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Abstract: The Dajing copper mining and smelting relic site is the earliest one found in the northern China. Copper
ores and slag collected from the Dajing site, and bronze vessels excavated in western Liaoning Province were ana-
lyzed by using Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES) . The results have shown that
the smelting metallic products of the Dajing site are characterized of relatively high contents of Ag, As, Sh, Bi, Co,
7Zn and low contents of Mo. Meanwhile, the features of trace elements of the bronze vessels from the western Lia-
oning are similar to those of the ores from the Dajing site, but obviously different to those of the copper ingots pro-
duced from the Tonglushan and other sites in the southern Anhui. It is believed that the copper of these bronze ves-
sels was possibly from the Dajing site or those ancient copper ore deposits nearby. This is very helpful for studying
the ex portation range of the products from the Dajing ancient copper smelting site and the metallurgical history in
the western Liaoning Province.
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Table1 The ICPAES analytical results of copper ores and slag from the Dajing site of mining and smelting

djk-005 djk-006 djk-007 djk-008 djk 009 djz001 dj002
Na,0 1.04 1.63
MgO 1.34 118
AL O3 8.37 11.56
Si0, 49.09 62. 18
P,0;s 0.33 0.22
K,0 1.44 245
Ca0 13.35 5 14
Ti0, 0.36 0.52
MnO 0. 08 0.072
Fe; 03 20. 58 12. 11
S 0.96 0.15 0.27 17 33 0.15 0.08
Cu 7 3.2 21 23 19 1.8 0. 64
Fe 6.5 9.4 26 12 34
Ni 16 24 24 16 30 24 26
Ph 2150 61 4320 582 585 3500 2180
Zn 3310 435 4941 1946 5402 987 520
Sn 120 35 40 475 311 11000 5387
As 37512 1206 8553 3393 1082 6627 4498
Sh 2959 179 506 521 1350 813 477
Bi 55 7.8 0.92 211 8.4 8.5 5
\4 1621 550 209 668 327 1339 033
Mo 0.22 2.4 3.1 0.22 0.78 4.6 2.1
Se 0.39 0.26 0.23 0. 54 0.39 0.38 0.45
Te 0.056 0.025 0. 025 0. 021 0.02 0. 09 0.061
Cd 0. 82 1
Co 234 9% 70 120 95 176 288
Ag 192 3.9 11 18 872 387 190
Ge 2.3 1.6 1 1 0.75 1.6 1.7
Be 1.6 2.3 1.9 0.4 <0.2 2.7 3.1
Hg 1.6 0. 288 0. 099 0. 125 0.276 0.019 0.019
Hf 1.2 1.1 0. 64 <0.5 <0.5 4.7 7.7
I 46 57 30 3 2.6 189 312
Th 1.5 1.4 2.8 <1 <1 6.2 9.2
Sc 6.2 6.1 6.7 2.2 0.92 7.8 9.8

:NayO~ Fe: % ; Ni~ Sc:H g/ g



256 /

2 ICR-AES
Table 2 The ICP-AES amalytical results of the bronze vessels excavated From the western Liaoning Province

LNM-1 LNM-2 LNM-3 LNM-4 LNM-5 LNM-6 LNM-7 LNM-8 LNM-9 LNM-10

Cu 79.92 89.74 72.75 77.27 89.28 89.52 82.39 77.08 69.72 73. 69
Sn 2.54 0.59 12. 60 14. 61 4.98 0.41 5.73 13.72 6.23 11.94
Pb 12. 21 2.33 7.73 0.52 2.35 5.80 10. 04 3.48 4.34 9.47
Fe 0.30 0.017 0.003 0.033 0.009 < 0.001 0.003 0.017 3.52 0.003
Zn 0.25 0.28 0.22 0.26 0.26 0.28 0.26 0.25 0.23 0.22
As 8766 7958 9420 904 8584 1301 3050 5878 157709 9256
Ag 1667 1368 1771 180 3568 2202 1546 872 4812 871
Co 931 41.7 273 99.9 415 73.6 24.5 41.2 211 56.0
Ni 1112 854 1217 619 765 784 246 197 107 362
Bi 253 396 377 38.2 1361 2117 223 1126 2561 114
Hg 0.24 0.16 0.56 0.47 0.57 0.07 0.21 0. 04 0.28 0.43
Mo 0. 053 0. 067 0. 050 0.13 0.064 0. 047 0. 054 0. 040 0.093 0. 037
Sb 15379 1042 1994 103 1052 17410 2668 2566 3817 1456
Au 30 40 201 10 <1 18 11 <1 10 14
\% 4.0 3.3 4.8 3.7 3.8 3.7 4.7 4.5 4.8 5.6
Zr < 0.1 < 0.1 < 0.1 0.53 <0.1 < 0.1 < 0.1 0.14 < 0.1 < 0.1
Nb < 0.1 < 0.1 < 0.1 < 0.1 <0.1 < 0.1 < 0.1 0.45 < 0.1 < 0.1
Hf < 0.05 < 0.05 < 0.05 < 0.05 < 0.0 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Be 0.28 0.22 0.40 0.25 0.28 0.26 0.43 0.31 0.32 0. 46
Ba 4.2 4.3 6.2 4.3 4.1 3.3 4.2 3.8 4.5 4.2
Cd 7.74 12.6 14.2 271 2.26 2.79 28.3 20.8 42.7 24.1
Tl 0.16 0. 048 0.16 0.018 0.051 0. 096 0.15 0. 092 0.12 0.15
B <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
W < 0.1 < 0.1 < 0.1 < 0.1 <0.1 < 0.1 0.14 < 0.1 < 0.1 < 0.1
Th < 0.1 < 0.1 < 0.1 < 0.1 <0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Ta < 0.05 < 0.05 < 0.05 < 0.05 < 0.0 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
In 18. 1 15.7 12.3 233 25.5 5.47 24.2 19.0 263 22.2
Sc <0.1 < 0.1 < 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ga 1.5 <1 <1 <1 <1 <1 <1 <1 0. 60 <1
Ge 4. 66 0.55 < 0.01 0.17 0.037 0.13 < 0.01 < 0.01 1.01 < 0.01
Sr 0.45 0.52 0. 47 0.37 0.41 0.35 0.48 0.39 0.43 0.54
Cr 4.9 4.4 4.0 9.6 4.0 4.2 4.3 5.4 6.8 4.3

:Cu~ Zn: %; As~ Cr:Hg/g

0. 51%, 0. 83%,
2 HERAAN 5
14. 68% , 109.1 g/t
1 2 3
’ ’ s ’
SrAgCuPb-ZnrAs, Co Sb s
Bi Cd Inw *° ,
9 N All Ag
- s As Sh Bi Se Te Co Ni
[7~9]

1. 84% , 13.4%,
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Table 3 The ICP AES analytical results of the ancient copper ingots from Tonglii shan

ICE-AES

and southern Anhui province sites of mining and smelting
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N¢j2004 N¢j2001 T em2002 H 20051 Htt2006
Cu 90. 6 92.41 94. 60
Sn 0.10 0.035 0.03 0. 00683 0. 00651
Pb 0.07 0.03 0.02 0.0188 0.0194
Fe 5.37 2. 14 2.14 4.5393 3. 1966
S 0.27 0.35 0. 46
As 1400 1700 1400 229 233
Ag 92.8 80.9 56.5 99.8 99. 4
Co 286 200 357 101 63
Ni 612 208 206 60 51
Se 83. 04 117 26.7 10.3 7.2
Te < 1.0 190 < 1.0 17 16
Bi 71.9 31.8 77.3 <0.5 6.4
Hg 23.0 18.2 19.2
Mo 19.0 2.3 3.9 15.9 4.3
Sh 77 467 34.3 19.1 20.3
Zn 480 680 1370 330 341
v 1.17 1.40 1. 11 0.4 0.3
Zr 2.66 2.63 2.55 0.5 < 0.5
Nb 4.27 3.18 4.13 < 0.5 < 0.5
Hf 0. 86 0. 64 1.75 2.4 0.6
Be 0.014 0.018 0.014 0.02 0.02
B 5.90 3.80 5.30
Cd 3.35 2.86 3.73 3.42 2.23
:Cu~ S: %; As~ Cd:Hg/g
[2]
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Fig. 1 T he correlation curves of trace element contents of

the copper ingots from the T ongliishan site and the bronze

vessels from western Liaoning Province
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Fig. 2 T he correlation curve of trace elements of the copper
ingots from the southern Anhui Province site and the

bronze vessels from western Liaoning Province
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