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Fig.1 The color space model of tonal range
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Fig.2 Chrominance detection on the red
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Fig.6 Chrominance detection on the mural
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Table 1 Chrominance detection results of the red area

A6 H 19 I I i) FK i AE L a’ b*
15:43 10.7 69.00 57.50 24.00 29.50
15:53 10.6 67.59 57.30 22.00 28.00
16:03 10.0 68.50 57.90 23.00 28.00
2013 410 A 30 H
16:23 9.6 69.00 58.70 23.00 27.00
16:58 9.7 68.00 58.70 21.70 26.80
17:20 9.5 68.00 58.60 22.00 26.90
8:49 8.9 69. 66 60.63 22.70 25.40
9:58 9.0 68.86 59.43 21.00 27.00
11:07 8.5 67.94 58.12 22.00 27.33
2013 4210 A 31 H
11:59 7.7 67.42 57.78 21.00 27.00
15:48 7.5 67.80 59.24 20.00 25.35
16:45 7.6 68.14 59.81 20.00 25.51
10:52 8.5 68.02 59.94 21.00 24.21
20134E 11 H1 H
12:07 8.7 68.38 60.28 21.00 24.17
2013411 A2 H 9:39 7.6 67.41 58.96 20.00 25.38
2014411 H 27 H - 4.0 65.76 58.44 14.59 22.42
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Table 2  Chrominance detection results of the yellow area

6 st ] RMKE & AE L* a* b*
9:40 10.5 65.92 52.68 11.3 37.75
10: 05 10.6 69.63 54.76 11.7 41.25
11:02 11.6 68.71 54.34 10.7 40.51
2013 4£10 30 H 11:52 11.7 69.90 55.17 10.7 41.44
14: 16 11.4 68.68 56.46 12.7 36.77
15:53 9.8 68.88 55.69 10.7 38.92
16:51 10.2 68.55 56.69 10.0 37.03
9:20 10.6 67.19 56.84 11.7 33.68
2013 4£10 H 31 H
11:00 10.2 68.09 57.86 11.3 33.83
2013411 A1 H 11:57 10.3 68.12 58.10 12.0 33.33
20134E11 A2 H 9:50 10.6 67.78 58.18 10.1 33.32
20144511 27 H - 5.1 61.96 55.10 10. 88 34.90
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Table 3 Chrominance detection results of the blue area
H 1 ARz i ] R E & AE L* a* b*
9:40 10.7 64.67 63.75 1.40 10.74
10: 02 11.1 63.72 62.74 1.21 10.85
11:00 10.2 64.67 63.61 1.22 11.57
2013 4£ 10 H31 H 11:51 10.1 65.25 64.53 0.25 9.35
14:13 10.0 67.08 66.23 2.43 10.30
14:49 9.2 66.05 65.42 0.15 9.01
16:49 8.8 66. 15 65.26 0.79 10.51
9:18 10.3 66.52 65.90 1.93 8.90
2013411 H1 H 10:54 9.9 66.36 65.62 1.79 9.49
11:50 9.5 66.57 65.82 2.33 9.60
2013411 H2 H - 9.7 66.29 65.84 0.24 7.62
2014 411 H27 H - 4.7 67.40 66.10 2.37 6.93
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Table 4 Chrominance detection results of the black area
A 0 sf ] RIMKE & AE L* a” b*

17:00 14.13 38.73 35.96 0.09 14.34
2013 4210 A 30 H

17:30 13.20 39.20 36.13 -2.40 14.90

8:58 12.01 39.88 37.67 4.50 12. 14

10: 14 10.55 34.67 32.01 -3.00 12.94

11:17 10. 83 36.98 33.61 -1.33 15.27
2013 4210 A 31 H

12:00 10.75 36.62 32.68 -4.60 15.86

16:03 9.37 38.54 36.39 -3.13 12.26

17:02 9.95 41.63 39.57 -2.50 12.60
2013411 H1 H 11:35 10.03 39.25 38.48 1.40 7.62
2013411 A2 H 9:45 9.37 40.73 38.98 -2.70 11.50
2014 411 A 27 H - 4.60 45.47 38.57 1.74 13.40
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Studies on the color changes and pigments of the tomb murals
of the Northern Dynasties in Jiuyuangang, Shanxi

SHI Mei — feng' , REN Jian — guang®, ZHANG bing — jian® , HUANG Ji — zhong*, HUO Bao — qiang'
(1. Cultural Relics Protection Center of Shanxi Museum, Taiyuan 030024, China; 2. Yungang Grotioes Institute , Datong 037000, China;
3. Department of Chemistry, Zhejiang University, Hangzhou 310027, China; 4. Shanxi Culture Relics Bureaw, Taiyuan 030001, China)

Abstract: Newly excavated colored cultural relics often suffer color fading or changes when their environments
change suddenly, which affects both their safety and artistic qualities. In order to study the various factors that af-
fect tomb murals after they are exposed to the external environment, site monitoring was conducted to measure chro-
matic aberration and surface water content in the tombs. Identical red,yellow,blue and black colored areas of the
tomb murals were studied. The results show that the color change is closely related to the surface water content.
The micro — Raman spectrum results show the red pigment is HgS, the yellow is a — FeOOH, the blue is
(Na,Ca),_(Al,Si),,(0,S),,50, and the black is C. We found that the color change of the tomb murals was
caused by the water; during the early excavation stage, the humidity of the murals was high and the colors were
bright; but with the drying of the murals, the color saturation degraded and the murals became lighter in color. At
the same time, migration of salts onto the surface also caused the murals to become paler in color.

Key words: Chromatic aberration; Water content; Color fading; Salt crystal
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