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ABSTRACT : Dissolution rate of minerals may differ from climates configuration, but weathering
rate of feldspars is generally proved to be relatively higher. The result of geochemical reaction
modeling indicates the acid water of pH 4.5 excluding any other variables, was 2.3 times higher than
that in ordinary rain of pH 5.7. This result proved that pH is very important factor in preservation of
granite cultural properties. To prevent the weathering of stone cultural properties, weathering
characteristics of stones should be studied first and constitution of dry environments, using water
repellent or oil coating, isolating water which cause chemical weathering reaction like hydration and
oxidization should be considered. Considering the long-term reactions between granite and rain,
selection of materials, which' can bring neutralization and non-oxidization conditions, are very
important in using cleaning agents and biological controls.
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Fig. 1. Cultural properties of weathered granite. a)
b) repaired Buddy statue by cement material; ¢) lichen covered Buddy statue that was
much weathered by biological activity; d) weathered corner stone that was attacked by acid

soil water. Photos of statues are taken from the Kyeongju National Museum.
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Table 1. Chemical compositions of initial solution and reactants used for water/rock interaction simulation

Rainwater* (modified after Sanusi et al., 1996)

pH CI' SO HCO; SiOyg APY Ca® Mg™ F° K Na° Mn™ Zn™ Cu" Pb™°
5.7 5921 7.061 0.793 0.001 0.001 3.327 0.194 0.001 3.245 1.609 0.001 0.001 0.001 0.001
Iksan granite** (after KIGAM, 1993)

SiO; TiO, ALO;  Fey0s FeO CaO MgO MnO KO Na,O P,0s Total
70.06 0.33 1592 1.20 1.17 2.48 0.96 0.02 3.38 3.67 0.23 99.42

* The concentration of HCO; is calculated assuming water equilibrated with atmosphere. The concentrations of
S102(ag)» AP, Fe**, Mn*, Zn™, Cu", and Pb®" are assumed for reaction path modeling. (unit in ppm)
**unit in wt%
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Table 2. Dissolution reactions for rock-forming minerals in granite

Name (formular) Dissolution reactions

Quartz (SlOz) quartz — Si02(aq)

Orthoclase (KAISi;Os) 4H +orthoclase — K'+AI*+38i054q+2H20

Plagioclase

Albite (NaAlSi;Og) 4H'+albite — Na™+AI " +3Si02aq+2H,0

Anorthite (CaALSi,Os) 8H'+anorthite — Ca”*+2AI" +28i0xq+4H,0

Biotite (K(Fe,Mg)AlSi;010(OH). 10H " +biotite — K'+4Fe” " +iMg> +AI’ +38i0x(sq+6H,0
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Fig. 2. Abundances of secondary minerals precipitated by granite reaction
with rain water at 25°C. Logarithm of grams per kilogram of solution as a
function of log added grams of granite (after Sung et al, 2002).
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Table 3. Possible weathering reactions for rock-forming minerals and secondary minerals during rain
water-granite interaction

NaAlSi;0s + H;O + H” — AI(OH); + Na™ + 3Si0;
(albite) (aq) (aq)  (gibbsite) (aq)  (aq)
CaALSOg + 2H,0 + 2H" — 2AI(OH); + Ca®™ + 2Si0;
(anorthite) (aq) (aq) (gibbsite)  (aq) (aq)
KAISi;05 + H;0 + H — AI(OH); + K™ + 3Si0;,
(K-spar)  (aq) (aq) (gibbsite) (aq)  (aq)
2AOH); + 28i0; — ALSi,05(OH): + H,0

(gibbsite) (aq) (kaolinite) (aq)

5Mg™" + 3S8i0; + 2AI" + 12H,0 — MgsALSi;010(0H)s + 16H"

(aq) (aq)  (aq) (aq) (chlorite) (aq)

3ALSHOs5(OH)s + 2K" — 2KALSi3010(OH), + 3H,0 + 2H"
(kaolinite) (aq) (muscovite) (aq) (aq)

Ca™ + HCO; — CaCO; + H*

(aq) (aq) (calcite) (aq)

ALSiHOS(OH)s + 28i0; + Ca™ + 3H,0 — CaALSiOy; - 4H0 + 2H'
(kaolinite) (aq) (aq) (aq) (laumontite) (aq)

CaALSi,Op; - 4H,0 + Ca®* — Ca,ALSi;00(0H), + Si0; + 2H,0+ 2H"

(laumontite) (aq) (prehnite) (q2) (aq) (aq)

KAILSi;010(0H); + 3Si0; + 3Na" + 3H,0 — 3NaAlSiOs - H;0 + K™ + 2H"

(muscovite) (aq) (aq) (aq) (analcime) (aq) (aq)
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Table 4. Mineral weathering rates calculated different areas

Mineral weathering rate

Minerals Area (mol/ha/a)
Albite Catoctin Mountains, USA 316 (Katz ef al., 1985)
White Mountain, USA 542 (Clayton, 1986)
Oligoclase Coweeta, W3, USA 393 (Velbel, 1992)
Plagioclase S. Blue Ridge, USA 250-660 (Velbel, 1985)
Labradorite Ribeirao Preto, Parana, Brazil 530-1740 (Benedetti et al., 1994)
Biotite Coweeta 27, USA 186 (Velbel, 1986)
S. Blue Ridge II, USA 90-430 (Velbel, 1992)
S. Blue Ridge I, USA 407 (Velbel, 1992)
Chlorite Catoctin Mountains, USA 115 (Katz et al., 1985)
Calcite Catoctin Mountains, USA 249 (Katz et al., 1985)
S. Blue Ridge I, USA 1270 (Velbel, 1992)
Hornblende S. Blue Ridge I, USA 115 (Velbel, 1992)
Olivine Filson Creek, USA 272 (Siegel and Pfannkuch, 1984)
Kaolinite Ribeirao, Parana, Brazil 46-134 (Benedetti et al., 1994)
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Table 5. Properties- and the consequences of weathering and its treatment methods

Weathering Properties

Consequences”®

Treatment methods

Chemical
Hydration  Dissolution of rock forming
minerals by water-rock interaction
Oxidation Oxidation of Fe and Mn oxides
Acid attack Acidification
Carbonitization

Physical Freezing

Biological Acidification
Organism growth

Kaolinite ppt**

Goethite and Mn-oxides ppt
Tarnish

Gibbsite and

kaolinite ppt

Calcite ppt

Fracturing

Kaolinite ppt

Water
(coating, oiling, drying)

Reduction
(reducing agent)
Neutralization
(buffering agent)

Keeping warmth

Rinsing (kill bacteria)
Weeding

*all consequences include volume change and strength decrease

**ppt: precipitation
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