W28 % W2 HA1FEE TR Vol.28  Supp.2
2009 4£9 A Chinese Journal of Rock Mechanics and Engineering Sept., 2009

NEESERERRESAAKESES
RS REXRMAR

SREMR U, TRV, R T, kEMYS, BB, FEXFYC, kERDS
(1. 2ZMIRZE DUBSRSE SRR 2 BB S d S Sz s, Holt 2200 7300005 2. i ACREE {4 B KSR T AR R, R SO 736200,
3. BUSWETERE, HON BUE  736200)

FE: AR —— U S S T T T2 UL R AL R R BE b, 32 FARIREE S N RT3, ]
el AR A L S IR 22 i 3, L U2 e f ok P E . LU i AR R 2 22—
T2 98 T fpil, AL AE O8 Ja WY HE S FS OB i A7 Al LIRS I, R L P9 A g R I B TR Sk
VU REN F by ) b FRUBEL AR P52 SR RT 9T, A0 R 4518 8 Ja W B 3 11 1 A% P AR Pl o Y e 2 S DABR R SR M SR
T, BFEEEARMAE 35 om IRICAERA R A IR BRI SR 0 AT AR L 1 QIR #h 0Bl 5 A N KPR I
TV s AR AR 125 em A BEAE KA A e R R SIS AN BT R R IR A TR, S B SR ARG
SR i) PA) PR 7 i ey A A B, IR e PR B IR AR AR SO B, 0 T e T T A A RS, XS iR
A A B e AE NI S AT i R AR AR

KEEIE: TR FURSIEE AR KV s AR
hESES: Pos2 XHRRFRIZED: A XEHS: 1000 - 6915(2009)1 2 - 3769 - 07

RESEARCH ON SPATIAL DISTRIBUTION AND RELATIONS OF SALINITY
AND MOISTURE CONTENT INSIDE ROCK MASS OF LOW-LAYER CAVES
IN DUNHUANG MOGAO GROTTOES

GUO Qinglin"" * ?, WANG Xudong" > *, XUE Ping” °>, ZHANG Guobin® ?, FAN Zaixuan® °,
HOU Wenfang” °, ZHANG Zhengmo® *
(1. Key Laboratory of Mechanics on Disaster and Environment in Western China, Ministry of Education, Lanzhou University,
Lanzhou, Gansu 730000, China; 2. The Key Scientific Research Base for Ancient Wall Paintings Conservation of State Administration
of Cultural Heritage, Dunhuang, Gansu 736200, China; 3. Dunhuang Academy China, Dunhuang, Gansu 736200, China)

Abstract: Dunhuang Mogao Grottoes, the very famous world culture heritage, was chiseled in the cliff face of
alluvial grit etching by the Daquan River in the Quaternary Period. Undergone natural and human factors, caves of
Mogao Grottoes have many diseases and deteriorations including flaking, detachment and disruption; especially
the caves of low-layer are most serious. Cave 98, one of the most valuable and representative diseases of low-layer
caves in the Five Dynasties(AD914—AD935), is selected as an example. Like all other caves in Mogao Grottoes,
it has been affected by the natural environment. From the hole drilled at the lower portion of the western wall
without painting, samples obtained for salinity analysis. The temperature and humidity are measured inside the
hole. The analysis of electrical resistivity data from south to north of the lower portion of the western wall
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indicates that the soluble salt contents of the rock mass are mainly vitriolic and chloride, mainly concentrated

between the surface and the depth of 35 cm. Water condensation occurs in the rock mass at depth of 125 cm. Inside

the rock mass, there is close correlation between relative humidity and salinity. When moisture content rises,

salinity drops. Due to the high humidity and abundant supply of salt, the salinity of the western wall, which is

backed by the main cliff structure, is higher than the other walls, and it is more sensitive to changes in the

environment. These achievements have provided a scientific basis for conservation wall paintings.
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Fig.3 Flaking deterioration in cave 98
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Fig.4 Samples location at western wall of cave 98
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Fig.6 Electrical resistivity measurement in progress
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Table 1 ~Salinity in the rock structure of the western wall of cave 98
. TRER BB  d/(mg - kg ') B - d/(mg - kg ") SV b
PR S /em pH fii - /(mg * kg ")
NO; COy  HCO;  SOF Cl ca® Mg K'+Na* NH",
c98-1-1 0.0~2.0 8.36 19.1 9 156 869 1188 148 26 1034 0.6 3458
C98-1-2 2.0~50 8.34 18.6 13 163 1113 1608 82 27 1502 0.5 4489
C98-1-3 5.0~10.0 9.10 17.3 15 197 942 1697 57 20 1534 0.4 4412
C98-1-4 10.0~150 9.16 15.2 22 167 688 1 644 70 11 1375 0.4 3975
C98-1-5 150~225 898 72 16 164 665 1521 60 16 1281 0.6 3759
C98-1-6 225250 8.74 6.1 9 176 935 1226 64 12 1220 0.8 3588
C98-1-7 250~30.0 8.37 4.8 7 171 1267 1294 82 6 1410 1.0 4178
C98-1-8 30.0~35.0 8.04 39 - 152 1320 875 96 15 1118 1.0 3568
C98-1-9 350~40.0 849 2.4 9 156 914 516 86 10 720 1.0 2367
C98-1-10 40.0~45.0 834 2.5 7 138 673 477 82 11 574 10.0 1976
C98-1-11 45.0~50.0 837 2.6 9 145 660 447 80 11 555 0.1 1864
C98-1-12 50.0~60.0 8.54 2.4 13 141 528 433 64 10 505 0.8 1 644
C98-1-13 60.0~70.0 834 22 7 175 369 347 47 20 382 0.9 1283
C98-1-14 70.0~80.0 8.51 0.3 13 161 263 310 44 11 325 0.7 1069
C98-1-15 80.0~90.0 9.07 0.3 18 104 207 260 42 10 253 1.2 853
C98-1-16 90.0~100.0 9.45 0.4 24 193 110 220 40 5 231 0.9 742
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Fig.7 Relationship between salinity and depth
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Fig.8 Relationship between vitriolic salinity and chloride ion

contents, and depth
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Fig.9 Changes of temperature with depth
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Fig.11 Electrical resistivity profile of the rock structure at the
lower portion of the western wall of cave 98 from
south to north
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