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Abstract: In this study we examined the geomorphological and geological characteristics of the granite
landforms in the Tksan area. Moreover we investigated the source areas of stones which are used to build
the Mieruksaji west stone pagoda. Joint is most identifiable geomorphological and geological structure in
the Iksan area. Direction of J1 joint appears to be N71°E~EW, and that of J2 joint ranges N20°W~N20°E.
Cross-pattern joint is predominant in the study area, and linear-pattern vertical joint is also observed. Tor
and corestone are easily found as geomorphological features in the study area. Corestones forming tor are
almost 2~3 m across and 2~3 m or over 5Sm high. Their hardness is mainly of hammer bounce. Tower-
type and castle-type of tor are characteristic in the Mireuksan granites. Other geomorphological features
such as tafoni, gnamma are also observed in the study area. Petrographical and geochemical features of
the stones used for the Mireuksaji west stone pagoda are compared with those of the granites cropped out
nearby, and indicate that the stones from the Mieruksaji west stone pagoda are quite similar to the
Mireuksan granites. In the Mireuksan we can easily find lots of old traces for rock cutting.
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Fig. 1. 3D topographic map around the Mireuksan area, [1: site of the stone-cutting trace.

el Me dERE 2y, F
& B9 TuaE B M A4S wsgy
o] o LM HlFA 3 FHtde F2 A}
&5t gttt A5l weiMe 339 dyrx &
Hhly Agat Algg 9= ik A2dle 3
<" Mz F3A9 B9l Eo) gl A4lo] o}
3L Sle] ol Y= Yo MR TIE e
olof gt "ol Ar|HAT wEky 4 zRslx el
AREE AA e FEA Tt XYy - A sk A
ToF FHAH AF FFo] ook Fr AlgHTh
FEiver AzEsiAe] QAo e 7 1A4E B
9 2 N FFA B Avts 2 2 U 59
Uie YA o}F g Aoinkel: o) 4d, 1996;
83 9], 2000, 2002; o] 23] 9, 2004)

2 =AM E Y HEESA 7 m\ad TR
A ek it AGE dde R oo ANEES
A AR sy BERG) ehbe ")
Eo](tor), Y (corestone)S A ATEZZH BHo|A nle}
3, B 3 BEX|GAA B 4 U v g
#FH BFEY (tafoni), LhHgnamma) 5] F3} 2
< AYPA MiFzak, morphography)ZiQl TAA &3}

Vol. 14, No. 1, 2005

Fovl, An 4z BAAE olFt B4U ol
RS FFIAS AO2 FHHE 79 37
o Sy 542 HulgRH, R, B
2 MBAANE Fael e FRS 2 FIAE

spe}atsir.

e 1x

ix

x|l 2t} BIXA

AYE 2T AR go} glom, 3
5 374 Age) Fuo) Bol BE
A =
A

7

19
z
o
Lo
X

A
ZE g0 = AvhkFig 1). ol#HT
Z % 3}

vl S4te] YE AR ofefelis WAl A v
SAAAKY Al 1505)% B1SAA ARHER A 115)
o ol gk olRE Fo] w3} woz Hol Y



26 2715 -

LEGEND

& Alluvium
g Biotite
BBl granodiorite

el Muscovite
= granodiorite

N
] | 2km
% |

Fig. 2. Geologic map of the study area.
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Table 1. Dip and Strike of joints in the Mireuksan area.
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Orthogonal joint
Outcrop Dip () Dip direction (°) Strike Outcrop Dip (®) Dip direction (°) Strike
MI01 89 358 NSSE MJ-09 87 162 N72°E
) 82 137 N47°E MJ-10 87 7 N83°W
82 281 NII°E 77 274 N4°E

- -1

MI-02 85 172 N82°E Mi-1 78 173 N83°E
MJ.03 85 281 N11°E Mi-12 68 81 NO°W
i 85 167 N77°E MI13 66 47 N43°W
MI.04 90 177 N8T°E ) 80 85 N5°W
85 259 NI1I°W MJ-14 80 273 N3°E
88 225 NI5W 80 192 N77°W

MJ-05 :
84 357 NS8T°E MI-15 82 91 NI°E
86 177 N87°E 90 171 N81°E
MI-06 75 259 NII°W MJI-16 76 81 NO°W
83 177 N87°E 80 153 N63°E

- 17

MI-07 84 259 N1I°W M 81 184 N86'W
M08 80 5 N85°W MII8 80 211 N59°W

i 80 283 NI3°E )
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Fig. 3. Rose diagram of joints in the Mireuksan area.
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Fig. 4. Classification of joint patterns (after Kim, 1982).
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Strike Frequency % Strike Frequency %o
N~N10°E 3 9.68 N~N10°W 3 9.68
NI1°E~N20°E 3 9.68 NI1I°W~N20°W 3 9.68
N21°E~N30°E - - N2I°W~N30°W - -
N31°E~N40°E - - N31°W~N40°W - -
N41°E~NSO°E 3.23 N41°W~N50"W 2 6.45
N51°E~N60°E - - NS5S1°W~N60°W 1 323
N61°E~N70°E 1 323 N61°W~NT70°W -
N71°E~N8O°E 2 6.45 N71°W~N8O°W 1 323
N81°E~E 8 25.80 N8I°W~W 3 9.68
Total 18 58.07 Total 13 4195
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Fig. 6. (a) Tower-type tor and (b) castle-type tor in the Mireuksan area.
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Table 3. Classification of joint patterns in the Mireuksan area.

PatternOutcrop Linear Cross TorY

Cross check  Curviplanar Radial Irregular

MIJ-01
MIJ-02
MJ-03
MIJ-04
MJ-05
MJ-06
MJ-07
MJ-08
MJ-09
MJ-10 O
MIJ-11
MJ-12
MJ-13
MIJ-14
MIJ-15
MJ-16
MJ-17
MJ-18
Total 3
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Fig. 7. (a) Schematic development of a tafoni, (b) joint-relating pattern and (c) isolated pattern of tafoni in the Mireuk-
san area.
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Fig. 8. (a) Schematic development of pit- and pan-type gnamma, (b) pan-type gnamma and (c) pit-type gnamma in the

Mireuksan area.
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Table 4. General features of tor in the Mireuksan area.
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Outcrop Lor;gZitli;z:lrtrllleter Long ((iigmeter Short (dnila).meter H(e:ﬂg)ht Hardness Roundness Type Nat(igi)aé )grid
MT-01 EW 24 1.8 2.5 © O Tower 23267? 32'13@
MT-02 EW 25 18 22 © A Tower g13 26;00 3‘2'1?(;"
MT-03 NI10°W 15 1.1 15 @) O Tower g132670 321134
MT-04 NS 25 0.7 9.0 e} O Castle g132670 5'2.111 4
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MT06  NSOW Ll 038 18 ® A Tower gf 2670 (;2130
MT-07 N70°W 6.4 1.3 37 ®) N Tower 2132670 321234
MT-08 N8O°W 20.0 10.0 9.0 ©) A Table hill 232670 8'2.52;"
MT-09 N86"W 45 35 7.5 © O Castle g13267f) 32.4233.

* 73 % -~ © : hammer bounce 9 : hammer break
#9vlx - O : rounded A : semi-rounded (J : angluar
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Table 4. Contents of major oxides (wt.%) of the granitic rocks in the Mireuksan area.

Mireuksaji west
Sample MJ-01 MJ-02 MJ-03 MI-04 MI-05 MI-06 stone pagoda
(Yang, 2004)
Sio, 7294 7271 7332 72.88 71.44 70.79 7391
AL, 1441 15.02 1492 14.22 14.77 14.96 14.38
TiO, 0.26 0.33 0.32 0.21 0.28 0.35 0.37
Fe,0, 1.63 1.83 1.79 1.20 1.60 1.94 197
MnO 0.03 0.03 0.03 0.02 0.03 0.02
MgO 0.33 0.39 0.38 0.23 0.33 042 048
CaO 1.68 1.95 1.86 1.51 1.86 211 207
Na,0 372 3.83 367 3.54 3.67 3.81 341
K, 0 3.81 391 4.14 418 4.10 3.73 3.81
P,0, 0.07 0.09 0.08 0.05 0.08 0.09 0.14
LOI 0.65 043 045 0.52 043 045
Total (%) 99.53 100.52 100.96 98.57 98.57 98.67 99.98

© (d)

Fig. 11. Photographs of the granitic rocks in the Mireuk-
san area (a and b), and the stones from the Mireuksaji
west stone pagoda.

oA 3.0%9 EXE HRY. v]EiME REFHOZ
= 40~5.0%2 EXE Ho|A| T dlFEe] 3.0% e
BEE Hth eU 3 nEAR] Ago] A4 30
ppmol A FHd] 9.0ppm7tA] WERA RN, ] FES
3.0~5.08 X WS HAth H|E4ke] A= Ha
30, FAd BOAE YERA R, HREL 3.0~5.09
BEEZ 32t} eTh 3L v|SAR] Aol H4 110
ppm3 FH 31.0ppm7FA = YEREA R REES
12.0~14.09) EXE Hld, njE4ke] B9 A 13.0,
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A 260714 % VERA T RS 13.0~2008] &
¥ U9 E RItK(Table 5).

K, eU, eTh 33& ¥wg 243 | SAA] Mg 1|
Exbel ] gro] s dAske] YeldE & 4 3
ChFig. 12). ZvladERn|g B4 o3ivl, u]FAL
A gl AR HAle St FEHNE 7
Aol & Aoz ddhr.

M M EH

Sl A o] HAAF EAL 9 SAAY HE A
el g APACA AR ChFig. 1). Fig. 132 7
St dAE AA A3 EHelt). Aejr)p wad
orde] g wof WHx 3 B4 de] W wet
A AFsE 3 2L B $ Aok 53], "zt v
A ZA D3 castled EoJ9) towerd EojoA B
o] galxUc}. o= dale) Eo XFo] wedt o]
AA Al F23HA 257 Wiz HdEth

A7 e AL FAg A AA, A A=
AR I=rt @ XMRE olRHE HALZE
AP Boju o] &2)Z¥ M(solifluction) 2}l
oAl Al ol E o]F AEC] F& tdIRE A
olt}, A2 AFH &EZ o] ol v A=7}F 200m ]
2 VER} W FoMEH AFH 7T o] Folig AL
2 dddoh 4, A4 AHEs Aot ddstol &)
3 A R BolM Hez &4 3le 3719
AAEo] Bo| Y& ol F8 il AoE #
gk v & AAEdd feElslEs dejrt we
3 ARR| 9] et wom AAlE ghuket 23 AQL
B4 wZo M FFe] 7Fe3RE Aoz wddn
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Table 5. Gamma-ray spectrometer values of the Mireuksaji west stone pagoda and granitic rocks in the Mireuksan

area.

Mireuks;ji west stone pagoda Outcrop
Sample nGy/h K eU eTh Sample nGy/h K el eTh
P-01 57.57 331 5.17 12.12 M-01 90.96 441 6.10 19.42
P-02 60.46 375 4.95 15.52 M-02 56.70 3.66 3.23 20.07
P-03 73.07 345 7.06 12.38 M-03 43.23 429 3.69 15.27
P-04 61.97 3.32 5.87 13.69 M-04 4374 3.20 344 14.63
P-05 63.42 3.06 5.88 12.56 M-05 65.98 4.67 5.45 18.56
P-06 65.41 3.59 3.14 16.44 M-06 44.38 3.61 3.30 15.90
P-07 71.17 325 593 11.79 M-07 5746 3.98 3.82 18.20
P-08 56.32 3.59 3.30 15.35 M-08 43.19 4.40 4.31 18.70
P-09 70.38 323 5.07 13.07 M-09 65.86 476 4.76 21.89
P-10 55.90 3.47 457 14.89 M-10 14.98 3.64 6.40 14.23
P-11 76.04 3.48 427 14.45 M-11 40.81 3.88 4.54 13.97
P-12 51.15 3.32 479 14.99 M-12 4494 337 348 13.43
P-13 42.38 2.98 3.89 15.27 M-13 70.51 442 498 18.62
P-14 54.15 3.54 4.16 14.55 M-14 84.36 5.12 455 26.71
P-15 55.01 3.62 438 13.7 M-15 88.64 4.65 13.19 26.84
P-16 61.99 347 3.33 16.11 M-16 28.46 4.19 6.94 20.35
P-17 73.63 3.82 347 14.77 M-17 64.95 443 414 21.39
P-18 77.17 3.34 3.73 12.56 M-18 26.75 4.16 433 21.68
P-19 71.10 3.15 3.35 13.32 M-19 24.51 3.83 3.04 22.10
P-20 120.22 4.27 9.50 31.81 M-20 63.12 4.11 5.62 18.58
P-21 68.69 3.55 3.68 13.64
p-22 80.21 3.51 5.11 12.72
P-23 64.53 342 494 12.60
P-24 66.15 3.64 4.58 1651
P-25 68.18 3.77 352 14.12
P-26 56.45 3.02 3.98 13.44
4 =2 cross8o] SAEA YElgon REHog lmea.r"% 01
T2 (vertical) S 2 HERAZIE SFFiTh AR, BS54
S Ul g T4 B F e & oo AEe 2~3m7t 7 Eol vElgter, vEe
Aojt). o] gttol AdtellA FAHH AR =F 2m °|37} 7HE Btk %ol= 2~3mS} Sm o]
He FAAoM 22AA 253 7|F4 gz 4 Ao| et A== A tHFE°] hammer bounce$l
27t ggslA =Hol, Eo, 814 9o xNFL nEY. on, UnlEolA semi~rounded@ o] Bt Fej=
SElvetdd Eart =YsEA gt 33 XY towerg ol Bk, castle® >} table hil¥ %= FERTE
& Az o) AR AR A ATAFE WA, e FHNEE chkslAl Yeptt) BEy el
2w R B oA BB AZEIAE ©  URES &% 23 dFRE AZARN B2
@ AYFS ALHC] RIS HAA YT IS E G e 2 oS 21 Bow YT e
ol Utk AA o} de Az A et F < pit¥ol Erh vhAlA, ekl tiek du)A T
g A FIAE AF AL, FYSH BAY 3 B, 22y A9 vsue AYL A2
2 2PHoz T3l L3} e AES AUk vlellEs} vehle spESges EREJY. o

A wE22F X GollA] FH el J1o] N71°E~EW
2 yehgdon, I the Wkl 2E N20°W-N20°ES
uUeldth 84, dale] f3EFAM nEE gz

A, AR EZOEE ol gale] B SAbe] 43t
PISAA Age] MAlA WERE 2D deie] P}
¢ A%k 1 4BYE seksigch 7 A%, 0lg
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Legend K20
Mireuksaji
west pagoda

o Mireuksan_-;
K20

/\@m
Thv

A4 AL
) U
Fig. 12. K-Th-U ternary diagram for the stones from the

Mireuksaji west stone pagoda and the granitic rocks in
the Mireuksan area.

Fig. 13. Field occurrence of the stone-cutting traces in
the Mireuksan area.
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