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Table 1 Descriptions of glass samples from southem and southwestem China
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Table 2 Chemical compositions of ancient glasses unearthed from southern and southwestern China (wit%)
Si0, PO B ALO, Fe; GO TO, KO  Cp0, CO  Mu0  POs SO,

—

53.13 24.55 17.93 2.17 0.40 0.99 0.00 0.05 0.00 0.00 0.05 0.73 0.00

2 58.00 30.89  0.07 .04  0.18  0.00  0.05 890 000 000 004 0.8 000
3 54.10 2280 1663  3.41 0.59 .74 0.00 027 000 004 015 0.27  0.00
4 52.86 2285 1675  3.23  0.94  2.04  0.00  0.45 003 012 028 045  0.00
5 86.00 0.00  0.30  3.13 219 0.86  0.14 557 003 002 L60 002 016
6 5472 2516 1182  3.05 0.44 127  0.00 047 004 254 000 050 000
7 47.83 3131 1L69 275  0.63 1.01 0.00 0.68 000 08 000 000 322
8 3521 3540 9.82  9.14  2.59 .11 0.00 094 005 0I2 006 005 5.52
9 50.07 28.87 1227  2.63  0.44 1.26 000 0.64 009 278 000 016 080
10 49.72 30,32 1146 229  0.60 .07  0.00  0.66  0.00 L00 000 055 233
11 42,29 3372 1140  5.05 1.63 .09  0.00 0.6 000 039 003 0.37 3.42
12 34.49 3735 1085  7.24  2.60 127  0.00 074 003 022 002 036 483
13 53.46 2572 1225 2,99  0.39 .14 0.00  0.44 001 28 000 073  0.00
14 23.08 39.27 9.10  3.44  0.56 8.08  0.00 072  0.00 L28 000 4.4 005
15 9.14 4226 1014  2.02  0.66 1271  0.00  0.83 0.00 L34 020 1976 095
16 19.76 3383 1717 4.55 199 539 0.00 L1000 005 054 000 772  7.90
17 81.65  0.00  0.11 3.00 1.36 .74 0.16 10.39 0.0l 004 138 000 018
18 61.93 1180  0.07 1.48  0.40  9.98  0.05 1429 000 000 000 000 000
19 73.87  0.36  0.03 3.44 .07 7.04 017  9.75 0.00 0.0l 000 019 406
20 63.73 0.0 .11 527  0.84 108  0.03 1266 005 002 000 030 514
21 40.95 3178  10.04  4.80  0.49 1.8  0.00 246 004 064 000 237 455
22 5292 19.78 1282 478 1.62 .36 0.00 1.45 006 009 000 09 418
23 59.11 1.3 0.00  3.78  0.64 2494 0.00 350 000 010 002 046 5091
24 45.53 20,45  1.18 8.35 1051  6.51 0.30 247 000 058 007 1.05 3.00
25 49.80 2844  6.51 503 098 298  0.00 .78 0.06 L04 002 151 1.87
26 47.78 3209  3.72  5.71 1.03 3.87  0.00 1.45 0. 04 L05 002 1.05 2.20
27 53.49 2428 1140  3.59  0.55 .98 0.00 072 008 2.55 0.00 .36 002
28 44.62 4119  0.79 409  0.64 250 0.0l 0.99 003 409 000 L07  0.00
29 56.94 2655  9.54  2.65  0.46 .30 0.00 0.82 000 043 000 054 078
30 30.86  57.06  1.12  4.60  0.69 3.11 0.12 11§ 000 024 000 .03 0.00
31 48.75 2890  0.86  5.56  6.81 487  0.16 236 000 050  0.03 075 047
32 70.26 0.2  0.00 442  0.79 8.12  0.09 1.52 0.0l 002 003 017 416
33 69.35 0.3  0.00  2.25 0.57 1380  0.03 161 0.0l 098  0.05 010 0091
34 53.12 3648  0.11 275 029  0.56  0.00 547 000 003 000 050 070

(9%
W

26.87 46.75 4.57 3.71 1.17 5.41 0.00 0.79 0. 00 1. 26 0. 05 9.42 0. 00
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( 2)

Si0, PHO BaO AL 04 Fe, 05 Ca0 TiO, K,0 Cr,04 Cu0 MnO P05 S0,
36 74. 66 0.38 0.00 4.07 3.83 574 0. 10 9. 26 0. 00 1.13 0. 11 0. 00 0.73
37 64. 40 0. 09 0.09 227 0.92 15.23 0.07 16. 49 0. 00 0. 05 0. 00 0. 00 0. 40
38 75.32 0.24 0.00 .15 0.23 7.76 0. 00 14.79 0.19 0.12 0. 04 0. 00 0. 16
39 67.42 0.10 0.02 2.28 0.57 11. 36 0. 04 17. 31 0.01 0.03 0. 01 0. 00 0.8
40 8.4 19.2 6.5 9.7 1.7 2.4 0.2 4.5 0.1 7.4
41 8.4 2.5 6.9 6.8 4.1 3.9 0.1 2.1 0.3 1.0 0.9
2 4.8 16. 8 3.7 5.8 1.4 1.7 1.9 0.4 0.7 2.9
43 68.3 2.3 4.7 3.7 0.4 0.6 0.0 0.1 0.4 0.6
-+ 56. 10 11. 50 8 80 7.90 230 1.70 0. 00 1. 40 0. 00 1.50 0.00 7.20 1. 80
45 56. 7 15. 8 1.6 4.2 1.0 0.9 0.5 0.1 1.5 7.7
46 88.9 4.0 1.4 1.4 0.1 2.6 0.6 1.0
47 8.5 3.0 3.0 1.2 0.5 4.8 0.1 3.4 2.4
8 ®.7 7.31 3.8 8.4 0.5 6.2 0.2 1.6 2.3
49 76. 6 4.3 1.2 9.7 0.2 4.5 1.1 0.1 0.8 1.5
50 8.4 2.1 0.8 7.4 0.1 3.6 0.7 1.7
51 8.3 3.9 1.5 7.8 0.1 4.6 0.1 1.1 2.4
52 8.2 2.1 0.1 7.0 1.9 0.7
53 7.9 0.4 4.8 1.6 1.1 0.2 9.8 0.2 0.8 0.7 0.6
54 5.1 4.3 2.2 7.9 0.1 5.0 0.1 0.2 0.9 4.1
55 76. 1 13.1 1.3 2.2 0.4 4.4 0.8 0.5 0.7
56 58.5 27.8 7.5 3.0 0.3 0.6 0.4 0.1 1.0 0.9
57 5.6 2. 4 6.6 3.5 0.2 1.0 0.4 0.1 0.4 0.9
58 58.5 28. 8 7.0 2.7 0.3 0.6 0.5 0.6 1.1

5.5 2.5 6.7 2.2 0.3 0.6 0.5 0.8 0.8
[¢0] 58. 10 19.71 9. 14 6 10 1. 88 1. 14 0. 00 0. 60 0. 00 0.58 0.0 1.2 1. 51
61 38.76 12.73 12. 44 11. 74 3.85 2.04 0. 00 6. 41 0. 00 4.13 0.00 2.9 5.63
62 51. 44 27. 11 12. 75 513 0.99 0. 57 0. 00 0.72 0. 04 0.51 0.0 0.49 0.4
63 71.32 0.00 0. 19 515 3.01 1. 38 0.17 9.33 0. 00 0. 06 2.16 0.03 1.20
64 71. 38 0. 00 018 6. 80 1.41 0.48 0.27 10. 83 0.03 0. 20 1.09 0. 1. ®
65 76. 16 0.07 0.24 6 35 1.43 0. 64 0.28 1. 97 0. 00 0.15 1.4 0. 41 0. 89
69 81. 05 0.00 0.01 3.49 Q.55 0. 80 0. 10 10. 2 0. 00 2.17 1. 10 0. 00 0.32
67 .68 0. 00 0.00 5. 55 0.76 1. 05 0.11 5.37 0.01 1.52 0. 60 0. 00 0. 36
8 8. 18 0.00 0.03 4.11 0. 86 1. 38 0.10 2.09 0.02 2. 84 0.03 0. 00 0.37
(] 88. 01 0.00 0. 06 4. 80 1.92 1.74 0.17 2.58 0. 00 0.13 0.23 0. 00 0.37
70 58.73 2. 23 16. 84 216 0. 46 0.91 0. 00 0.16 0. 00 0. 03 0. 00 0.49 0. 00
7 55.13 17.70 16. 04 642 1. 07 231 0. 00 0.72 0.03 0.02 0. 17 0.39 0. 00
2 54.59 25.55 14. 28 242 0.56 1.03 0. 00 0. 34 0. 00 0.35 0. 0.8 0. 00

72.05 11. 71 827 3.89 0.51 0.73 0. 00 0.38 0. 00 0. 30 0. 02 0. 8 1.26
74 M. 15 24. 48 15. 09 256 0. 66 204 0. 00 0.23 0. 00 0. 06 0. 16 0.59 0. 00
5 52.73 16. 39 14.98 9. 47 1. 40 3.45 0. 00 0. 87 0. 05 0. 10 0. 12 0. 46 0. 00
76 53.10 25.95 16. 43 1. 68 0.41 1. 64 0. 00 0.09 0. 08 0.01 0. 04 0. 57 0. 00
7 51. 35 30. 84 14. 25 1.33 0.42 0.36 0. 00 0. 14 0.01 0. 47 0.00 0. %4 0. 00
78 52.56 2.91 17. 63 3.89 0.62 0.99 0. 00 0.36 0. 06 0. 04 0.0 0. 8 0. 00
o 9. 57 0.00 0.00 3.89 0.79 171 0.10 2.17 0.01 0. 02 0.02 0. 00 0.73
80 81.1 0.0 0.0 4.5 1.9 1.1 0.2 8.4 0.0 0.1 2.3 0.0 0.2
81 8l.4 0.0 0.0 7.9 0.8 0.2 0.2 8.1 0.0 0.0 0.9 0.0 0.4
82 8.9 0.0 0.0 7.6 0.8 0.7 0.2 8.0 0.0 1.4 0.1 0.0 0.2




( 2)
Si0, PHO BaO AL 04 Fe, 05 Ca0 TiO, K,0 Cr,04 Cu0 MnO P05 S0,
83 78.3 0.0 0.0 7.4 0.8 0.3 0.2 10.9 0.0 1.7 0.1 0.0 0.4
% 4.3 0.0 0.0 6.6 0.7 0.4 0.2 12.8 0.0 0.2 4.1 0.0 0.5
8 .5 0.0 0.0 7.8 1.3 0.4 0.3 8.8 0.0 0.0 1.3 0.0 0.5
86 7.5 0.0 0.0 8.7 1.6 0.5 0.3 9.9 0.0 0.1 0.9 0.0 0.4
87 80. 4 0.0 0.0 7.0 1.0 0.8 0.2 8.0 0.0 1.8 0.1 0.0 0.4
88 7.2 0.0 0.0 8.8 1.6 0.3 0.3 9.9 0.0 0.3 1.1 0.0 0.3
8 8.1 0.0 0.0 8.4 0.9 0.8 0.2 5.0 0.0 1.4 0.1 0.0 0.7
0 81. 8 0.0 0.0 4.7 1.2 0.3 0.2 10.0 0.0 0.1 1.2 0.0 0.4
91 75.8 0.0 0.0 6.6 0.9 1.1 0.1 2.5 0.0 2.71 0.0 5.5 4.9
R 65. 1 0.0 0.0 3.5 0.7 9.6 0.1 14.5 0.0 0.9 0.0 1.0 0.8
%3 51.7 23.2 16. 1 4.6 0.3 0.9 0.0 0.1 0.0 0.0 0.1 0.7 0.0
A 8.7 0.6 0.0 6.3 2.0 2.2 0.2 14. 6 0.0 3.3 0.3 1.2 0.5
%B 8.3 0.4 0.0 5.5 1.3 0.6 0.2 8.0 0.0 0.0 1.1 0.0 0.4
% 71.0 10. 3 0.0 5.2 0.9 1.1 0.1 1.7 0.0 2.3 0.1 0.4 0.0
97 4. 41 11. 82 9. 87 14. 37 272 203 0.07 2.98 0. 00 0.13 0. 01 0.53 1.07
R 49. 95 18. 58 15. 82 9.01 1.43 2.87 0. 00 1. 81 0.03 0. 06 0. 00 0.45 0. 00
O 49. 39 19. 95 13. 47 8170 1. 84 4.34 0. 00 1. 34 0. 04 0. 09 0.0 0.8 0. 00
100 81. 68 0.00 012 3.70 1. 44 1.03 0.15 10. 39 0. 00 0.03 1.33 0. 00 0. 14
101 81. 49 0. 00 0. 20 4. 30 1. 57 0.79 0. 15 9.71 0.01 0. 06 1.5 0. 00 0.15
102 80. 33 0. 00 0. 00 1. 87 .13 11. 68 0. 10 4.13 0. 06 0.02 0.03 0. 19 0. 47
103 66. 25 0. 04 0. 00 551 0.30 10. 4 0.22 16. 39 0. 00 0. 68 0.00 0. 00 0. 07
104 65.93 0.01 0.03 5. 60 0.32 10. 58 0.21 16. 45 0. 04 0. 67 0. 00 0. 00 0. 17
* , Fe; 03, Fe*"  Fe?'
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Fig. 2 Cluster analyss dendrogram of ancient glasses from southern and southwestern China
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Table 3 Distribution ratio of different systems in each area of southem and southwestem China %)
Gl1 G2 G3 G4 G5 GIH G2 G3t+ G4+ G5
SC 12. 82 15.38 56. 41 2.8 28.20 69.23
CQ 50.00 10. 00 40. 00 50. 00 50. 00
GZ 40.00 5.00 55.00 40. 00 60. 00
GX 11. 76 76.47 5.88 5.88 88 23 11.76
GD 25.00 37.50 37.50 62. 50 37.50
G1.G2 s
, 90%. G1.G2.G4, , s
G4 G1.G2
G2.G4 , » G3.G4.G5



4 11
o, \ 4.2
’ ’ ’ ’
, , 4,
. 5 F1, ¥2, F3, F4, F5.
Table 4 Rotated component matrix of factor analysis on ancient glasses form southern and southwestern China
F1 F2 F3 F4 F5
Si0, 0. 879 —0. 126 —0.270 0.076 —0.138
PhO —0.912 —0. 068 —0.023 —0.093 0. 078
BaO —0.796 —0.032 —0.218 —0.314 —0.112
Al 04 0. 117 0. 801 —0.239 0.056 0. 150
Fe 0, —0.030 0. 735 0. 046 0.307 — 0.1
Ca0 0. 182 — 0. 47 0.911 —0.064 — 0. 057
Tio, 0. 608 0. 353 —0.119 0.546 0. 010
K-0 0.778 —0.043 0.279 0.174 —0.002
Cr0; —0.112 —0. 154 — 0. 05 —0.640 0. 064
CuO —0.023 0. 49 —0.097 —0.196 0.918
MnO 0. 348 — 0.7 —0.32 0.627 —0.175
P05 —0.533 —0. 148 0. 402 0.312 0. 465
S0, 0. 119 0. 613 0. 450 —0.168 —0. 140
*
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Fig. 3 Three - dimensional factor analysis diagram of ancient

glasses from southern and southwestern China
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Fig. 4 Colorant factor analyss diagram of ancient glasses from southem and soutlwestem China
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Chemical composition analysis of some ancient glasses unearthed from southern and
southwestern China

. 1 -1,2
FU Xiu -feng's GAN Fu -xi
(1. Shanghdi Institute of Optics and Fine Medhanics, Chinese Acadany of Sciences, Shanghai 201800, China
2. Fudan Unwersity, Shanghai 200433, China )

Abstract: Depending on its superior natural resources and incomparable geographic envionments, the southern and
southwestern China has become a major prosperous center for culture and economy since the Han Dynasty (206BC ~
220AD) in which the Ba —Shu culture, Southern - Yue culture, Central China culture and Chu culture gather together
and play the historical roles. Particularly in Han Dynasty, there are great quantities of glass articles unearthed with good
quality and different categories spread all over the southern and southwestern China. In this study, multivariate statistical
analysis was applied to the PIXE (proton induced X - ray emission) results to verify the category and origin of 104 select-
ed ancient Chinese glasses, based on their chemical compositions. The esults show that the ancient glasses unearthed in
Sichuan, Chongqing, Guizhou, Guangxi and Guangdong during the Warring States and Han Dynasty are mainly attributed
to the lead —barium — silicate and the potassium — silicate system glasses besides a small quantity of high— lead and high
— calcium ones, which could be classified in detail to five groups: K20 —CaO ( ~ 10wt % )-SiO; system, K,0 -SiO; sys-
tem, PbO — BaD -SiO; system, PO ( ~25wt %5) - BaO - SiO; system and CaD — PbO ( ~40wt %5)— BaD — SiO, system.
In all, these two kinds of glasses are often excavated in the same era and the same place. Potassium - silicate system
glasses were mainly produced in Guangxi province, and Sichuan, Chongging and Guizhou areas had a relative balanced
excavation of these two kinds of glasses. The experimental results demonstrate the self —made characteristic of ancient
glasses unearthed from each place in southern and southwestern China. The conclusion and data processing method are
surely favorable in studying the technological progress of ancient glasses along the ancient Silk Roads.

Key words: Ancient glass; Multivariate statistical analysis; Southern and southwestern China



