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Abstract

We have analyzed the ingredients of 17 pieces of Bronze Age bronze
ware, and an additional 22 pieces of Koryo and Chosun dynasty bronze
ware. We have also conducted analysis of the extraction sites where these
bronze ware items were found.

For analyzing the main ingredient the bronze ware items have been divided
into 3 groups ~ Cu-Sn(70775:20), Cu-Pb-Sn(70:10:10), Cu-Pb-Sn(60:10:20)
type respectively. In the cases of the Cu-Pb-Sn groups the division comes
down to differences in the Cu content as the main component, and
elements such as Ni, Fe, Co contribute as a micro ingredient.

The geographical and periodic characteristics of ancient bronze ware items
show that theircompositional element changes from Cu:Sn to Cu:Pb:Sn and
the Cu content decreases with the period,while the Pb content increases
with the period.

Bronze ware items from Suchon Ri, Gongju (that were used in 3 B.C.)
form very different categories from 3rd ~ 2nd B.C.. They additionally
formed very different categories from those bronze ware items analyzed in

this research. These bronze ware itemsare shown to be geographically
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close and periodically overlapped, but made of a new elemental
composition. This shows an inflow of a production technical culture present
in the new bronze wares. The main component content of Cu is lower, and
the Co and Fe contents (as microelements) are much higher than that of
other bronze ware items. Such facts showthat those bronze ware items
used completely different materials from bronze ware items in other
cultural areas, or that there were differences in smelting techniques

In the places where ancient bronze ware items have been extracted, it is
presumed that the materials originated from the southern parts of Korea
andnorthern parts and southern parts of China. As more bronze ware
scientific research is compiled one can conclude that that there will be
enough scientific evidence to study the Bronze Age culture of

Koreasystematically
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ANBEH 5 439 HE7I2RY 244 A8 50mg AEE A3 Fsto
Teflon Digestion vessel(7}¢€71) ol 23 g5 @4 ; A = 30 1) 3ml¢}

HF(E4h) ImlE ¥ F2& 23 ¥ 7P‘§5‘P‘21‘4 geoln AAE AR %

di ANg7t ¢4ds] SAEA=AE FAAt. oA THEste Hx

TE oS 1% AAgdE 9o 20ge HEJY. EFEAL AAEFD
£ FFYA(1000 ppm, BDH spectroso)S At-&3le] S ed EAA189 H
E 237] Yt F4E 1ml A FUtEth AEENS GEZEEEY
Zupdt 2 A 71(ICPS-1000111, Shimadzu, Japan)& ARE3te] 9% HEYA
(Cu, Sn, Pb, Zn, Ag, Ni, Sh, Fe, As)E %233t} zZt A&l dlste] 33
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HW AAUETE 820)w Akt 204, 206, 207, 20870 47hA9) EHUAE
7RI dth AR 20490 PPhiz b A S FEALLRZA AT A
Al EASE Aoy, Mppe Fyuezm xy Yphe Puezm RE, Ppp=
P2Thel whabg B o] o5 A Felth. wAAEI o8 A4E @
(Pb, *Pb, Ph)e AEHY EAE F(MPb)F EFerel o A7)
FARs  FAseE oW FdFe AAF  FEA LW TP/ 4P,
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AEE A8E BEE §F v dHo] ) ol g dHE Bésts WY
oz24 HE HolHE FAld AlEsle] AP FAAREA(SLDA)CE WAF 9
TEEE uRAERAK) 5ol 2a3t g7, T3, dEe wdFe ¥
A4H) volB'E Algate] mAISYTE o] 7)ol WA A e FEHPan] Hol
HE o] Add #APASE ool FA & & don, ol X7t 1A

ANEe) gel Qe o] PAE WAFFAA AL XFe BEYFDSh
Yo sad5DS)E e |
DSij = - 0571Xa; + 1916Xg; - 0.091X¢; + 8.292Xp; + 14.24Xg; - 53.13
DSy = 1.025Xa; + 3.231Xp; ~ 0.487Xc; + 7.280Xp; + 3.140Xg; - 63.33
71 M, Xaj, Xy, Xci, Xvs Xej, £ A8 22 F992u pp/MPb,
‘2()7Pb /204Pb, 2()8Pb /204Pb’ 2()7Pb /Z%Pb, 2()8Pb /Z%Pb 94 %}1\_ o] E}

31 AExA 93 HE~r

M
M
u

BE7NY AR GE FFE A5t dolEle] FAEAS B 2
a9 Aol Yeldo] 4HE = 9= wio] e I FoME FARE
(Principal component analysis)©] 7} ®eo] L= doh B AFdA = A
571 363l dstd ZH7 107 Y48 A
Bt AE7] AREY BRITE EYE AEERA Ad 2 A9z oyt
EAol Je=XE dFsA.

aie] HE7] 368 FEVE BAS dEE2A4E [Table 119 e At
3F9 F24E(Cuy, Pb, Sn)3 7F9 vFAE(Ag, Ni, Sb, Co, Fe, Zn, Mn)
= X33t Zz 1059 Avs A8 ol & dolEHE Ah&ste] F4E
+A(PCAYE 8% Z3E [Fig. 119 YeEh AT

[Fig. 1]o1A B%o] HE7|= 34 37 #2282 /57 HE
%, Cu, Pb, Sno| A& ol & REIEZRE A8 24 we
o 4 At [Fig. 3.15]94 [#& Cu-Sn AlE9 HE7) 9] %
23 HAYqx, [IFL Cu-Pb-Sn AETY HE7IE2A 13", 1I
Cu-Pb-Sn A& HF7] 6] 3= o] ot

_%m\m;
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[Table 1] The results from compositional analysis of Bronze Age remains

Cu Pb Sn Ag | Ni Shb | Co Fe Zn | Mn

No 87 % % % % % % | ppm | ppm | ppm | ppm Total
1 N853 69.6 | 9.36 186 {007 | 001 1048 ] - 10.03]<002] - | 985
2 | & | 714 5.90 226 10051002081 - [0411=<0.02] - {1015
31 ¥ & | 735 5.64 205 100310091072 - 1005{=<002] - |100.7
4 ANBsd | 669 3.98 219 1002 1006|067 - 10.04}<002 - | 986
5 | Masd | 739 9.60 120 1014 {006 | 006 | - 10.00310.028| - | 9538
6 | A¥s7 | 7144 [10.7x05] 18+1 | - - - - - - - | 997
71 F 2 | 6944 [10.2+05| 20+1 | - - - - - - - | 92
8 |8=ayg 53| 759 0.48 195 | 009 | - - - - - - | 9.1
9 [ M¥sd [ 714 185 471 100610101004 - (0051 <0020 - | 949
10| & Ab | 61.0 6.13 228 [ 0.10]0.14 1043 | 313 | 106 - 5.6 -
11| & A~ - - - - - - - - - - -
121 & 2 - - - - - - - - - - -
13| #3454 | 56.1 12.3 165 | 008 | 0.19 | 0.09 | 3581 | 1411 ] 125 | 7.3 -
14| = A | 532 127 203 1014 | 015|017 | 87 | 8. | 160 | 61 -
15| = Z 1620 6.90 218 | 018 | 0.08 | - 271 11580 ] 11.7 | 2.0 -
16 | HI+4 | 586 8.66 151 | 015|007 | 017 | 179 | 3810} 11.4 | 70.1 -
17| & 7 [ 707 5.10 200 | 0.16 | 0.05]0.20 | 41.1 | 1273 - |348] -
18 23 70.4 0.14 176 10191004 | - (205|665 | 484 | - -
19 3t 70.5 0.09 201 10181010 - | 246 | 818 | 140 | 4.1 -
20 3} 73.0 0.12 183 1018 0.03 | - 199 | 396 | 39.0 | - -
21 3 73.2 0.09 195 (018 | 034 | - | 221632 | 177 | 24 -
22 3 71.7 0.08 182 1017009 | - 239|638 | 166 | - -
23 % - - - - - - - - - - -
24 3+ 73.4 0.11 171 1 0.19 | 0.11 - | 314 131 - - -
25 3+ 70.4 8.19 108 [ 018 1 0.06 | 018 | 89.1 | 188 | 840 |115) -

26 =7 719 0.11 201 1020003 1005255 163 | 157 | - -

27 =7 = 4.2 0.14 204 1013003 {006 41.0 | 278 - - -
28 A 7te 634 | 1278 | 134 | 012 | 0.06 [ 045 | 51.8 | 60.2 | 439 | - -

29 el 721 010 | 206 | 012 {003 005233327 | 146 | - -

30 7= 72.1 0.36 214 1037 1010 | 005 | 848 | 1414 383 | - -

3| AR | 743 0.08 150 100910041019 - 1721 - - -
32 i) 75.6 9.69 6.53 | 0.12 | 0.03 | 0.10 | 24.3 | 396 | 46.3 | 6.0 -
33 s=7te 75.9 0.10 217 | 012 1 0.03 | 006 | 226 | 324 | 103 | - -
34 =7ke 773 0.27 200 10441021 | - | 82511324 747 | - -

35 £7he 72.9 0.20 204 10491 0.13|0.08 {2164 478 | 265 | - -

36 ¥ 4 59.7 21.0 455 1 0.08 1 0.02 | 017 | 66.7 | 661 | 118 | 2.2 -

37 i) 61.7 24.1 589 100310021023 (445|169 | 458 | - -
38 ol 73.3 0.06 19.5 | 0.03 | 0.01 - | 410|569 | 285 | - -
39 A7 et 72.3 0.19 198 1016 | 008 | - [536] 494 | 61.2 | - -

ol Al A& FHEAHES dFHor dHEd | LolM= Cudn = 70~
75:20 ol™, HTelA CuPb:iSn = 70:10:10 ©] FHEZE olFx A= 7Hed
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70:20:5 R 60:25:55 ©f Wl && b AUV 4N XA Aok [Fig. 11014
X592 2EFE ZFE Cud FF2 o832 4l Pbe 42 & T
AHn grks A ¢ £ Ak MIFE CuPbiSn = 60:10:200) &% 2 XE
Uebn go I M2 22 CuPb-Sn A€oATt HE & ToB
BYHe AL FoAEo2A Cu T xold 9§ Holn mFHROZA

46
________ I_. Cu-Pb-Sn System
o~ I . Cu-Sn System _ sot - ,—; : Tl
E /”é \\\ ,’/+6 5 + +9 \\\
@ o7 & 38, ) + ot t, 44 437
o /, 27 ++31 ! \ 7 +
g p 33+_:,3_?29 [ NG . 36t .
’ ~o 2 _-~
g vl f_; %330 [ os LI
o -35 / 4% 8%y /=10 25 45
< / 2+ T
% H 19 I/ I\\ +17 +10 .
£ |1 B+ 5 L NS NI . Cu-Pb-Sn System
a v 34t L7 -2.0d .
\, e AN N
N - N 14 \\
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~ \
N +16
SN ]
-4.0 4 .
\\\~+ 13 /'
— 0.V

Principal component 1

[Fig. 1] Distribution chart of bronze ware items bv (PCA)
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[Table 2] Discriminatefunction and Lead Isotope Ratio of bronze ware items

No. . R R H gy 247
206/204 | 207/204 | 208/204 |207/206 | 208/206| DS, | DS,

1| A8%7d [ 19178 | 15781 | 39926 | 08229 | 2.0819 | -1.008 | 0.400 | 3Jr=¢H
2 5 % 17.959 | 15635 | 38.710 | 0.8706 | 2.1555 | 0963 | -0.151 ] F= &R
3 5 8 18535 | 15.664 | 39.028 | 0.8451 | 2.1056 | -0.261 | 0.036 |&=+d.F =2
4 | A8E7 | 18024 | 15582 | 38327 | 0.8645 | 2.1264 | 0.394 | -0.205 dE

5| AM8E7 | 17748 | 15544 | 38.033 | 0.8758 | 2.1430 | 0.836 | -0.333| EXEHF
6| A8Ezx | 18910 | 15735 | 39.728 | 0.8321 | 2.1009 [ -0578 | 0.200 | #=H
7 %R 24.259 | 16540 | 44.350 | 0.6818 | 1.8282 | -7.640 | 4.082 ?

8 | HIAgE%d | 17697 | 15544 | 38.036 | 0.8785 | 2.1493 | 0.977 | -0.347| E=ZEF
9| XN&E%7n | 16846 | 15353 | 37.123 | 09114 | 22035 | 2.224 | -0982| F=&H%{
10 A 20.0568 | 15.9790 | 40.7216 | 0.7967 | 2.0304 | -2.153 | 1.200 | =%
11 o 20.4958 | 15.9801 | 40.9830 | 0.7797 | 1.9650 | -3.498 | 1.197 | g=d2(?)
12 2 21.3591 | 16.1053 | 42.3846 | 0.7540 | 1.9844 | -3.815| 1.678 | g=d2(?)
131 #AAF4 | 204961 | 159631 | 40.9998 | 0.7789 | 2.0003 | -3.036 | 1.240 i R
14 54 20.1581 | 15.9275 | 40.6747 | 0.7901 | 2.0178 | -2.540 | 1.073 R
15 %3t 18.4739 | 156412 | 38.9541 | 0.8467 | 2.1086 | -0.208 | -0.043 | &4
16| o544 | 17.6814 | 155905 | 384632 | 0.8818 | 2.1754 | 1.435 | -0.315| &= 3(?)
17 57 18.8085 | 15.7227 | 39.2512 | 0.8359 | 2.0869 | -0.668 | 0.272 g
18 k) 18.496 | 15648 | 38.507 | 0.8460 | 2.0820 | -0551 | 0.130 | =¥
‘19 3t 18547 | 15793 | 38.712 | 0.8515 | 2.0874 1 -0.198 | 0608 | FT =%
20 i) 18498 | 15664 | 38752 | 0.8468 | 2.0948 | -0.354 | 0.111 e
21 ) 18.495 | 15649 | 38508 | 0.8461 | 2.0821 | -0546| 0.133 | &=d®
22 gt 18.493 | 15.789 | 38.493 | 0.8457 | 2.0817 | -0.285| 0587 | =g+
23 gt 18543 | 15.795 | 38.504 | 0.8458 | 2.0818 | -0.300 | 0653 | =g
24 gt 18496 | 15662 | 38.750 | 0.8463 | 2.0943 | -0.369 | 0.098 | @z g%
25 3 18540 | 15.793 | 38501 | 0.8453 | 2.0915 | -0.168 { 0.672 g
26|  #7e 18.389 | 15698 | 38.878 | 0.8537 | 2.1139 | 0.091 | 0.158 L
271 &7 18410 | 15.732 | 39.007 | 0.8545 | 2.1187 | 0207 | 0.248 | =%
28 A7t= 18391 | 15.700 | 38.800 | 0.8539 | 2.1140 | 0.103 | 0.206 3o -
29| &g 18.390 | 15699 | 38.877 | 0.8536 | 2.1138 | 0.089 | 0.162 g
30| <=7 18412 | 15734 | 39.010 | 0.8547 | 2.1189 | 0213 | 0.257 | s dH
31| FAFE) | 18411 | 15735 | 39.009 | 0.8546 | 2.1188 | 0.214 | 0.258 | @ISR
32 gt 18.338 | 15696 | 38.309 | 0.8560 | 2.0892 | -0.166 | 0.315 | £3FEH(?)
33| #7= 18.400 | 15698 | 38.312 | 0.8553 | 2.0897 | -0.196 | 0.381 | &3FH(?)
M| f#£2= 18.491 | 15699 | 38.731 | 0.8490 | 2.0945 | -0.268 | 0.242 | == ¥(?)
3B =7 18338 | 15691 | 38.813 | 0.8556 | 2.1166 | 0.166 | 0.137 S i
36 5% - - - - - - - -

37 3 18338 | 15691 | 38.813 | 0.8556 | 2.1166 | 0.165 | 0.137 g
8] &2z 18.094 | 15562 | 38.209 | 0.8616 | 2.1154 | 0.147 | -0.194 2k

39 =g 18674 | 15779 | 38.783 | 0.8450 | 2.0772 | -0504 | 0580 | X I H(O)
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[Fig. 2] Lead Isotope Ratio distribution chart for ancient bronze ware items
(type-A)
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[Fig. 3] Lead Isotope Ratio distribution chart for ancient bronze ware items
(type-B)
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[Fig. 4] Distribution chart of bronze ware items found in the Linear Discriminant
Analysis
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