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Fig.1 Sampling locations of the bronzes from Zaoshulin Cemetery ( red circles) and their zoom — in images
1
Table 1 Information of the samples taken from the surface decorations of the bronzes from Zaoshulin Cemetery
7811 M191: 1 ()
7812 M190: 234
7ZS13 M190: 234
ZSIA M168: 13
ZSL5 M168: 24
1.2 -
1 mg 2 uL 25%
5 . ( TMAH) Frontier
ZSL1.7ZS812.7513 . ZS1A ZSL5 Lab PY - 3030D GCMS -
- ( ATR - QP2020NX Ultra Alloy - 5;
FTIR) . Agilent 4300 FTIR 300°C
o 64 49.7 kPa 24. 0 mL/min
4000 ~650 cm ™', 1.00 mL/min 36.1 em/s 3.0 mL/min.
4 X ( XRD) . 40.0°C 30.0 m 0.25 mm
Rigaku X SmartLab 1D 0.25 wm 360.0C;
ZS12.7813.7Z814 7SS (ZSL1 200°C 250°C;
) o 40C 3 min 10°C /min 350C
5 5 mino,
- ( SEM - EDS) . Thermo Scientific
Phenom ProX 2
15 kV 2.1 -
o ( 2 ZSL1.7ZS12.
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7S13.7814 7815 1 000 em™'.775 em ™! ( 3)
693 c¢m ! - 1000 ¢cm™' .
Si—0—Si > 1000 cm ™'
Si—0—Si 0

777 em™' 694 cm ™!

- YAV
2o
13-14
13 15 .
7514 2 7ZSL1 ~ 7815
Fig.2 FTIR spectra of Samples ZSL1 ~ ZSL5
Cn —ene ;Cn: 0 n
3 YAV -
Fig.3 Py - GC/MS results of Sample ZSL4
2.2 - Al (ZSL1.ZS12 =1 ~2.7812 -4 ~5.
4 2 ZS1.3 -2.7S13 -4 ~5.7ZS14 -1.7S1.3 ~6.7ZSL5 -
4.7S15 -6 ~7) .
o : 5 Si.Al K Na o 7513
Si Al Fe
; Cu~Sn Fe K. Mg. o
Na.Ti o Cu- Sn 2.3 X
ZS12 ~ 7S15 XRD
o SEM Cu XRD ( 3)
Sn (7ZS12 -2.7SL. -3 -3.7S13 -5) ,

Si - o
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o X
ZS1A 20 31.062° 34.924° o

(a) ZSL1; (b) ZS12; ( ¢) ZSL3; ( d) ZSI4; ( e) ZSL5;

4 ZSL1 ~ZSL5
Fig.4 SEM images of Samples ZSL1 ~ ZSL5

2 ZSL1 ~ ZSL5
Table 2 EDS results of Samples ZSL1 ~ ZSL5 (%)

Si0, ALO, Cu0 Fe, 0, K,0 Vg0 Na, O Ti0, Sn0,
ZSL1 -1 94.61 5.39 — — — — — — —
ZSL1 -2 97.88 2.12 — — — — — — —
ZSL1 -3 97.10 2.90 — — — — — — —
ZSL1 -4 95.26 4.74 — — — — — — —
ZSL1 -5 98.45 1.55 — — — — — — —
7812 -1 100. 00 — — — — — — — —
7S12 -2 84.34 10.50 — — 3.79 — — — 1.37
7812 -3 52.32 35.27 — — 8.22 4.19 — — —
7812 -4 96. 10 3.90 — — — — — — —
7812 -5 94.52 5.48 — — — — — — —
7ZS13 -1 66.31 24.13 — — — — 9.56 — —
7S13 -2 94.35 5.65 — — — — — — —
7513 -3 47.71 34.19 5.16 9.96 2.99 — — — —
7513 -4 100. 00 — — — — — — — —
7813 -5 76.42 9.88 7.82 4.77 1.10 — — — —

ZSI4 -1 49.82 42.13 — — 8.05 — — — —
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( 2)
si0, AL O, Cu0 Fe, 0, K,0 VigO Na, 0 Ti0, Sn0,
ZSI4 -2 56.74 — — — — 43.26 — — —
ZSI14 -3 96.25 3.75 — — — — — — —
ZS14 -4 91.79 8.21 — — — — — — —
ZSI14 -5 87.35 10. 85 — — 1.80 — — — —
ZSI4 -6 97.79 2.21 — — — — — — —
ZS14 -7 58.90 24.92 — — — — 16.17 — —
ZSL5 -1 61.86 21.05 — — 15.34 — 1.75 — —
ZSL5 -2 49.85 39.02 — — 7.23 3.90 — — —
ZSL5 -3 47.56 39.34 — — 8.29 — — 4.81 —
ZSL5 -4 93.61 6.39 — — — — — — —
ZSL5 -5 61.60 23.22 — — — — 15.19 — —
ZSL5 -6 89.25 10.75 — — — — — — —
ZSL5 -7 97.73 2.27 — — — — — — —
16
16
Si. Al Ca. Mg
5 7812 ~7SL5  XRD
Fig.5 XRD patterns of Samples ZSL.2 ~ ZSL5 17
2.4
FTIR.SEM - EDS
AY 4
18
ZS14 o
B— 2 EE—
7SI 4



135

667

648 0,
21
667 . { »

» 22 ’ ’ ’

9
704 ( )
“« » 22

] 2022(17) : 54 -56.
LIU Dongming. From objective to subjective: the evolution of pre —
Qin bronze decoration style from the perspective of artistic will J .
Art Education Research 2022( 17) : 54 —56.
I 2023(1) :67 -69.
YU Xiaohui. Analysis of bronzes’ dicoration in Shang and Zhou
Dynasties J . Cultural Industry 2023( 1) : 67 - 69.
. I 2020
(3):100 -106.

YANG Huan YANG Jian. Examining the inscribing techniques

11

12

13

15

16

applied on cast bronze of the Shang and Zhou Dynasties ] .
Jianghan Archaeology 2020( 3) : 100 — 106.

1980( 1) : 27 -34.
JIA Yunfu HU Caibin. Study on copper inlaid in ancient bronzes
J . Journal of Wuhan Polytechnic University 1980( 1) : 27 - 34.

J. 2018 39( 10) : 2231 —2234.
HU Gang WANG Lihua. Study on the casting technique logic of
copper inlaid bronze during the Spring and Autumn Period J .
Foundry Technology 2018 39( 10) : 2231 —2234.

2010( 1) : 58 - 60.
SHAO Anding. Consideration on the conservation of gold and silver
incrustation on bronze artifacts from archeological excavations J .
China Cultural Heritage Scientific Research 2010( 1) : 58 - 60.
J.
2017(22) : 181 - 182.
YANG Xiaobo. Research on the appreciation of the painting
technology from the decoration technology of bronze ware J . Art

Evaluation 2017(22) : 181 - 182.

2019
I 2019(3) :3-8 2.
GUO Changjiang CHEN Hu LI Xiaoyang et al. 2019 excavation
harvest of Zaoshulin Cemetery in Suizhou Hubei J . Jianghan

Archaeology 2019(3) :3 -8 2.

J. 2020(7) :75 -89.
GUO Changjiang CHEN Hu LI Xiaoyang et al. The noble
cemetery of vassal state Zeng from the Spring and Autumn Period in
Zaoshulin of Suizhou Hubei J . Archaeology 2020(7) :75 - 89.

FARMER V C. The layer silicates M //FARMER V C. The
Infrared Spectra of Minerals. Mineralogical Society of Great Britain
and Ireland 1974.

VAHUR S TEEARU A PEETSP et al. ATR - FT - IR spectral
collection of conservation materials in the extended region of
4000-80 cm ™' J . Analytical and Bioanalytical Chemistry
2016 408:3373 -3379.

VAN DEN BERG J D VAN DEN BERG K J BOON ] J. Identification
of non — cross — linked compounds in methanolic extracts of cured
and aged linseed oil — based paint films using gas chromatography —
mass spectrometry J . Journal of Chromatography A 2002 950
(1/2):195-211.

EVERSHED RP DUDD SN COPLEY M S et al. Chemistry of
archaeological animal fats J . Accounts of Chemical Research
2002 35(8) : 660 —668.

EVERSHED R P MOTTRAM HR DUDD S N et al. New criteria
for the identification of animal fats preserved in archaeological
pottery J . Naturwissenschaften 1997 84:402 —406.

DUDD S N EVERSHED R P. Direct demonstration of milk as an
J . Science 1998 282

element of archaeological economies

(5393) : 1478 - 1481.



136 36

2017. 1996.
WANG Jingyi. Study on post — casting technology of bronzes from Hubei Provincial Institute of Cultural Relics and Archaeology. Chu
Shang and Zhou Dynasties D . Nanjing: Nanjing University of tombs at Wangshan and Shazhong Jiangling M . Beijing:
the Arts 2017. Cultural Relics Press 1996.
17 . M . : 20 . I
1996. 2018( 1) : 314 - 320.
TAO Zhenggang HOU Yi QU Chuanfu. Tomb of Jin State HUANG Fengchun. Preliminary study of the chronology of the
Minister Zhao near Taiyuan M . Beijing: Cultural Relics Press Marquis of Zeng lineage J . Journal of Hunan Provincial
1996. Museum 2018:314 —320.
18 . — 21 . J. (
I 2016( 1) : 109 - ) 2021 44(3):46 -51.
114. WANG Hongxing LU Chuan SUN Jianhui. Study on lineage of
JIA Wenxi LI Yanping. Study on the bronze of filling pigments in vassal state Zeng J . Journal of Yangtze University ( Social
the Shang and Zhou Dynasties: based on the bronze in Capital Sciences Edition) 2021 44(3) :46 -51.
Museum J . Human Cultural Heritage Preservation 2016 ( 1) : 22 : M . : 2016.
109 - 114. Zuo Zhuan: volume 1 M . Beijing: Zhonghua Book Company
19 . M . : 2016.

Analysis of filler — residues in the surface decoration of bronzes from Zaoshulin
Cemetery in Suizhou Hubei

GAO Huiting' > GUO Changjiang® HAN Bin* XU Siwen' > YANG Yimin®

1. Key Laboratory of Vertebrate Evolution and Human Origins of Chinese Academy of Sciences
( Institute of Vertebrate Paleontology and Paleoanthropology Chinese Academy of Sciences) Beijing 100044  China;
2. Department of Archaeology and Anthropology School of Humanities University of Chinese Academy of Sciences Beijing 100049  China;
3. Hubei Provincial Institute of Cultural Relics and Archaeology Wuhan 430062 China

Abstract: During the Spring and Autumn Period the surface decoration technology for bronzes developed rapidly
with various decoration methods and complex patterns. Color fillers in order to highlight the decorative effects of
surface patterns on bronzes are common. However there are few scientific analyses on the color filler materials for
bronzes—the relevant studies are mostly focused on their artistic value and cultural significance. The identification
of white fillers is still rare. Zaoshulin Cemetery in Suizhou Hubei Province is a high —level noble cemetery dating
to the Spring and Autumn Period ( 770 BCE - 476 BCE) from which a large number of bronzes have been
excavated. In this study the white filling material in the decorated surface of bronzes from the cemetery was
analyzed using FTIR SEM - EDS XRD and Py — GC/MS. It was concluded that the main component is a mixture
of quartz and an unknown clay mineral. The study provides new evidence for the technique of filling colors on the
surface decoration of bronzes in the Eastern Zhou Dynasty ( 770 BCE - 256 BCE) . This investigation also serves as
a reference for other related research.

Key words: Zaoshulin Cemetery; State of Zeng; Bronze ware; White filler
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