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Table 1 Statistics of colored samples of painted bronzes unearthed from Sanxingdui sacrificial pits during the second excavation
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Fig.1 Polarized light micrographs of the samples
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Table 2 Polarized light microscopic observation results of black samples
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Fig.3 SEM images of pigment samples
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Table 3 Compositional analysis results of red samples (%)
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Table 4 Compositional analysis results of black samples (%)
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Table 5 Pyrolysis products of black samples on painted bronzes from Sanxingdui
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Table 6 Analysis results of cinnabar granularity (% )
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Fig.5 Particle size distribution of cinnabar

on painted bronzes from Sanxingdui

RIS H a2 S0 R B
AR R LSO A AN WA RN )
ARG ABA B R R A RE ST, BORLEOR , X
WE & TE AR AT, T F AT I ZE A0 2, I AR5
FRIABEDRAT Tz b B — 3 R i i h iR 21
KIS AE R LLEZURN | E T L i PRAF 1
OUEEE  BUR] WAL BURHR AT i A R I &)
TEPRIB S R PR Wil 5 i v o eI, 24 2%
Wy AT RIS AR R 2 i, I B R
R Hoita T BZISC A (1] 6) A, fil URL RS ] i 22 4
& T AR, BEAE I R HERS IR ES AR AL, R
WEE T 8 XE AR E B T AP

RT HAURE KA A

Table 7 Ancient cinnabar grain sizes
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Fig.6 Filling the grooves with cinnabar
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Fig.7 Cultural relics with black paint and their partial paintings
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Fig.9 Micrographs of simulated coating experiments with cinnabar
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Fig.10 Micrographs of the red paintings of painted bronzes unearthed from Sanxingdui
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Fig. 11 Micrographs of the black paintings of painted bronzes unearthed from Sanxingdui
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Research on the pigments and craftsmanship of colored bronzes

unearthed at Sanxingdui

LIU Jiangwei'?, ZHU Siying'*, ZHENG Lu’, XI Na'*, LI Xiaoxi'”*, DU Weisha'*,
HUANG Jianhua'*, XIA Yin"?, XIAO Qing’, ZHOU Ping"”’
[1. Emperor Qin Shihuang’ s Mausoleum Site Museum, Xi’ an 710600, China;

2. Key Scientific Research Base of Ancient Polychrome Pottery Conservation ( Emperor Qin Shihuang’s Mausoleum Site Museum ) ,
Xi’ an 710600, China;
3. Sichuan Provincial Institute of Cultural Relics and Archaeology, Chengdu 610041, China]

Abstract; To achieve a comprehensive understanding of the coloring techniques used on bronzes unearthed at
Sanxingdui, this study focuses on newly discovered bronzes with colored decorations from the No. 3, No. 7 and
No. 8 sacrificial pits excavated during the second round of archaeological work at the Sanxingdui Site. Pigment
fragments and powders that had detached and could not be reattached, as well as black substances on the bronze
surface that could not be visually identified as pigments were collected and analyzed. Scientific methods—including
stereo microscopy, polarized light microscopy, Raman spectrometry, scanning electron microscopy — energy
dispersive spectrometry, pyrolysis gas chromatography — mass spectrometry, among others—were employed to

systematically investigate the surface coloring and decorative process of 13 painted bronzes. The objective of this
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research is to provide comprehensive information on the pigments and technical characteristics of color application at
the Sanxingdui Site.

Microscopic observation, elemental analysis and organic residue testing of different samples revealed that on
the painted bronzes, cinnabar was used as the red pigment, while carbon black was used as the black pigment. The
cinnabar particles were relatively larger and lacked associated minerals, indicating that they were natural mineral
pigments produced through grinding and cleaning, though the grinding process had not yet reached refinement
achieved by the later “water flying” technique. In contrast, the carbon black pigment particles were finer, and
their adhesion to the bronze surface was generally stronger. It was observed that the black patterns exhibited clear
variations in shade and fineness, with visible starting points, turns, and joints of brushstrokes, as well as lines of
differing thickness. Under the microscope, the strokes were evident, and the pigment layers overlapped, suggesting
that the design was applied with a brush — type tool.

Meanwhile, our findings indicate that the colored bronzes employed two distinet coloring techniques: filling
and painting. The painting technique could be further divided into three sub — types: single — layer, double - layer
and multi — layer painting. To better understand the painting process, simulated painting experiments were carried
out using frosted glass sheets as carriers, focusing on paint thickness. For these experiments, cinnabar was simply
ground to mimic the fragile state of the excavated artifacts. The cinnabar pigment was prepared with bone glue as a
binder (ratio of glue to pigment being 1:50) and the pigment was applied uniformly with a flat — tip brush
approximately 10 mm wide. After three layers, the thickness of the cinnabar layer measured approximately 60 pwm
under a super depth — of — field microscope. Bronze, as a dense and extremely smooth surface, poses challenges for
pigment adhesion; insufficient binder or too few layers results in pigment flow, incomplete coverage, and weak
attachment. These cinnabar — decorated bronzes unearthed from the sacrificial pits of Sanxingdui feathered larger
cinnabar particles, a rich color palette, and pigment layers exceeding 100 wm in thickness, indicating the use of
substantial binder and multiple color applications. Furthermore, patterns were primarily created with cinnabar. In
some instances, carbon black was used as the base color, with cinnabar subsequently applied thereon. Besides, for
a few objects, the black pigment was applied again on the red painting to form a black — red — black three — layer
painting, creating a striking contrast. The use of the finer carbon black pigment as the base ensured the particular
firmness of cinnabar on the object surface.

To sum up, the colored bronzes unearthed from the sacrificial pits of Sanxingdui are numerous, have a long
history, and were decorated with both filling and painting techniques. The types of decoration are diverse, and the
coloring processes show considerable flexibility, with patterns closely reflecting the local aesthetics and painting
skills of the time. The presence of larger cinnabar particles suggests that the grinding and sieving techniques for
cinnabar were still in an early stage of development. The smoothness of lines and the intricacy of the patterns
rendered in carbon black depended largely on the individual aesthetic and painting abilities of the artisans,
indicating that a unified and standardized production and processing system had not yet been established. This
research provides important insights into the evolution of decorative techniques in ancient Chinese bronzes.

Key words: Sanxingdui; Pigment; Bronze
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