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Fig.3 Outline of the eye bead with
green-and-white eyes, black glass un-
earthed in Dong-Sun-Ba, Ba County(the
Warring States Period)
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Fig.1 Outline of the CQO1 sample, light
greenish glass Bi(disk) with grain pattern
(the Warring States Period)
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Fig.2 Outline of the glass eye beads
unearthed in Yu-Jia-Ba, Kai County (the
Warring States Period)
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Table 1 Discription of the ancient glass samples collected by the Chongging Museum

%5 No. F7 4% Date H - Hb Unearthed site BYIAFE i Glass sample
CQo1 i TR P B HREREODEREEE, JME 11.9cm, PI42 3.8cm,
Warring Southern section of Bao-Cheng )& 0.3cm. Pale green glass Bi, 11.9cm in
States Railway o.d., 3.8cm in i.d., 0.3cm thick.
CQ02-A(black) R L E &S RO SR A OIEEIRER, SME 2.4cm,
CQO02-B(green) Dong-Sun-Ba, Ba County, W42 1.3cm. Beads with green-and-white
CQO02-C(white) Chongqing stratified eyes, black glass, 2.4cm in o.d.,
1.3cmini.d.
CQ03-A(blue base) L & (M AORTE) W ERIE O SRR, FRE Beads with
CQO03-B(light blue of the eye sec- Cemetery of the Ba and Shu, blue-and-white stratified eyes, blue glass,
tor) (Uncertain area) incomplete.
SX01-A(light blue sector: bead1) FPIFEARFI +- IR R, E
SX01-B(blue sector : bead1) Yu-Jia-Ba, Kai County , W-iZW, #M2E 0.8—0.9cm. Beads with light
SX02-A(light blue sector :bead2) Chongqing blue-and-white stratified eyes, dark blue
SX02-B(blue sector :bead2) glass, transparent and half-transparent, 0.8 —
0.9cm in o.d.
CQO04-A(small aspects) 7N R e B WO EPY, JiEW] Ear pendants, blue
CQO04-B(main aspects) Six Dynas- Southern section of Bao-Cheng glass, half-transparent.
ties Railway
CQO5 TN WO HEY, ANEW Ear pendants, blue
Zhang-Ming-Ya Grave, glass, opaque.
Bao-Cheng Railway
CQO6 HE LR M12 BREER, 7 06(11€1). 07(3{h). 08(LL{).
CQo7 Changshan Village M12, 09(#4)Ek Glass beads with multi-color
CQO8 Zhangming including white, yellow, red and brown.
CQ09
cQlo AR A B F OB ER AT 1008 () 11(F (5) 12000
CQll Bao-Lun-Yuan, Zhaohua city WME % ). A string of glass beads with
CQl12 by Bao-Cheng Railway multi-color.
CQ13 JSGT 2 BOBIERIR, 13(90), 140kH), 154
CQl14 Cheng-Yu Highway f4). A string of glass beads with multi-color.
CQl5
CQl16 H IR E R e M7 HOPFRER, 16(H 1), 17(BOKE),
CQ17 Bao-Lun-Yuan M7, Zhaohua 18(H&E(0/NER), 19(PE{%/NEK). A string of
CQ18 city by Bao-Cheng Railway glass beads with multi-color.
CQ19
CQ20 T AL T R R B M19 AR, FIE. A string of yellow

Bao-Lun-Yuan M19, Zhaohua
city by Bao-Cheng Railway

glass beads, half-transparent.
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Table 2 Chemical composition of the ancient glass samples determined by the PIXE technique(wt.%6)

Sample  AlLO; SiO, P,0Os SOs K,O CaO TiO, Cr,0; MnO Fe,0O; CoO CuO BaO PbO
No.

CQo1 9.7 48.4 7.4 45 24 02 1.7 0.1 6.5 19.2
CQ02-A 6.8 484 1.0 0.9 21 39 0.1 4.1 02 03 6.9 25.5
CQ02-B 5.8 64.8 0.7 29 1.9 1.7 1.4 0.4 3.7 16.8
CQo02-C 3.7 683 04 0.6 09 0.6 0.4 0.1 4.7 20.3
CQ03-A 7.9 341 292 1.8 14 1.7 23 1.5 8.8 11.5
CQO03-B 4.2 56.7 1.7 05 0.9 0.1 1.0 1.5 11.6 15.8
CQ04-A 2.6 91.8 0.2 25 1.1 0.1 0.5 1.1

CQ04-B 4.0 88.9 1.0 26 14 0.1 0.6 1.4

CQO05 3.0 81.5 24 48 12 05 34 3.0 02 0.1

CQO6 1.5 97.6 0.6 0.1 0.1 0.1

CQo7 7.31 69.7 1.6 23 62 84 05 0.2 3.8

CQo8 0.2 98.9 0.7 0.1 0.1 0.1

CQ09 193 454 33 1.1 42 142 03 1.9 0.1

CQ10 43 76.6 0.8 1.5 45 97 02 0.1 1.2 1.1

CQll 2.1 834 0.7 1.7 36 74 0.1 0.8

CQl12 3.9 783 1.1 24 46 78 0.1 1.5 0.1

CQ13 217 771 0.3 0.1 0.1 0.8

CQ14 219 770 0.4 0.7

CQls 2.1 88.2 0.7 1.9 7.0 0.1

CQl6 4.8 799 0.7 0.6 9.8 1.1 0.2 0.8 1.6 0.2 0.4
CQ17 43 75.1 0.9 4.1 50 79 0.1 0.2 22 0.1 0.1

CQ18 13.1 76.6 0.5 0.7 44 22 04 1.3 0.8

CQ19 122 781 05 1.4 26 3.0 06 0.1 1.5 0.1

CQ20 12.3 76.1 2.0 3.0 20 23 05 0.1 1.1 0.1 0.5
SX01-A 3.0 585 0.9 04 0.6 0.1 0.3 1.0 7.5 27.8
SX01-B 3.5 59.6 0.9 04 1.0 0.1 0.2 0.4 6.6 27.4
SX02-A 2.7 585 1.1 05 0.6 0.3 0.6 7.0 28.8
SX02-B 2.2 59.5 0.8 05 0.6 0.3 0.8 6.7 28.5
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Analysis of some ancient glass samples unearthed in Sichuan area by PIXE

LIFei' LIQinghui' GAN Fuxi' ZHANG Bin®> CHENG Huansheng® SHEN Shifang’
1(Shanghai Institute of Optics and Fine Mechanics, the Chinese Academy of Sciences, Shanghai 201800,China )
2 (Applied lon Beam Physics Laboratory, Fudan University, Shanghai 200433,China )
3 (The Chongging Museum, Chongging 400013,China)

Abstract Proton induced X-ray emission (PIXE) technique is an effective method for the chemical composition
analysis of ancient glass samples without destruction. Chemical composition of the ancient glass samples dated from
the Warring States Period (770—476 B.C.) to the Six Dynasties Period (220—589 A.D.), which were unearthed in
Sichuan area, was quantitatively determined by the PIXE technique. The results show that the glass Bi (disc) and the
glass eye beads of the Warring States Period all belong to the PbO-BaO-SiO, system. According to the composition
and shape, we infer that these glass Bi and eye beads were made in China. Whereas, the chemical compositions of the
glass ear pendants and beads of the Six Dynasties Period are varied, including K,0-CaO-SiO,, K,0-SiO, and other
glass systems. Based on the obtained results and those from literatures, some questions related to the technical propa-
gation of the ancient Chinese glass are discussed.

Key words Proton induced X-ray emission, Ancient glass, Chemical composition analysis
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