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Petrological and Conservational Scientific Deterioration Assessment of the
Chungung-dong 5-Storied Stone Pagoda, Hanam City, Korea
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The Chungung-dong 5-storied pagoda (Treasure No. 12) in the Hanam, Korea was studied on the basis of petrolog-
ical weathering and deterioration diagnosis. Frontal part of the pagoda is looked out on the N30°W. Constitution
rocks of this pagoda show augen gneiss and biotite granite. Host rock of the pagoda was highly exfoliation and dis-
coloration, therefore most rock-forming minerals were altered to the clay minerals due to the mineralogical and
chemical weathering. Open cavity and rock surface occur partly green and black patchs because of contamination by
algae, lichen and moss, and the lower part of the pagoda is transition to the some weeds. This biological problems
are need for cleaning and chemical treatments. For the structural stability, the pagoda is rebuilt without open gap
between the each rock materials. All iron plates eliminate from the difference gap of the rock materials, and prop-
erly conservation treatments need to be repaired petro-filler for stone cultural properties and water curtain for the
humidity attenuation of the ground.

Key words : deterioration diagnosis, augen gneiss, biotite granite, structural stability, conservation treatment
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Fig. 1. Southern frontal view of the Chungung-dong 5-storied pagoda (A). There are totally intensive contaminations on the
rock surface of the pagoda. Photograph B set up the scaffold by stainless steel pipe and plates for detail survey.
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Fig. 2. Constituting rocks and microphotographs of the Chungung-dong 5-storied pagoda. (A) Broken basement rock and 1st
floor body rock consist of augen gneiss. (B) Fractured roof rock and broken upper most rock materials composed of biotite
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Ag. 3. X-ray powder diffraction patterns showing rock
properties of the Chungung-dong 5-storied pagoda. Q; quartz,
P; plagioclase, O; orthoclase, C; chlorite, M; mica group
minerals.
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Table 1. Major element concentrations (wt.%) for rock
materials of the Chungung-dong 5-storied pagoda.

Elements FN-1 WN-1 WN-2 FG-1 WG-1 WG-2
Si0, 70.80 68.81 7150 7276 73.67 74.93
TiO, 022 049 053 005 010 0.06
ALO; 1587 14.14 1345 1404 1369 13.63
Fe,0; 184 575 462 146 171 1.63
MnO 002 007 006 005 007 0.05
MgO 036 201 0.86 008 018 0.07
CaO 307 090 184 135 193 098
Na,O 399 078 254 382 374 390
KO 252 243 332 421 353 364
P,05 005 005 005 002 006 006
LOI 095 394 107 164 083 061
Total 99.69 9937 9984 9948 99.51 99.56
CIA*  51.62 71.81 5475 5136 5038 5290
WPI*¥* 406 1341 1039 377 428 436

Fe,03; as total FeO, CIA*; chemical index of alteration, WPI**;
weathering potential index by Nesbitt and Young (1982).
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Fig. 4. Diagrams showing enrichment and deficiency factors
of major elements for the rock properties of the Chungung-
dong S-storied pagoda.
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Ag. 5. Scanning electron microphotographs (SEM) showing secondary minerals and organic matters of the Chungung-dong 5-
storied pagoda. (A) Tube-like halloysite aggregates occurred with between plagioclase and biotite in the augen gneiss. (B) Long
tube halloysite showing the plagioclase open cavities in the biotite granite. (C and D) Rootlets and fungus of lichen grown into the

grain boundaries of the augen gneiss and biotite granite, respectively.
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Fig. 6. Deterioration degrees showing the rock properties of the Chungung-dong 5-storied pagoda. (A) Artificial broken
material of the 4th floor roof rock. (B) Dark brown discoloration and rectangular cut off material of the 3rd roof rock. (C)
The 3rd floor body material divided by curved crack. (D) White grey and dark brown precipitates occurred with peeling off
and exfoliations in the 3rd floor body material. (E) Twisted and disparity intervals between the each materials of the
basement rocks. (F) Dark brown discoloration and white grey secondary precipitates of the 3rd body materials.
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Fig. 7. Detailed deterioration sketch map showing eastern
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the Chungung-dong 5-storied pagoda.
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