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Fig. 1 Chess pieces of Liubo uncovered from tomb

of the Warring States in Shaanxi
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Fig. 2 Micrographs of the sample surfaces
(a): Blue sample; (b): Purple sample
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Fig. 3 Raman spectra of the samples

(a) : Blue sample; (b): The weathering product of the blue sample surface;

() : The purple particle in the purple sample; (d): The blue particle in the purple sample
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Table 1 XRF results of the samples (Wt%)

i 5 SiO, CaO Al O3 CuO PbO BaO P20s SO, MgO
PLM2-4 20.93 1.53 2.04 0. 86 39.71 20. 91 3.06 7.90 0.49
PLM2-1 54. 25 1. 06 2.77 1.82 25.07 7.18 1. 44 1. 25 0. 86
PLM2-5 25.42 1. 31 2.18 1. 16 45. 10 17. 30 6.47 0.59
PLM2-6 29.15 1. 21 1. 85 0.79 41. 25 15. 45 2.54 6.01 0.43
PLM2-12 18.02 1. 66 1. 18 8. 89 29.77 31. 64 4.56 3.75

PLLM2-12 X4k 2.76 2.43 1. 25 2.51 24.55 46. 16 3. 20 16. 18
PLM2-14 19. 79 1. 44 0.70 10. 57 29.53 32.25 3.13 1. 96
PLM2-14 X fk 3.72 3.01 1. 18 3. 60 29.92 35. 45 6. 04 15. 95
PLM2-15 20. 60 1. 69 8. 40 26.23 36.52 5.90
PLM2-15 X4k 4.61 3.19 1. 11 3. 14 32.45 30. 62 7.56 15.03
PLM2-20 20. 14 1. 48 1. 34 10. 41 28.68 31.23 3.59 2.58
PLM2-21 18. 43 1. 27 1. 11 9.61 28.32 36. 00 4. 20

B 6 2B U M AR S W L WG R DG SR M
PP EEHE 9 PbO-BaO —JCI&] . B WAL (0 S AR B it
REAR L S AR SRR BT R M RE R, B AUk
IR AR A TR AU SRR G OB 5 b BT R T
FEah . DT P AT DUV M A . WL S R I AR b PO,
BaO 453, J& T A — P 3hE fl . PbO i 7E 14. 1~28. 8
W%l . BaO SH7E 3. 7~7 W% i [, J8 F 45k

AL, 1R W B BE FE PO SR 4NNl 48. 46 Wi s
N 46.94 Wt%, BaO &K 8. 54 Wt% H1 10. 58 Wt . XM
ANRE 8 T e A RS T T I YR BIE T 5 00 I
d 55 DA B AR Y S 2 AN AR TR TS A R BR R
PLM2-1 4h, HA =/H M1 PbO Hl BaO & &L . 5518
39.72~45.1 Wt%, 15.45~20.91 Wt% . J& T & & h ok
A, SRR A2 B AR i Z BT LA PO Al BaO & A i
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Fig. 4 Composition of the PbO and BaO in the samples

12
10 1 n S
L
g ’
B 64
5 6
O 44 . o Ak
] e * o AL
0 5 10 15 20 25
SiOx(Wt%)
5 HEZEMERSIO,-Cu0O 2 E_THE

Fig. 5 Composition of the SiO, and CuO in the purple samples
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Technological Analysis of the Chess Pieces of Liubo Uncovered From the
Warring States Tomb in Shaanxi Province

HUANG Xiao-juan' *, YAN Jing', ZHANG Yang-li-zheng', WANG Li-qin** , XU Wei-hong'

1. Shaanxi Academy of Archaeology (Shaanxi Archaeology Museum)/Key Scientific Research Bose of On-Site Conservation,
State Administration for Cultural Hevitage/Shaanxi Key Laboratory of Archaeological Cousenation, Xi’an 710054, China

2. School of Cultural Heritage (Northwest University), Xi’an 710127, China

Abstract Multiple methods composed of three-dimensional ultra-depth of field video microscope, laser Raman spectroscopy, X-
ray fluorescence spectroscopy, Scanning electron microscopy with energy dispersive spectrometer, and colorimeter were applied
to analyse the composition and microstructures of two kinds of Liubo chess pieces with different textures and colors uncovered
from the tomb of Warring States period in Shaanxi province. The blue samples were identified as lead-barium glass, and the
purple samples were Chinese Purple products. Moreover,a new kind of product of Chinese Purple in the Warring States period
was discovered. The composition of lead-barium and the glass products of the samperiod recovered from Shaanxi, Hunan,
Hubei, and Sichuan was also compared. It is speculated that the fabrication of lead-barium glass in the Warring States period has
matured, and different composition ratios can be carried out according to the needs of the shape of the objects. What’s more,
glass production also had the phenomenon of remelting old materials to make new ones. Based on determining the composition of
Chinese Purple, the colorimeter was used to get spectral data, according to which the characteristic spectral peaks were
determined for the artificial copper barium silicate pigment for the first time. It is possible to identify this kind of pigment rapidly

and non-destructively.
Keywords Warring State period; Liubo chess pieces; Lead barium glass; Chinese Purple
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