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Abstract: Dragonfly eye beads are considered to be the earliest types of glass objects in China, and in the past
have been considered as evidence of culture interaction or trade between West and East Asia. In this article,
synchrotron radiation microcomputed tomography and m-probe energy dispersive X-ray fluorescence were
used to determine the chemical composition, microstructure, and manufacturing technology of four dragonfly
eye beads, excavated from a Chu tomb at the Shenmingpu site, Henan Province, China, dated stylistically to the
Middle and Late Warring State Period ~475 bc–221 bc!. First, a nondestructive method was used to differentiate
the material types including faience ~glazed quartz!, frit, glazed pottery ~clay ceramic!, and glass. Three beads
were identified as faience and one bead as glazed pottery. The glaze recipe includes quartz, saltpeter, plant ash,
and various copper, and is classified as belonging to the K2O-CaO-SiO2 glass system, which indicates that these
beads were not imported from the West. Based on computed tomography slices, the manufacturing technology
of the faience eye beads appears to include the use of an inner core, molding technology, and the direct
application glazing method. These manufacturing features are consistent with the techniques used in China
during this same time period for bronze mold-casting, proto-porcelain, and glass.
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INTRODUCTION

Compound, stratified, or inlaid mosaic eye beads made
from glass have been reported from Anatolia beginning as
early as the 2nd millennium BCE and various techniques of
eye bead production spread to other regions, including the
Mediterranean, Central Asia, and China ~Kerr & Wood,
2004!. In China, glass eye beads are often referred to as
dragonfly eye beads and are considered to be the earliest
example of ancient Chinese glass ~Gan et al., 2006!, which
first appeared around 500 bc and are assumed to have been
imported from abroad ~Gan et al., 2009!. These initial
imported glass beads are thought to have stimulated the
production of indigenous glass beads and the manufacture
of other types of glass objects in China. This current re-
search on early Chinese dragonfly eye beads will help fur-
ther refine our understanding of the origin and development
of Chinese glass and also of cultural interactions between
West and East Asia.

There are two basic forms of dragonfly eye beads in
China that relate to the technique of applying the eye motif
on the monochrome surface of the bead. One type of beads
is made by the application of multiple layers of colored glass
trails on a base bead to create approximately concentric
circles. The other type is made with conical projections or

horns protruding from a base bead that was decorated with
concentric circles. The patterns of concentric circles or
protruding horns resemble dragonfly eyes, giving the beads
their name. In their initial appearance in China, these beads
were usually deposited in high status burials such as in the
tomb of the wife of Fuchai, King of Wu kingdom ~buried in
504 bc! ~Zhang et al., 1983!. During the middle and late
Warring States Period ~475 bc–221 bc!, when these types of
beads began to be produced locally, the dragonfly eye beads
became more popular and were buried not only in big
tombs but also more frequently in medium and small
tombs with modest funerary furnishings. Most of the lo-
cally produced dragonfly eye beads are composed of lead-
barium glass that is characteristic of China and found in the
middle Yangzi River region. This has led scholars to suggest
strong links between eye bead production and the Chu
kingdom existing in this region from about 1046 bc to
223 bc ~Brill & Shirahata, 2009; Cui et al., 2011!. The
tradition of burying dragonfly eye beads in tombs declined
rapidly at the end of the 3rd century bc, when China was
unified under the Qin Dynasty ~221 bc–207 bc! and then
the Western Han Dynasty ~202 bc–ad 8!. It is thought that
the production of eye beads ended with the collapse of the
Chu kingdom ~Hou, 1995; Braghin, 2002!.

The earliest known dragonfly eye beads in China were
excavated from an ancient tomb ~M10! dating to around
500 bc at the Xujialing Cemetery, Xichuan County, Henan
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Province. The individual buried in this tomb is thought to
have been a senior official of the Chu kingdom due to the
burial of precious artifacts including bronze wares and jades
~HICRA, 2004!. The beads from M10 all have similar shapes
and colors, with a sky-blue base bead, dark-blue pupils, and
trails with concentric circles on inlaid eyeballs. The chemi-
cal analysis of some beads showed that these objects belong
to soda-lime-silicate glass system ~Na2O-CaO-SiO2! with
cobalt as the deep-blue color-generating element and that
they were most probably imported from the West ~Gan
et al., 2009!.

The Shenmingpu Site excavated between 2007 and 2009
is also located in Xichuan County, and its linear distance
from the Xujialing Cemetery is around 35 km. During the
2008 excavation season, two intact and two fragmentary
dragonfly eye beads were discovered in a small-sized tomb
numbered M65. According to the burial style including
tomb size and other buried objects ~ just a few pottery
containers, no bronze and jade!, the individual buried in
M65 was thought to be an average citizen of the Chu
kingdom in the Middle and Late Warring State Period ~475
bc–221 bc!.

Both tombs, M10 at the Xujialing Cemetery and M65 at
the Shenmingpu Site, belong to the people of the Chu
kingdom and their chronological period is relatively similar.
However, the beads from the nobleman’s tomb ~M10! at the
early site appear to have been imported from the West,
while the beads from the other tomb ~M65! are thought to
have been produced locally; thus, the archaeometrical analy-
sis for the dragonfly eye beads from the Shenmingpu Site
would help better understand the indigenous manufactur-
ing technology of dragonfly eye beads in the Chu kingdom
and the development of early glass in China.

Dragonfly eye beads in China with a glassy surface are
possibly made of faience ~refers to glazed quartz in this
article!, frit, glazed pottery, or glass. For fragmentary beads,
it is relatively easier to differentiate these four material types
by directly observing the inner part; but for intact beads, it
is hard to observe the inner part, so it is more difficult to
differentiate material types from just looking at the glassy
surface. In fact, there is no nondestructive method to distin-
guish these different materials. By contrast, the computed
tomography ~CT! scanning method is able to provide a
solution, because it can provide detailed information about

the internal structure of objects in a nondestructive man-
ner. This technique has been used in ancient glass analysis
~Roemich et al., 2005! and was the inspiration for applying
this method for the study of eye beads.

In this study, synchrotron radiation microcomputed
tomography ~SR-mCT! and energy dispersive X-ray fluores-
cence ~EDXRF! were used to identify material types—
faience, frit, glazed pottery, or glass for the beads from the
Shenmingpu Site and infer the detailed manufacturing pro-
cedure. In addition, based on the analysis of the chemical
composition data, an attempt has been made to determine
the recipe for making these beads. In the following sections,
we will summarize the chemical composition types of drag-
onfly eye beads in China based on both our results and the
data previously published by other scholars.

MATERIALS AND METHODS

Samples
Dragonfly eye beads from the tomb M65 at the Shen-
mingpu Site are coded as QTY1-QTY4; QTY2 has two
fragments coded as QTY2a and QTY2b. These beads were
first observed under an optical stereomicroscope ~see Figs. 1–
5!. These beads have an exterior glassy surface, on which
protruding green conical horns were used to mimic eyeballs
and a white circle trail was delineated at the bottom of each
horn. Many semiopaque quartz particles are visible inter-
spersed on the bead surface and the horned eyes of these
four beads, as well as the interior body of QTY1. However,
the body of QTY2 looks like pottery ~clay ceramic! rather
than quartz ceramic or frit. Thus, the fragmentary QTY1
and QTY2 are not totally made of glass and should be called
glazed objects. In the perforation of QTY2b, there remains a
tube to support the perforation when shaping and firing
~see Fig. 3!. These four beads have a similar decoration style,
implying that these beads were produced locally and buried
quickly after manufacture. For the intact QTY3 and QTY4,
it is difficult to differentiate only using an optical micros-
copy whether they are glazed objects or relatively homog-
enous glass beads. Before analysis, the beads were cleaned in
a supersonic water bath to remove attached soils. The
general chronology of the major periods and developments
in bead technology discussed in this article is listed in
Table 1.

Table 1. The Chronology and Bead Developments.

Period Date Event

Shang Dynasty 1600 bc–1046 bc The proto-porcelain appeared.
Western Zhou Dynasty 1046 bc–771 bc The faience bead appeared in China.
Spring and Autumn Period 770 bc–476 bc Eye beads were imported to China at the end of this period.
Warring and States Period 475 bc–222 bc The indigenous large-scale production of dragonfly eye beads

and other glass objects
Qin Dynasty 221 bc–207 bc China was unified and the use and production of dragonfly eye

beads declined.
Western Han Dynasty 202 bc–ad 8
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Methods

Synchrotron Radiation Micro-CT (SR-mCT) Scanning and
Three-Dimensional Reconstruction

Dragonfly eye beads were scanned by SR-mCT at the Shang-
hai Synchrotron Radiation Facility, Shanghai city, China.
The scanned object was put on an open sample platform.
The parallel SR X-ray with the height of 4 mm and the
width of 2 cm was directed at the object with the source
energy setting of 30 keV. The charge-coupled device detec-
tor has a space resolution of 13 mm. In each scan, 339 slices
were obtained. The scan time was about 10 min. Scan data
were imaged and analyzed using Mimics 12 ~Materialise,
Leuven, Belgium!. According to CT imaging principles,
heavy elements have more absorption for X-rays than light
elements; accordingly, when a region on a CT slice contains
more heavy elements, this region looks brighter; therefore,
the variation of brightness on a slice reflects the variation of
density and chemical composition ~Baruchel et al., 2006!.

EDXRF

An Eagle III m-Probe EDXRF spectrometer ~EDAX, Mah-
wah, NJ, USA! with a Mo tube and a 125 mm Be window

was calibrated using appropriate primary standards and
used to perform nondestructive analysis for QTY1, QTY2a,
and QTY4. This spectrometer has an incident beam angle of
658 and an emergence angle of 608. The detector is a
liquid-nitrogen-cooled Si ~Li! crystal with a resolution of

Figure 1. View of QTY1 from the quartz body.

Figure 2. View of QTY2a from the glaze surface.

Figure 3. View of QTY2b from the pottery body.

Figure 4. View of QTY3 from the glaze surface.

Figure 5. View of QTY4 from the perforation.
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about 160.3 eV at Mn K. In this experiment, the diameter of
the X-ray beam spot was set as 0.1 mm, then the voltage and
current of the X-ray tube were operated at 50 kV and
800 mA, respectively. All of the obtained spectra were ana-
lyzed with VISION32 software, which has all of the basic
EDX functions. Concentrations of the analyzed major and
some minor elements were beyond the detection limit of
20 ppm. Relative errors are 1–3% for elements present at
the 1 wt% or more level, and up to 10% for elements
present at the 0.1 wt% or less level. Results for QTY1,
QTY2, and QTY4 are listed in Table 2 with some previously
published data from the literature.

RESULTS AND DISCUSSION

Identification of Faience and Glazed Pottery
In terms of microstructures disclosed by CT slices ~see
Figs. 6–10!, these four beads could be divided into two
groups: one group includes QTY1, QTY3, and QTY4, whose
bodies are loose with many irregular pores; the other is
QTY2, whose body is much more dense. From the chemical
composition data in Table 2, the body of QTY1 has a higher
content of SiO2 ~more than 88 wt%! and is composed of
quartz particles bound by glassy phases, but the body of
QTY2 is sintered clay. Therefore, QTY1 is a kind of non-clay–
based ceramic composed of crushed quartz or sand with
glaze on its outer surface, namely faience ~glazed quartz!;
and QTY2 should belong to glazed pottery ~clay ceramic!.
Moreover, the CT slice of QTY2a in Figure 7 shows that
some minerals intersperse in the pottery body because these
minerals have distinct chemical composition in comparison
with the pottery matrix. This is a common phenomenon in
low-temperature fired pottery,

On the CT slice of QTY1 ~see Fig. 6!, the color of the
glaze is lighter gray, the color of the quartz body is darker
gray, and the color of pores is black. This color variation is
consistent with the chemical composition variation and
indicates that the glaze contains higher amounts of heavy
elements, such as K, Ca, Fe, Cu, and that the body is mainly
composed of quartz particles. Furthermore, the internal
microstructure of QTY1 in Figure 6 is similar to that of
Egyptian faience examined by scanning electron micros-
copy ~SEM! for polished thin cross sections ~Tite et al.,
2007!, showing that many irregular pores are scattered in a
quartz body. Since QTY3 and QTY4 have similar microstruc-
tures with QTY1, then QTY3 and QTY4 are also identified
as faience. On CT slices, horned eyes and white circles of
these beads have similar microstructures as the glaze, being
dense with scattered round air pores; thus, the horned eyes
and white circles are also made of glassy phases.

From the above case study and previous research about
ancient glass ~Roemich et al., 2005; Mees et al., 2009!, a
nondestructive method was established to differentiate
faience, frit, glazed pottery, or glass through CT. For glass
objects, CT slices of the outer and inner parts should be
similar with air pores scattered in the continuous glassy
phase. For frit objects, as an unglazed material, CT slices of

Figure 6. One CT slice of QTY1.

Figure 7. One CT slice of QTY2a.

Figure 8. One transverse section of QTY3 with outlined white
layers.
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the inner and outer parts should be similar, but it is easy to
see unmelted quartz particles on the surface under an
optical microscope. For faience and glazed pottery, a dis-
tinct boundary exists between the glaze and the body as
Figures 6 and 7 show, but some minerals can be clearly seen
on the CT slice of a pottery body.

There have been relatively few studies of the microstruc-
ture of dragonfly eye beads in China. The beads with a
glassy surface in China are generally thought of as being
glass objects, but the beads from the Shenmingpu Site do
not support this opinion. When it is possible to undertake
destructive analysis, a polished thin cross section of the
object is studied using SEM ~Tite et al., 2007; Hatton et al.,
2008!. This destroys samples and cannot be used to obtain

different cross sections from different angles for the same
sample. If destructive methods are not allowed to analyze
beads, then micro-CT is the only method that can be used
to determine the microstructure and judge the artifact
type—faience, frit, glazed pottery, or glass objects.

The Manufacturing Procedure
The longitudinal section of QTY3 in Figure 9 shows that
profile lines of the perforation approximately form a straight
line, and the CT slice of QTY3 in Figure 8 shows that the
transverse section of the perforation is like a circle; so the
shape of the perforation in QTY3 is basically a cylinder.
Thus, there should be some kind of inner core to support
the perforation when shaping and firing. Furthermore, this
inner core in the perforation should be made of organic
materials; otherwise, it would be very difficult to strip the
core because clay or metal core would be sintered together
with glaze or quartz particles in firing, just as QTY2b shows
~Fig. 3!. Additionally, in the longitudinal section ~Fig. 9! and
transverse section ~Fig. 8! of QTY3, the quartz body looks
round. So the shaping procedure of the quartz body could
be described as follows: quartz particles were piled on a
cylindrical core and shaped as a spherical body, which
would be later glazed.

There are three glazing technologies for faience, namely
direct application, efflorescence, and cementation methods,
and it is very difficult to judge with certainty which method
was used in glazing ~Nicholson, 1993; Vandiver, 1998; Tite
et al., 2007; Hatton et al., 2008!. The beads analyzed in this
study have a similar shape and consist of a similar glaze
recipe, a potassic glass phase ~K2O-CaO-SiO2!, so it is
deduced that the same manufacture including glazing, inlay,
and firing method was used. Since QTY2 is a glazed clay
ceramic for which the efflorescence process is not possible,
therefore it was probably glazed using application or cemen-
tation. If the other beads were made with the same tech-
nique as the clay ceramic bead, then they may have also
been glazed using cementation or direct application tech-
niques. If a cementation method was used, redundant glaze
materials should be wiped off after firing. However, there is
no grinding mark in the glaze of these beads under an
optical microscope. Consequently, it is most likely that the
direct application method was used for glazing.

In the CT slice of QTY3 ~see Fig. 8!, bold black lines
were used to outline the white trails, whose color is darker
than that of the glaze and brighter than that of the quartz
body. It is evident that the glaze and horned eyes are
completely or partly separated by the white trails in Fig-
ure 8, so each white circle should be like a ring, covered by a
horned eye. This situation is also observed on the CT slices
of other beads.

Air bubbles in glass phases are spherical, and Figure 11
is the three-dimensional ~3D! reconstruction of such a
typical spherical bubble. Sometimes there exists an oblate
bubble between a horned eye and glaze surface, and Fig-
ure 12 is the 3D reconstruction of such a typical oblate
bubble. The shape of oblate bubbles is very distinct to that

Figure 9. One longitudinal section of QTY3.

Figure 10. One transverse section of QTY4.
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of spherical bubbles. Given their position and shape, oblate
bubbles should be the result of the inlay of horned eyes on
the glaze. For QTY2, the red glaze and horned green eyes
have similar chemical composition ~see Table 2! but present
different colors, so it is unlikely that they were fired at the
same time, further indicating that horned eyes were inlaid
after the firing of the initial glaze. Therefore, the inlay
procedure is described as follows: a white ring trail is inlaid
first on a bead surface, and subsequently a horned eye is
inlaid on the area drawn by the white ring.

As mentioned above, horned green eyes are made of a
glassy phase interspersed with small quartz particles and
inlaid after glaze firing, so they should be produced alone
with each horned eye coming from a stick consisting of
glass interspersed with small quartz particles, namely frit.
Therefore, the inlay procedure can be described as follows: a
green frit stick was made first, and then the end of the stick
was heated, softened, and poured into a hemispherical mold
to form the hemispherical surface of a horned eye, which
was then attached to the area outlined by a white circle trail
on a bead surface. This inlay procedure is therefore closely

associated with mold casting technology. Except for beads
and tubes, other early Chinese glass objects in the Warring
States Period ~475 bc–221 bc! are solid objects, including Bi
disc, sword ornaments, and stamp seals, which were also
produced through mold casting ~Li et al., 2009!. Thus, the
production of eye beads has a close relationship with tech-
nologies used in the production of early solid glass objects
during the same period.

The Recipe of Glaze and White Trails
From the chemical composition data of the glaze and green
eyes ~frit! listed in Table 2, these glazes and frits consisted of
a similar recipe, a potassic glass phase ~K2O-CaO-SiO2!
with iron and copper as color-generating elements. The
silicon should come from quartz. The calcium may come
from plant ash due to the detection of Mg and P elements.
The potassium has two possible sources—plant ash or salt-
peter ~mainly KNO3!. From the typical chemical composi-
tion of plant ash in China ~Li, 2005!, whether the content
of CaO is higher than that of K2O or not, all ratios of
K2O/MnO are less than 20; but the analyzed glaze of QTY1,
QTY2, and QTY4 contained higher potassium and much
lower manganese ~the chemical ratio of K2O/MnO is at
least more than 70!. Moreover, the P2O5 content in the glaze
is not too high ~less than 1 wt%!. Thus, it is inferred that
most of the potassium did not come from plant ash, but
more likely from saltpeter. The copper content is much
higher than that of lead, and there is no detection of Sn or
As element, so copper could not come from bronze. Thus,
the raw material of glaze may include quartz, plant ash,
saltpeter, and some mineral of copper, such as malachite or
azurite.

Different methods have been used to obtain the chem-
ical compositions of glass eye beads, such as PIXE ~Gan
et al., 2009!, LA-ICP-AES ~Cui et al., 2009!, WDXRF ~Qin
et al., 2009!, and EDXRF in this study. Archaeological infor-
mation of previously published data is listed in Table 3, and
major elements can be used to undertake some broad
qualitative comparisons. From the Shang Dynasty ~1600
bc–1046 bc! to the West Zhou Dynasty ~1046 bc–771 bc!,
vitreous proto-porcelains were produced and found in many
sites in China. Most proto-porcelain glazes contain more
CaO than K2O ~Li, 1998!. Proto-porcelain glazes with high

Figure 11. The 3D reconstruction of a spherical air bubble distrib-
uted in the glass phase of QTY4.

Figure 12. The 3D reconstruction of an oblate air bubble in QTY4
located at the boundary of a horned eye and glaze.

Table 3. The Archaeological Information of Previously Published Data in Table 2.

Sample Site Date Reference

QTY Shenmingpu Site, Xichuan County,
Henan Province

Middle and Late Warring State Period
~475 bc–221 bc!

This article

HNZZ03 Xujialing Cemetery, Xichuan County,
Henan Province

Around 500 bc Gan et al. ~2009!

CHD-G-13 Some Chu cemeteries in the drainage
area of the Yuanshui River in Hunan
Province

Warring State Period
~475 bc–221 bc!

Cui et al. ~2009!

Lgd Leigudun site, Suizhou
County, Hubei Province

Early Warring State Period
~475 bc–221 bc!

Qin et al. ~2009!
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K2O contents ~listed in Table 4! have a relatively higher ratio
of Al2O3/K2O, implying that the glaze recipes include potas-
sium feldspar and plant ash. From the West Zhou Dynasty
~1046 bc–771 bc! to the end of the Spring and Autumn
Period ~770 bc–476 bc!, the early faience beads in China
generally contain more than 80% SiO2, less than 3% K2O,
and less than 1% PbO ~Li et al., 2009!. The imported eye
beads excavated at Xujialing Cemetery in Xichuan County
belong to Na2O-CaO-SiO2 glass ~the typical data coded as
HNZZ03 in Table 2!. But the glaze/frit recipe of eye beads
from the Shenmingpu Site belongs to K2O-CaO-SiO2 glass.
Therefore, although ancient people of the Chu kingdom in
Xichuan County had been influenced by imported eye
beads, they created their characteristic glaze/frit recipe, dis-
tinct from other vitreous materials, including proto-porcelain
glazes, earlier faience beads, imported eye beads, and con-
temporary PbO-BaO-SiO2 glass. Furthermore, the glaze/frit
recipe analyzed in this study and ancient K2O-SiO2 glass in
China ~the typical data coded as lgd4 in Table 2! are in some
sense similar, implying that both should have some links. To
date, four kinds of glaze/glass recipes of eye beads could be
summarized, including Na2O-CaO-SiO2 ~the typical data
coded as HNZZ03 in Table 2!, PbO-BaO-SiO2 ~the typical
data coded as CHD in Table 2!, CaO-MgO ~PbO!-SiO2 ~the
typical data coded as lgd1 in Table 2!, and K2O-CaO-SiO2

systems.
Chemical composition of white rings on QTY1, QTY2,

and QTY4 ~coded as QTY*-inlaid-white! is listed in Table 2,
showing a common trait of lower copper content than the
glaze, but no distinct difference of iron content with the
glaze; so iron has a lower influence on color than copper,
and copper plays a more important role on the color of the
glassy phases in these beads.

Moreover, the three white rings present different rec-
ipes. Chemical composition of the white ring on QTY4 is
similar to that of glaze except for the lower copper content.
The white ring on QTY1 contains more aluminum than the
white ring on QTY4, implying that the source of quartz
may be different. The white ring on QTY2, compared to
other white rings, contains additional barium and titanium,
and thus its recipe should include some barium-related
mineral. Given that barium-related minerals were widely
used in the production of PbO-BaO-SiO2 glass during
the same period ~Cui et al., 2011!, the use of barium in
faience beads further reflects the technical interrelationship
with glass production. Thus, ancient bead makers appear to
have mastered some different glass/frit recipes, and this

demonstrates their deep understanding about the raw
materials.

CONCLUSIONS

In general, eye beads are precious culture relics, and destruc-
tive analysis is not allowed in most cases. For scientific
analysis of dragonfly eye beads, nondestructive methods are
mainly X-ray diffraction and chemical composition analy-
sis. When microstructural analysis by examining polished
thin cross sections is not possible, the nondestructive CT is
the optimal method to observe the internal microstructure
of eye beads. In this article, SR-mCT was first used to
differentiate faience, frit, and glazed pottery in combination
with EDXRF. Also, CT slices provide different cross sections
from different angles for the same sample and 3D models,
which is useful to disclose the relationship among horned
eye, circle, and bead surface. Therefore, SR-mCT has great
potential in eye bead research.

For the excavated dragonfly eye beads from the Shen-
mingpu Site, Henan Province in central China, three of four
beads were identified as faience and the other bead as glazed
pottery ~clay ceramic!. For faience beads, the manufacture is
described as follows: based on a cylinder core, quartz parti-
cles were piled and shaped as a spherical body, which would
be later glazed by the application method; after firing, white
ring trails were first drawn on the glaze surface, and then
horned eyes cast in hemispherical molds were inlaid on
white rings to mimic eyes. In China before the Qin Dynasty
~221 bc–207 bc!, shaping technology on the basis of inner
cores and molds was widely applied in bronze casting ~Tan
et al., 1999! and the glazing technology through the direct
application method was widely used in proto-porcelain
production ~Wu et al., 2011!; therefore, manufacture of
these faience eye beads appears to have been influenced by
contemporary bronze casting and proto-porcelain produc-
tion. Furthermore, the glaze recipe is closely related to glass
recipes of the same period. Thus, the manufacture of these
beads was influenced by contemporary glass technology.
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Table 4. Some Glaze Compositions of Proto-Porcelains with High K2O Contents*

Sample
Number Period SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O MnO P2O5

No. 8 Shang Dynasty 61.69 17.97 5.00 0.96 4.49 1.72 7.43 0.47 0.05 0.22
No. 12 Shang Dynasty 72.67 8.57 4.24 0.34 3.65 0.68 8.99 1.27 0.00 0.00
No. 21 Western Zhou Dynasty 76.41 6.69 4.22 0.66 1.08 0.68 8.77 0.69 0.58 0.00

*Cited from Li ~1998!.

342 Yimin Yang et al.



REFERENCES
Baruchel, J., Buffiere, J.-Y., Cloetens, P., Di Michiel, M.,

Ferrie, E., Ludwig, W., Maire, E. & Salvo, L. ~2006!. Ad-
vances in synchrotron radiation microtomography. Scripta Mater
55, 41–46.

Braghin, C. ~2002!. Polycrome and monochrome glass of the
Warring States and Han periods. In Chinese Glass: Archaeologi-
cal Studies on the Uses and Social Context of Glass Artefacts from
the Warring State to the Northern Song Period: Fifth Century
B.C. to Twelfth A.D., Braghin, C. ~Ed.!, pp. 8–14. Firenze, Italy:
Leo S. Olschki.

Brill, R.H. & Shirahata, H. ~2009!. The second Kazuo Yamasaki
TC-17 lecture on Asian glass: Recent lead isotope analyses of
some Asian glasses with remarks on strontium isotope analyses.
In Ancient Glass Research along the SILK Road, Gan, F.X., Brill,
R.H. & Tian, S.Y. ~Eds.!, pp. 149–164, Singapore: World Scien-
tific Publishing.

Cui, J., Wu, X. & Huang, B. ~2011!. Chemical and lead isotope
analysis of some lead-barium glass wares from the Warring
States Period, unearthed from Chu tombs in Changde City,
Hunan Province, China. J Archaeol Sci 38~7!, 1671–1679.

Cui, J., Wu, X., Tan, Y. & Wang, Y. ~2009!. Chemical analysis of
ancient glass wares unearthed from chu cemeteries of the
warring state period in the drainage area of the Yuanshui River,
Hunan Province. J Chinese Ceram Soc 37~11!, 1909–1913 ~in
Chinese!.

Gan, F., Cheng, H., Hu, Y., Ma, B. & Gu, D. ~2009!. Study on the
most early glass eye-beads in China unearthed from Xu Jialing
Tomb in Xichuan of Henan Province. Sci China Ser E 52~4!,
922–927.

Gan, F., Cheng, H. & Li, Q. ~2006!. Origin of Chinese ancient
glasses—Study on the earliest Chinese ancient glasses. Sci China
Ser E 49~6!, 701–713.

Hatton, G.D., Shortland, A.J. & Tite, M.S. ~2008!. The produc-
tion technology of Egyptian blue and green frits from second
millennium BC Egypt and Mesopotamia. J Archaeol Sci 35~6!,
1591–1604.

HICRA ~2004!. The Chu Tomb in Heshangling and Xujialing of
Xichuan, pp. 1–2. Henan Institute of Cultural Relics and Archae-
ology, Nanyang Institute of Cultural Relics and Archaeology,
Xichuan Museum. Zhengzhou, China: Zhengzhou University
Press ~in Chinese!.

Hou, D. ~1995!. The Production of Ores, Metals, Lacquer and Glass
in Ancient Chu Kingdom, pp. 270–275. Wuhan, China: Hubei
Scientific and Technical Publishers ~in Chinese!.

Kerr, R. & Wood, N. ~2004!. Part XII: Ceramic technology. In
Science and Civilisation in China: Volume 5, Chemistry and

Chemical Technology, Needham, J. ~Eds.!. Cambridge, UK: Cam-
bridge University Press.

Li, J. ~1998!. A History of Science and Technology in China (vol.
of Ceramic), pp. 98–99. Beijing, China: Science Press ~in
Chinese!.

Li, J. ~2005!. Evolution of ancient Chinese porcelain glaze. In
Development of Ancient Chinese Glass, Fuxi, G. ~Ed.!, pp. 206–
207. Shanghai, China: Shanghai Scientific and Technologic
Press ~in Chinese!.

Li, Q., Dong, J. & Gan, F. ~2009!. Research and discussion on
chemical composition and technics of the early faience and
glass artifacts unearthed from China. J Guangxi University
for Nationalities (Natural Science Edition) 15~4!, 31–41 ~in
Chinese!.

Mees, F., Cornelis, E., Jacobs, P., Doménech Cárbo, M.T. &
Roemich, H. ~2009!. Microfocus X-ray computed tomography
analysis of corroded glass objects. Eng Geol 103~3–4!, 93–99.

Nicholson, P.T. ~1993!. Egyptian Faience and Glass, pp. 1–20.
Oxford, UK: Shire.

Qin, Y., She, L., Li, X. & Huang, J. ~2009!. Composition and
structure of warring states period glasses from tomb number
two at the Leigudun site of Shuizou county, Hubei province,
China. J Chinese Ceram Soc 37~4!, 574–576 ~in Chinese!.

Roemich, H., Lopez, E., Mees, F., Jacobs, P., Cornelis, E., Van
Dyck, D. & Doménech Cárbo, T. ~2005!. Microfocus X-ray
computed tomography ~mCT! for archaeological glasses. In
Cultural Heritage Conservation and Environmental Impact As-
sessment by Non-Destructive Testing and Micro-Analysis, Van
Grieken, R. & Janssens, K. ~Eds.!, pp. 37–47. London: Taylor &
Francis Group.

Tan, D., Xu, H. & Huang, L. ~1999!. Research about casting
technology using pottery mould in the Bronze Age of China.
Acta Archaeol Sinica 2, 211–263 ~in Chinese!.

Tite, M.S., Manti, P. & Shortland, A.J. ~2007!. A technological
study of ancient faience from Egypt. J Archaeol Sci 34~10!,
1568–1583.

Vandiver, P.B. ~1998!. A review and proposal of new criteria for
production technologies of Egyptian faience. In La Couleur
dans le Peinture et l’Emaillage de ’Egypte Ancienne, Colinart, S.
& Menu, M. ~Eds.!, pp. 121–139. Bari, Italy: Edipuglia.

Wu, J., Zhang, M., Wu, J., Li, Q., Li, J., Deng, Z. & Xia, J. ~2011!.
Study on the diversification of origins and primary develop-
ment of Chinese porcelain glazes. Sci China Technol Sci 54~1!,
99–104.

Zhang, F., Chen, Z. & Zhang, Z. ~1983!. Study on Chinese
ancient Liuli. J Chinese Ceram Soc 11~1!, 67–76 ~in Chinese!.

Micro-CT Examination of Eye Beads in China 343




