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Petrological Characteristics and Deterioration State of Standing Buddha
Statue in the Gwanchoksa Temple, Nonsan, Korea
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The Standing Buddha Statue in the Gwanchoksa temple consists of medium to coarse grained biotite granodior-
ite with dark grey color, and it has a week gneissosity along the pegmatite veins. The results of magnetic suscepti-
bility and geochemical patterns of the host rock of Standing Buddha Statue and the basement rock suggest that both
values are formed from the co-genetic magma with the same differentiation process. The CIAs of the basement
rock and the Standing Buddha Statue are calculated to 51.43 and 50.86, and the WPIs are estimated 4.52 and 8.95,
respectively. So the weathering potential from the host rock of Standing Buddha Statue and basement rock prove to
be high. The Standing Buddha Statue is terribly damaged with physical weathering from deterioration and exfolia-
tion, and are scattered with secondary pollutant and precipitate. Basement rock is also in danger of ground collapse
because of irregularly developed discontinuity system. Most surface of Standing Buddha Statue is seriously discol-
ored into yellowish brown and dark gray, or black precipitates are also formed. Moreover, it is heavily covered with
crustose lichen, fungi and algae, or moss are also found. In order to control the influential factors with the com-
plex deterioration of Standing Buddha Statue, it is needed to rearrange a site environments, and conservation scien-
tific management is required to protect it from covering lichens, exfoliations and fractures.
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Fig. 1. Frontal view of Standing Buddha Statue in the Gwanchoksa temple (A) Photograph is Standmg Buddha Statue in
1916. (B) The present field occurrence of Standing Buddha Statue.
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Fig. 2. Constituting rock properties of Standing Buddha Statue in the Gw.
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which the foot is sculptured. (B) Coarse-grained granodiorite with lots of biotite. (C) Pegmatite veinlets cross a face in the

host rock.
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Fig. 3. Histogram showing magnetic susceptibility (x10™ SI) of Standing Buddha Statue and basement rock in the

Gwanchoksa temple.

Fig. 4. Microphotographs and scanning electron microphotographs (SEM) for rock forming minerals of Standing Buddha
Statue in the Gwanchoksa temple. (A) Quartz and plagioclase replaced by perthite assemblages which feldspars altered to
secondary clay minerals along the twin planes. (B) Grain boundaries and biotite cleavages showing secondary clay alteration
by mineral assemblages of quartz, biotite and plagioclase. (C) Microcrystalline quartz and feldspar show sutured texture,
and matrix shows secondary alteration. (D) Kaolinite coexist halloysite within micro-cavities of feldspars. (E) Amorphous
clay minerals from the boundary between the feldspars. (F) Diatom and micro-organisms are insight inside of the open
spaces on surface contaminants. (P1; plagioclase, Qt; quartz, Mi; mica).
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Fig. 5. X-ray powder diffraction pattern showing host rock
of Standing Buddha Statue in the Gwanchoksa temple. M;
mica, C; chlorite, Q; quartz, P; plagioclase, O; orthoclase,
Ca; calcite.
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Table 1. Chemical composition of major oxide elements about the host rock of Standing Buddha Statue in the Gwanchoksa

temple (unit: wt.%).

No. Si0, TiO, ALO; Fe0; MnO MgO CaO NaO K0 P05 LOI  Total CIAD WPP
BR-1 7134 045 1395 303 004 08 251 324 303 019 149 100.11 5143 452
NE-I 70.11 054 1536 332 004 096 292 357 338 018 062 10093 50.86 895

Fe,0;; total Fe,O3, LOJ; loss-on-ignition, CIA"; chemical index of alteration, WPI?; weathering potential index by Nesbitt and

Young(1982; 1984).
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Fig. 6. Diagram showing normalized chemical patterns
about the host rock of Standing Buddha Statue in the
Gwanchoksa temple. (A) Patterns of the major element by
standard granite composition. (B) Patterns of the trace
element by mid-oceanic ridge basalt. (C) Patterns of the
rare carth elements by chondrite compositions. Sample
numbers are the same as those of Table 1, 2 and 3.

A2 5’—%—‘7‘—‘3]‘4@ ek sk & o
7t ke 695 wt%= BiwE Fou ol ANHF
7} %ﬁ}"ﬂ 4511 FEZEZ AAFS) =HA gz
ghgo] 7HAdll7] RS R SAHD) o] EMAE o
oz slgekel Falol gk Y4aEe HEEAR §
3 2 AYPAEE A= 38 F3kA S (chemical
index of alteration; CIA)®} F3pa)A]4(weathering
potential index; WPDE 3}t (Nesbitt and Young,
1982; 1984). ©] A4, AEYS #8e] CIA= 50.86,

714ieke 51438 B, WPh= 41E-4e] AlgolM
8.95, 71¥koll A} 4.529] ghoBA], FA| AESAe]
&7 Tl TaAEe] =L Ao eyt

FAE Y4ol BYS How YN miRkda] A
FEA4E AnEYTK(Table 2). Fig 6B Pearce(1983)

PR 47 FIE= 635

Table 2. Chemical composition of trace elements about the

host rock of Standing Buddha Statue in the Gwanchoksa

temple (unit: ppm).
No. Ba Co Cs Hf Rb Sc
BR-1 671 9 3.0 38 103 3.0
NE-1 803 8 37 5.2 106 32
No. Sr Ta Th 8] Y Zr
BR-1 470 045 116 26 8 163
NE-1 545 054 158 18 11 188

Table 3. Chemical composition of rare earth elements
about the host rock of Standing Buddha Statue in the
Gwanchoksa temple (unit: ppm).

No. La C¢e Nd Sm Eu Tb Yb Lu
BR-1 463 65 22 45 10 048 060 0.09
NE-1 364 69 25 53 12 050 0.63 0.09

o) 2402 FFS3 9 BANF ngdle]
Aoz, 71uekal AEQlite] LA dA B
Foh FsAge] Aol dAFE & RAFETE 5
3] Cr, Hf, Ta, Zr, YO} 2 339 fdavt X2 F
g TS Zethe 2L Nk HEUdel &
g vt 7ie) MY W?‘f}— SAelth
l A8 ‘*c}«] TG ke e s o9
ER 948 FAMS o (Table 3), o152 WIlE
3413122t Boynton(1984)°] #4202 #7311
t}. o] 43}, Fig 6C9F Zo| thah dAA gle dEe
AT Y2 BE3 HYERY oRIE A3 F
JERY) AFH BeATE HAFUTh B8 7wt
} Az SER U BE seo] I8t
Ut 7delyd 8ol AlE BFeA Eudl o4&
Holx)= gigith. mepA] o] AEYde) U 7]
Hike vlawle) 7)9do] 29k Ao F4% 4 ok

5.1. 7|A™ Zsl

o] 4EIAFe AT W] STERA % HAS
Aatres BE Bao] 7N AR Eeire]
SITHFig. 7A). AWk Aoz ofzk AL S

O

o w3 WS AAghie] A 225 PR
Ak gl AR A4 Gk FHe wFe A

Hoz gEoz 3 = AR Aelolth. T}
Fo) B RN NS Fehtew o], 4B
o] Bt FRE DAY ) A Ash P W)



4 - upge) -

oPe -

oz - 249

Fig. 7. Site environments and mechanical weathering of Standing Buddha Statue in the Gwanchoksa temple. (A) Basement
condition of the host rock located in the back side of the Buddha Statue. (B) Groundwater come out from between the
basement rock of the back side flow by ground inclination toward the Buddha Statue. (C) Features of the groundwater and
the algae spill in the back side of the Buddha Statue. (D) The parts of fixed rocks with iron plates were damaged, and the
rock surface coated by oxidation of inserted iron plates. (E) Surface of the host rock is weakened because of surface
exfoliation. (F) The concrete which filling up damaged parts showing cracks and contamination.
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Fig. 8. The joint systems and diagrams plotted on discontinuity systems in the basement rock of Standing Buddha Statue.
The No. 1 area; Rose diagram (A) and Stereo-net (B). Diagrams showing possible fields of planer failures (C), wedge
failures (D) and topping failures (E). The No. 2 area; Rose diagram (A) and Stereo-net (B). Diagrams showing possible
fields of planer failures (C), wedge failures (D) and topping failures (E).
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Fig. 9. Photographs showmg chemical weathering and biodeteriorations of Standing Buddha Statue in the Gwanchoksa
temple. (A) Yellowish brown discoloration by corrosion of iron plates which connected to cracked parts. (B) The parts
discolored by secondary oxidation of inserted iron plates. (C) Light grey precipitates occurred in the side due to the reaction
of concrete and rainwater. (D) Lichen covered on surface. (E) Plants spontaneous generating on damaged parts. (F) Algae
and lichen showing blue green or yellow brown spots are a parasite on surface.

A wAos WY oL FE %5 o|FEA
& we} Agslel Sick. B side] e o)
ApusiEe] ggon gIMoR wAEe glow,
olgnt ) BAddl gRide F5A BYTe) YE
3 Fee ¥l AR Qo] FF& 74T
ol =5 2Al9) HS 95 B Al ANE A
Ao] =ZElo} o5e] PA oz FUE o] Ay
o2 v n.

FIE ML dAS A HEE Moz B
o Itk(Fig. 9A). H9% He) el Age g
of els Fwl w97k Ao W ow (g,
9B), St Rl o) HE EHEL W BUSE
ol S451e] 5ick o] 8 23Y FAYEES B
Zole) whgol ofste] WskEA
4%0) 22 FIUTHFig, 90 o T FAEE
& uRe e Ae 28 el BHle] 2l
FoE SIS0 i o7109ed 59 3
oz 9 EHol ¢

ot

5.4. WBEX =3
of BEA} ARG AR 0] 7134 9
o) Zo)Fo] 1% W= H2stct. Yun2006)l <]

g}
L
_13:

o BRI 17} kg ATHE e
a4 e wRoie) 48 237t b e
o Zjo|Raar ohle} plAERS AckeAlE 2 BE
°)
9]

Fol Aska gl AeR dejxln) o] HEYY

pakle olsel T Sls) gy Ede]
AFo 4N EE T waHel Ytk o
e #9490l v Al AL B8 949l £
Bl AT ek WM A9 A e 2
A Y24, @A, 54, 98 )R e
2 gk,
E’_’—ﬂ', 1}1;], HH 9. \:H;(-ﬂi Agga‘l—%i gj]_‘/:_:o] U]Q11:

aht dFe] o 2ol FF] M4 E3o] EAlEh
&g B gHe AN v heR] RS 3R
of o8 sHEe] ok SIS AR IAME
B2 A 94e) wdo zHEe] 7 yse AAgsin
T aF, 27/, AAF Fol yehdth olg2 A
A = A wEAdoz A2E T 9lov(Fig
9D), o] F99 ¢H whl Y A 8 o
HEsH Tt AsA A= o

HAe] Ag F9jolle 2EAE] AMEE o] 4]
2Ae 2l 23k g9 Fst olFAAL 3
(Fig. 9E). =5 34 Fd=|ofrt 2A8e $9¢
el AFHoZ BRIy Jde Aol LAHTH(Fig.

¥2



b HEAL HznREA]ige] oMk B4 sl 639

9F). °} ME539) & AaRRRe)

P87 AW 2

HA5dole x& g QYRR o71F7h WAsk
W] 4& st o

4 AR 2] de FazE 37
e 39 QE ARGy Adn 2Ee &9
FH, FAAET AFshe G 8] I A
T2 WEE0} Ak T3 48 REplEde o)y
ZFro} AlokAlzo] 4R wae) Fo) TN 9
FolMe o) wet AFFet o] FHstel a4
& F49 S URdn ok ¢Ae 297, 59y
FIE WIS AUe AT Yoyt Hudy
o 723 BePge M Fx g Aot

6. DF 3 Aot

6.1. qxyel MX|FEH

AzESH) dRAlel b se waAet
A AAe] 3} o) B FfEeu e 2
H ol 283 WM E AFech(Attanasio ¢ al,
2005; William-Thorpe and Thorpe, 1993; Lee of
al., 2006a). 3t SAE ARslle] A @\
HE T YPEYUS 5B gk BESEY 9
Aol Yo s o},

2 PR NzESAoM e NES TR
NHL, AT FSAEL Wl AP HFe §x
S Y ASE BX) ok IYGNT Azgah
o PARAA i AAR AR A2} fal
I DoV (Jwa et al, 2000; Lee e al., 2005; Cho
and Jwa, 2005; Yang ef al, 2006; Lee o al,
2005d; 2006¢), oFH& 7] @A & 4 o).

Lee et al.2005d2 &2} 9} o] 28y 2
Hell e A%l 719l Wk Yk FAo)A, A
T TS e galskE 8 x|pslers E4o)
S Thkdat FUR NS 2= Fasgden
siAlslict. wabd A5l AN Aol ALe® Az
= 7R hoX ATAESIRNE TFsAel B2 A
L2 Bt o] Ao} AFolix o) Koy
71k AtE 0 7 EUd AL zke Aow
AT 22 BAEAA, ©) NEYY 24
AREE AAle] AR BRAESE 24 @ 24
THIA ARe] ) B 2AR B3rsE)

6.2, =40l AU Hojwot
ofell EEo] gl FPAe o] HFH viA
Sl BAY] RIS AAH 994 93 g
T ohEl d9A Ak ER Ysich of AR
TA= g4 feEo] gla, suigelE
A dlbo] 74EA Qi ol9} 2& AL o)
O 4ZEINE 2 L334 AtKLee and Lee,
2005; Kim et al., 2006). #SAke £ Agom B
o, ZAEER HEE AP e e Ao
2 BT a2 g3 &EHo] 2 AYe Ay
= % dHEAY ol MEYRY Eujslely =
315 ZXNAS Holt). 9 AFHTo] BRI M)
Al =R vl ) U2 EdT A Nuya
o EHle] geHe) #eg 202+ Ao w3
A AZol| o B2l &4 =e} vt

o] HEWde NaE lFo) o9 & @ A
Aol 97t g3, dAE o)y dde Ae 2 7
gl el wAdr. £ 7Q 2o gumoem
719 ¥e Adoht FUE zeld gig fuvi.
7Agols Y T8 A% Ea)a Eap) 4T
Zlojtt, 58] g zto] glo] :mZHo] 9l7] wioj n}
W 7S, 7A0) 9% 2RSEA Qo vy
g ¢ Qo 3 2R/l WHES B35 9 3%
=9 9% iz AT = gl Aol

of 42UFS BES SiME AdH 409
AFal7) 19 QlFAIEe] A7t ashy, o)
HAe= AAS BB AR FaEolo & Ao)
S B Az SR o) Yz uo
Auista, 71 Holld 28] digjeis Askre] &
= A T3 RS Zus) 2= Ro) AF
skt S HEde] Hol HEAY Eugle sPie
ol thet Faxidat ebgs} wieks deso]o} s},

WEY v} Lo, o} HEgye) &3 193 2
A9F e9lo) B ow 4o Aol Ral
YEBEO] HAlop, BoVsE 48} Bl i
2P et wholl 913 $2)9 B9le) g 7R} o
BEAL HEQIE SRR g 52Xy} 9a
e} Fuiojella] HzEalAle] ¥RH rEAR}
THATL glon, vlwd Aol Il 28
e T3 A% Y= Hvd v YriKim, 1993;
Fidler, 2002; Lisci et al., 2003; Lee e al., 2003;
2005; Lee ef al, 2005c; Lee o al, 2006d). 1eht
A AHAQ BEX R B BAHo] =
EEol th mEA o] MEQANY REA = T

Lo fg

Ao

A

& de o



640 B8 - HA -

Sl ¥ AT 5ol G ol 2 dgan
o] &

& A& AR Aol AHgHolok & Aol
7.2 o

1 .“z_:/‘\‘ = } Hz‘?]éi’%m’:}—ﬁ— _‘Q_%E7} o
2 UA 2Y3A FaEge s gL ay v
ok ¥l 72 B slanjeElolE Aulo] W)
of MRPH FNetel AAhAE FHAG61~
15.7x10° ST unit) 2 A78184 2423, & e

=
T3HEo] M2 FUT vpamERE P4H How
|22 57e=4
2. o] U419 CIAE 7|wieto] 5143, AEYAde]
50.86°1m, WPL= 77} 45291 89524 o5& BE
TRl & Ziog wddE o] MEYNL ¥
2 Hke)d) ofg EelE Fst JgE deielw, ojxhy
Y eHEAT AASH] A ot 7t B
Sule] Wl o2 Xukgalel 194 ESAL gk,
3. ol MBSl FAL ¥RHo FPMOR W
Agiol 1T B, Pl N QB PHBo) FA
ol glck. Y DA )Fe) 3457} HHI 77, =
F AR 2 DENE BT wAdn. 052 F=
SRS APAoR FEYE %omur SE3o] 4
3t o] FoA)A] FAol HFHol 3t
4. o] MEFS) & AdH, Bejsid 2 AE
82 gQlo) BEgt¥ oz zhasl Aol malr of
/HBOU\L_,] E?ﬁ-}d .,_A}oﬂ 051?{31;4 = T g}‘—.- [9F

Ok
&1l

& AeJsp] A% T B39 @ et Al
Aelfol olg =, Mol B FERYE NBARE

237l A AAXD Ak BEH7) a7€r
el 2
o] A7 2006d% FHESYATA BEASRAT

Aukalgle) Ystom A Fol «AzEsil BEATY
2 98 &4 E A HAE S8 AYL 3

1o, ol e, £ JeRe viad A
q}eﬂ. AAbel AM A HHS 7REIEA SR AR

Felol A uabdst Besme
‘a‘vﬂg ge Mg E,

(o =
AEE I

=

i

n)'l_l

Ashurst, J. and Dimes, EG. (2001) Conservation of build-

o) -

PR -

o8] - H4g

ing and decorative stone. Butterworth-Heinemann
Publications, Oxford, p. 1-254.

Attanasio, D., Platania, R. and Rocchi, P. (2005) The mar-
ble of the David of Michelangelo: a multi-method
analysis of provenance. Journal of Archaeological Sci-
ence, v. 32, p. 1369-1377.

Boynton, WV. (1984) Geochemistry of the rare earth ele-
ments: meteorite studies. In Henderson, P, (ed.), Rare
earth element geochemistry, Elservier, p. 63-107.

Chang, TW. and Hwang, J.H. (1980) Geological map and
explanation of Nonsan Sheet (1:50,000). Korea Insti-
tute of Natural Resource and Development, p. 1-32.

Cho, K.M. and Jwa, YJ. (2005) Study on the source area
of the stones from stone cultural properties -Geo-
morphological and petrological approach for the Iksan
area. Jouranl of Petrological Society of Korea, v. 14, p.
24-37.

Choi, S.E. (1992) Discussion of sculpture in area of the
Baegje Kingdom -Focused on late Unified Shilla King-
dom to early Koryo dynasty. Sculpture and Fine Art in
Baegje Kingdom, Kongju National University Museum,
p. 211-226.

Chot, S.J. (2000) A Studies on the stone Buddha in Gwan-
choksa temple of Koryo dynasty. Journat of Fine Art
History in Korea, v. 14, p. 3-34.

Choi, SW, Yun, YH., Suh, M.C., Kim, G.H. and Lee,
C.H. (1999) Present state and preservation methods
for stone cultural properties of the Chungnam Prov-
ince. Research Report of the Chungnam Province,
Korea, p. 1-425.

Fidler, J. (2002) Stone building construction and asso-
ciated component system: their decay and treatment.
English Heritage Research Transactions, v. 2, p. 1-
104.

Ishihara, S. (1998) Granitoid series and mineralization in
the circum-Pacific Phanerozoic granitic belts. Resource
Geology, v. 48, p. 219-224.

JGK(Japanese Government in Korea), (1916) Survey
photographs of archaeological remains in Choseon 7.
Reprinted in 1980, Gyeongin Publishing Co. Ltd.

Jin, MLS,, Lee, J.Y. and Ishihara, S. (2001) Granitoid and
their magnetic susceptibility in South Korea. Resource
Geology, v. 51, p. 189-203.

Jwa, YJ., Lee, SW, Kim, J.S. and Sohn, D.W. (2000)
Source area of stones used for the stone buildings of
Bulguksa temple and Seokguram Grotto. Journal of
the Geological Society of Korea. v. 36, p. 335-340.

Kim, C.G., Lee, K.I. and Bae, G.M. (1999) Engineering
properties and application of weathered granite and
soil. Changwoo Publishing Co. Ltd., Korea, p. 19-30.

Kim, L.N. (1985) A study on stone Buddha in Koryo
dynasty. Korean Journal of Archaeological Fine Arts,
v. 166-167, p. 57-82.

Kim, S.D. (1999) Conservation of stone cultural prop-
erties. Joural of Architectural History in Korea, v. 8, p.
57-82.

Kim, Y.'T,, Lee, C.H. and Lee, M.S. (2005) Deterioration
assessment for conservation sciences of the five sto-
ried stone pagoda in the Jeongrimsaji temple site,
Buyeo, Korea. Economic and Environmental Geology,
v. 38, p. 675-687.

Lee, C.H., Choi, S.W, Lee, HM. and Lee, M.S. (2006a)



A BEAL AZESHARPIS B B9 FeHies 641

Archaeogeological implication of lithic artifacts from
the Unjeonri Bronze Age site, Cheonan, Republic of
Korea. Journal of Archaeological Science, v. 33, p. 335-
348.

Lee, C.H., Choi, S.W. and Suh, M. (2003) Natural dete-
rioration and conservation treatment for the granite
standing Buddha of Daejosa Temple, Republic of
Korea. Geotechnical and Engineering Geology, v. 21,
p. 63-77.

Lee, C.H., Chung, Y.S. Kim, J.Y. and Yi, J.E. (20052)
Behavior interpretation and secondary degradation of
the standing sculptured Buddha at the Yongamsa tem-
ple, Ogcheon, Korea. Journal of Conservation Science,
v. 17, p. 83-94.

Lee, C.H., Kim, S.D., Han, B.I., Kim, Y.T. and Lee, M.S.
(2004) Conservation treatment and deterioration
assessment of the sculptured standing Buddha named
Taehwa 4 year in the Jincheon, Korea. Journal of Con-
servation Science, v. 16, p. 39-51.

Lee, C.H. and Lee, M.S. (2005) The state of the art and
conservation method of the rock cultural heritages,
Republic of Korea. Journal of the Korea Institute for
Structural Maintenance Inspection, v. 9, p. 13-21.

Lee, C.H., Lee, M.S. and Suh, M. (2005b) Safety inter-
pretations of the discontinuity and weathering char-
acteristics of the Gaheungri triple Buddha statue,
Yeongju, Korea. Journal of Geological Society of
Korea, v. 41, 401-413.

Lee, C.H., Lee, M.S., Suh, M. and Choi, S.W. (2005¢)
Weathering and deterioration of rock properties of the
Dabotap pagoda (World Cultural Heritage), Republic
of Korea, Environmental Geology, v. 47, p. 547-557.

Lee, C.H. and Suh, M. (2002) Geological and petrological
safety diagnosis of the multi-storied stone pagoda in
the Daewonsa temple, Sancheong, Korea. Economic
and Environmental Geology, v. 35, p. 355-368.

Lee, D.S,, Lee, C.H. and Kim, J.Y. (2006b) Weathering
impact for rock properties and material characteristics
of concretes used stone pagoda of the Mireuksaji tem-
ple site, Tksan, Korea. Economic and Environmental
Geology, 39, p. 285-299.

Lee, M.S., Vi, J.E., Pyo, SH., Song, C.Y. and Lee, C.H.
(2005d) Deterioration diagnosis and petrogenesis for
rock properties of the stone Lantern in the Gwanck-
oksa temple, Nonsan, Korea, Journal of Conservation
Science, v. 17, p. 5-18.

Lee, M.S,, Jeong, M.H., Jung, Y.D. and Lee, C.H. (2006¢)
Deterioration and conservation treatment of the three
storied stone pagoda in Seokakri, Gyeongju, Korea.
Journal of Conservation Science, v. 18, p. 63-74.

Lee, S.H. (1998) Geological discussion for conservation
methods of stone cultural properties in Korea. Journal
of Conservation Science, v. 7, p. 9-18.

Lisci, M., Monte, M. and Pacini, E. (2003) Lichens and
higher plants and stone: a review. International Bio-
deterioration and Biodegradation, v. 51, p. 1-17.

Neshitt, H.W, and Young, G.M. (1982) Early Proterozoic
climates and plate motions inferred from major ele-
ment chemistry of lutites. Nature, v. 299, p. 715-717.

Nesbitt, H.W. and Young, G.M. (1984) Prediction of some
weathering trends of plutonic and volcanic rocks
based on thermodynamic and kinetic considerations.
Geochem. Cosmochem. Acta, v. 48, p. 1523-1534.

Nockolds, S.R. and Allen, R. (1954) Average chemical
compositions of some igneous rocks. Geological Soci-
ety of American Bulletin, v. 65, p. 1007-1032.

Nonsan City (2005) Nonsan in Chungnam Korea. Cli-
mate, http://www.nonsan.chungnam.kr.

Pearce, J.A. (1983) Role of sub-continental lithosphere in
magma genesis at active continental margines. In
Hawkesworth, CJ. and Norry, MJ. (Eds.), Conti-
nental basalt and mantle xenolith, Shiva, p. 230-249.

Uchida, E., Ogawa, Y., Maeda, V. and Nakagawa, T. (1999)
Deterioration of stone materials in the Angkor mon-
uments, Cambodia. Engineering Geology, v. 55, p.
101-112.

William-Thorpe, O. and Thorpe, R.S. (1993) Geochem-
istry and trade of Eastern Mediterranean millstones
from the Neolithic to Roman periods. Journal of
Archaeological Science, v. 20, p. 263-320.

Yang, HJ., Lee, C.H., Choi, S.W. and Lee, M.S. (2006)
Petrological characteristics and provenance presump-
tion for rock properties of the stone pagoda in
Mireuksaji temple site, Iksan, Korea. Journal of Geo-
logical Society of Korea, v. 42, p. 293-306.

Yun, Y.G. (2006) Biological distribution on the surface of
stone Buddha in Gwanchoksa temple, Korea. Pro-
ceeding Paper of the 23th Annual Meeting of the
Korea Society of Conservation Science, p. 78-83.

20069 99 4% AT, 200649 129 1€ AR



