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Determining the foundry area of the bronze vessel from Jiuliandun tombs
using the casting core residue of the bronzes
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Abstract: The style, decoration and inscription of the bronzes have been studied for determining the foundry
area of the bronze vessels, which is subject to the subjective experience and knowledge of archaeologists. Some
scholars have analyzed lead isotope and trace elements of bronze vessels and attempted to ascertain the foundry
area of the bronzes using natural science means. However, the signature of lead isotope and trace elements of the
bronzes provide information on ore sources whose metal minerals were used to cast the bronzes, not the informa-
tion on the foundry area. The composition of casting clay core might provide clue to the foundry area of the
bronze vessels. This paper probed into the casting place of the bronze vessels on the basis of an analysis of clay
core residues of the bronze vessels. Samples of the fragments of the casting clay cores were removed from the
bronze vessels unearthed at Jiuliandun tombs of Chu State, in Zaoyang City, Hubei Province, dated back to the
Warring States Period, and were analyzed by such means as polarized light microscope, XRD, XRF, NAA and

ICP-AES. The results reveal that the casting clay cores of extraneous bronze vessels from Jiuliandun tombs are
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different from those of local bronze vessels excavated in No. 1 and No. 2 Jiuliandun tombs in such aspects as
phase composition, microstructure, major elements, trace elements, REE and phytolith assemblages. The con-
tent of CaO in casting clay cores of extraneous bronze vessels is very high and the content of Na,O is low, which
are representative characteristics of the loess in northern China. Combined with the analysis of phytolith assem-
blages, it is inferred that extraneous bronze vessels were cast in the loess area of northern China. This study also
indicates that it is feasible to restrict the possible foundry area of the bronze vessels according to the analysis of
casting clay cores residues on the bronzes.

Key words: bronze vessel; provenance; clay core; Jiuliandun; petrographic analysis; elemental analysis; phytolith
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2 XRF

Table 2 XRF analyses of casting cores from Jiuliandun tombs and clay moulds from Lijia casting copper site

wp %
Fe,O5 MnO TiO, CaO K,O P,0s SiO, ALO; Na,O MgO
M1-29 3.71 0.046 1 0.9104 2.59 1.04 0.556 7 73.00 11.09 3.089 0.76
M1-92 3.55 0.058 1 0.8809 2.59 0.90 0.3310 70.80 10.96 3.109 0.81
MI1-106 3.17 0.0379 0.902 6 2.48 1.04 0.1854 72.49 11.12 2.884 0.80
MI1-108 2.91 0.0351 0.840 1 2.42 1.01 0.3390 69.30 10.90 2.946 0.78
M1-123 3.44 0.0518 0.8434 2.38 0.87 0.2342 71.48 11.76 3.102 0.83
MI1-130 3.56 0.048 3 0.869 4 2.53 0.94 0.3599 72.40 10.70 3.173 0.68
M1-131 3.26 0.046 8 0.8979 2.42 1.12 0.8443 70.45 11.16 2.953 0.72
M1-132 3.52 0.0434 0.8680 2.53 0.93 0.2570 72.25 10.82 3.078 0.81
M1-134 3.4 0.063 1 0.904 4 2.46 1.01 0.5579 71.28 11.42 2.911 0.75
MI1-156 3.14 0.034 4 0.8759 2.56 0.92 0.039 2 72.24 10.84 3.134 0.83
M1-259 3.15 0.0387 0.7719 2.43 0.82 0.1709 66.63 10.29 2.933 0.7
M2-14 3.06 0.0394 0.8593 2.48 0.97 0.1689 72.61 12.02 3.087 0.79
M2-48 3.27 0.046 6 0.6409 6.21 2.16 0.6755 61.12 11.68 1.964 1.62
M2-56 3.47 0.057 1 0.600 6 9.39 2.17 0.3418 54.80 11.80 1.723 2.07
M2-108 2.75 0.0512 0.8618 2.67 1.25 0.544 8 69.84 10.42 2.679 1.17
M2-120 3.18 0.1089 0.769 8 4.75 1.03 0.140 4 65.17 10.15 2.731 0.94
M2-333 2.69 0.2245 0.6106 6.21 1.02 0.6557 52.45 8.09 2.169 1.21
H66-05 3.88 0.090 5 0.7329 4.00 2.14 0.1397 68.28 10.81 1.866 1.62
H75-11 4.21 0.0851 0.7832 3.47 2.20 0.1922 68.55 11.67 1.941 1.45
H138-10 4.82 0.098 1 0.8150 3.25 2.44 0.4740 66.78 12.40 1.913 1.84
wy 107°
Nb Zr Sr Rb Zn Cu Ni Ba \ Cr Pb
MI1-29 14 264 187 120 35 2 382 28 444 111 70 1483
M1-92 14 281 155 647 56 11424 33 172 105 78 1440
MI1-106 15 244 172 201 42 5468 36 215 107 70 609
MI1-108 13 241 150 907 50 9251 52 425 106 75 1326
M1-123 12 225 145 878 39 1997 41 227 102 39 1248
MI1-130 11 214 174 142 34 1501 29 288 103 35 1892
M1-131 13 268 195 168 44 2083 56 607 98 37 3253
M1-132 13 209 166 220 37 2014 33 345 104 68 1 888
M1-134 12 254 174 268 41 1269 34 309 108 70 1246
M1-156 12 202 173 153 38 2218 31 225 111 37 369
M1-259 13 207 135 961 69 40 664 56 257 102 65 1972
M2-14 12 251 146 902 38 2737 77 269 103 66 2298
M2-48 10 262 236 242 61 2 498 48 685 78 40 4 331
M2-56 13 188 288 396 78 2991 53 481 79 39 2773
M2-108 13 312 161 626 62 10 030 53 464 101 66 4660
M2-120 8 219 187 425 61 11470 90 278 92 30 7211
M2-333 3 203 203 409 136 91211 120 283 74 36 13298
H66-05 18 423 162 182 61 176 50 377 82 38 9
H75-11 17 412 167 387 76 101 45 523 85 30 11
H138-10 18 396 171 351 96 128 37 474 94 82 14
4.2
6

A=5.5 M2-333 M2-120
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3 wp 10 6
Table 3 Neutron activation analyses of casting cores from Jiuliandun tombs and clay moulds from Lijia

casting copper site

As Ba Ce Co Cr Cs Eu Fe Hf K La Lu
MIl-1 13.10 386.90 56.46 13.98 71.61 2.22 1.32 22 340.00 6.94 8238.35 27.92 0.72
M1-29 8.64 457.30 56.25 13.43  68.72 1.96 1.39 21 490.00 7.28 8 448.55 25.03 0.50
M1-108 12.50 465.30 57.84 24.87 70.38 1.92 1.42 19 670.00 7.47 8 883.69 25.53 0.72
M1-119 19.96 460.60 66.23 12.08 71.91 1.63 1.54 24 170.00 9.13 14 432.91 30.80 0.60
M1-123 12.14 314.80 50.08 9.55 65.54 1.72 1.21 22 960.00 6.15 6 409.78 21.80 0.58
MI1-130 9.34  356.70 50.78 7.49 89.38 1.49 1.23 22 170.00 6.02 7316.00 21.90 0.43
Mi1-131 12.95 641.50 64.09 8.34 70.09 1.54 1.30 20 980. 00 7.04 9504.41 26.65 0.55
M1-132 7.23 307.80 44.91 8.33 64.61 1.71 1.15 21 810.00 5.44 6 181.06 20.27 0.46
M1-134 16.08 293.10 58.86 9.15 68.43 1.04 1.34 22 080.00 7.13 7 498.93 25.29 0.70
M1-156 3.41 262.60 51.00 11.05 64.32 2.34 1.12 20 190.00 5.77 9097.80 20.84 0.90
M2-48 31.29 768.00 67.75 10.91 68.82 4.21 1.10 21 070.00 6.98 15083.52 30.39 0.47
M2-56 22.03 491.20 70.54 13.23 68.76 5.59 1.09 21 370.00 5.36 17 646.57 31.06 0.68
M2-108 41.99 471.70 62.04 9.73 64.74 1.56 1.35 18 360.00 8.13 9637.53 27.13 0.69
M2-120 51.55 304.10 49.25 12.01 64.35 2.41 1.18 20 770.00 6.41 8050.26 20.84 0.59
M2-333 16.59 790.60 36.53 8.68 35.49 2.31 0.58 11 250.00 4.40 8991.94 16.81 0.26
H66-05 9.36  417.30 84.04 11.55 73.51 5.16 1.23 25200.00 11.33 18 383.56 37.57 0.85
H75-11 8.58 552.20 82.71 10.89 72.85 5.00 1.33 26 250.00 10.45 17 141.22 36.37 0.78
H138-10 10.57 348.40 62.66 8.01 57.18 4.11 0.H 20 560. 00 6.79 12 513.51 27.12 0.45
Na Nd Rb Sh Sc Sm Ta Th Th U Yb Zn
M1-1 20 180.00 32.31 38.69 2.02 13.21 4.98 0.89 0.72 7.32 1.78 2.89 42.79
M1-29  20480.00 25.62  40.22 1.15 13.40 5.14 0.96 0.73 7.72 1.82 2.94 38.31
M1-108 20960.00 34.23  42.48 1.63 13.67 5.30 0.84 0.70 7.50 1.93 2.91 54.48
M1-119 19930.00 33.77  39.38 9.05 13.99 6.06 1.07 0.00 9.16 2.39 3.15 57.89
M1-123  21210.00 18.23  34.72 1.84 12.77 4.71 0.81 0.64 7.08 1.42 2.74 51.53
MI1-130  20950.00 29.85  35.34 1.99 12.73 4.52 0.88 0.67 6.42 1.29 2.70 48.04
MI1-131  19230.00 28.46  37.38 3.23 13.41 5.09 0.98 0.69 8.13 1.80 2.61 64.67
M1-132  21400.00 27.26  33.37 1.66 12.59 4.32 0.78 0.61 5.90 1.56 2.43 59.51
M1-134  19640.00 32.47 34.75 1.55 13.13 5.15 0.84 0.82 7.94 1.67 2.78 49.37
MI1-156 20510.00 22.81  38.98 0.91 12.73 4.46 0.82 0.65 7.54 1.47 2.22 37.60
M2-48 12710.00 36.88 85.47 10.97 9.14 5.16 1.04 0.77 11.67 2.33 2.82 62.28
M2-56 11 510.00 40.45 84.99 5.49 10.65 5.44 0.95 0.81 11.31 2.58 2.72 75.75
M2-108 17920.00 33.01 40.74 5.76 12.23 5.28 1.01 0.82 8.87 2.19 2.91 62.64
M2-120 19030.00 26.45 41.59 8.81 11.83 4.44 0.83 0.71 6.88 1.40 2.14 46.16
M2-333 6964.00 22.72 43.91 10.04 4.02 2.81 0.42 0.37 5.51 1.35 1.39 24.21
H66-05 13720.00 44.06 90.03 1.29 9.44 6.69 1.24 0.78 13.60 2.83 3.48 74.70
H75-11 13020.00 43.21  88.28 1.00 9.69 6.20 1.19 0.86 14.55 2.59 3.21 72.68
H138-10 9019.00 34.43 65.51 0.71 7.47 4.90 0.83 0.53 10.23 2.08 2.48 74.46
HNO; 20 g L 80 mLL 1.2 mol L HCI 15 L min 0.5 L
40 mL 6 mol L HCI 80 mL min 0.22 MPa 1.15 kW
1 mL 100 r min >265 nm 10
10 mL S <265 nm 10 s CID 512 X 512
5
6
4.3.3
175~ 9

1 051 nm 200 nm  0.007 nm
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Table 5 REE content of casting cores and clay moulds
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y SREE
M1-131 31.2  76.2 7.58 29.58 6.26 1.36 6.2 1.01 5.59 1.25 3.48 0.55 3.06 0.53 31.73 205.58
MI1-130 24.5 60.6 6.61 24.28 5.3 1.26  5.22 0.79 4.83 0.93 2.9 0.47 2.74 0.45 27.98 168.86
M2-120 23.8 56.6 6.44 23.74 5.15 1.18 5.11 0.76 4.68 0.90 2.87 0.47 2.68 0.45 26.93 161.76
M2-333 17.0 39.8 3.93 14.99 3.03 0.56 3.34 0.53 2.94 0.65 1.93 0.30 1.59 0.26 17.14 107.99
JM1-27  27.0 59.7 6.43 21.16 3.70 0.69 3.25 0.46 2.71 0.57 1.49 0.23 1.29 0.21 11.87 140.76
Xsh-1 64.8 130.7 15.25 53.16 10.41 2.31 7.82 1.08 6.84 1.41 3.49 0.56 3.23 0.52 35.14 336.72
XA-1 37.4 85.5 9.08 33.48 6.58 1.19 6.12 0.89 5.24 1.17 3.14 0.52 2.90 0.45 28.41 222.07
XA-2 37.9 89.0 9.41 33.98 6.63 1.23 6.08 0.87 5.13 1.1 3.02 0.46 2.84 0.44 28.36 226.45
Dj-6 35.5 87.4 8.58 29.77 6.32 1.07 6.67 1.06 6.03 1.44 4.20 0.65 3.60 0.53 28.32 221.14
Dj-3 30.9 78.6 8.29 29.45 6.12 1.13 5.79 1.02 5.22 0.93 3.33 0.50 2.96 0.48 27.94 202.66
NHL-5 30.9 81.0 8.29 29.07 5.76 1.15 4.91 0.78 4.27 0.98 2.73 0.44 2.56 0.42 23.95 197.21
NHL-16 31.2 79.6 8.18 29.09 5.66 1.10 5.59 0.89 4.94 1.16 3.15 0.50 2.8 0.45 25.36 199.72
H75-11 42.7 104.7 11.01 39.07 7.90 1.37 6.57 0.98 6.28 1.38 3.74 0.60 3.69 0.60 34.78 265.37
H138-10 48.1 114.4 12.17 43.54 8.59 1.51 7.43 116 7.10 1.57 4.12 0.63 4.01 0.62 38.71 293.66
6
Table 6 Geochemical parameter values of casting cores and ciay moulds
w SREE 10 ¢ LREE HREE oEu La Yb oCe La Sm y Gd Yb y
M1-131 205.58 2.850 0.667 6.890 ——1.161 3.137 1.642
M1-130 168.86 2.646 0.732 6.042 1.116 2.910 1.544
M2-120 161.76 2.607 0.703 6.001 1.071 2.909 1.545
M2-333 H107.99 2.765 0.538 7.225 1.141 3.531 1.702
IM1-27 140.76 5.375 0.608 14.144 1.062 4.593 2.042
Xsh-1 336.72 4.604 0.782 13.557 0.974 3.918 1.962
XA-1 222.07 3.547 0.573 8.715 1.087 3.578 1.710
XA-2 226.45 3.688 0.592 9.018 1.104 3.598 1.735
Dj-6 221.14 3.212 0.504 6.664 1.173 3.536 1.502
Dj-3 202.66 3.207 0.580 7.054 1.151 3.178 1.585
NHL-5 197.21 3.805 0.661 8.157 1.186 3.377 1.554
NHL-16 199.72 3.449 0.598 7.398 1.167 3.470 1.590
H75-11 265.37 3.527 0.581 7.820 1.131 3.402 1.443
H138-10 293.66 3.494 0.578 8.106 1.108 3.525 1.502
100}
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Fig. 9 Chondrite-normalized REE patterns of casting core

residues of bronze vessels from Jiuliandun tombs

moulds and casting core residues

Fig. 10 Dendrogram of cluster analysis of REE in clay
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B Table 7 Statistics of phytolith shape in casting clay
Zhao Zhijun and core of bronze vessels from Jiuliandun tombs
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Fig. 11 Shape of phytolith in casting clay core of bronze vessels from Jiuliandun tombs
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