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Abstract: To study the deterioration mechanism of open-air stone cultural relics in humid environments caused by
soluble salt erosion, the cliff carvings of Shifosi in Chongqing were examined. Multiple analytical techniques,
such as scanning electron microscope energy dispersive spectroscopy, X-ray diffraction, X-ray fluorescence, ion

chromatography, and infrared thermal imaging, were employed to characterize surface deterioration and soluble
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salt types. Moreover, the study analyzed the effect of soluble salts on cave temples in humid environments,
providing a scientific basis for preserving stone cultural relics.

Keywords: humid environment; open air; stone cultural relics; soluble salts; deterioration; erosion
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Fig. 1 Salt efflorescence deterioration Fig.2 Salt efflorescence deterioration Fig.3 Salt efflorescence deterioration
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Fig.4 Chalking and crumbing Fig.5 Chalking and crumbling Fig. 6 Scaling deterioration
deterioration deterioration
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Oxides B 20, B S Mt T W% 5 L 3 100 H 5 , 2R FH % 1% 40 0 % A .
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50 mL Y 2 85 7oK B F 15 min, B B% 5 min 5235 — 0, DR IEEAH 23 89 58 4 5 SR B R T 50 mL Y B0
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Fig.7 SEM morphology of deterioration sandstone
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Fig. 8 SEM morphology of deterioration sandstone Fig. 9 SEM morphology of soluble salts erosion
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Fig. 10 Elements distributions of deterioration components
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Table 1 XRF data of deterioration components %

- W B i

w(Na,O) w(MgO) w(ALO,) w(SiO,) w(P,0;) w(SO,) w(Cl)
41-1 1.38 3.120 15.500 72.100 0.349 0.580 0.127
42-1 — 2.400 15.600 73.900 0.366 0.836 —
44-1 — — 4.350 16.500 0.206 51.300 —
45-1 — 2.460 10.800 53.100 — 17.000 —
45-3 — 1.950 12.200 67.400 — 7.520 0.142
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w(Na,O) w(MgO) w(ALO,) w(Si0,) w(P,0;) w(SO,) w(Cl)
45-4 — — 5.510 32.900 — 41.000 —
46-1 — 4.050 15.300 71.500 — 0.770 0.197
47-1 — 1.830 9.710 47.100 — 21.500 —
48-1 — 3.320 12.500 65.500 — 8.510 —
49-1 — 3.180 10.200 66.900 — 9.440 0.140
50-1 1.340 3.410 12.000 74.900 — 0.639 0.158
e RS T

w(K,0) w(CaO) w(TiO,) w(MnO) w(Fe,0,) #UE
41-1 1.970 0.625 0.349 0.359 2.850 =i
42-1 1.530 0.709 0.495 0.593 3.180 BELI
44-1 0.396 26.000 0.143 — 0.949 Gigiaia
45-1 0.940 13.300 0.402 — 1.460 AL
45-3 1.160 7.690 0.363 — 1.370 TS b
45-4 0.474 18.600 0.187 0.139 0.955 HEL
46-1 1.420 4.240 0.446 0.121 1.680 =i
47-1 0.886 16.700 0.337 0.133 1.610 WSk
48-1 1.400 6.200 0.454 0.118 1.700 T Ak
49-1 1.090 6.830 0.372 — 1.500 WSk
50-1 1.170 4.210 0.333 — 1.380 %Ak
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i B 0% HE— 25 X AR 4 AR DS R AR I B EA T E AT A R R 2 I 1L TR . BT A
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Table 2 Ion chromatography data of deterioration components

HEmgis  HEmERg  PIEFRE #W%f&*m%%% ﬁfjm%%ﬂﬁ #ik
M at/(mg L) M ut/(mgg )

cr 49.656 4 4.965 64

41-1 0.5010 SO — — PSR
NO; 4.436 1 0.443 61
cr 18.961 8 1.896 18

42-1 0.502 3 SO¥ — — BEL
NO; 0.036 7 0.003 67
cr 42355 0.423 55

44-1 0.5019 SO 762.535 7 76.253 57 HELL
NO; 60.014 8 6.001 48
cr 1.478 2 0.147 82

45-1 0.501 2 SO 264.548 5 26.454 85 L
NO; 16.2250 1.622 50
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NO; 22.744 2 2.274 42
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Fig. 11 Ion chromatogram of deterioration components
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Fig. 18 Relative abundance of bacteriophyta
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Fig. 19 Schematic of sources of soluble salts
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Fig.20 Impact of environmental changes on the cliff caves
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Fig. 21 Heat distribution of the cliff caves
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Table 3 Water vapor pressure(kPa) corresponding to relative humidity of gypsum

RE/C
ARSI /%
21.1 23 25.6 27 37
100 (2.50) 2.81 (3.28) 3.56 6.28
95 5.97
93 2.61
91 5.71
87 2.44
84 2.36 5.24
81 2.28
79 222
75 2.67
73 4.58
72 2.02
70 1.75 [2.30] 3.45
55
50 1.41 1.64
42 2.64
25 1.57

5 0.31
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Fig.22 Temperature and humidity change monitoring data
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