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Table 1

Information list of glass eye beads excavated from ancient Qufu City of the State of Lu
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Fig.1 Photos of glass eye beads excavated from ancient

Qufu City of the State of Lu
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Table 2 Chemical compositions of glass eye beads excavated from ancient Qufu City of the State of Lu (%)
RS WHRKEE Na,0 M0 ALO,  Si0, P05 K,0 a0  MnO Fe,0; CoO  CuO  SnO,  PhO  BaO
W000699 JRiEMAEIA  0.88 0.44 3.64 3560 590 1.95 594 0.77 3.17 0.46 1.09 0.07 24.65 15.45
W000699 R fiREE 0.83  0.35 4.56 43.33  0.80 2.99 3.38 1.23 0.49 0.11 0.14 0.08 25.31 16.41
W000699 MR 2 0.76  0.59 4.93 46.21 0.47 3.53 2.26 0.75 0.29 — 0.10 0.07 27.37 12.65
W000699 vRiE{ k4 0.89  0.40 2.28 26.36 10.50 1.70 7.93 0.45 4.81 — 1.68 0.06 26.26 16.67
W000701 Fi#E@ILIA  0.73 — 5.16 52.59 1.38 3.37 1.40 0.67 0.28 0.03 0.26 0.06 20.95 13.12
W000701 RiE(HREE 0.78 0.32  4.15 48.48 0.77 2.80 .88 0.96 0.35 0.08 0.17 0.08 27.03 12.14
WO000701 IR 0.86 0.47 3.82 45.26 0.83 2.88 2.03 .13 0.38 — 0.16 0.08 27.18 14.92
W000703 IEis Ik 0.81 0.31 3.68 54.40 0.25 0.86 .39 0.98 0.32 0.04 0.07 0.07 26.24 10.57
W000703 HFEE@IREE 0.78  0.33  3.59 51.21 0.18 3.04 2.22 0.87 0.51 0.16 0.11 0.12  24.42 12.47
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eSS MERIXB Na,0  MgO ALO; S0, P,0s K,0 Ca0 MnO Fe,0; CoO CuO SnO, PbO  BaO
W000703  [IfalRZgr  0.96  0.37  3.73 50.22 0.11 1.81 1.49 0.59 0.34 —  0.08 0.08 30.71 9.50
W000703  fEflEgc  0.87  0.21 3.8 48.08 0.17 2.94 1.73 0.68 0.63 —  0.08 0.08 31.96 8.70
W000703  ERZREREEZE  1.09  0.24  3.47 50.62 0.20 0.79 1.91 0.79 0.50 0.13 0.08 0.11 27.35 12.71
W000705 s IEAR  1.01 0.42  3.30 44.49 0.17 1.78 2.32 0.92 0.50 0.10 0.12 0.14 33.14 11.59
W000705 REE@IREE  1.10  0.29 2.82 41.59 0.07 0.51 2.24 1.17 0.52 0.15 0.12 0.20 35.83 13.38
W000705  [EiRsr 1.09  0.27  3.05 42.96 0.12 0.67 2.08 0.90 0.46 — 0.08 0.19 37.31 10.84
W101401 JREEEILAR  0.79  0.32 406 47.44 1.43 1.57 2.67 0.92 0.8 0.10 0.27 0.06 28.46 11.11
W101401 W EIEZE  1.08  0.38  3.34 36.64 0.70 1.58 3.29 1.40 0.72 0.24 0.18 0.17 35.43 14.86
w101401  [flRg 102 0.58  3.73 38.84 0.26 1.33 3.81 1.43 0.53 — 0.12 0.11 34.82 13.41
W101401 JLfkME# @A 0.93  0.48  1.10 19.21 15.69 0.48 895 1.23 6.75 —  1.83 0.09 36.20 7.04
W101402 REEEAILA  0.97  0.36  3.65 43.48 1.44 1.27 2.07 0.8 0.43 0.07 0.12 0.13 33.38 11.80
W101402 JRiEFAMEEE  0.96  0.36  3.35 4561 0.11 0.94 2.38 0.8 0.53 0.09 0.09 0.19 34.56 9.95
W101402  [IfalliZr  0.90  0.28 3.60 47.43 0.14 0.85 224 0.66 0.49 — 0.09 0.17 3447 8.67
W101403 JREE@ILA  0.77  0.48  4.09 48.66 0.73 1.83 3.57 0.80 0.49 0.07 0.15 0.25 30.06 8.05
W101403 JF¥E@IREE  0.98  0.41 375 46.35 0.19 1.77 3.78 0.99 0.50 0.10 0.14 0.27 32.29 8.48
W101403  [fiRsr 0.80  0.54 3.79 50.43 1.18 1.05 3.35 0.64 042 — 0.16 0.29 29.64 7.72
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Table 3 Raman results of glass eye beads excavated from ancient Qufu City of the State of Lu
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Fig.6 Glass eye beads with axifugal patterns found in the tombs of Warring States Period of China
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Study of glass eye beads unearthed in ancient Qufu City of the State of Lu

GUO Sike', GUAN Jie', CHU Hongxuan', LIU Song>’, DONG Junqing’, LI Qinghui*”
(1. Confuctus Museum, Jining 273100, China;
2. Center of Sci — Tech Archaeology, Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China;
3. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In our study, energy dispersive X — ray fluorescence ( EDXRF) spectrometry, confocal laser Raman
microspectrometry (LRS) , optical coherence tomography (OCT) and optical microscopy ( OM) were combined to
analyze seven glass eye beads unearthed in ancient Qufu City of the State of Lu, Shandong Province. The chemical
compositions, mineral phases, surface physical structures and microstructures, glass types, manufacturing
techniques, provenances and functions of the glass eye beads were determined. The results obtained show that they
were made in the state of Chu and then transported to the State of Lu as luxury goods. These eye beads are physical
evidence of exchanges and contacts between the States of Lu and Chu.
Key words: Glass eye bead; Ancient Qufu City of the State of Lu; Early and middle Warring States period
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