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Petrological Sudies of the Buddha Image Carved on Rock Surface at the Gyeongju Namsan Area, Korea
- A Case Sudy of the Seated Buddha Image Carved on Rock Surface of Yuneulgok in Bae-ri, Gyeongju -

A9 - g ol gE - AT

Song Chi-young, Han Min-su, Lee Jang-jon, Jun Byung-kyu

(ABSTRACT)

The Seated Buddha image carved on rock surface of Yuneulgok in Bae-ri, Gyeongju constituted of
alkali feldspar granite. Thereis surface weathering by abrasion, exfoliation and break out.

As a result various experiment was carried out testing rock material property to quantitatively grade
weathering.

Besides, this study is focused on properties of rock and correlation between things. Additionally,
comparison of chemical properties to nondestructive weathering grade in the buddha image carved on
rock.

This result utilized on important resource for scientific conservation system compared with weathering

appearance.
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Photo 1. Present condition of Buddha Image Carved on Rock Surface of Gyeongju
Namsan. (A) Seated Stone Buddha Statue at Bulgok of Namsan. (B) Buddhist
Image Carved on Rock Surface at Tapgok of Namsan. (C) Seated Seokgayeorae
Image Carved on Rock Surface in Samneung Valley. (D) Seated Buddha Image
Carved on Rock Surface near Chibulam at Namsan. (E) Seated Buddha Image
Carved on Rock Surface near Sinsunam at Namsan. (F) Seated Yeorae Image
Carved on Rock Surface at Yongjangsa ste.
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Photo 2. (A) The present field occurrence southern frontal view of Seated Buddha Image
Carved on Rock Surface of Yuneulgok in Bae—ri. (B) Southwestern view of
Buddha Image. (C-D) Southeastern view of Buddha Image. (E) Photograph show
letter imege of EZBNE . (F) Back side image of rock base.
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Fig. 1. Weathering damage map
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Fig. 2. Location map and geological map of Gyeongju Namsan site.
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Photo 3. Microphotographs showing rock samples of the alkali—feldspar granie in Namsan.
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Fig. 3. Diagram showing the Namsan granite magnetic susceptibliy.
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Fig. 4. X-ray diffraction patterns showing host rocks. (Qz : Quartz, M: Microcline, A: Albite)
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A o]l &H AR 3H(NH-1, NH-2, NH-3)& #4811, AF g4t A2 23 & 14
St YA FEAS dFs] flste AFEAES AERANB-1), A EatESr el 2+t
(NT-1), BTS2 dINY-1) & 2 Al Tl A & A3 ste] AF-3kehs] A5 S54e
B3 5HAT (Table 1).
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Ao AHE 7P A& HESEAL Qo] o]of I IEF U F2 A AL =A%
gt st7] iwolth (Fig., 5C). FAE, ulFda & AgH o4 4 254U
(Compatible - Incompatible elements)oll thall A= YA o] WS 2/ (Pearce, 1983) 2= 3E
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Fig. 5. Diagram showing normalized major element patterns by standard granite.( NH-1,
NH-2, NH-3 : Gyeongju Namsan alkdi—feldspar granite. NB—1 : Seated Stone
Buddha Statue at Bulgok of Namsan, NT—1 : Buddhist Image Carved on Rock
Surface at Tapgok of Namsan.)
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Table 1. Contents of major (wt.%), minor and rare earth elements (ppm) of the
Buddha Monuments in Gyeongju Namsan.

Namsan Granite Buddha Monument
NH-1 NH-2 NH-3 NT-1 NY-2 NB-1
Na20 4.61 4.65 4.41 4.40 4.49 4.42
MgO 0.03 0.03 0.04 0.05 0.01 0.07
Al203 13.60 13.56 1317 13.23 13.41 13.18
Si0?2 76.09 75.31 75.67 7518 75.44 75.99
P205 0.005 0.007 0.006 0.010 0.003 0.010
K20 462 477 3.97 4.36 431 428
Ca0 0.4 0.08 0.24 0.18 0.05 0.12
TiO2 0.05 0.05 0.05 0.10 0.06 0.08
MnO 0.02 0.02 0.02 0.04 0.01 0.03
Fe203 1.20 1.53 0.92 1.91 0.57 1.64
LOI 0.43 0.3 0.4 0.22 0.43 0.3
Sum 101.00 100.01 98.84 99.68 9878 10013
Ba 1.9 14.5 19.5 61.7 6.7 69.8
Mg 122 no 111 231.0 305 281
Mn 1235 16.7 158.3 268.0 36.2 179.7
Sr 36 1.8 41 7.2 0.3 10.0
Ti 221 238 220 500 273 368
Cr 0.92 6.34 325 1.63 5.18 0.%6
Li 16.67 20.07 18.81 29.91 2116 15.78
217 294 252 44.0 1.5 432
S 161 150 238 15 154 172
zZr M47 336.4 352.4 3745 3899 4384
Co 131 14 157 104 13 126
Ni 0.64 0.64 1.07 0.69 0.43 0.67
Cu 0.64 0.78 1.70 0.74 0.65 0.66
zn 981 853 732 18 103 952
Pb 16.6 16.2 19.4 203 5.41 16.2
Rb 254 286 259 182 259 210
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Namsan Granite Buddha Monument

NH-1 NH-2 NH-3 NT-1 NY-2 NB-1

Y 587 286 79.5 54.4 257 276

Sn 7.21 7.02 6.47 5.08 7.20 583
Sb 0.20 0.20 0.17 0.23 0.13 0.19
Cs 2.35 1.71 1.66 1.14 1.3 1.95
La 203 1.2 256 219 9.01 6.15
Ce 431 24.3 56.1 81.3 235 15.5
Nd 208 1.6 269 212 9.79 580
Sm 570 325 7.46 5.01 >2.77 1.43
Eu 0.07 0.05 0.1 0.15 0.04 0.06
b 1.14 0.71 1.61 0.99 0.62 0.33
Yb 6.26 425 814 6.51 5.06 474
Lu 0.93 0.65 1.20 0.98 0.78 0.77

AT S mhof RS 1 B4 A B3 B B Aot MM R 2y skl galeta 2 )
2 B4 2 Hdsor SR 53] Fahe] ol Holof Atk WA FREA ES A4 o]
=

2 & o A A AFErE Y8 ket

upof 53 o|F = A 1 AF At s e 3l A F281%|4=(CIA; chemical index of alteration)
O} F3 3 A 42(WPI; weathering potential index)¥ Table 2 ¢ Zt},
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CIA = [ALO4/(Al,Og + CaO + Nay,O + K,0)] x 100

5 SHAIA P FE oY A o] FeF2El TRt iz Xé

WPI = [(CaO + Na,O + K,0 + MgO - H,0)/
(Si0, + (AlO4 + Fe,04 + MgO + CaO + Na,O + K,0)]

= F 2 B CIAZF ¢F 50.74~52.48, WPI7} 9F 6.32~

AR LT oo g o]
& Bzt

7.23% AEH AA Tt A E AEolu, S TE S A Pk A S
(Table 2).
Table 2. Chemical Index of Alteration and Weathering Potential Index of granite.

Namsan Granite Buddha Monument

NH-1 NH-2 NH-3 NT-1 NY-2 NB-1
CIA 50.74 5114 52.35 5185 52.48 52.09
WP 6.92 7.00 6.59 7.23 6.32 6.78
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e Al 9 Zob$H] Slake durability ot}

)

9sto] F3He BR7IE Blastth, oA 249 B VIeeE U=

[rfan?} Dearman(1978)

[IAEG Anon(1979), Slake durability+ Gamble-—] e ER71&S A
i E e H, ol 7] AL A& A Hilx} gt} (Table 3).

Table 3. Classification of weathering degrees according to standard value.

Water P-Wave K Uni. Comp.
Density Absorption Velocity  (Weathering Strength
(%) (m/s) coefficient) (MPa)
Fresh ) 260 (02 ) 5000 0 » 230
(F)
Slightly
» 253 0.2~10 5000~4000 0~0.2 ) 120
Weathered (SW)
Mogerately » 249 1.0~20 4000~ 3000 02~04 > 50
Weathered (MW ) ) . ) )
Highly
Weathered (HW) > 2.00 2.0~10 3000~2000 0.4~0.6 > 15
Completely
Weathered (CW) (2.00 ) 10 ( 2000 0.6~10 (15

L=

B aAte] mpolj ol AR B ohgehol ol Al of FEAE Ad ofH 1A s
T 45HE1985), FTES

o ARkgk e wE i, puk et FI e liev(1967), 5=

Sotolct, 1 A SeA =

Akl AT SR 20718 LR Ve 24 S, s S 45
ME st A5 A5 2ot e, B uEe 9 2ok, B A & S8,

A o v AR TFI FLAAY o] dFe] vz ZRY] HFg ofn| ), AF 4t
SPF el et BlE 2.54 24 ARbAQl 3o BlFoll AA| HlojuA] ¢ m, o] Table 394
BlaL g ol w2 ofZt FohE oA (SW)of st

FrES AR W aEol ARste 23 mo] ] T (wt.%)9] ME &S Yot A

o

5

=N — T ui =0

2 olth, wEtA o= FSEY Ao AMIAE, vlFH Fo AUIAE P TeES
1.38%E 7|5 35to] B F3E AHAMW) o sig-Hrt
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Bsh SEL BAo] B 3% R 24 Fo) SHERA, FHYARAL AR Wiy Bl
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g} &xof o8 A E 4 rh (Kolsky, H., 1953). Puke} Sul &= 7b7F Bt 2371.54m/s,
S B & Table 39 F3F5wito] A& RS o, Ak S3p7h My
HW)oll siFateict, ol o B4l vls) F2h&o] tha A Uehtetl, ol oA W9 ?JZ}

}_
e os AR BAASE S48l A el MsES el ke Ao F5t 4%
gol ahet gashel, mepgull FAAC 45 SUS e O AFEo o 58 w2 3}
7 st b

) 7b $Rb s AE USSRt I I e 7 5719 AJHES o] 8-5te] A st 1
A7}, &A= oF 121.77~148.63 MPa & A EZZEAo|A 4 o Z=2x LEI9S
o, BEHIME NN AHITHl iFdhs dUdS & & AUk, EBF A == 5.1~
6.4 MPa g 7|53t AlA g oFA o 2 17 =7} ©F 5.3~8.5 MPa®] W& Vetdicta &2
oS o], & A A A} gk vl A A g oA of sid S gl skt

Slaking durability= ¢4 o] Az e oA gt Zw et AgES fA8kL okt B3 M
SHA HW FA4 % F3H7h 71 E AL, YAV B e S n|ditt, ol R oRRE ARt £

Table 4. Gamble's slake durability classification (Goodman, 1980).

% Retained after One % Retained after Two
Group Name 10—-min Cycle 10—-min Cycle
(Dry Weight Basis) (Dry Weight Basis)

Very high durability 99 )98

High durability 98~99 95~98
Medium high durability 95~98 85~95
Medium durability 85~95 60~85
Low durability 60~85 30~60
Very low durability (60 (30

Namsan Granite 99.17 99.60
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Table 5. Physical properties of the Namsan alkali—feldspar granite.

Water e Uni.  Ttensile Young's
Spediic Porosity Absorp Velociy (M/s) comp. g aTRiE | PHBS Poisson's
Gravity (%) tion p S Strength (MPa)  (GPa) Ratio
(%) wave wave (MPa)

Average| 2.54 3.50 1.38 | 2371.54|1604.53 | 135.64 58 34.48 0.27
Max 2.55 3.89 1.54 | 2551.65| 172847 | 148.63 6.4 4574 0.37
Min 2.54 313 1.23 219331 | 1381.73 | 12177 51 2810 0.20

254 T ) -|— 15 %
SN 1 = | .
. Gravity * Porosity (%) +  Absorption (%)
2500 —|— 1700 150 T
2200 l 1400 J 135
L Uni.Comp.
2100 1300 125 Strength
P-wave (mis) S-wave(mfs) J (MPa)
6.5 T 45 0.35 T
5.0 * 30 0.20 Es
45 Tensile Strength 25 Young's Modulus 0.15 _
(MP3) (GPa) Poisson' ratio

Fig. 6. Physical properties are showed on box plot. (A) Porosity(%), (B) Absorption(%) (C)
Compressed Strength(MPa), (D) P-wave velocity(m/s) (E) Poisson's ratio (F) Youngd'
modulus(GPa)
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Table 6. Physical correlation table of calculated to proportional factors
(Red : (=) correlation, Blue : (¥ correlation),

Absorp 9 Compessed Young's
tion P(r\g/i;e S(n\:v/e;\)/e Strength Modulus
(%) (MPa)  (GPa)

Specific Gravity 1.00 | -0.86 | -0.87 0.4 0.30 0.3 0.14 —-0.17

Poisson's
Ratio

Specific Porosity
Gravity (%)

Porosity (%) 1.00 1.00 -0.50 | -0.44| -0.62 | -0.12 | -0.32
Absorption (%) 1.00 -0.49 | -0.43| —0.61 -0.12 -0.30
P-wave 1.00 0.93 0.11 -0.48 0.98
S—wave 1.00 -0.01 | -0.27 0.49

Compressed
1.00 0.28 0.68

Strength (MPa)

Young's

1.00 -0.28

Modulus (GPa)
Poisson's Ratio 1.00
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