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Geochemical Behavior and Occurrence of Surface Oxidized Materials on the
Stone Cultural Heritage: Iksan Mireuksaji Stone Pagoda
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The Tksan Mireuksaji stone pagoda, designated as national treasure No. 11 in Korea, has been in the process of
disassembling for reconstruction as part of the cultural heritage conservation program. The pagoda is mainly con-
sisting of granite, which is relatively resistant to weathering. However, it has lost its original rock color due to vari-
ous contaminants deposited at the surface since it exposed to the atmospheric environment long time. In this
research, we categorized the secondary inorganic contaminants into the genetic type, and also quantitatively exam-
ined occurrences and types of pollutants in the oxidation area of the pagoda surface in which the area is clearly dis-
tinguished by naked eyes. Geochemical behavior of soluble pollutants through reaction experiments are
demonstrated, and effective methods of cleaning for the conservation and scientific applicability of the surface
cleaner are also studied.

Key words : Stone cultural heritage, Inorganic contaminants, Oxidation, Reaction experiment, Cleaner
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Fig. 1. General views of the Mireuksaji stone pagoda before conservation treatment in 2000 after concrete maintenance in
1915s. Eastern (A), Western (B), Southern (C) and Northern (D) views of the pagoda, respectively.
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Fig. 2. Scanning electron microphotograph showing kaolinitic clay minerals on the surface of K-feldspar (A). Rock forming
minerals of rock properties showing chlorite and iron oxyhydroxide along the oxidizing biotite cleavages and clay minerals
along the grain boundaries of K-feldspars (B).
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Table 1. Chemical compositions of major (wt.%), minor and

rare earth elements (ppm) for host rocks of the Mireuksaji stone
pagoda.

No. MRS-1 MRS-2 MRS-3
Si0, 73.10 71.99 71.98
AlLOs 13.22 14.34 13.96
Fe,0s 233 2.55 225
MnO 0.03 0.05 0.04
MgO 0.44 0.46 045
Ca0 1.34 1.59 1.01
Na,0 3.01 3.64 3.20
K,0 4.63 3.98 4.04
TiO, 031 0.41 0.35
P,0s 0.13 0.14 0.34
Lol 1.60 L1l 1.82
Total 100.12 100.26 99.43
CIA* 59.55 60.89 62.86
WPI** 3.25 4.65 2.64
Ba 876 377 872
Co 5 5 7
Cr 297 332 465
Cu 37 37 51
Cs 4.8 6.9 47
Hf 31 54 43
Ni 132 182 232
Pb 20 14 10
Rb 240 193 224
S 750 660 460
Sc 1.9 1.8 22
St 415 457 418
Th 14.6 117 14.5
U 12.9 9.2 344
Y 7 11 10
Zn 300 211 173
Zs 139 166 161
La 632 237 289
Ce 34 34 28
Nd 36 15 18
Sm 6.1 36 36
Eu 1.0 09 1.0
Tb <0.5 <05 0.5
Yb 0.5 0.8 0.6
Lu 0.07 0.13 0.09

Fe,0;; as total FeO, CIA*; Chemical index of alteration,
WPI**; Weathering potential index by Nesbitt and Young
(1982).
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Table 2. Selected concentrations of minor elements from the solvent samples after reaction exeriments.

SolventTime As Ba Cd Co Cr Cu Mn Mo Ni Pb Se Sn Sr U Zn
(ug/D (ne/hy (g/h (ng/h (Ul (gD (ue/h gD (ug/h (ug/h g/l (uglh) (ug/l) (ug/h (ugl)) (ug/h

1730 20.793 0.684 0351 0.015 0.137 0.198 12.815 0.541 0.608 0.252 0.031 0.032 0.236 0.812 0.127 3.875

Ih 20704 1.040 0.385 0.024 0.135 0.294 13.526 0.587 0.826 0.249 0.043 0.230 0.544 0.981 0.142 3.489

g‘;vg; oh 19932 1374 0.264 0.023 0222 0427 9.496 0550 1229 0.227 0.043 0.327 0.519 0.996 0.150 2.651
3h 20.180 1.670 0.245 0.020 0.155 0.474 4717 0557 1.613 0211 0.035 0.195 1.349 0.860 0.228 2.266

Sh 26347 2.280 0220 0.023 0.163 0.509 5.619 0.628 2.334 0.268 0.064 0.151 1321 0.822 0.315 2.550

/71 21.806 0.623 1061 0,052 0.818 0.158 12.497 3962 0995 0.781 0.031 0.206 0.816 4357 0.187 8.063

th 17.835 0.801 1.028 0.132 0.891 0.259 5.482 3.940 1.020 1.133 0.176 0.106 1.150 4455 0.231 6.824

g(}flvio oh 18.181 1.055 0.872 0.101 0.888 0325 9.943 4.199 1320 0.782 0.144 0.101 1.253 4.594 0.197 6.188
3h 18.578 1.344 0.718 0.074 0.900 0.334 10395 4.447 1.632 0.761 0.127 0.093 1334 4.316.0.206 5.194

Sh 26247 1.660 0.900 0.040 1.072 0411 8.508 5.066 2.158 0.526 0.135 0.635 1.578 4.442 0.328 3.895

No.

MRS-3

Table 3. Selected physical properties and concentrations of major elements from the solvent samples after reaction
experiments.

Ca Fe K Mg Na S T . En EC C F NO; 50
(mg/D) (mg/) (mg/D) (mg/) (mg/l) (mg/) CO) PP (mv) (usiem) (mgfly (mefl) (mg/l) (mgl))
1/2h 0072 0026 0.115 0012 3840 2517 29.1 562 80.7 130 nd 0258 2999 9998
th 0268 0026 0.172 0013 5366 2664 288 582 677 191 1071 0688 0250 4.485
0351 0026 0397 0012 7714 2840 288 6.14 489 248 0302 0794 nd 6188
0424 0026 0388 0011 9.600 2951 283 626 41.1 294 1324 0179 1894 2662
Sh 0476 0032 0753 0012 12302 3.135 296 635 385 3388 0819 1509 2149 4728
T72h 1783 0038 0740 0.132 6163 0627 29.7 6.10 515 30. 3.048 0266 0441 5.702
Ih 2244 0033 0994 0.144 8421 0561 297 615 474 403 2349 0214 0733 8544
2,601 0.032 1229 0.144 10.608 0601 29.8 625 420 443 2417 nd 0.898 10.454
2769 0032 1401 0139 12.124 0636 298 638 334 S0.7 3818 0542 2995 6290
Sh 2742 0038 1.655 0.128 14320 0972 314 642 313 585 4362 0887 3742 7.110

No. Solvent Time

pH 6.2
Solvent

MRS-3

pH 5.0
Solvent

nd; not detected
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