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Characteristics of the Black Surface Layer on Carbonate Stone Pagoda
in Urban Area and Its Origin
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ABSTRACT : Calcium carbonate stone deterioration has been intensified in urban area, mainly due to
the action of atmospheric pollutant. Samples from the black surface layer were examined under petro-
graphic and scanning electron microscope, coupled with energy dispersive X-ray analyser. X-ray fluo-
rescence and X-ray diffraction analysis was also carried out for chemical composition and mineral
phase analysis, respectively. Moreover, sulphur isotope ratio was measured, in order to identify the ori-
gin of sulphate compounds in the black surface layer. Optical and electronic petrographic analysis in-
dicated that gypsum and quartz were contained in the black surface layer and led to microcracks.
Microstructure and chemical composition analysis showed that the interface between black layer and
original stone is not black but its characteristic is similar to black layer. The results indicated that dur-
ing deterioration process the black layer can be expanded gradually into the interface by adsorption of
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atmospheric pollutants. The sulphur isotope analysis demonstrates that there are different origins of the

sulphur component in black surface layer.

Key waords : calcium carbonate, surface black layer, atmospheric pollutant, stable sulphur isotope,

gypsum, stone deterioration
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(a) )

Fig. 1. The present image of two pagodas. (a) Gyeongchunsasypchungsoektap(10-storied Stone Pagoda in
Gyeongchunsa) located indoor, (b) Wongaksagisypchungsoektap (10-storied Stone Pagoda in Wongaksa
site) covered with glass shelter.

(a) b)

Fig. 2. The polluted black layers on the stone surface. (a) Black surface layer on Gyeongchunsasyp-
chungsoektap (b) Black surface layer on Wongaksagisypchungsoektap.
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Table 1. Chemical compositions of the pagoda samples measured by XRF

Na0 MgO ALO; Si0, P05 SO; CaO K;O TiO, MnO Fe0; LOL Total
fresh G - 031 015 025 009 - 5548 007 006 005 018 4328 99.92
rock W - 057 023 048 006 - 5509 003 005 005 022 4281 99.59
black G 152 157 236 290 007 3611 2385 0.2 006 003 122 2995 99.76
layer W 137 142 219 344 008 3532 2256 002 006 004 095 3158 99.03

G : Gyeongchunsasypchungsoektap, W : Wongaksagisypchungsoektap
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Fig. 3. XRD patterns of powder samples of Gyeongchunsasypchungsoektap (a) showing calcite in fresh
inner parts. (b) showing mainly gypsum and quartz in black surface layer.
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Table 2. Chemical compositions of the fresh stone and the interface between the black layer and the fresh
stone of Gyeongchunsasypchungsoektap measured by EDX

Na Mg Al Si S Cl P K Ca Ti  Mn Fe
(wt.%)
interface 044  0.13 0.5 .05 13.62 039 3232
fresh stone 0.34 0.15 47.12

(a) (b)

Fig. 4. Optizal microscopic features of the fresh stone and the interface between the black layer and the
fresh stone of Gyeongchunsasypchungsoektap. (a) obvious distinction between the black layer, interface
and fresh stone(parallel cracks to the surface, developed in the interlayer) (b) fine perpendicular cracks
developed on the surface and penetrating the black layer into the interface.

Fig. 5. SEM image of the fresh stone of Gyeongchunsasypchungsoektap and the interface between the
black layer and the fresh stone. (a) cracks developed between the black layer and the interface, (b) micro-
structure of the interface, (¢) microstructure of the fresh stone.

Zo Bawrwoa Mete] &g A% W ZAZdAY §YS o] -43~2.6(%)2
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(c) (d)

Fig. 6. The equipment for air dust collection and air dust samples collected at Tapgol park in Seoul. (a)
3 air dust collectors, (b) setting up the collector nearby the pagoda, (c) air dust sample for chemical com-
position analysis, (d) air dust sample for water soluble ion analysis.
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Table 3. 0°'S values of the black surface layers on the pagodas

Pagoda name

Sample name

Sampling location and sample’s characteristics

68 (%)

23 South, third roof stone, black layer on the stone 42
o5 South, third roof stone, black layer on the stone nearby 40
cement mortar

G g7 East, third roof stone, cement mortar -4.1
g8’ North, third roof stone, black layer on the stone -4.3
g14* West, black layer on the cement mortar -4.2
gls West, black layer on the stone -2.6
wl” East, prop area, whitish zone under the black layer 0.1
w2 South, second body, black layer on the stone 1.7

W w3 Southwest, third body, black layer on the stone -0.2
wd North, third body, black layer on the stone -0.1
w5 South, first body, black layer on the stone 1.6
w7 Eastsouth, dust on the black layer 0.2

G : Gyeongchunsasypchungsoektap, W : Wohgaksagisypchungsoektap
: data from Finnigan MAT Mass spectrometer after treatment with classic Soda extraction
™ : data from Finnigan MAT Mass spectrometer after treatment with ESCHKA mix

_5

Gyeongcheonsasypchungseoktap

Fig. 7. ¢ S values (in %) of the surface layers on the pagodas.

gol 0¥ gol A FEBAL o)W mrEHol
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Wongaksajisypchungseoktap
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