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Abstract: For the characteristics of rock material and standardization, flagstones of the trifurcated path in
Jongmyo Royal Shrine, registered as World Cultural Heritage, were studied on the basis of petrographic,
petrochemical and magnetic properties. The flagstones are composed mainly of pale gray fine to medium
grained hornblende biotite granite, pale gray fine to medium grained biotite granite, pale pink medium to
coarse grained biotite granite, pink medium to coarse grained biotite granite and minor pegmatite and schist.
Flagstone represents the average size of 65cm x 46 cm (standard deviation 12cmx7cm) and suitable
(34.7%), common (41.4%) and unsuitable (23%) in roughness. It is interpreted that pale pink and pink
granite, pegmatite, schist and other flagstones with unsuitable state are not original rock materials and were
exchanged during restoration, in the past. The number of these non-original rock materials is about 560
flagstones. We suggests that the standard flagstone of the trifurcated path is pale gray fine to medium grained
biotite granite (= hornblende in trace), 70 wt.% in SiO, content, and +0.1 x 107 SI in magnetic susceptibility.
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Fig. 1. Map of the trifurcated path at Jongmyo.
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Fig. 2. Classification of the flagstone from the trifurcated
path at the Jongmyo.
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Fig. 3. Grain size distribution of the flagstone from the
trifurcated path at Jongmyo.
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Fig. 4. Distribution of rock color of the flagstone from
the trifurcated path at Jongmyo.
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Table 1. Classification of the flagstones according to rock
color and rock types

Numbers of Proportion

Rock stones (%)
Pale gray honrblende biotite granite 61 2.6
Pale gray biotite granite 2127 90.1
Pale pinkish biotite granite 123 52
Pinkish biotite granite 45 1.9
Others 5 02
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Fig. 5. Classification of the flagstone according to rock
type and color.
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Fig. 6. Roughness of the flagstone from the trifurcated path at Jongmyo. (1) and (2) suitable, (3) and (4) common, (5)

and (6) not suitable.
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Table 2. Statistical analyses of the flagstone sizes from
the trifurcated path at Jongmyo

Width Length

Rock types Variables

(em)  (cm)

Maximum 114 94

All st Minimum 32 17
siones Average 65 46
Standard deviation 12 7

Maximum 85 60

Pale gray honrblende Minimum 44 27
biotite granite Average 63 45
Standard deviation 10 7

Maximum 100 79

Pale gray biotite Minimum 32 17
granite Average 64 45
Standard deviation 12 7

Maximum 114 94

Pale pink biotite ~ Minimum 42 25
granite Average 77 48
Standard deviation 10 6

Maximum 89 55

Pink biotit . Minimum 50 40
Ink biotite granite Average 2 50
Standard Deviation 6 3
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Fig. 7. Size of the flagstones from the trifurcated path at Jongmyo.
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Table 3. Roughness of the flagstones from the trifurcated
path at Jongmyo

State of Numbers of
Rock types Color surface stones
Homnblend Common 38
ornblende .
biotite granite Pale gray No.t suitable 19
Suitable 4
Common 2
Pale pink  Not suitable 119
Suitable 2
Biotite
granite Common 937
Pale gray  Not suitable 377
Suitable 813
Pink not suitable 45
1200
g 1000
.‘g 800
é 600
?_m: 400
€
3 200

common not suitable suitable
roughness

Fig. 9. Roughness of the flagstones from the trifurcated
path at Jongmyo.
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Fig. 11. Magnetic susceptibility of the flagstones from the
trifurcated path at Jongmyo. (1) pale gray fine to
medium grained hornblende biotite granite, (2) pale
gray fine to medium grained biotite granite, (3) pale
pink medium grained biotite granite, (4) pink medium
grained biotite granite. (5) all flagstones.
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Table 4. Modal compositions of the flagstones from the trifurcated path at Jongmyo

Sample name Qtz Pl Mi Per Bt Hb Sph Opq Chl others
1-1 404 246 148 136 6.6 Zircon, chlorite, opaque
1-2 356 290 13.8 142 72 0.2 zircon
1-3 354 295 14.4 135 6.6 0.6 Sericite, chlorite, zircon
1-4 383 308 15.0 115 44 Chlorite
1-5 32.8 32.6 19.2 11.6 3.8 Sericite, zircon
2-1 364 336 10.6 12.0 74 Zircon
Pale gray biotite 22 344 304 138 120 80 1.4 Sericite, chlorite, zircon
ganite 23 264 368 162 136 70 Chlorite
4-1 334 384 114 10.0 6.8 Zircon, chlorite, opaque
42 342 346 116 150 46 Zircon
4-3 374 37.4 14.8 5.6 4.8 Sericite, zircon
4-4 426 348 10.6 9.2 2.8 Chlorite
4-5 325 367 15.8 104 4.6 Zircon
3-1 30.2 33.6 19.0 12.2 4.6 0.2 0.2 Zircon, chlorite, opaque
Pale gray homblende 35 355 394 158 94 48 Chlorite
biotite ganite . .
3-3 272 412 124 10.6 7.2 1.4 Zircon, chlorite, opaque
Qz AP oz AAFHAL. vFdr HEELS ICP-
AES(Labtest 3000)2.2 EA ).
Si0, FH 71~74 wt% Aol 2 wl¢ F-& ghe] i
S YeRdthFig 13). TIO,E 0.1~03 wt% W,
ALOE 14~15 wt%e] SA] vj9 F& o] Weles U
Btk 44T eRge S eRsletut sio,
FHFo] tha W EEE Hol¥ MnO, MgO, CaOE
a e Fon K,0E thd @ 3 RislE miltt
S Bl AE 9 dAz Fo e us
) “ (4) UERHO] Nbe 30~40 ppm }‘}O], = S5ppm B
H3LE Heolw Sr2 YA} 300 ppm W) WEE
// / \ \\ ERitt. Ba®] 7% 900 ppm Wi €je] HHE Holm o
I L A NP oARE 1300 ppm o) ¥ e Holed) ole

{1) alkali feldspar granite (2) granite (3) granodiorite (4} tonalite.
[: pale gray biotite granite, O: pale gray hornblende biotite granite

Fig. 12. Modal compositions of the flagstones from the
trifurcated path at Jongmyo.
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Table 5. Major and trace element analyses of the flagstones from the trifurcated path at Jongmyo

149

Pale gray biotite ganite
1-1 1-2 1-3 14 1-5 2-1 2-2 2-3
Major element (unit: wt.%)
Sio, 72.96 73.44 72.74 73.09 73.22 73.44 72.49 73.29
TiO, 0.22 0.22 0.25 0.22 0.09 0.2 0.33 0.22
ALO, 14.43 14.23 14.44 14.46 15.11 14.36 14.51 14.29
Fe,0,(t) 1.57 1.51 1.77 1.57 078 1.44 2.11 1.61
Fe,O, 0.56 0.65 0.76 0.70 0.49 0.74 0.79 0.29
FeO 091 0.77 0.91 0.78 0.26 0.63 1.19 1.19
MnO 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03
MgO 0.27 0.27 0.33 0.29 0.09 0.26 0.34 0.28
Ca0 1.50 1.45 1.59 1.53 1.48 1.48 1.85 1.50
Na,O 3.06 3.07 3.08 3.15 3.57 3.14 3.35 3.08
K,0 5.08 498 4.99 5.02 4.95 4.93 4.18 4.93
P,0; 0.06 0.06 0.06 0.05 0.02 0.05 0.09 0.05
Ig.loss 0.58 0.53 0.50 0.44 0.47 0.44 0.37 0.52
Total 99.66 99.70 99.68 99.76 99.77 99.70 99.52 99.67
Trace elements (unit: ppm)

Ba 879 835 850 812 1020 830 1359 862

Nb 34 33 34 33 32 31 32 34
Sr 270 257 284 270 350 273 573 296

Y 6 6.2 5.5 5.1 1.2 44 3.1 59

Co 1.6 1.4 1.5 1.5 0.5 1.8 1.7 1.5

Hf 4.7 42 4.3 4.6 3.2 42 52 4.1
Rb 245 236 212 214 202 240 121 211
Th 29.6 30.7 32.6 259 8.2 26.5 154 31.1
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Table 5. Continued
pale gray biotite ganite pale gray hornblende biotite ganite
41 42 4.3 4-4 4-5 3-1 32 3-3
Major element (unit: wt.%)
Sio, 73.28 73.74 73.79 73.86 73.88 71.41 72.92 71.8
TiO, 0.18 0.16 0.17 0.17 0.17 0.3 0.24 0.29
ALO, 14.37 143 14.23 14.2 14.24 14.39 14.29 14.51
Fe,04() 1.37 1.24 1.29 1.34 1.27 243 1.70 2.20
Fe, 0, 041 0.46 0.53 0.93 0.89 1.06 0.77 1.02
FeO 0.86 0.70 0.68 0.37 0.34 1.23 0.84 1.06
MnO 0.03 0.02 0.03 0.03 0.03 0.05 0.03 0.04
MgO 0.21 0.19 0.21 022 0.21 0.93 0.56 0.80
Ca0 1.35 1.33 1.33 1.34 1.33 225 1.75 2.09
Na,O 3.16 3.16 3.20 3.17 3.19 3.40 3.40 3.39
K,O 4.94 4.78 4.82 4.75 4.86 3.99 432 4.17
P,0O; 0.05 0.05 0.04 0.05 0.04 0.09 0.07 0.08
Ig.loss 0.94 0.79 0.65 0.63 0.61 0.58 0.49 0.49
Total 99.78 99.68 99.68 99.72 99.79 99.68 99.68 99.74
Trace elements (unit: ppm)
Ba 750 720 695 712 688 735 791 807
Nb 32 30 32 32 31 33 31 34
Sr 256 241 236 242 232 353 330 367
Y 3.1 3.1 3 3.1 2.8 6.3 39 5.5
Co 12 1.0 1.4 1.4 L5 3.7 23 2.7
Hf 34 3.7 39 4.0 4.0 35 4.7 3.2
Rb 216 205 175 177 162 173 180 158
Th 222 24.6 21.8 219 219 16.8 20.7 15.7
A2 AHo| =&H PSS 3 wol oky B A =
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Fig. 13. Harker diagrams for major elements.
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Fig. 14. Harker diagrams for trace elements.

Table 6. Standardization of the flagstone from the trifurcated path at Jongmyo

Rock type Granite (according to IUGS nomenclature)
Grain size Fine to medium grained (below 1 mm~3 mm)
Color Pale gray
Minerals Quartz, plagioclase, K-feldspar, biotite (zhornblende in trace)
Chemistry Si0,: above 70wt.%

Magnetic susceptibility
Surface condition

Size

Shape

Below 0.1 x 107 SI (to 2 x 107 SI in maximum)
Suitable or over common (roughness in surface £ 0.5 cm)
64 cm x 45 cm (error range = 10cm). thickness 8~10 cm
Rectangle

J. Petrol. Soc. Korea



il

f28
SAA, ABE, 1999, LAR7)E )
327p.
AAE, 2002,
IHE 544p.
Clark, D. A,,

Ware] et AANE, GalelA)

1999, Magnetic petrology of igneous intru-
sions: implications for exploration and magnetic interpre-
tation: Exploration Geophysics, v.30, p.5-26.

Vol. 15, No. 3, 2006

Eaciay 153

Ishihara, S., 1977, The magnetite-series and ilmenite-series
granitic rocks. Mining Geol., 75th Anniversary volume,
458-484.

Streickeisen, A., 1976, To each pluton rocks its proper
name. Earth Sci. Rev., 12, p.1-33.

Tarling, D.H., Hrouda, F., 1993, The magnetic anisotropy of
rocks. Chapman & Hall. 217p. "

A
B4

(20064 78 27¢ 20061 83 242 xfEH)



