matrix of DX-1 71.6 13.2 4.7 5.1 2.0 1.3 1.4 0.3 0.2 0.1

67.5 15.8 3.6 6.7 1.9 1.5 1.8 0.8 0.2 0.2

68.5 16.4 3.6 6.7 1.8 1.1 1.7 0.2

61.1 17.0 8.3 5.0 2.2 3.4 1.8 1.1 0.2

65.2 15.0 9.0 3.5 2.2 1.6 1.8 1.4 0.1 0.1

72.5 12.0 4.4 5.9 1.8 1.4 1.2 0.5 0.2

75.4 10.5 3.5 6.0 1.7 1.2 1.4 0.3

72.7 10.6 4.2 6.7 1.9 1.7 1.3 0.4 0.4

White eye sockets on DX-1 27.9 9.1 6.3 2.4 1.9 1.5 1.8 49.2

28.3 10.2 5.3 1.8 1.3 1.1 1.3 50.7

42.4 14.3 13.1 3.5 2.6 4.1 2.6 0.6 16.1 0.6

34.7 11.0 5.4 1.6 1.3 1.1 1.2 1.1 42.5

44.6 10.5 6.6 3.3 1.6 1.7 1.6 30.1

19.7 5.1 3.2 0.9 0.8 0.8 69.5

24.4 7.7 4.9 2.4 1.4 1.0 1.7 56.2 0.4

Blue matrix of DX-2 69.2 15.4 3.6 5.7 1.4 2.2 2.4

71.9 13.6 3.8 5.8 1.9 1.3 1.1 0.3 0.2 0.1

74.6 10.2 3.5 6.5 1.8 1.5 1.0 0.3 0.4 0.1

72.3 9.3 5.2 6.6 2.7 1.9 1.2 0.4 0.3 0.1

74.2 10.6 3.7 6.3 2.2 1.3 1.1 0.3 0.2

68.7 11.1 5.0 6.8 2.8 2.5 2.5 0.5

White eye sockets on DX-2 26.9 5.6 4.7 1.2 1.1 60.6

34.7 3.5 4.5 1.8 1.2 2.1 1.0 51.1

29.6 3.1 3.8 2.7 1.5 1.9 1.2 0.6 55.5

55.2 10.8 8.7 3.1 2.0 2.3 0.8 17.0

36.8 6.9 5.8 2.1 2.0 1.9 0.9 43.5

41.3 8.0 5.6 6.8 2.7 2.4 1.7 26.7 4.7

Red eye sockets on DX-2 64.2 14.7 9.2 4.6 1.6 2.2 1.1 2.3

63.9 13.0 9.4 3.8 1.9 2.1 1.7 1.0 3.0

61.9 16.3 8.6 3.0 1.4 1.5 1.5 0.8 4.9

62.9 16.4 8.4 3.0 1.4 1.7 1.0 5.2

62.5 12.6 9.3 6.3 3.1 2.5 1.8 1.9

Yellow eyeballs on DX-2 24.0 3.2 5.6 2.9 2.5 1.8 1.3 20.7 37.9

32.9 4.5 6.4 4.7 2.5 2.5 1.4 0.7 13.1 31.3

25.9 4.1 5.1 3.1 2.4 2.1 1.2 18.3 37.6

46.7 5.7 11.8 9.4 2.7 3.9 3.6 2.0 3.8 10.3

35.8 6.1 8.0 4.6 2.1 2.8 2.4 10.7 2.6 24.8

34.8 5.4 7.8 4.9 2.7 2.9 2.3 10.9 2.4 25.8
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and first centuries BC. After the fourth century AD, it 
was widely used in glass manufacturing in the Roman 
and Byzantine periods. In Europe and West Asia, tin-
based compounds were extensively used in manufactur-
ing Islamic glass, mural paints, enamelware, and ceramic 
glazes [13, 20, 21]. Antimony-based opacifiers, including 
white calcium and yellow lead antimonates, appeared 
earlier than tin-based opacifiers. An antimony mine in 
the Caucasus, located between the Caspian and Black 
Seas, was exploited as early as the seventeenth century 
BC [22]. Archaeological records indicate that ancient 
glass craftsmen in the 18th Dynasty of Egypt (approxi-
mately 1575–1308 BC) mastered the methods of using 
antimony [12]. In the long history of the development 
of glass manufacturing techniques, tin-based opacifiers 
gradually replaced the previously dominant antimony-
based opacifiers. Tite argues that this change could result 
from insufficient antimony supply or the development of 
tin-based opacifier manufacturing techniques [13]. Like-
wise, Cheng states that tin was more easily accessible 
than antimony and could achieve the same artistic effects 
as antimony with lower costs for mass production [23]. 
 Sb2O3 was detected in several spots of the yellow eye-
balls of DX-2 with a content of 2.5 wt%. Sb is a mineral 
that could be associated with tin. The  Sb2O3 contents are 
unusually high, exceeding typical levels in Roman glass 
and surpassing mere impurities. Considering that this is 
only surface analysis, future in-depth analysis may help 

elucidate this issue. Lead–tin yellow is an ancient pig-
ment manufactured according to the following process. 
A compound of PbO and  SnO2 is heated to create the 
orthorhombic  Pb2SnO4 at a temperature of 300–700 °C. 
PbO and  SiO2 are added and heated to a temperature of 
850 °C. The orthorhombic  Pb2SnO4 transforms into cubic 
 PbSnO3, which contributes to creating the yellow opaque 
color of the glass. If the temperature exceeds 950  °C, 
 PbSnO3 decomposes [24]. According to Li, during the 
manufacturing process of soda-lime glass, the tem-
perature is maintained between 1000 and 1100 °C; thus, 
 PbSnO3 should be synthesized in advance and added to 
the glass matrix. This process is known as a transposing 
opacifying technique [25]. Freestone divided opacifiers 
into Types A and B. Type A refers to white or colorless 
opacifiers, such as tin white and calcium antimonate, 
which do not change the glass color after being added to 
the glass melt. Type B includes color opacifiers, such as 
lead antimonate and lead–tin yellow, which both opacify 
and color the glass melt [26]. Therefore, the yellow eye-
balls on DX-2 use  PbSnO3, which is a Type B opacifier. 
Transposing opacification was adopted in the manufac-
turing process of the yellow eyeballs.

Ancient glass colorants can be divided into three types: 
transition metal ions, such as  Fe2+,  Fe3+,  Co2+, and  Cu2+; 
chemical compounds, such as  SnO2 and lead–tin yel-
low; and metallic nanoparticles, such as Cu, Ag, and 
Au. Metallic nanoparticles are used for coloration by 

a b

blue matrix

white eye socket

Fig. 4 SEM images of DX-1. a Blue matrix and a white eye socket; b Magnified image of the white eye socket
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recovering the metal ions in glass through a robust pro-
cess of restoration. The size of these nanoparticles plays a 
pivotal role in determining the resulting glass color. Thus, 
identifying the types of opacifiers and examining their 
invention, development, and application helps reveal the 

origins of glass raw materials and dissemination of manu-
facturing techniques.

a b

c

yellow eyeball

blue matrix

red eye socket

blue eyeball

white eye socket
red eye socket

blue eyeball

white eye socket
red eye socket

d

Fig. 5 SEM images of DX-2. a Red-and-yellow eye pattern with a red eye socket and yellow eyeball; b eye pattern near the protruding bead hole 
opening in white, red, and blue with white and red outlines and a blue eyeball; c magnified image of b; d yellow eyeball
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Manufacturing process and origin of glass beads
Ancient eye beads were made by winding melted glass 
strips around a metal stick covered in clay and sand. 
As the stick continued to rotate, the bead matrix was 
shaped. Before the matrix cooled down and hardened, 
eye slices prepared in advance were pressed into the 
matrix, and the entire bead was rolled on a stone or 
metal board. After the glass hardened, the bead was 
removed from the metal stick, completing the process, 
which was somewhat random [27]. We utilized a micro-
scope with ultra-depth of field and SEM to conduct 
morphological observation and obtain microscopic 
images of the bead matrices, eye patterns, holes, and 
bubble shapes. The matrices of DX-1 and DX-2 have 
spherical forms with partially irregular shapes. Both 
bead holes have even and slightly protruding openings. 
The eyes around the protruding opening on both beads 
are distorted, assuming a shape distinct from other eyes 
on the matrix surface. Around the even openings, the 
eye patterns are pressed into irregular long and narrow 
shapes. Both bead holes have a regular circular shape. 
The bead hole interior of DX-1 is the same color as the 
matrix. Conversely, the bead hole interior of DX-2 is 
the same color as the matrix on one side, and has red 
eye sockets and yellow eyeballs on the other side, as 
these patterns are pressed into the hole. In addition, 
a green spot that differs in color from the blue base is 
present on the matrix of DX-2. A crack can be clearly 
seen where the blue and green portions meet. These 
features vary from those produced by the winding tech-
nique. Based on the manufacturing style, techniques, 
and existing literature, we conclude that DX-1 and 
DX-2 are typical Jatim beads.

Jatim beads originated in the Java region in the 
sixth century AD [28]. At least ten Jatim beads were 
unearthed in Gyeongju, Korea, from tombs belonging 
to members of the upper social class, and were dated 
between the late fourth and mid-sixth centuries AD. 
They were considered to be closely related to the east-
ern Java region, where the majority of Jatim beads have 
been discovered [29]. DX-1 and DX-2 share multiple 
features with a Jatim bead excavated from the Sikri-
chong tomb in Gyeongu, including bead forms, matrix 
colors, eye-shaped patterns, and the distorted patterns 
around the protruding bead hole opening. The pro-
duction time is also roughly the same because the late 
fourth century to the middle of the sixth century in the 
Gyeongju region of Korea is basically consistent with 
the Pingcheng period of the Northern Wei Dynasty in 
China (AD 398-AD 494). As shown in Fig.  6, Korean 
Jatim beads have the white eye patterns of DX-1 and 
the red and yellow eye patterns and white dots of DX-2. 
These beads are considered to be associated with mari-
time trade and the introduction of Buddhism to Korea. 
Jatim beads are crafted through a process involving the 
application of thin mosaic sheets onto glass tubes. The 
adorned glass tubes are reheated and subsequently cut 
into individual beads using specialized tools. This tech-
nique is referred to as hot pinch or hot pressing. One 
end of the bead is formed through either hot pressing 
or cold cutting, followed by a rolling process that cul-
minates in a circular shape [30, 31]. The application 
of the hot pinch technique during the manufacture of 
Jatim beads results in the elongation of the eye patterns 
toward the bead hole, contributing to a main feature 
that distinguishes Jatim beads from West Asian eye 

Fig. 6 Jatim bead unearthed from the Sikrichong Tomb in Gyeongju, Korea (Lankton and Bernbaum, 2007)
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beads. The mosaic technique utilized in crafting Jatim 
beads mirrors the predominant glass craftsmanship 
and decoration styles of ancient Rome and the Medi-
terranean. The tradition was later adopted by Byzantine 
and Islamic craftsmen and introduced to Java via mari-
time trade [32]. Local glass artisans in Java assimilated 
foreign glassmaking techniques, creatively combining 
them to produce the renowned Jatim beads. Thus the 
production and decoration of Jatim beads formed a 
unique technology, wherein the most significant feature 
of these beads’ chemical composition was the use of 
mixed glass components, such as m-Na-Al and v-Na-
Ca mix glass. Through extensive research, James W. 
Lankton found that the components of mixed glass are 
very rare in South Asia and Southeast Asia, and there 
is no extensive trade. Jatim beads contain a large num-
ber of glass beads with mixed components (from the 
recycling and remelting of glass), which can be basically 
determined that these glasses are mixed at the Jatim 
bead making site, rather than imported pre-mixed glass 
material, It can be said that Jatim bead manufacturers 
are very fond of the use of mixed glass ingredients [33].

Ancient Java was prosperous and independent, and 
was known as Yediao in the Hang Dynasty, Yepoti in 
the Jin Dynasty, Shepo in the Southern Dynasties, and 
Heling in the Tang Dynasty [34]. According to Shundi 
Benji (Records of Emperor Shun) in Hou Han Shu (Book 
of the Later Han, 131), “the Yediao kingdom beyond the 
border at Rinan County sent an envoy to pay tribute 
in the sixth year of the Yongjian reign.” This indicates 
that Java and China engaged in friendly exchanges dur-
ing the Han Dynasty. During the Jin and Northern and 
Southern Dynasties, countries in South and Southeast 
Asia sent envoys to China to pay tribute to the emper-
ors [35]. In Fo Guo Ji (Records of the Buddhist Kingdom, 
411), Faxian (334–420), a Buddhist monk in the Jin 
Dynasty, describes taking a ship from the Lion King-
dom and staying in Yepoti for 5 months after arriving in 
Southeast Asia. In 412 AD, he returned to Changguang 
County in Qingzhou of the Jin Dynasty [36]. After the 
decline of the Roman empire, merchants from South 
Asia turned to Southeast Asia and established a close 
connection with the East [37]. Lankton argues that 
Jatim beads were integrated into international trade 
dynamics before the sixth century AD [38]. Due to 
scarce archaeological records on Jatim beads in China, 
we can only infer that the eye beads discovered in the 
Northern Wei tomb complex originated in Java. Their 
import routes must have included the Maritime Silk 
Road; however, further archaeological investigation is 

required to determine the specific routes that led them 
to Pingcheng.

Conclusions
In this study, two glass eye beads unearthed from the 
Northern Wei tomb complex in Dongxin were com-
prehensively analyzed by various means. The physical 
examination of the beads included observation of micro-
scopic morphology, and description and measurement of 
shape, color, size, aperture, etc. Chemical tests focused 
on composition analysis and coloration mechanisms, 
and comparative analysis was conducted in combination 
with a review of the archaeological and documentary 
data. The results show that the two eye beads belong to 
the v-Na-Ca and m-Na-Al mix glass system, the most 
prominent feature of Jatim beads in terms of chemi-
cal composition is the use of mixed glass components. 
Their bases were colored using  Co2+, and the white, red, 
and yellow eye patterns used  SnO2,  Cu2O, or  Cu0, and 
 PbSnO3 as colorants or opacifiers, respectively. Based 
on the manufacturing process of the artificial pigment 
 PbSnO3, we assume that the transposing opacification 
technique was applied in the manufacturing of the yel-
low eyeballs. The styles, decorative features, and manu-
facturing techniques of DX-1 and DX-2 indicate that 
they are Jatim beads formed by segmenting glass tubes. 
The hot pinching technique used in the manufacturing 
process of the Jatim beads resulted in some eye patterns 
being stretched toward the bead hole. This feature dis-
tinguishes these beads from West Asian eye beads. Some 
other eye beads from the Pingcheng period of the North-
ern Wei Dynasty have been unearthed, but only two glass 
beads similar to this shape can be attributed to Jatim 
beads. Jatim beads’ origin in the Kingdom of Java pro-
vides indirect evidence of exchange between Pingcheng 
of the Northern Wei Dynasty and the Kingdom of Java in 
Southeast Asia. Determining the specific route from Java 
to Pingcheng, and whether it is related to the maritime 
Silk Road, requires more archaeological data support. 
These two Jatim beads not only represent the diver-
sity of material and cultural exchanges in the Pingcheng 
era of the Northern Wei Dynasty more than 1500 years 
ago, but also provide a scientific basis for the trade and 
exchange of ancient glass. The reasons these two Jatim 
beads were imported into Pingcheng and the mediators 
of their dissemination are worth considering in subse-
quent research. Figure 6 Jatim bead unearthed from the 
Sikrichong Tomb in Gyeongju, Korea [26]
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