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Abstract: The geochemical and mineralogical investigation on the rocks and repair material comprising of
the Sungryemun (The 1st National Treasure) has been made. Rock of the Sungryemun is highly weathered
coarse-grained calc-alkali granite. The rock consists mainly of quartz, perthite, plagioclase and biotite with
small amounts of orthoclase, muscovite, chlorite and sericite, which are major weathering products from
perthite. For obtaining informations about degree of weathering, mineral composition of the original rock
calculated by CIPW norm and weathered rock composition determined by XRD quantitative analysis were
plotted on a ternary diagram of quartz-potash feldspar-plagioclase. Original rock compositions are plotted
on the central granite area, whereas weathered ones are plotted on the granite area close to quartz. The
result means that quartz is more abundant in weathered rock, due to selective chemical weathering of
potash feldspar and plagioclase over quartz. On the whole, surface of the rocks were black-coated,
exfoliated and highly fractured due to the physical and chemical weathering and heavy load has made the
cracks in the lower parts of the stone construction. Also, cement and nails, which was used as repair
material, during the repair work in the early 1960’s, has accelerated the weathering process. Furthermore,
weathered conditions of repair materials are very severe. Therefore, it is very urgent to establish of the
conservation plan for the Sungryemun.
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Table 1. Description of rock and cement samples from the Sungryemun.
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Fig. 1. Sampling point of the Sungryemun.
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Table 2. Chemical composition of major, trace element and CIPW normative composition of the granite from the Sun-

gryemun. (unit: wt%)
Sample NTO01-04 NTO1-05 NT01-08 NTO01-09 NTO1-11 NTO01-13 NTO01-15
ALO, 13.71 12.03 12.92 13.23 11.51 13.03 13.21
CaO 0.82 0.61 0.97 1.14 0.58 0.60 1.42
Fe,0,* 0.85 0.69 1.22 1.04 0.63 0.86 1.02
K,0 5.28 4.56 424 4.30 3.84 4.66 4.44
MgO 0.14 0.14 0.25 0.26 0.10 0.12 0.29
MnO 0.06 0.05 0.06 0.05 0.02 0.07 0.05
Na,0 2.79 2.88 2.65 3.81 291 2.82 3.66
P,0; 0.09 0.09 0.10 0.05 0.03 0.03 0.04
Sio, 75.10 77.94 75.43 75.82 79.27 75.91 74.83
TiO, 0.10 0.09 0.18 0.15 0.06 0.12 0.14
LO.L 0.76 0.57 0.53 0.22 0.60 0.40 0.49
Total 99.69 99.63 98.54 100.09 99.54 98.61 99.60
Co 0.11 0.16 0.21 0.06 0.16 0.32 0.23
S 0.22 0.02 0.27 - 0.06 0.14 -
Cl 0.20 0.07 0.82 - - 0.21 -
CIPW norm
Q 3734 42.86 42.44 34.58 46.84 41.03 33.58
Or 31.57 2722 25.59 25.47 2295 28.06 26.50
Ab 23.83 24.57 22.85 32.25 24.86 2427 31.21
An 3.58 252 431 5.37 2.73 2.85 6.52

Fe,0,*: total FeO.
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Fig. 2. Correlation between SiO, and other oxides of the
Sungryemun Wall Granite. Symbol: NT001-04 O,
NT001-05 (], NT001-08 W, NT001-09 +, NT001-11 X,
NT001-13 A, NT001-15 @.
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Fig. 3. AFM plotting of the Sungryemun Wall Granite.
Symbols are the same as in Fig. 2.

Q

A,

Fig. 4. Mineral compositions of the rocks from the Sun-
gryemun by CIPW NORM calculation. Symbols are the
same as in Fig, 2.
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Fig. 5. Alterations of feldspar (a) Plagioclase showing zoned texture and partly sericitization. Myrmekite developed
along the rim of plagioclase (b) Plagioclase showing zoned texture. Along the cleavage plane of biotite, chlorite devel-
oped due to alteration (c) In perthite, Small crystal of muscovite developed by sericitization (d) Along the cleavage plane

of biotite and muscovite, chlorite produced by alteration.

Table 3. Modal analyses of the granite from the Sungryemun.

(unit: vol%)

numbermineral 9-1 4 9 13
Quartz 35 357 36.1 35
Plagioclase 11.7 10.7 8.2 8.3
Orthoclase 5 36 33 5
Perthite 333 28.6 32.8 35
Biotite 6.7 8.9 9.8 8.3
Muscovite 33 5.4 6.6 5
Chlorite 1.7 1.8 1.6 1.7
Sericite 33 53 1.6 1.7
Total 100 100 100 100
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Table 4. XRD Quantitative analysis of granite from the Sungryemun. (unit: wt%)
sample NT01-05 NT01-09 NTO01-13 NTO01-15
Quartz 43.8 444 41.6 49.1
Plagioclase 223 279 255 30.9
K-feldspar 20.5 15.1 15.5 164
Biotite 7.1 9.5 15.1 2.5
Muscovite 4.7 - - -
Clays 1.6 30 23 13
Q AHE WollMe dzhe]-ZAehgo] o3 AJdE
o JRN, K A9, 0] 48 24
AdelA s8R whgo] dojut HEFEC] vt

Weathered rock

Original roc

Granite

TN

Ab

Fig. 6. Mineral compositions of the granite from the
Sungryemun between original rock and weathered rock.
Symbols are the same as in Fig. 2.
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Table 5. Chemical composition of cements from the Sungryemun. (unit : wt%)
Sample NTO01-06 NTO1-07A NTO1-12A NTO1-12B
ALO, 8.67 6.17 8.63 10.74
CaO 15.23 14.29 21.52 0.49
Fe,0,* 1.81 0.88 0.92 0.71
K,0 223 2.59 246 3.84
MgO 1.55 1.11 3.40 0.11
MnO 0.34 0.02 0.04 0.05
Na,0 0.99 1.21 0.29 271
P,0, 0.24 0.10 0.07 0.02
Sio, 55.21 60.88 42.78 62.09
TiO, 0.24 0.11 0.04 0.10
LOL 12.24 12.57 19.56 18.30
Total 98.75 99.93 99.70 99.18
S 5.86 442 6.42 4.27
Cl 2.13 - 9.30 12.01
Fe,0,*: total FeO.
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Fig. 7. XRD pattern for weathered nail used for repair
material. 1. Iron oxide (Fe,0,), 2. Iron Fluoride (FeF,),
3. Iron oxide hydrate (Fe,O, * 2H,0)
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Fig. 8. SEM images of black layer on Sungryemun Wall
Granite. Typical form of gypsum crystal is observed.
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Fig. 9. SEM images of altered cement for repairing Sun-
gryemun. All the grains of calcite show worm-eaten
structure owing to chemical weathering.
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