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Fig. 1 Particles (Pelliot Chinois 2091 Panel 4
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(735) )
Fig. 2 Particles (Pelliot Chinois 2163 Panel 1
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B3  KiRH (Pelliot Chinois 2135 45 4 #%)
Fig. 3 Particles (Pelliot Chinois 2135 Panel 4)
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Fig. 4 Particles (Pelliot Chinois 2536 Panel 4 Tang (663))
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Fig. 5 Particles (Pelliot Chinois 2475 Panel 10 Tang (714))
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Fig. 6 Particles (Pelliot Chinois 3768 Panel 3  Tang (751))
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Fig. 7 Particles (Pelliot Chinois 2856 Panel 5 Tang (862))
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Fig. 8 Particles (Pelliot Chinois 2638 Panel 2 Tang (936))
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Fig. 9 Particles (Pelliot Chinois 4046 Tang (942))
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Fig. 10 Histogram of particle size of examples 1 ~ 9

a~6

4~6

A~6

a~6
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Particle size (um]
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Table. 1 Particle size of modern starch

b RES A | F4X| F¢E Ex 7T | aLF

¥ [pm] | 489 | 534 | 678 | 752 | 9.18 | 13.18

BEEREZE| 080 1.27 1.43 1.36 1.96 7.75

&/h [um] | 3.05 3.33 3.27 4.45 4.11 2.92

&K [um] | 7.80 797 | 11.22 | 12,51 17.7 | 34.79

+ oIV 142 17 121 209 225 186
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L»X Z500R:X2000 LA Z500R X1000

.

B
10.00um
K13 71 xF o7y GE#EEYE, /oo Open Nicol, {i : Cross 16 bxFo7 > (LYHEM%, Cross Nicol)
Nicol Fig. 16 Japanese barnyard millet starch (Reflection light,
Fig. 13 Soybean starch (Transmitted light, Left © Open Nicol, Cross Nicol)

Right @ Cross Nicol)

L2 Z500R X1000

L~ Z500R X1000

14 aAFo7 v ULk K17 7T 7 ULYHElYE, Cross Nicol)
Fig. 14 Rice starch (Reflection light, Cross Nicol) Fig. 17 Foxtail millet starch (Reflection light, Cross Nicol)

LA Z500R X1000 L2 X Z500R:X1000

K15 FEFo7 2 YHEEYE, Cross Nicol) 18 aILFFL T WLYHEEY, Cross Nicol)
Fig. 15 Proso millet starch (Reflection light, Cross Nicol) Fig. 18 Wheat starch (Reflection light, Cross Nicol)
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Analysis of Particles on the Paper of Dunhuang
Documents

Shouji SAKAMOTO and Yoshihiro OKADA
Digital Archives Research Center, Ryukoku University, 1-5 Yokotani, Oe-cho, Seta, Otsu-shi, Shiga 520-2194,

Japan

Dunhuang documents were discovered in sealed cave 17 by the Daoist monk Wang Yuanlu
(E[E%) in the early 20th century. About 40,000 documents, including Buddhist manuscripts and
social documents, were produced from the 5th to 11th century. This huge collection of documents
is a very important historical research resource and has opened up a research field called
Dunhuang study. The collection also provides much information about ancient paper and
papermaking. We investigated 414 Dunhuang Chinese documents by a nondestructive method
using a high-resolution microscope. We found that 156 documents consisted of paper containing
starch-like particles on the surface. We classified the particles into three categories based on their
shape and size as follows.

Class 1: Polygonal particles with an average particle diameter of 4-6 um with one standard devia-
tion of 1 um, similar to rice starch.

Class 2: Polygonal particles with an average diameter of 9-10 um with one standard deviation of
2 um, similar to foxtail millet starch.

Class 3: A mixture of nearly round small and large particles. The diameter of the small particles
is 3-10 um and that of the large particles is 15-35 um. The particles are similar to wheat starch.

For 65 documents, the production ages were estimated from the recorded dates, places de-
scribed in the documents, and the names of transcribers, and we performed temporal analysis.
Paper with Class 1 particles was used for the documents produced from the Sui (F§) to the High
Tang (%) eras, and all the paper was made from mulberry. Paper with Class 2 particles was
from the Early Tang (#]f) to the High Tang (Z#) eras, except for one document from the
Northern Song (Jt&) era, and was also made from mulberry. Most of the paper with Class 3 par-
ticles was from the Middle Tang (*F#) to the Northern Song (dtf) eras, and was made from
hemp.
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