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ABSTRACT : The rocks exposed on the surface undergo expedite weathering process due to the effects of climatic process, etc. and
the weathering process changes the properties of minerals, thereby lowering the stability of rocks. Therefore, it is important to examine
the composition of minerals in order to investigate the resistance of rocks against weathering, which is performed by weathering
sensitivity analysis. And microscopic flaking test was performed for the bored samples in this study and the composition of minerals
that are vulnerable to weathering was measured through mode analysis. The lithological and mineralogical weathering factors were
evaluated through this process. Furthermore, the degree of progress of weathering was identified by quantitatively measuring the actual
mineral composition of rocks through X-Ray diffraction analysis and identifying the secondary minerals through observation with a
scanning electron microscope. This analyzing the weathering sensitivity was analyzed to be capable of determining appropriate
indicators that can determine weather resistance and predicting the weathering grade using chemical weathering speed.

Keywords : Weathering sensitivity, Mineral contents, X-Ray diffraction, Weathering grade

2 X Ase] =EHE YA 7S 59 FFOR FIL 7HEE, TR FEY S HIAA A9 e
ASEAZ|A H B oA ol Fatol tiet A2 FEe) 2AE wtefshe Aol F85HH ol T8 W= 24& F3f olFoidl
A 2 ol A3 sl e 014 sk A9 sl LS B 3t Ao e Sste
1% B3 dgAklel Aot EAA FARUL WIeAAT) E XRay ABRAL olgsio] YL FASHE BERR
FEZAL AFH o7 22X ZAFn| ATES £ o]x]_:i S ZAslo] E3}o] Y A= ulolslgict. o]t E3} vt

£ oio] £31 AVLE BT S sl AU AR 298 4 ol Sk FASEE 0|8 FH5o 0]
3

L

(¢

>~
T

[o
'1

FRO : F3 vitE, FEAE XA 34, 355
LM E o QHHY Hwo] GFS T YEE FFHOE o2}
1 Faol] et AES Brhsks solch

QI EL Al HRRe] e Aol B AL Qpe) F3ht F3} WgEe] ek AR Suh et al(1994)
W71, Ask, 45 5ol el olsh Fakago] shun] o AR oe] gigtol that AW ATE B AH2) 50%
FEAEL FHES TN HRY Belopb 4AL ool YEFER TAEo| Se] Eo] A Fakd
MebA QPAe] QP AL ol9h e Fsht % USS AR uF 9Lov), Crosta(1998) F5to] et
Hdel ofs WAL WA e YE YR FokE b APHS QB Yo Awont AstEte) oy
AP FERA BE B golo] AL AN, we 2 WSSHE FAT N B F i dashenk
O GPAS Urehdth meba] ghae] FRgEL F Kang(003)2 Sek 71k Ao digh Mkt Akl

Spargoll Higt AE H7ishr] AsiMe F= Wl =9 AMEE Sl SekEEet Soke e APIsl e, Park et
g e F=o 2AS vefshe Aol F835H, ol ¥ al.(2006)> ofeta] Fo} Wi A4S EE e S o
oF A= 45 S8 olFolxint S vkt 240l © o= JlEgste] BAskL st olSake] vt
AH R mFH GHSo] AmdA oA A, A & =22 ZE3I00Th ERL Park(20060)2 S8 W= 24e
= 71=A Aske, rled=wd 5o o2 7 9% e kAR 28 ASHH] Y ASHE A5 &

1) Department of Civil Engineering, Chungbuk National University
2) NANO-GEO ENC Co. Ltd.
t NANO-GEO ENC Co. Ltd. (Corresponding Author : old1007@hanmail.net)



23131 1 ATE A AP Bae et al.(2010)-2 HAE
= Ao dRAYS e s S vidE 24 9
sto] 72201 AmE ZS3 vt Qlrh ey ofA7HA]
g F3} EAe it At v Aol

] 75}7]] Ql FEAE K5

o}
=

™
oo ot
o
H1
1T
_&:—L
2
ol
o
N
1o
ol
x
g
M
S
1
[o
o
J{?j' °§f
o
06|l_: —&
ol
o
4

o
o)
k3
P
oo
o,
rd
m_‘)ﬂ
[o
S
ok
8

> 8 koo

224

oX,

=2

)

o

ol

ot

2

ot

i)

s Mo

o,

N

N

9‘14

N

(o]

=°.l_'.‘

ox 22
13

i >

l'u [

o

oFR 2
Sb e

o
il
ol
ull
flo
i,
o
ol
o
N

O
s
N
l;)i'
R
U
L i
ot

ol
P

bl
o, P =EW FeEE AFHeR Hrs ¢

AT o AL Fig. 13} o] AARE YA AU
2 M7melolr]e] MulerRel Freb] WAULR, e
HH3 L GUF, o|F RFOR W Qi FHF0| £
Eck AgHelob] o Bekd Wuleke A7 AR
Feroh ARo] 22 REsin, Feple) en sgeke
A ROA] ok} Afolo] Wl ety dEFe|
S FIATUL ol @yl 8H B
SJetA BES, SHIEE ThFUS BN FY
2520 FEstol REQTE Weopr|o] NGHEU ¢y
S ol B} Atolo] AElo] HEStw ik &
of Tl HlEEe Ao Fem Bhget Ao %

Table 1. Results of geological ground survey

slelo] gtk
2 AolAs digAr Y] A% Bk S8l 71EAk
& 9 AFAARARE Foto] E95W T3 B4, &
3] 7IRkgre] FRel Ed4He Wide eisto] Table
13} o] oh3] 7hsd ot FeH5/de wtefsioint w3 A
A i, delo] Wk
| 3oH4 ArE A8kt
AP} %LEH*
o] FaL 9k
2 Ve, AL
2 Aax9] Z]&OIO] JEES 2|5k Qoo At of
Ap Ao TlRE 10~35°2] HARER 10° 0]3}o] 7:147}
56%0ll g AR FAH U uhebA] diiEe] ¢
o] F37t sl WFH = Aol Z3E Ao %
etk

N
ox,
o
it
A
i
N
ojfl
M
e
1B
=)
1o

A

FNFU

Nl
f’%

10

Al
=

3. 3% REk

Al

= AT o Aofe] BREHS BrI] Sl Fig
26} o] F TR M5B thef AR = Foh g
o mef AFEALE B3} BHE AR} N ERA AL} 5
Foto] oL FIU S AR FEEA
722 3 FRAQIEAD S Syt chopst A ATt

Folo] FRLme} S BT

me o mlo

Shale
. | Sand stone

Sand stone
conglomerate)

Fig. 1. Geologic map of study area

Position Rock type Strike Filling Dgree of aeration Subsurface water Strength
Zone 1 Biotite granite 240/80 Ferrite MW ~HW Dry Moderate
Zone 2 Biotite granite 260/70 Ferrite MW ~HW Dry Weak
Zone 3 Biotite granite 265/85 Clay HW Dry Very weak
Zone 4 Sand stone 200/85 - MW Dry Moderate
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(f) NCB-3 (489 m) |

(i) NCB-5 (14.2 m) (j) NCB-6 (14.2 m)
where, Q: Quartz, pl: plagioclase, bt: biotite, mus: muscovite, K-fel: K-feldspar

(k) NCB-7 (8_ m)

Fig. 3. Thin section analysis results

Table 2. Mode analysis results

h) NCB-5 (1.2 m)

Borehole Depth Rock Ratio of composition mineral (%)
No. (m) type Quartz Orthoclase Plagioclase Biotite Muscovite Sericite Groundmass
12.80 (SR) 18 38 35 9 - - -
NCB-1 Biotite granite
15.8~16.0 (HR) 20.8 325 38.8 7.9 - - -
6.60~6.80 (SR) 16 37.5 30.5 8.5 7.5 - -
NCB-2 Biotite granite
12.8~13.0 (HR) 21.5 385 29.5 10.5 - - -
8.40~8.45 (SR) 20 355 30.5 8.5 - 5.5 -
NCB-3 Biotite granite
48.7~48.9 (HR) 255 325 30.2 10.5 - 1.3 -
NCB-4 4.00~4.15 (SR) Biotite granite 15.5 345 32.5 11 - 6.5 -
NCB.S 1.10~1.20 (SR) | Sedimentary rock 18.5 10.5 15.5 - - - 47
14.1~14.2 (HR) Biotite granite 20.5 31.5 28.5 10.5 - 9 -
NCB-6 17.7~17.8 (SR) Siltstone 20.5 - - 18.5 - - 61
NCB-7 8.5~8.7 (SR) Siltstone 7.5 5.5 87

where, WS: Weathered Soil, WR: Weathered Rock, SR: Soft Rock, HR: Hard Rock
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Table 3. XRD analysis results

Borehole | Depth Ratio of composition mineral (%)
No. (m) Quartz | Plagioclase | K-Feldspars | Micas | Hornblende | Kaolinite | Chlorite | Vermiculite | Smectite | Magnetite | Laumontite
40 | WS | 179 38.5 309 9.5 1.3 1.5 0.4 -
50 | WR| 174 46 234 9.4 - 2 0.8 - - - 1.1
NCB-1
12.8 | SR 17 56.3 17.9 3.8
159 HR | 20.5 352 38.8 3.6 - 1.9
2 | WS| 146 533 114 12.8 - 4.1 1.9 1.5 - 0.4
NCB2 28 | WR| 14.8 49.7 18.7 13.8 - 3.1
6.7 | SR | 183 428 21.6 16.3 - 1
129 | HR | 25.7 48.6 17.1 7.6 - 1
1 |WS| 94 71.4 2.7 14.6 - 1.8
NCB.3 3 | WR| 221 494 15.7 12.8
84 | SR | 194 46.4 225 8.6 - 1.7 1.4
48.7| HR | 25.8 377 30.1 6.5
2 | WS| 153 32.1 24.9 222 - 0.8 1.7 1 1 - 1
NCB-4 | 3 |WR| 154 36.8 21.9 19.8 - 2 - 1.4 1.1 - 1.5
4 | SR | 16.6 374 31.1 12.8 - - - 1 1.1
1.1 | WS | 233 473 9.2 18.8 - - 1.5
NCB-5 | 14.1 | WR | 20.6 34.6 26.6 18.1
168 | - 26.3 25.8 5.5 30.7 - 7.3 22 1.6 0.7
1 | WS| 178 45.8 3.5 36 2.4 - 2.7 - - - -
NCB.6 2 |WR| 384 13.7 6.5 34.8 4.6 - 22
93 | - 315 26.3 8.5 17.5 6.4 5.2 3 - - 0.6 -
17.7| SR | 24.6 393 32 21.7 - 1.2
1.1 | WS | 635 36.5
NCB-7 | 14.1 | WR | 674 32,6
16.8| - 343 36.4 16.6 12.7
7 Aol AT gAQ] T LA UT Hem B T3 WEEAA, Hotad, WAl Fo| Bdof o}
dollde Se7F Aggo wet 71 A4 Sl 719 U= A} A3st FolRteS 4lskE o] fHto] H
o FE ARk gEh 9l Feidof whE A e At ], ke FEel 23 4% 555 BSAZIAl Har At
FFE I A4l 2ue yehd Zler ddE: ‘guiet mRb7 A 2 Bhelgae] Atste] ofs A E ks
NCB-6, 72 EJAHAHED S HeEH, S2p7F 23 dA9 FEE FA Al 98s M Aok
uhet A EHY HAES wE B e HH(flake)o] & wpebA 2 Aol A= AMHIZE fFAoll WA= dke Tt
Azlo] Qlom B3| HE Al ArofA HEZE2] Kaolinite olsl7] 98 A A A BES B & pHY}F S5 £
€} Chlorite7} WA= o] RlojA] Fato]] WATE FHelS & BE SRl ¥ar AT AIRE 59k vESAIA wHEolR
4 Qe golo] Tisto] SEPE-S RS Ao 8EE set
) ArRo G AstZal=nl AHE A 7] (Inductively coupled
3.3 2IB3Es Al plasma mass spectrometer)S ©]-&5l0] AFEA S 1O
AEE3 A AM 97t A9 Fatol| mx]= okt o o]E E3| Table 49} Zro] £33} H=E =33}
oL A FIE J&EIeTE oSsk APoR A ER Fol2o] FEEREI wEre AE =EHQl FEyt
Z2E7] A QAEL pH 789 4 WA d714 Ask: doll ofsf| FapAFH o] ot A A8, T2} A
of whg AR, AEo] wEEW S el Aol ofa) 8l AWE AmoN Folo] fELES} 1 A9
oA H FEe 20| S W AETE HaL kFE o Shof| o3 gEo] ME Folo] oju] ko] My A
AES 7] Yol s AdE Aui(aHE el AR < U3ttt Back & Kwak(2000)2 FoFsHE=2 A3t
Do A4 wgAte] o) BIE AV ek B HoKiol tie ¥R AYAUE B9 Bkl ¥
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Table 4. Artificial weathering test results (unit: ppt)
Bolrjg(’le D(‘::;h AR SI Fe** Mg ca' Na?* K

4.0 WS 0.036 1.629 0.008 0.563 1.816 0.426 0.008

5.0 WR 0.405 1.672 0.840 0.617 1.920 0.382 0.070

NCB-1 12.8 SR 1.069 1.523 2.655 4.234 3.248 0.595 0.388

15.9 HR 0.913 1.588 3.018 3.417 2.658 0.615 0.228

2 WS 1.436 2.123 6.632 4.078 3.229 0.623 0.199

NCB2 2.8 WR 0.499 1.442 1.861 0.872 4.979 0.456 0.098

6.7 SR 0.388 1.176 1.557 0.482 2.258 0.592 1.129

12.9 HR 0.498 1.053 1.314 1.403 2.447 0.437 0.135

1 WS 0.425 1.463 2.956 0.931 2.407 0.415 0.948

3 WR 0.362 1.755 1.825 0.464 3.745 0.443 0.913

NCB-3 8.4 SR 0.408 1.741 1.323 0.731 2.197 0.395 0.103

48.7 HR 0.342 1.086 1.592 1.810 2.326 0.494 0.104

2 WS 0.462 1.512 2.707 0.997 4.228 0.304 0.084

NCB-4 3 WR 0.515 1.673 3.329 1.212 6.093 0.456 0.105

4 SR 0.752 1.307 2.018 1.852 3.114 0.849 0.234

1.1 SR 0.436 2.544 3.751 0.601 3.833 0.710 0.204

NCB-3 14.1 HR 0.401 1.230 1.442 0.614 2.777 0.522 0.1191

1 WS 0.281 1.260 1.740 0.417 1.695 0.381 0.067

NCB-6 2 WR 0.341 1.224 2.545 0.632 2.836 0.386 0.095

17.7 SR 0.385 1.386 1.398 0.597 6.177 0.510 0.168

2 WS 0.446 1.389 0.911 0.578 2.686 0.598 0.095

NCB-7 3 WR 4.343 1.346 1.102 0.761 4.364 0.782 0.952

8.6 SR 0.289 1.457 0.592 0.341 1.402 0.384 0.107
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Class Weathering velocity (keg/ha/yr) Representative mineral Country rock
1 <0.20 Quartz, Zircon Granite, Silica
2 0.21~0.50 K-feldspar, Muscovite Granite gneiss
3 0.51~1.00 Plagioclase, Amphibole, Biotite Granodiorite, Sandstone, Schist
4 1.01~2.00 Garnet, Olivine, Pyroxene, Dolomite Gabbro, Basalt
5 >2.00 Calcite Limestone, Marl
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Table 6. lon extraction rate by artificial weathering (keq/ha/yr)

Bolrjg(’le D(i’;h BC+Na Ca Mg K Na Al Si PO4
4.0 WS 0.895 0.000 0.024 0.190 0.681 2.647 10.500 0.000
5.0 WR 0.851 0.000 0.013 0.237 0.601 2,552 10.110 0.000
NCB- 12.8 SR 0.461 0.121 0.054 0.077 0.209 1.134 3911 0.016
15.9 HR 0.436 0.114 0.052 0.069 0.200 1.070 3.685 0.015
2 WS 0.711 0.001 0.007 0.086 0.617 2.359 8.564 0.000
NCB 2.8 WR 0.646 0.001 0.009 0.135 0.500 2.192 7.776 0.000
6.7 SR 0.449 0.118 0.053 0.073 0.205 1.104 3.806 0.016
12.9 HR 0.402 0.105 0.049 0.062 0.187 0.989 3.403 0.014
1 WS 0.627 0.001 0.016 0.088 0.522 5372 19.554 0.001
3 WR 0.492 0.131 0.061 0.076 0.224 1.195 4.115 0.019
NCB-3 8.4 SR 0.398 0.104 0.049 0.057 0.187 0.978 3.357 0.013
48.7 HR 0.325 0.084 0.039 0.047 0.156 0.811 2.780 0.006
2 S 0.909 0.042 0.025 0.178 0.664 3.258 10.947 0.001
NCB-4 3 WR 0.667 0.001 0.086 0.218 0.362 3.084 7.574 0.001
4 SR 0.459 0.122 0.056 0.073 0.208 1.119 3.851 0.016
1.1 SR 0.415 0.165 0.052 0.062 0.191 1.012 3.479 0.015
NEB=> 14.1 HR 0.347 0.090 0.042 0.050 0.165 0.858 2.946 0.011
1 WS 0.902 0.001 0.082 0.271 0.549 3.695 10.407 0.001
NCB-6 2 WR 0.881 0.001 0.045 0.248 0.586 3.165 10372 0.001
17.7 SR 0.501 0.135 0.064 0.075 0.227 1.208 4.155 0.020
2 WS 0.662 0.081 0.051 0.530 0.001 5.297 7.946 0.001
NCB-7 3 WR 0.585 0.158 0.073 0.097 0.257 1.412 4.867 0.023
8.6 SR 0.318 0.080 0.036 0.048 0.154 0.802 2.755 0.008
where, BC: Ca, Mg and K, referred as BC, PO4: phosphate
<= lth NCB-4+= Z3H&5=7F 0.909keq/halyr & 7P &2 Aot o] 2 Jixu] Abolat 9E2EEE U
Al k& UEblie, XRD gt dat JEg=9] o |25 A 715 24, EdGHY g2 AEAtE, X
o] dider wom HRA HEFES! Kaolinite, =1 FEA T AL 17159 2 59 ok gl
A3} ZF-gof 2]3t Chlorite W Vermiculite, Smectite7} < g E3fEET} AHAQ GRS uke S S 3}o]
o} iz oR slst Foabgo] £ o wizkl o ek
wEh
NCB-5, 6, 72 E|Ao] ks Aoz 71 whe}
FSHEZE EEglen o7 Qs i FHEo] &L 4.
WS 7= BEdEC] e R HEHU
Um(2012)& A 78S 3}73tol ot ol Z3Es} A 2 AFNA = AlE T =8 AFAY F3 APAEE
AS B9 FEO) $YS A4S FIATE FAR A=) fla) B A Ao Sew sk Ads
UoIA] 22 hFolete thA Y] A EEA o Fdste ez el o e 245 sstglen, 1 2
2aksialo] Wasthn 2Ysolth B A TAE The chgat 2k
o] 75 Ao TAu7L thh ok FoHE X ASHE A
R vgL AEel 2/ Ul UA @SS T () BHANY 2AE B9 mERY A3t Fah g 3
o], FAT AT Yol AlsE THolRtE 3t ol & 9] vlAlatdol AL ko
gt WAl weh AAVIES 2E AEsAY Ed e BIskIck L, Tk HoFdEel AR
ofet oAl thalg A5stel whdAlzle ditkel aHr. ol 60~70%2] WG meov], Snael S
ofel AFAN=RY FI4E W AHe] Fiol wet o] °F 10~20%9] TFHE Ue= 2 54
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