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Table 1 The introductions and photographs of examined faience objects from tomb M2009 in Guo State Cemetery
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Fig.1 SEM photomicrographs of faience earthed from tomb M2009 in Guo State Cemetery
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Table 2 The compositions for faience beads from tomb M2009 in Guo State Cemetery (%)
[KIRES Na, O MgO Al, O, Si0, Cl K,0 Ca0 TiO, Fe, 0, CuO P, O
(a) EDX1 0.3 0.5 2.7 91.7 0.4 0.3 0.4 0.1 0.6 3.1 -
EDX2 0.3 0.5 6.4 88.6 0.3 0.4 0.5 - 0.7 2.5 -
EDX3 0.4 0.5 6.5" 88.0 0.4 0.5 0.9 0.3 0.7 2.1 -
EDX4 0.3 0.6 2.8 93.1 0.5 0.4 0.5 0.2 0.4 1.6 -
(b)EDXI1 0.3 0.3 1.1 95.1 1.0 - 0.4 - - 2.4 -
EDX2 0.4 0.8 10.8 " 80.4 0.8 0.4 1.6 - 2.6 2.7 -
EDX3 0.3 0.5 1.3 94.0 0.8 0.2 0.4 - 0.6 2.2 -
(¢)EDX1 0.3 0.5 0.9 94.0 1.1 0.1 0.7 - 0.3 2.8 -
EDX2 0.4 0.5 1.6 84.4 0.8 - 5.0 - 0.4 2.0 5.3
EDX3 0.4 0.5 9.5" 85.6 0.4 - 0.9 - 1.0 1.9 -
EDX4 0.3 0.5 0.9 90.3 2.2 - 1.1 - 0.6 5.3 -
EDX5 0.1 0.3 1.6 90.6 2.1 0.3 1.5 - - 4.6 -
EDX6 0.3 0.5 0.9 9.1 1.1 0.1 0.4 - 0.4 2.8 -
(d)EDXI1 0.2 0.3 0.8 80.7 1.4 - 8.1 - - 1.5 7.7
EDX2 0.3 0.5 13.1" 84.7 0.5 - 0.9 - - 0.4 -
EDX3 0.2 0.5 1.9 97.5 - - - - - - -
EDX4 0.3 0.4 4.2 93.6 0.3 0.3 0.4 - - 0.7 -
EDX5 0.2 0.4 1.3 95.2 1.0 0.1 0.5 B - 1.9 -
(e)EDXI1 0.5 0.6 0.6 87.5 0.9 0.1 0.3 - 0.4 9.1
EDX2 0.4 0.8 2.0 88.8 0.7 0.2 1.3 0.1 0.4 5.3
EDX3 0.3 0.4 0.5 98.6 - B - - 0.3 -
EDX4 - - 1.1 98.3 - - - - - 0.6
() EDX1 0.4 0.6 1.2 87.7 3.4 0.4 0.7 - 0.7 6.7 -
EDX2 0.4 0.6 0.9 92.4 1.4 0.2 0.5 - 0.6 3.6 -
EDX3 0.1 0.3 1.1 97.6 0.3 0.1 0.3 - - 0.3 -

EDX4 0.2 0.3 0.4 98.3 - 0.2 - - - 0.6 -
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Fig.2 The elemental mappings of faience bead SMX —3 from tomb M2009 in Guo State Cemetery
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Fig.3 SEM photomicrographs of faience beads SMX — 1,3 from tomb M2009 in Guo State Cemetery
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Table 3 The compositions for faience from tomb M2009 in Guo State Cemetery (%)
R Na Mg Al Si P S cl K Ca Ti Fe Cu Hg nl BEPIHH
(a) EDX1 0.5 0.6 14.6  52.8 - - - 30.3 0.3 - 0.4 0.6 - KAISi; Og
EDX2 0.7 0.7 8.2 23.1 - - 0.2 10.7 0.2 55.2 0.6 0.3 - -
EDX3 0.3 0.4 1.0 96.6 - - 0.1 0.4 - - - 1.3 - Si0,
(b)EDX1 2.4 2.3 4.3 8.6 13.0 8.2 0.7 19.3 17.7 4.4 19.2 Hed
. . . . . . . - . - . . . CaS(PO4)3(OH)
EDX2 0.3 0.4 4.6 3.5 28.9 2.7 0.4 - 55.5 - 2.4 1.3 - Cas (PO, )5 (OH)
EDX3 1.8 1.4 3.7 6.6 2.1 1.9 0.5 - 529 - 0.4 1.8 - Cas(PO,),(OH)
EDX4 0.9 0.6 0.9 78.5 - - 6.2 - 2.6 - 0.4 10.0 - PEEE A

WP AL, 9% F T2k SMX — 1 A (i RE SR 0K )
A REEEP I A7 (& 3aEDX1) , n] ESK R A A
Perbul R L, LR RE 5 AR A 5%, B A R AR it
K,0. SMX —3 SMURHZ A w5 5e b E Y, Bt Al =
R, FF BT AR BT AEL (18] 3b) o JErBL

©
2 [caPO,),(OH)
1200 | 785,100%,30*30
2015/10/15
1000
800
2
=
92} T T T T T
=
g o|ca Po) (OH)
600 | & | RRUFF780nm
=

2016/04/08

400

200 I 1 1 I 1
1200 1000 800 600 400 200

Wavenumber/cm !
(a) SMX-4 outer part

ZULT SMX2 ~4 51 NIRRT, 78 ETE RS
FRRERREIRAT (] 4a) o BUIX 0T 45251 5 0 R T 4 4
—3, PEWTER SMX — 3 Ah R H R A Y
Hg FI S(1# 3cEDX1) o &2 G ik, 8 58 LIR
b (HeS) BB A 7E (15 4b) .

]
=
[a\]
60000 | |HeS
638nm,1%,20%30
2015/06/11
)
30000 S 9
N
oy
1) 0 T T T
g b
P | [Fgs
£ 0000 R UFF780nm
2016/04/08
30000 F .
=
3 g
0
1 1 1 1 1 ]

700 600 500 400 300 200 100

Wavenumber/cm!
(b) SMX-4 inner part

4 =TUEEEZE M2009 4Rk S g K

Fig.4 Raman spectra of hydroxyapatite and cinnabar on the surface of the faience beads
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Fig.5 The comparison of interaction layers between Yujiawan Tomb and Guo State Cemetery
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The analysis of faience beads from Marquis Guo State Cemetery in
Sanmen Gorge of Henan Province

WANG Ying — zhu', CHEN Kun — long' , MA Qing —lin*, MA Hong — jiao' , ZHANG Zhi — guo’, JIANG Tao®
(1. Institute for Cultural Heritage and History of Science and Technology, University of Science and Technology, Betjing 100083, China;
2. Chinese Academy of Cultural Heritage, Beijing 100029, China;
3. National Center of Underwater Cultural Heritage, Beijing 100085, China;
4. Henan Provincial Institute of Cultural Heritage and Archaeology, Zhengzhou 450000, China)

Abstract; The chemical composition and microstructures of four faience beads from the Marquis Guo state Ceme-
tery and dated to the Western Zhou to Spring and Autumn periods, were analyzed using a scanning electron micro-
scope equipped with energy dispersive X —ray (SEM — EDX) and a Raman microspectroscope. Little flux in the
matrix of the interaction layer of the beads due to aging was found. Analysis of the microstructures indicated that the
main colorant element used in the glaze is copper. In addition, the hydroxyapatite on the outer layer of the beads
was probably derived from the dead body (bones), and the cinnabar came from the basement of the tomb.

Key words: Faience bead; Weathering and corrosion; Glaze method; Colorant
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