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Petrological and Geological Safety Diagnosis of Multi-storied Stone Pagoda in
the Daewonsa Temple, Sancheong, Korea

Chan Hee Lee'* and Mancheol Suh?

"Department of Geology, Chungnam National University, Daejeon 305-764, Korea
2NRLCP(Non-destructive Research Laboratory of Cultural Properties), Kongju National University, Kongju 314-701,
Korea

The multi-storied Daewonsa stone pagoda (Treasure No. 1112) in the Sancheong, Korea was studied on the basis
of deterioration and geological safety diagnosis. The stone pagoda is composed mainly of granitic gneiss, partly
fine-grained granitic gneiss, leucocratic gneiss, biotite granite and ceramics. Each rock of the pagoda is highly exfo-
liated and fractured along the edges. Some fractures in the main body and roof stones are treated by cement mor-
tar. This pagoda is strongly covered with yellowish to reddish brown tarnish due to the amorphous precipitates of
iron hydroxides. Dark grey crust by manganese hydroxides occur partly, and some part coated with white grey gyp-
sum and calcite aggregates from the reaction of cement mortar and rain. As the main body, roof and upper part of
the pagoda, the rocks are developed into the radial and linear cracks. Surface of this pagoda shows partly yellow-
ish brown, blue and green patchs because of contamination by algae, lichen, moss and bracken. Besides, wall-rocks
of the Daewonsa temple and rock aggregates in the Daewonsa valley are changed reddish brown color with the
same as those of the pagoda color. It suggests that the rocks around the Daewonsa temple are highly in iron and
manganese concentrations compared with the normal granitic gneiss which color change is natural phenomena
owing to the oxidation reaction by rain or surface water with rocks. Therefore, for the attenuation of secondary
contamination, whitening and reddishness, the possible conservation treatments are needed. Consisting rocks of the
pagoda would be epoxy to reinforce the fracture systems for the structural stability on the basements.

Key words : multi-storied stone pagoda, reddishness, whitening, fracture system, conservation treatment
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Fg. 1. Field occurrence of the multi-storied Daewonsa stone pagoda (A). Photograph shows a scarfold by steel pipes for the
detailed deterioration survey (B). The constituting rocks are tarnished with brown to red color due to the highly surface

oxidation.
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Flg. 2. Constituting rocks and representative deteriorations of the multi-storied Daewonsa stone pagoda. (A) Granitic gneiss,
biotite granite and ceramics set up a iron pipe of the upper part which granitic gneiss is yellowish brown color and white grey
carbonate minerals filling up the micro-cracks. (B) Radial crack and cement mortar treated garnet-bearing granitic gneiss of
the basement rocks. (C) Fine grained granitic gneiss of the basement rock and grey granitic gneiss of the man-shaped pillar
stones. (D) Basement and roof stones coated by reddish brown to black precipitates and fractures treated by cement mortar.
(E) Dark grey granitic gneiss covered with manganese and iron hydroxides of the ground stone. (F) Basement of stone lamp
is leucocratic granitic gneiss covered with hydroxides and lichen.
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Fig. 3. Microphotographs showing weathered host rock of the multi-storied Daewonsa stone pagoda. (A) Plagioclase (pa),
orthoclase (or), microcline (mi), quartz (qz), amphibole (am) and biotite assemblages of the fine grained granitic gneiss. (B)
Granitic gneiss composed of quartz, plagioclase, garnet (ga) and microcline which feldspars are highly clay mineralization.
(C) Amorphous compounds of iron hydroxides (fe) in the cavity due to the surface oxidation. (D) Highly sericitized feldspars
(se) in the granitic gneiss.
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Fig. 4. X-ray powder diffraction pattern showing host rock
of the multi-storied Daewonsa stone pagoda. s = smectite
group mineral, m = mica group mineral, q = quartz, p =
plagioclase, o = orthoclase, ¢ = calcite.
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Table 1. Major element concentrations (wt. %) in
constituting rocks of the multi-storied Daewonsa stone
pagoda.

No. DW-1 DW-2 DW-3 DW-4 DW-5 DW-6 DW-7

Si0, 65.82 6574 5478 21.07 63.78 44.92 66.65
ALO; 1581 1534 1599 581 1934 2482 1374
Fe,0; 6.14 825 1588 070 605 1170 894
MnO 005 011 006 007 006 0.10 007
MgO 233 238 292 063 214 448 097
Ca0 196 193 193 3054 094 087 3.12
Na,0 083 115 094 001 068 003 095
K, 0O 468 338 339 083 540 431 3.16
TiIO, 077 062 127 008 046 103 114
P,Os 008 007 007 004 013 012 039
LOI 135 028 237 3287 052 672 031
Total 99.82 99.25 99.60 92.65 99.50 99.10 99.44

Fe,0;; total Fe
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Fig. 5. Color change and exfoliation showing constituting rocks of the multi-storied Daewonsa stone pagoda. (A) Central
main body and roof stone coated with reddish brown iron hydroxides and precipitates. (B) Consisting rock of central main
body and roof changed the color into dark brown manganese hydroxides, reddish brown iron precipitates and white grey
carbonate minerals. (C) Circle-shaped exfoliation of reddish brown precipitates in the roof stone. (D) Reddish brown tough
crust of amorphous iron hydroxides and white grey precipitates of carbonate. (E) White grey carbonate minerals dissolved by
cement mortar and reddish brown to dark grey precipitates of the manganese and iron hydroxide. (F) Globular shaped
manganese, iron hydroxides and white amorphous carbonates along the rain pass way.
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Fig. 6. Seated four Buddha sculptured four face of the upper basement stone and the man-shaped pillar stones in the four
corner of the multi-storied Daewonsa stone pagoda. There are tarnished and/or covered with dark brown manganese, reddish
brown iron and white grey carbonate hydroxides precipitates which are highly corrosion and exfoliation along the edge
surface. The eyes and eyebrows of the man-shaped pillar stones are colored with black ink and the low plants live to open

cavities in the basement stones.
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Table 2. Enrichment indices of major elements in
constituting rocks of the multi-storied Daewonsa stone
pagoda.

No. DW-1 DW-2 DW-3 DW-4 DW-5 DW-6 DW-7

Si0, 096 096 080 031 093 065 097
ALO; 1.08 105 109 040 132 170 094
Fe,0; 131 176 338 0.5 129 249 190
MnO 1.68 367 200 233 200 333 233
MgO 145 148 181 039 133 278 060
CaO 100 099 099 1558 048 044 159
Na,0 032 046 036 001 026 012 037
K0 139 099 099 024 158 126 092
TiO, 160 129 265 017 096 214 238
P,0s 053 048 047 027 087 080 2.60
LOI 109 023 199 2651 042 542 025
mean 112 121 150 421 104 192 135

CIA* 6226 62.81 64.63 8.90 70.08 79.80 56.29

Fe,03; total Fe, CIA*; chemical index of alteration by Nes-
bitt and Young (1982)

HArk 4z 917he H43F MnO% 1.68~3.6740
U w350 988 BT FHE AHME Ego] &
e T2 Ca09] gHago) 15v) o)t H3hw o
At

e o] F3lol 93t YaEe) AFSAA 23t
9 APAEE 2AR 35 F8X9(CIA; chemical
index of alteration)s UH-3 7ZFo] A 4= ok
(Nesbitt and Young, 1982). ©] CIA mole ratio of
(ALOy/(ALO; +Ca0+Na,0 +K,0) X 100)E 7]1F o2
At OSAEe olFe Uil 3etE EIRFE
AFESHE Table 29F o], HnMREL 56.29~79.80
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Fig. 7. Scanning electron microphotographs (SEM) of secondary minerals in the multi-storied Daewonsa stone pagoda. (A)
Tiny aggregate compounds of amorphous iron hydroxide minerals in the stone surface. (B) Bladed gypsum in the white grey
precipitates. (C) Some clay minerals between the quartz and feldspar. (D) Subhedral carbonate minerals in the white grey

precipitates.
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Fig. 8. Photographs showing biological weathering of the mulii-storied Dacwonsa stone pagoda. (A) Some weeds occur
boundary between the ground stones, which are covered dark black manganese hydroxides. (B) Green lichen and algae
showed the stone surface. (C, D) Scanning electron microphotograph (SEM) show Crustose lichen's rhizoid (?) of green

lichen and algae which are aggregate with clay minerals.
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