2016.5/ 146

( 100871) (

M28

N

~ ~

a+ a+Cu0

:K871.3

100710)

M28

(

600

o

161

( 100871)

:1001-0327 2016 05-0100-08

M28:160. M28:

1.8 2865

2013 3 1)

100
?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



M28:160 [1] @) M28:161 [1]
SEM-EDS
Wit%
Cu Pb Ag As 0
96.6 3.4
M28:160 92.9 7.1
12.8 87.2
96.9 3.1
1 12.2 75.7 12.1
M28:161 2 12.6 77.3 10.0
Se:10.2
40.4 35.7 5.2 Te:g.4
207Pb/206Pb | 208Pb/206Ph | 206Ph/204Pb | 207Pb/204Pb | 208Pb/204Ph V1 V2
M28:160 0.886 2.161 17.562 15.566 37.951 53.89 34.42
M28:161 0.920 2.208 16.771 15.424 37.034 44.05 25.25
Vi V2 4 » By
36.3. 14.1~14.6. 1.2~2.3 VG Axiom
2960 N o MC-ICP-MS
N Prodigy SPEC
N ICP-AES o
Leica 96.6% 96.9%
DM4000M 34% 3.1% a+ o+
CUQO
ZEISS EVOI18 N
BRUKER X Flash Detector Cu,0 N
5010 X SEM-EDS
N 1~3um

101



ppm

Sn Pb Fe Ni As Zn Sh Se Te Ag Bi

M28:160 90.03 | 232 | 34.89 | 1515 | 24.16 | 051 | 15.90 | 10.77 | 44.65 | 10.04 | 31.30

M28:161 1490 | 93.84 | 2825 | 531 | 1442 | 3.26 | 1940 | 6.71 | 53.18 | 10.45 | 21.67

(M28:161) Cu  Cu0O
N Cu20

| BT = 2000 W Cignal A = C2 B30 Date & Api 2014 I EHT = 20 00 W Cigral A« CZ B30 Date & Api 2014
H WOstilimm  Mags 3DOKX Prombs =11 Tene thafad m =l WOs13bmm  Mags Z00KK Brutabis =30 Tene 210018 m
(M28:160) (M28:161)
1~10pum
o
N Y Y o
S o
1. N
141

102
?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



N 1

46.7 97.2%. 2.7% Bl,
30.9 2 4990 23.9
4654 97.6%. 0.6%-
0.6%
97.0%. 2.3%
tol
U
3 2
2% 1 9.5%"
[10]0 N
” []]]o
RE: 44
93.3% 94.0%",
10 1.5 1
91.9%" o
(4
M28 o
M28
99%
Cu Cu0O

103
?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

€

)



140

120 | j>
100 ////// i ///
v ( /’
-
> ° -
| —1 \ﬁgﬂ
5
1
20 //
-—/
0
[ D 0 30 4 50 70 P 1
-20 ? ? W
V2
M28 A%
222
= . L
2.20 .
o R
2.18 & BT 0
A ALHRE S
g 216 * w iL 4
% . BB
& 214 o Bl
" s 2 WAL BT
m HG AT
210 “, A BRI
2.08
0.84 0.86 0.88 0.90 0.92 0.94
207Pb/ 206Pb
1000
100
10
1
e [EFSE M28:160 il 54152 M28:161
0.1
Sn Pb Fe Ni As Zn Sb Se Te Ag Bi

104

111

2.
M28
V “
VI.V2
”[15]0
VI-V2
LA I
v .
M28
I
I



1ppm
3ppms
M28:160

18]

23ppm, 15ppm,

94ppm Sppm.

i M28

M28:161

M28

[19]

[20]
o]

[22]
02723 KR
02726 . 06001
03823 =,
[24] o
“ ”[25]()
127]
28]
[2‘)IO
M28
>> «
. M28
02734 “

M28

04041 .
02725,

03822,
“ . 2

” -
-

[26]

€

105



7 )5.69 “
7 05387.1.05387.2
“ ” M28
M28
Y
M28
99%
a+ a+Cu20

106

[5]

2007

[6]

96
7]
(

2011
(8]

2009
91
A
[10]

91~104

)
[12]
1999

K
[13]
1999

39 .
[14]
)2010
[15]

(

>«
4 M28

2013 12
(

2001
(
21 .
(
?

192~235

6

[11]“

2

96~103
(

» 1994 2

(

(
215~233

b

(
215~233

)

(
124~130
(
)

(14ZDB051)

(
)2013 4 3~

)
(
30~48

) 2008 35

(
83~93
? )

2002

)
Vi

¢ .
)« )

139~144
(
Yy 013 7
DI
112~116 .

)

1981

(

( 21981 8 30~

)
(

¢ )1981 8 30~

B A

2008 34



° [23] ( M~
[16] ( 18 1984~1994  (

bs 1998 . )o
[17]Pernicka, E. Trace element fingerprinting of ancient [24] ( by 1981 104~
copper: a guide to technology or provenance, in S.M.M. Young, 108
A. M. Pollard, P. Budd & R.A. Ixer (eds.) Metals in Antiquity [25] N N (
(British  Archaeological Reports International Series 792), )« 21998 9 53~58
1999: 163~171. Oxford: Archaeopress. [26] 4 » « 91998 11
[18] ( M28 ) 67~79
( [27] . (
)2013 12 30~48 . > )1998 9 53~58 .
[19] ( ? [28] ( € )1998 11
) 2004 174~175 67~79 .
[20] ( — [29] \ (
) 2002 72~93 . > )98 9 53~58 .
[21] ( b 2000 7
377 .
[22] ( )<

21977 8 1~11

Comprehensive Analysis of the Copper ingots Excavated From the No.M28 Tomb of Yejiashan
Cemetery, Suizhou County, Hubei Province
Yu Yongbin, Chang Huaiying, Chen Kunlong, Huang Fengchun, Li Ling, Mei Jianjun, Chen Jianli
(Beijing 100083) (Beijing 100710) (Wuhan 430077) (Beijing 100871)

Abstract: Two copper ingots were excavated from the No.M28 tomb of the Yejiashan cemetery,
Suizhou County. The shapes of these two ingots are different, and they were also placed in very different
locations suggesting a likely variation in their function. The metallographic microstructure, chemical
compositions, lead isotope ratios, and trace element contents were examined and analyzed by metallo-
graphic microscope, SEM-EDS, MC-ICP-MS and ICP-AES. The results indicate that both of the ingots
were made from a + (a +Cu,O)hypoeutectic pure copper. The provenance of the two ingots may be
different, and the chemical signals does not match any mining sites in the Yangtze River Basin known to
date. This paper futher discussed the natural and cultural connotation of these two ingots, which are of
great significance in recognizing the circulation system of metal material in Western Zhou.

Keywords: Yejiashan Cemetery of Western Zhou Dynasty, Zeng State, Tomb No.M28, copper in-
gots
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