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Analysis of a Bronze Solder Excavated from the Xuyang Cemetery

CHEN Liang-liang', ZHANG Bao-xia', LI Qiang’, WU Ye-heng’,
MA Zhan-shan®, WEI Guo-feng'
(1. School of History of Anhui University, Hefei 230039, Chinaj
2. School of Archaeology, Culture and Museology, Sichuan University, Chengdu 610065, Chinaj;
3. Luoyang City Research Institute of Cultural Relics and Archaeology, Luoyang 471026, Henan, China)

Abstract: Solder from a bronze plate joint excavated from western part of the Xuyang cemetery in Luoyang
city was analyzed by metallurgical microscopy and scanning electron microscopy energy spectroscopy, and
compared with published research on solder from the late Western Zhou to late Warring States
periods. Solders unearthed from the late Western Zhou to late Spring and Autumn periods includes lead,
tin and lead-tin alloy solder, with lead-tin alloy solder being the most prevalent, which is high lead and
low tin alloy. Compared with lead-tin alloy solder from the Spring and Autumn period, the lead-tin alloy
solder from the Warring States period is also more common in the high-lead, low-tin alloy type. The
results show that the solder at the joint of the bronze plate excavated from the Xuyang cemetery is pure
lead solder, which is consistent with the characteristics of solder from the Spring and Autumn
period. Therefore, it is suggested that the solder excavated from the Xuyang cemetery could dated back to
the Spring and Autumn period.
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Fig. 3 SEM backscattered electron image of solder (a) and bronze body contact with solder (b)

=1 B8R XY-1 B9 SEM-EDS 53 #i & R

Table 1 SEM-EDS analysis results of solder samples XY-1 1%
A 00 8 A3 HH Cu Sn Pb 0] oA
T8 1 ([ 3a) - - 62. 55 23.01 C 14. 44
A A 3a D) 60. 14 24. 21 C 15.57
SR FH A 3a @) 74. 21 12.12 C13.67
B A 3a 50) 65. 04 21. 22 C13.74
W1 (A 3a K@) - 61.13 24. 90 C 13.97
i1 (# 3b) 39. 37 0.27 45. 63 7.57 As7.16
M E 3b SO 1.36 0.87 82. 40 8. 82 Si1.39.As 5. 15
YRR FIT B SEEE 3b SO 2.24 0.49 73. 31 14. 59 Si1.55,As 7. 82
ERGE S A 3b SO 95. 98 0.48 0. 86 - Si 1.18,As:0.63,S 0. 83
HHEE 3b HD) 95. 54 0. 30 1. 00 0.24 Cl 0.04,As 0.76,S0.87.Zn 1. 24
SEHEE 3D SO 96. 97 0.31 0. 99 0.11 S0.78,As 0. 76
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Table 2 Content and ratio of lead and tin in solder unearthed in the Eastern Zhou Dynasty
G GRLE RS Sn/ % Pb/ % HRITILR N Sn/Pb
~ M2012:16 1.5 97.0 Fe 0.1 64. 67

F R M2012:25 1.1 91.7 Fe<C0. 1 83. 37
M2.34 98. 33
- 3.23 88. 78 Zn 2.4,Ag 0. 26 27.45
YYM2:1 - 100 - 100
YYMI8:1-1 89. 33 Cu 10. 67 -
YYM18:1-2 83.43 Cu 11.56,Fe 5. 01
R YYM250:1-1 6. 14 91.77 Fe 1. 64,A1 0. 45 14. 91
YYM250:1-2 5.63 91. 92 Fe 1.8,Al 0. 45 16. 33
M4 .9 17. 26 72.74 Cu 1.23.S 1.38,Al 1. 44,Si 2. 32 4.21
M5:1 82. 46 9. 81 Cu 1.17,A1 0. 55,Si 1. 22 0.12
M6+ 4 81.97 16. 05 Cu 0.47 0. 20
M4:12 15. 96 80. 68 Cu 0. 64,Fe 0. 46 5.10
- 36. 88 58.48 Cu 0.23,Zn 0. 19 1.59
- 39.12 60. 05 &G E E M :CuFe,As Ag. . Bi % 1. 54
- 93. 36 5. 88 Cu 0. 38,Fe<C0. 01 0. 06
- 53. 41 41. 40 Cu 0.03,Fe<C1 0.78
- 90. 92 0.48 Je s E M . CuFe As  Ag . Bi % 0.01
7:344.3 52.10 46. 30 Cul.6 0. 89
7:344.1 23. 40 64. 70 07.0,A1 4.6,Si 0.3 2.76
7:343 61.70 12. 20 0 16.6.C1 19.5 0. 20
M124 29. 33 70. 60 Cu 0.02.Si 0. 01 2. 40
M126 29.28 70.70 Cu 0. 02 2. 40
M141 38. 19 61.72 Cu 0.02,A10.01 1. 60
M146 17.76 76. 07 Cu 0. 44,Si 1. 58, Al 0. 58 4.30
15 ] . .
M148 17. 95 81.92 Cu 0. 02,Si 0. 02,Al 0. 01 4. 60
M155 24.78 72.40 Al 0. 89 2.90
M181 18. 23 81.75 Cu 0.01,Al0.01 4.50
M1106 65. 66 33.94 Cu 0.01,Al 0. 02 0.52
M1106 57. 80 41. 99 Al 0. 04 0.72
Ml114 11. 87 87. 88 Cu 0.08,Si 0. 15 7. 40
MI1114 10. 16 89. 67 Si 0. 10 8. 80
M1114 15. 50 84. 41 5. 40
M1134 22. 84 68. 89 Si 2,Al 0. 67 3.00
M1130 19.72 79. 27 Cu 0.01,Si 0. 03,A1 0. 01 4.10
M1130 6. 41 92. 27 Cu 0.50,Si 0. 30, A1 0. 13 14. 40
M1130 47.56 52.25 Cu 0. 08,Si 0. 06, Al 0. 02 1. 10
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