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Table 1 Results of ICP — MS analysis of the bronzes excavated from the cemetery of Guo State (pg/e)
T TS it A Fe Co Ni Zn As Ag Sh Te Au
1 GGO1 M2001: 82 & 6 283.4 82.6 96.4 119.7 1848.1 1121.0 464.5 14.4 12.3
2 GGO3  M2001:391 -1 T P -4 4k 3323.5 53.8 60.8 34.5 1767.0 552.7 357.0 13.0 8.8
3 GG04 M2001:518 x* 3641.5 25.3 46.0 138.6 171.2 100. 4 21.8 16.2 0.7
4 GGO06 M2009: 478 ERNACILN 295.0 12.9 79.3 40.2  2321.7 2031.6 693.7 12.4 17.2
5 GGO8 M2009: 519 B A4 7 1R 2 610.8 33.7 53.0 398.7 1215.1 641.8 372.1 13.0 4.8
6 GG09 M2009 - 527 LB 1493.5 9.9 50.6 13.9 1358.8 66.8 342.9 6.5 11.4
7 GG10 M2009: 529 A i 2 154.7 42.6 93.0 50.0 1137.2 1619.0 474.6 11.6 18.5
8 GGl11 M2009 -555 ER TS 4149.1 43.3 97.9 48.5 2798.7 1145.5 481.7 7.3 14.0
9 GGI13 M2009: 585 285k 1041.0 68.0 78.5 55.4 424.6 173.2 79.1 18.7 8.1
10 GGl14 M2009: 614 T 7 6281.8 19.9 50.9 66.5 1106.4 618.4 241.4 9.3 5.4
11 GGI15 M2009: 656 B B 1 690.4 51.1 70.8 44.6 1482.3 397.7 449.1 16.1 3.8
12 GG16 M2009: 690 X 8976.4 8.0 128. 1 82.4 385.8 84.2 33.7 18.0 1.7
13 GG18 M2011: 18 il A5 1 086.1 14.9 163.7 37.3  2600.9 1017.0 417.4  16.3 18.7
14 GG19 M2011:77 &h 16 256.2 164.7 180.8 75.0 8049.8 1273.5 1125.1 27.1 21.0
15 GG20 M2012: 1 AR 3200.7 43.5 68.5 49.9 3215.0 166.6 601.7 9.3 13.8




%5 W TR IR AT PR S A T A AR R TR 1 AT 21
16 D00 " 400 ¢
ﬁ 12 000 E 300
w0 5
= = 200 |
ﬁ 8 000 x Eﬂ N ,(
4z 4
4000 10ar é é
" -
LT B S s +
Fe As Ag Sb Co Ni Zn Te Au

pIvE

TR

B 1 BEMEZE I 430 77 H A A R e R A A

Fig.1 Box plot for contents of the cemetery of Guo State

BRIOCEANEAE IR R ER TR, AXT 4 2
ZEM) 15 NFEFEY CoNivZn.As.Ag.Sh.Te.Au 8 Ffi
HAH AR X E R S% SPSS
AT T M (B 2) o WARRZEZERE KR T
A(M2011:77) ,4 DEEZEH A il o R A R A
FERL /NI X 35K, , 22 W 12 56 b AN [R) S 28 1) 75 8 2 7 8}
RIFIEAFF IR E -« X —25 R Z ik = =
el A [ 2R A3 AT 45 SR AH R, 10 B % 2 b S J 3 38
M ZE5E T i i 2 AH A 9 87k ok 5, 3 — 25 Ul 1]
TAFAER — DR R 9% [ SRR T s R AL TR
Wk

BIE
+M2001
40 | ® M2009
A M2011
< M2012

20
FY
.
+ o
°
00 | +
o T,
. .8

factor score 2 for analysis 1(17.327%)

20 F

20 0.0 20 a0
factor score 1 for analysis 1(50.490%)

B2 DR L R T AT R
Fig.2 Diagram of factor analysis of bronze samples

from the cemetery of Guo State

(ER A ( M2011: 77) 2 FAUAE i 5T, AAAG: N
GEAORE IR As AgSb &t TS AR i 42
L X 3 MOCER R R MUK, SR EF TR R RRAE
BRI T & Asy Ag Al Sb B B H R B
AL AL LSBT i AR A A AR A
HAAPER R - 430709 3 (AL Rk B T iR S s

FE T 5, A KKK S B, M2001 ) 5 A 5 i
C I H 7 ih 80, I 30 Wi 2 095 80 1) 08 ROIR BRE I
SR T B ROMLR, S T R R AT 0 e T
M2012 1 M2011 51 5 93 25 JXUAS AR, 42 M B2 Bk
T4 S 1 R KIS G 6 S5+ D A
SRR, R AR o R AR S M2011 %)
2 ) B REL A R B A /N 95 S TN R % B 3
Bl Ak 1R 0 BT 45 1 0 2 . Ak (M2011: 77) 5
M2012 3] it JXUkS HE 7] 157 A9 AR 14 (EL A
FEASTA], DT 6 BH M2011 %1 sl 7 A 3l 43 41 1 AE 16
A AT RESRHH T 93 4 — Bl & As\ Ag Al Sb # 5 1)
k. R AE B, B E L 7E R AR
— AERTE ST A R R S R B R i R
FIT D B0 8

“HEHTTFR R 7 P MO TE R A vk, A
Fi As\Sb.Ag Ni 4 Fhow EFEH 25 B9 A L (L
0. 1% N HRHATIX ) L #5716 DARR KRR ITEER
/NG, BAR SR 5 1 MarkPollard A PEAIA 28 L A
PR o 3 5 X B R S A R A 2, AR Ay 1,2
ZH,%5 1 24 As<Sb Ag Ni ¥ 5L 67% , %5 2 41 As
di 1t 33%

54 DX DA F R 8 M 1 ) R A L A
R TR M RIT SR e A Al B R R I 300 1
35 LI 7 ki 2 AR 2, Hor B P 1,249
o DRRTITIIAG 1222912 0 i 4 2% 9 3 B fu i
TEE/NEZER MY o PG A A B W 1.2.9.12
g Y o ARG K, B E 2L AL T
P JE 22 B 5 TSR B 10 2 LA L, HA SE S L A
SRIELL 12 45 . A2l A i
SO AT TR WA AR, 7540 TIF s — &
i P2k FARLT B A AR A B T B FE S M
B HAT — < (9 FE S o



22 SR R R

H32E

3 BEEZE T A 5 A AT A Sl O R
R LA

DR [ 5L 1 75 i) 45 B [ 0 3% LU AR B, B8 [ 2L 4t
07 ] A )62 3R 5 1LY v 2R B I L AR 2 LT AT
HE LR e s XA - K 8 i X AT A
BT VYRR WA IR R . AT B R A A0
b, th TR EE s TR A sh , SRE 4 B L
IR A AR R BT LR A R

T A IR T 3R B AN B8 L S Ml S AR Y RPAE
WAV T hE A A R B ( BR) s i v A B R L
A AR T RE SRR ARAE , T LA IR TS
R IR By T ) o 2 R E AR ist ik il i
TCE  ASCAT LA IR SRR I8 1 JC = X A7
T, BB T Co.Ni.As.Ag.Sb.Te X 6 Ffi 1. Z K48
KB ] ] 0 Tl T R 3K Sl IX 1Y) ]
BE( HR) YRR TR B (3R 2) #EAT XL, Rk — 45
PRITHE 22 b 3 A 5 (0 1R AR

R2 AR HAEE( D) SRR RO TR S M el

Table 1 Trace element analysis results of copper ingots and particles from several sites of mining and smelting

and the cemetery of Guo State (ng/g)
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Analysis of trace elements in bronzes unearthed from the cemetery of Guo State

WEI Qiangbing', LI Xiuhui', WANG Xinguang’, CHEN Jianli’
(1. Research Institute of History of Science and Technology and Cultural Heritage, University of Science and Technology Beijing, Beijing 100083, China;

2. Henan Provincial Institute of Cultural Heritage and Archaeology, Zhengzhou 45000, China;
3. School of Archaeology and Museology, Peking University, Beijing 100871, China)

Abstract: The combination of trace element and lead isotope ratio methods can complement the ability to trace

bronze minerals. Previous measurements of the isotope ratio of bronzes in the cemetery of Guo State suggest that the

bronze ore material may have originated at Zhongtiao Mountain in Shanxi and the middle and lower reaches of

Yangtze River. The elemental analysis of this time shows that the trace elements of the bronzes are completely

different from those of the Zhongtiao Mountain copper deposit in Shanxi, but have the same characteristics as those

of the copper deposits and copper ingots from Tonglu Mountain in the middle and lower reaches of Yangtze River,

and at ancient mining and smelting sites in southern Anhui. In addition, both trace elements and lead isotopes show

that the bronzes of different tombs in the cemetery of Guo State share a consistent source of minerals, indicating that

the source of bronzes unearthed from the cemetery of Guo State was relatively simple and stable.

Key words: Cemetery of Guo State; Bronze; Trace element; Mineral source
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