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Fig.1 Location of the Dayingzi Smelting Site and images of the site from Google Earth (2013 - 04 -23)
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Fig.2 A slate tomb exposed at the eastern area Fig.3 A pit containing slag at the western area
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Fig.4 Pottery pieces and stone tools collected at the eastern area Fig.5 Slag samples collected at the eastern area
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DYZ1 ~ DYZ6 6 9 19
DYZ7 ~DYZ11 5 0 2 6~11,
1 SEM - EDS
Table 1 SEM — EDS analysis on the slag matrix (%)
Mg Al Si S K Ca Fe Cu
DYZ1 0.34 6.91 32.29 0. 00 0. 64 7.08 52.03 0.70
DYZ2 2.14 5.47 25.94 0.04 1.73 9.34 53.77 1.57
DYZ3 0.07 3.91 24.57 0.20 1.69 10.52 57.26 1.79
DYZ74 0.19 5.21 32.90 0.00 0.00 11.29 50.20 0.22
DYZ5 1.39 10.20 53.34 1.08 4.01 8.08 13.84 8.06
DYZ6 0.54 6.03 24. 66 0.28 0.06 4.10 62.15 2.17
DYZ7 0.75 3.26 34.62 0.20 0.00 4.82 43.38 12.98
DYZ8 0.00 8.19 40. 84 0.00 0.20 6.22 43.41 1.14
DYZ9 0.58 3.62 33.69 0.00 0.00 7.41 54.18 0.52
DYZ10 1.05 4.29 27.78 0.41 0.00 11.62 54.85 0.00
DYZ11 0.35 5.07 27.39 0.68 0.35 10.24 55.37 0.55
2 SEM - EDS
Table 2 SEM - EDS analysis on prills in the slag (%)
Fe Cu As Ag Sn /pm
2_ptl 0.00 86.36 0.00 0.00 13.64 60
DYZ1 3_ptl 0.00 92.40 0.00 0.00 7.60 110 6
4 _ptl 0.00 87.62 0.00 0.00 12.38 90
DYZ2 3_ptl 1.17 88.03 9.74 0.00 1.06 45
2_ptl 0.00 78.10 11.36 0.00 10.54 110
v 4_ptl 0.00 81.80 7.58 0.00 10.63 130 7
3_ptl 1.09 94.77 2.94 1.20 0.00 25
DYZ5 3_pt2 1.51 94.41 3.07 1.02 0.00 20
4 _ptl 1.87 98.13 0.00 0.00 0.00 20
4_pr2 2.59 96.47 0.94 0.00 0.00 18
DYZ6 2_ptl 1.15 72.13 8.74 0.00 17.98 240 8
3_ptl 0.00 91.15 6.14 1.87 0.84 70
DYZ7 4 _ptl 0.00 97.49 2.51 0.00 0.00 250 9
9_ptl 1.34 86.20 8.12 4.34 0.00 110
DYZ8 9_ptl 3.14 90.49 0.00 0.00 6.37 8
9_pt2 2.21 93.85 0.00 0.00 3.94 6
DYZ9 4 _ptl 0.00 77.27 7.21 0.00 15.52 130 10
DYZ11 4_pi2 0.00 73.36 0.00 0.00 26.64 55 11




6 DYZ1 Cu-5n 7 DYZ4 Cu-As-Sn
Fig.6 Cu - Sn alloy prill in slag sample DYZ1 Fig.7 Cu - As - Sn alloy prill in slag sample DYZ4
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8 DYZ6  Cu-As-Sn 9 DYZ7 Cu - As
Fig.8 Cu - As - Sn alloy prill in slag sample DYZ6 Fig.9 Cu - As alloy prill in slag sample DYZ7

DYZ9

10 DYZ9 Cu-As-Sn 11 DYZ11  Cu-Sn
Fig.10 Cu - As — Sn alloy prill in slag sample DYZ9 Fig. 11 Cu - Sn alloy prill in slag sample DYZ11
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6 12 ~15.
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Fig. 13 Minerals in ore sample DYZ14 -1
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Fig.12 Minerals in ore sample DYZ12
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Fig.14 Minerals in ore sample DYZ14 -2 Fig.15 Minerals in ore sample DYZ15
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Table 3 Lead isotopic analysis on the ores and slag from the Dajing and Dayingzi Sites
% ph/* Pb Std 7P /*%* Ph Std 205 Ph /2% Ph Stdr
SD1 38.207 0.007 15.563 0.003 18.334 0.003
SD2 38.132 0.007 15.539 0.003 18.312 0.003
SD3 38.439 0.004 15.635 0.002 18.383 0.002
Sh4 38.380 0.005 15.615 0.002 18.369 0.002
SD5 38.380 0.005 15.613 0.002 18.367 0.002
SD6 38.341 0.006 15.607 0.003 18.364 0.003
OD1 38.159 0.003 15.548 0.001 18.319 0.002
0oD2 38.285 0.008 15.583 0.003 18.362 0.004
0D3 38.183 0.005 15.556 0.002 18.329 0.002
0D4 38.275 0.008 15.584 0.003 18.347 0.003
0D5 38.234 0.008 15.573 0.003 18.340 0.004
0D6 38.266 0.008 15.584 0.003 18.345 0.004
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( 3)
208 ph /2% ph Std 27ph /2% ph Std 206ph /20 ph Stdr
DYZ16 38.204 0.007 15.566 0.003 18.330 0.003
DYZ17 38.283 0.006 15.589 0.002 18.348 0.002
DYZ18 38.336 0.008 15. 604 0.003 18.367 0.004
DYZ19 38.140 0.007 15.543 0.003 18.317 0.003
DYZ20 38.169 0.005 15.553 0.002 18.322 0.003
20
4 *®Ph/**Ph ( DYZ18)  38.336
*Ph /** Ph ( DYZ18)  18.367 ( DYZ19)  38.140 38.232,
( DYZ19) 18.317 18. 339;
*Ph /**Ph ( DYZ18) 15. 604
( DYZ19) 15.543 15.572; - ( 16~17),
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Table 4 Trace element (Zn Mo and Pb) analysis on the ores and slag from the Daying and Dayingzi Sites  ( pg/g)

/g
7Zn Mo Pb 7Zn Mo Pb
SD1 10. 66 1109 5.78 504
SD2 7.74 563 3.93 860
SD3 12.51 7 557 10.7 7 194
4745 10.0 5104
SD4 11.28 2 387 20.4 7 181
SD5 11.61 6 800 8.76 6 644
SD6 10. 68 8 365 8.37 6 452




e 7Zn Mo Pb Zn Mo Pb
oD1 30.46 1476 4.29 1124
oD2 30.95 116 3.43 197
0oD3 20.51 91.8 1.77 224
0D4 8.98 1073 6.20 1037 209 32 680
oD5 26.42 249 1.91 1 067
0D6 15.92 540 3.17 514
DYZ16 12.44 515 4.78 555 515 4.78 555
DYZ17 22.04 2 842 7.41 985
DYZ18 5.61 5359 6.73 1015
DYZ19 10.12 987 3.26 641 2438 5-90 846
DYZ20 6.27 747 4.11 537
5
Table 5 Carbon dating results of the Dayingzi Site
/ OxCal 4.2
BAO81132 3170 £35 1511—1 388 BC(92.9%)
BAO81134 2 930 £40 1233—1 011 BC(94.0%)
BAO81133 2 685 £35 902—801 BC(95.4%)
) 0.010
6 *°Ph/**Pb (0.043) ;
2.1 *7Ph /**Ph 0. 005
Si0, — FeO . 6 *7Ph /™ Pb
Cu 8 (0.036) ; **Ph/*Pb
Cu 2% o As 0. 030
Sn . 19 11 As (0.126)
11.36% 6.21% . 13 4 *°Ph/** Pb
Sn 26. 64% 0.016
10. 02% - 5 As  Sn. 6 2% ph /> Ph
(0.071) ;" Pb/*™ Pb
0. 023 6
*"Ph /> Pb (0.096) ; **Ph/*™Ph
0. 081
. (0.307) .
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Study of the Dayingzi Smelting Site

LI Yan - xiang' DONG Li —jun® CHEN Jian —1i’ ZHU Yan - ping*
(1. Institute of Metallurgy and Materials History Unaversity of Science and Technology Beijing Beijing 100083 China;
2. Institute of Science and Technology History Inner Mongolia Normal University Hohhot 010022  China;
3. School of Archaeology and Museology Peking University Beijing 100871  China;
4. Institute of Archaeology Chinese Academy of Social Sciences Beijing 100070  China)

Abstract: The Dayingzi Smelting Site located at N 43°10706.6” E 118°26°45.1" in Inner Mongolia is divided
into eastern and western areas. The accelerator mass spectrometry ( AMS) dating of the eastern area suggests that
smelting activity began from 1 000 BC at the latest while that of the western area began about 200 years later.
Furthermore according to the lead isotope and trace element analyses and other methods we found that the entire
site used polymetallic ore from the famous Dajing Mining Site ( 60 km north of the Dayingzi Site) to smelt Cu —
Sn — As alloy. The AMS dating results give so far the earliest date of the Upper Xiajiadian culture and also
provide new scientific evidence for the research on the evolution of Bronze Age archaeological cultures in Liaoxi
Region.

Key words: Archaeometallurgy; Dayingzi Site; Upper Xiajiadian culture; Lead isotopes; Trace elements

( )



