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Abstract: We examined component analysis and lead isotope ratio analysis to find out the relationship
between the excavation and the production site of 25 bronze weapons from prehistoric ages. All 25 bronze
weapons are ternary alloys of copper-tin-lead and lead is artificially added. The lead isotope ratios of 25
bronze weapons show that bronze are made by raw materials in the southern regions of the Korean
Peninsula, including northern China. The raw materials of narrow-shaped bronze dagger are supplied in
zone 1-3 and northern China. In addition, provenance of lead for bronze halberd and pearhead are the rest
of the region except for zone 1 and zone 4. Silver are enriched in most samples and zinc and cobalt are
deficient. Arsenic and antimony detected only specific samples and can be used as critical parameter for
provenance study. Lead isotopes and trace elements of archaeological bronzes will provide conservation
scientist with useful tool to study the provenance of raw materials
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Brillo] & A% (Brill, 1967)8t5 oW $-gluet= Hlwsle] A S A% HEe AR AT E A
Choi et al.(1986)° 23l Hz=Z A= o] 2000 o] Azt A7) &3 Fasit) 7] d7E

&3l
HE 2Axo7 HFo] ARAT7E FHEAG 7] A7t WstEE e 47 it Y
Z9] AR ATE LE Mabuchi(1985)2] FH-olA o} ol 543 AQor FoAe S AT + 3
WA o] HEedan HelEet 2E F5 dF EU(Kim ef al, 2015), ol TRAYRE=, Fo &
AL 4H] HolE & Hlaste] 959 AAE F435t M= & F Axel Fs9 ALES orlsh=
ATk SARE dEo] WX A EE A|9|FlaL A8 Aol7le] A Al fFrelsliof gt} & AFolM = A
F7F Ao 719AE fFAIE 7Hsdo] AUt ol& S71-27187] Algiel] At fES d FRle F
Heketr] 913 g7 2 AR AT LI FHES A, 854, 53 2 T2 5 A5 7R 258
ANATae 5o AQlet shits Ul g3 He FE AR E At AFA] B fEY /¥
YA ZE FARFTEE A2 2™ (Jeong ef al., o 2 FEX e} kx| ete] A g golr
2012; Jeong and Cheong, 2019), @74 &SI} & 2} ST Hg v g Ao dF AFFEHE
A EAE0] B4 ok SN R oA At AR AT AR EE BY F dE B
SRbE R Aol thgk RO 2 A 2hE] ¢l 7 o], AAE 2zt sheith.
it g ool A "ol Al 5+ Mabuchi tlo]E] 9}

Table 1. Summary information on the excavated bronze weapons

No. Artifact Sample name Excavated site
1 Bronze halberd BW-1 Iksan-si, Jeollabuk-do
2 Narrow-shaped bronze dagger BW-2 Gumi-si, Gyeongsangbuk-do
3 Narrow-shaped bronze dagger BW-3 Un-known
4 Narrow-shaped bronze dagger BW-4 Un-known
5 Narrow-shaped bronze dagger BW-5 Un-known
6 Narrow-shaped bronze dagger BW-6 Un-known
7 Narrow-shaped bronze dagger BW-7 Seo-gu, Gwangju
8 Narrow-shaped bronze dagger BW-8 Jangseong-gun, Jellanam-do
9 Bronze halberd BW-9 Un-known
10 Narrow-shaped bronze dagger BW-10 Naju-si, Jellanam-do
11 Bronze halberd BW-11 Jangheung-gun, Jellanam-do
12 Narrow-shaped bronze dagger BW-12 Un-known
13 Narrow-shaped bronze dagger BW-13 Un-known
14 Narrow-shaped bronze dagger BW-14 Un-known
15 Narrow-shaped bronze dagger BW-15 Un-known
16 Narrow-shaped bronze dagger BW-16 Jung-gu, Dagjeon
17 Bronze dagger BW-17 Un-known
18 Bronze dagger BW-18 Un-known
19 Narrow-shaped bronze dagger BW-19 Un-known
20 Bronze spearhead BW-20 Buk-gu, Daegu
21 Narrow-shaped bronze dagger BW-21 Gyeongsan-si, Gyeongsangbuk-do
22 Narrow-shaped bronze dagger BW-22 Changwon-si, Gyeongsangnam-do
23 Narrow-shaped bronze dagger BW-23 Un-known
24 Bronze halberd BW-24 Changwon-si, Gyeongsangnam-do
25 Bronze spearhead BW-25 Changwon-si, Gyeongsangnam-do
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Table 2. Measured lead isotope ratios for bronze weapons in pre-historical age
No. Lead Isotopes Zone
206Pb /204Pb 207Pb /204Pb ZOSPb /204Pb 207Pb/206Pb ZOSPb/’ZOGPb

BW-1 19.727 15.848 39.644 0.8050 2.0140 2
BW-2 18.323 15.579 38.538 0.8520 2.1080 1
BW-3 18.159 15.582 38.611 0.8581 2.1262 3
BW-4 17.450 15.446 37.790 0.8851 2.1654 Nch(4)
BW-5 18.011 15.539 38.380 0.8628 2.1308 Nch(4)
BW-6 20.788 15.999 41.694 0.7696 2.0057 2
BW-7 16.781 15.321 37.054 0.9130 2.2079 Nch(4)
BW-8 17.549 15.494 38.131 0.8829 2.1727 Nch(4)
BW-9 18.211 15.653 38.546 0.8596 2.1167 3
BW-10 17.691 15.534 38211 0.8780 2.1600 Nch(4)
BW-11 20.427 16.034 41.192 0.7850 2.0165 2
BW-12 16.790 15.335 37.109 0.9133 2.2101 Nch(4)
BW-13 18.993 15.746 39.610 0.8290 2.0855 2
BW-14 17.588 15.587 38.206 0.8862 2.1723 Nch(4)
BW-15 17.459 15.500 38.119 0.8878 2.1833 Nch(4)
BW-16 17.764 15.561 38.084 0.8759 2.1437 3
BW-17 17.589 15.538 37.931 0.8834 2.1565 Nch(4)
BW-18 17.669 15.559 38.338 0.8806 2.1698 Nch(4)
BW-19 17.927 15.605 38.574 0.8705 2.1516 3
BW-20 17.370 15.442 37.702 0.8910 2.1750 Nch(4)
BW-21 16.867 15.383 37.241 0.9140 22126 Nch(4)
BW-22 18.494 15.603 38.724 0.8460 2.0983 1
BW-23 17.524 15.476 38918 0.8831 2.1638 3
BW-24 17.716 15.464 37.994 0.8750 2.1491 Nch(4)
BW-25 17.613 15.501 37.948 0.8820 2.1589 Nch(4)

Nch : North China
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AES, Inductively Coupled Plasma Atomic Emission
Spectrometer Seiko, Japan)E ©]-&3I3t). AlE= A
H 3 23944 E B8 29 LFGES AASIY
105°ColA] 244131 A2 - L55(HNOy) 1 mlE 3
7¥&ted hot plateolA 71E8IATE & 1052 U4(Cu,
Sn, Pb, Zn, Ag, Ni, Co, As, Sb, Fe)= EA&llon 2
AADN F dRE FXF(2010)9 dFHES
siach - 53] wAE AAlstd A% At aE
A el e gk Ttk RAS X
A Z(UEI3-1 ¥ UE52-2, Center Technique des Industries
de la Fonderie, France)2 AFE-3}3iT).
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Fig. 1. Lead isotope data for 25 bronze weapons compared
with data for galenas from southern Korea; (A) **Pb/**Pb
vs 2Pb/¥Pb, (B) *"Pb/™Pb vs ***Pb/**Pb.
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Table 3. The geotectonic characters and geographical location about 4 zones (Jeong and Cheong, 2019)

Zone Geotectonic characters

Geographical location

Zone 1 Gyeongsang Basin

Gyeongsang-do

Zone 2 Yeongnam Massif

Taebaeksan Basin (internal Okcheon Belt), northeastern

South Kangwon-do, North Gyeongsang-do

Zone 3

Okcheon Belt (exclude Taebaeksan Basin), YeongnamMssif
(excludenortheastern regions), Gyeonggi Massif (exclude western regions)

Jolla-do, Chungcheong-do, Gyeonggi-do

Zone 4 Western Gyeonggi Massif

North Choengcheong-do, West Gyeonggi-do

Korean J. Mineral. Petrol.
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Fig. 2. Comparative results for the lead isotope ratios; (A)
Lead isotope ratio data for 25 bronze weapons compared with
lead ores data (Mabuchi, 1985), (B) Lead isotope ratio data
by type of bronze weapons.
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Fig. 3. The relationship between provenance of raw mate-
rials and excavated sites; expressed only bronze samples
with accurate excavated sites and excluded samples located
in North China (4).
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Table 4. ICP-AES data (10 elements) of bronzes; major elements (Cu, Sn, Pb) and trace elements are given in wt.% (Hwang,

2010)
Cu Sn Pb Zn Ag Ni Co As Sb Fe Total
BW-1 7240  18.00 9.40 0.05 0.22 0.07 0.01 N.D. 0.14 0.01 100.29
BW-2 75.10  16.27 9.71 0.07 0.17 0.12 0.04 0.08 tr 0.02 101.50
BW-3 7636  14.28 8.59 0.08 0.17 0.16 0.08 N.D. tr 0.01 99.73
BW-4 73.14  17.07 9.49 0.07 0.11 0.12 0.03 N.D. N.D. 0.01 100.04
BW-5 7800  17.39 5.68 0.09 0.33 0.15 0.03 N.D. N.D. 0.05 101.71

BW-6 81.10 8.20 9.18 0.04 0.26
BW-7 69.50 16.30 14.40 0.03 0.36
BW-8 73.30 8.84 17.80 0.03 0.32
BW-9 79.00 16.38 6.70 0.03 0.18
BW-10 74.69 18.10 7.63 0.03 0.18
BW-11 56.36 18.20 26.05 0.03 0.08
BW-12 67.70 12.50 20.20 0.03 0.20
BW-13 78.25 15.30 428 0.03 0.12
BW-14 75.20 16.00 7.30 0.03 0.13
BW-15 76.80 5.55 10.41 0.05 0.20
BW-16 73.92 11.98 9.63 0.03 0.14
BW-17 76.30 15.60 6.60 0.01 0.11
BW-18 72.60 19.00 6.30 0.01 0.13
BW-19 75.10 16.90 6.60 0.01 0.07
BW-20 72.10 8.30 19.50 0.01 0.16
BW-21 79.60 2.90 18.00 0.01 0.22
BW-22 76.50 14.40 4.40 tr 0.07
BW-23 84.50 7.15 2.80 0.01 0.20
BW-24 74.20 11.50 11.30 0.01 0.16
BW-25 75.20 11.60 9.60 tr 0.15

0.06 0.01 N.D. 0.04 0.01 98.88

0.10 0.01 N.D. 0.26 0.07 101.02
0.11 0.03 N.D. 0.34 0.12 100.89
0.11 0.05 N.D. 0.08 0.04 102.57
0.12 0.02 N.D. 0.09 0.02 100.88
0.13 0.07 N.D. 0.06 0.01 100.98
0.06 0.03 N.D. 0.10 0.05 100.86
0.14 0.02 N.D. 0.06 N.D. 98.20
0.08 0.02 N.D. 0.03 0.04 98.82
0.10 0.02 N.D. 0.30 0.11 93.54
0.06 tr N.D. 0.06 N.D. 95.82
0.06 0.01 0.12 N.D. 0.01 98.82
0.08 0.01 tr N.D. 0.03 98.15
0.06 0.02 0.08 tr 0.01 98.85
0.11 0.03 0.34 0.08 0.01 100.63
0.13 0.02 0.23 0.09 0.02 101.21
0.17 0.09 tr tr 0.04 95.66
0.15 0.03 0.30 0.08 0.01 95.23
0.14 0.07 0.30 0.07 0.03 97.78
0.15 0.03 0.29 tr 0.04 97.07

N.D.: Not Detected, tr : trace element
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