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Abstract

This study analyzed and compared the physicochemical characteristics of topsoil and subsoil of Grade
1 soil from an igneous rock area on the ecological and nature map. The water content and pH of the
collected soil samples were measured, and X-ray fluorescence and X-ray diffraction analyses were
performed. The results showed that the water content of the topsoil was higher than that of the subsoil,
and its pH was more acidic than that of the subsoil. According to the X-ray fluorescence analysis
results, sample 19 was closest to kaolinite, while sample 17 was most distant from kaolinite. All other
samples were located between samples 17 and 19. The X-ray diffraction analysis showed that the
average content of clay minerals was higher in the topsoil than in the subsoil. The most notable clay
minerals produced included illite, vermiculite, kaolinite, chlorite, and gibbsite. The results of this
study will be used as a basic data for topsoil restoration to convert subsoil into topsoil.
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Table 1. The stratigraphic units and location of selected samples

Sample No. Stratigraphic units Latitude Longitude

11 Andong granite 36.627274 128.777985

2 Biotite granite 36.753790 128.085381

13 Biotite granite 36.027204 128.209028

14 Muamsa granite 37.027968 128.185511

I5 Cheongsong granite 36.430546 129.068741

16 Chunyang granite 36.926014 128.758576

17 Samhwa granite 37.479109 129.033244

18 Hornblende-biotite granite 37.163258 127.295443

19 Naejangsan volcanic rocks 35.397218 126.954418

110 Quartz porphyry 36.321522 127.264958
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Table 2. Water content and pH of 10 soil samples

Water content pH
Sample No. - - - -
Topsoil (%) Subsoil (%) Rate Topsoil Subsoil

I1 32.63 31.40 3.77 6.42 6.55

12 42.50 40.50 471 6.44 6.57

I3 38.43 36.93 3.89 6.33 6.45

14 39.87 38.13 4.36 6.37 6.68

I5 25.03 2427 3.06 6.74 6.79

16 40.10 38.50 3.99 6.33 6.49

17 44.17 4223 4.38 6.53 6.71

18 39.73 37.73 5.03 6.24 6.29

19 39.43 38.30 2.87 6.50 6.54
110 42.09 40.05 4.85 6.33 6.46
Average 38.40 36.80 4.09 6.42 6.55

The rate of water content was calculated as follows: Rate =[100 - {(Subsoil water content +~ Topsoil water content) x 100}].

S8 HO= HEOA 25.03~44.17%, A EOA 24.27~42.23%°]11, H]-&-2 2.87~5.032] H{Jo|th A Fet 2] &
T AEVFHE Hlg)] @4-80] =7 SAE Y oH, RESI A E | T4=& 2ol =18 A=A 7P 27 Yehdt) &
7HHEET o=-80] =7 S5 = A2 EYG ZH| 71l R = %11% 2| Hof| whe} gefal= 7Fe-o] gk BVt
AEHTHAF] f1x]ote] 74-9-2] S o F o2 vy mjgo = %E’r T3S Alae AQFH FA et -
7} SIE wof] S7oto] T2 A =of| vls|] At o2 Sgo] U 4 © g AZF=E T Table 2, Fig. 1).

110 . 110
(a) © Topsoil (b)
19 . 19 * Subsoil o

Sample No.

rate

Fig. 1. (a) Graph of rate of water content; (b) Graph of pH.

pH H O HE A 6.24-6.74, AEONA] 6.29-6.71 8 LIERIH 107] Al B= TES} ALE] H]e] o] Moz =4
%] 9ATKTable 2, Fig. 1). o= Al&50] RF A Eo|H EQF HHo| 5+ A= A2t vidE 502 Hofglo] o]zt
ZEo] Boll=HA f7 14k TS U] whizol] HERT Aol YRRt FE7T B AME 1A H= A 0= AlsE:



MEH- 24AE 158 EYQ| E2IBIIA S40)| Chish 2 U bl -SHYY AHS S =-

Jeong et al.(2003)°]] 2J51H -2t A E ¥ Wit pHE 2F5.500]| ™, Santrickova et al.(2019)2 A1E0] &Y

N

N

T

fr e

ESFpHO] AR 4 4.000]H, 2437 EoFO] pHE 42602k AA5IIT) T3 Sajuiat AR E ko] pH 9
pHE 57

3.00-7.002.2, 24 gh5o] 25 9] el ZehelA]et s S0RER 7| ZAFI =T, ol Fgel A 24
Sfo eRs 92101 210 2 btk 455 4908 Aol MRS Foll B9 AERtpH 2018 92 4 %)
eheck

O,
o
wy,
o

X-M SR U X- SR

ke

EFAR 207N EE 1071, HE 107])E o2 X-A A D X-A 31d24-& AASkITh X-A 8242
EAl= 10712 Vo2 A6 oH, X-A 21 dEA2 BEAR 10712t HEAI= 10715 25 EA515I

sfetA Fo}- AR = T2 ol ERo &2 ¥islsl= 1ol A 2FebdiE=2] ol /d= Alefsto] Tdsh= 7|
eI, o] 5/do] R UAR1 Al Ti, Fe A2 Eel TIH 2 S =M, )7l ddeeda, 4 EsSd4sols
“Jo] 7| wliZell 7 -8 = o] EFOo 2 HE AA5] A AR o] Aagith deu HEdEo] 4R 114w 8
27} E|o] FEF =] FHot o= Ak 7ERRITE XA EEA A = 2feld Fat HAX| e E EAS 4 QleT, B
ol 5 U4} Hlo|5A] YA O] HI-E-2 H]| W]t x]<=o|t}, 3Feh4] A Z|4~(chemical index of alteration, CIA )= 40| 4
EFER Folsle o2 siAEm 7 g 9fslA| o]-85= SFeHA] Z]4=o|th(Nesbitt and Young, 1982). Harnois
(1988)7} Aot 3}6F2] E3}42|4+(Chemical Weathering Index, CIW)2 22 0 2 A 0] Z3512 RAlsle ZHo]lA]
CIAS} AT K,05 iA[SH 2|40, K,0-free CIA F= CIA-K 2 &= &3 ThMaynard, 1992).

X-A LA A} o]5Alo] e ARl ALOsE= 18.24~25.96 wt.%, TiO»= 1.20~0.49 wt.%, Fe,05=3.01~9.48
Wt.%, MnO=0.04~0.54 wt.%, P,Os=0.01~0.42 wt.%°]t}. 015-A410] =& Si0,%= 55.35~68.41 wt.%, CaO=0.19~7.12
wt.%, Na,O= 0.35~2.96 wt.%, K,0% 2.50~5.59 wt.%, MgO+=0.72~2.52 wt.%°]th. CIA:= 55.4~87.12] H 9|2 Le}
L7 B2 70.80]H, CIW= 59.8~96.02] HH$Jo] 17 1 B2 81.80|th(Table 3).

Table 3. Major-element contents (wt.%) of topsoil developed on igneous rock

Sample No.  SiO, ALO; TiO, Fe, O3 MgO MnO CaO Na,O K,O P,Os Total CIA CIW

I1-t 59.62 21.02 0.78 5.36 1.95 0.21 4.08 2.96 3.02 042 9972 576 63.3
12-t 62.89 21.81 0.92 5.92 1.53 0.17 1.39 1.42 3.39 017 9972 721 82.1
I3-t 62.69 2499 0.51 3.18 0.85 0.05 1.33 1.47 4.36 0.15 9974 725 84.1
14-t 6841 1824 0.70 391 1.18 0.10 0.94 1.50 4.47 0.10 99.82  67.1 81.7

I5-t 65.06 2232  0.89 4.66 0.85 0.09 0.65 1.15 3.67 022 9978 762 88.2
I6-t 63.31 23.65 049 3.01 0.72 0.06 0.24 2.34 5.59 0.08 99.79 698 85.0
17-t 5535 20.17 1.20 9.48 2.52 0.51 7.12 0.36 2.50 0.19 9974 554 59.8
18-t 6646 21.82  0.58 3.81 0.89 0.04 0.19 0.35 5.28 0.13 9984 76.7 96.0
I19-t 60.14 2593  1.05 7.30 1.25 0.18 0.27 0.36 2.58 029 9982 871 96.0
110-t 59.29  25.09  0.68 5.89 1.70 0.10 1.34 1.85 3.51 0.01 99.81 73.0 82.1

The formula for calculating CIA and CIW are as follows: CIA = [ALO; / (ALOs + CaO + Na,O + K,0)] x 100, CIW = [ALO; / (ALO; + CaO +
Na,O)] x 100.
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Z3p} A8 Q= AE| 2 ThE Tt Table 3).
Rock or mineral type Range of CIA 100 Alzo;fam.mte,e.bbs‘te,
Diopside 0 ehtorie
Biotite 50 - 55 7
Hornblende 10 - 30 <5
Minerlas Pyroxene 0-10 o _ | Muscovite
Unaltered albite 50 "
Feldspar | Unaltered anorthite 50 60—
Unaltered K-feldspar 50 B Eaen v
Fresh basalt 30 - 45 ” Toles
Fresh granite 45 - 55
Rocks Fresh granodiorite 45 - 55
Shale 70 - 75
Muscovite 75
Clay Smectite 70 - 85
minerals Kaolin, Chlorite, Gibbsite 100 Rl
Illite 75 - 85 Na:0+Ca0 K:0

Fig. 2. Range of chemical index of alteration (CIA) in major rocks and minerals (modified from Nesbitt and Young, 1982; De
Jayawardena and Izawa, 1994).
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Table 4. Clay mineral contents (wt.%) of topsoil and subsoil developed on igneous rocks

Sample No. Kaolinite Chlorite Illite Vermiculite Gibbsite Clays
I1-t 11.8 11.8
I1-s 34 10.2 2.4 16.0
12-t 11.6 4.7 163
12-s 8.9 4.9 13.8
13-t 9.7 17.0 26.7
13-s 9.3 17.0 26.3
14-t 3.8 9.2 2.8 15.8
14-s 2.5 11.8 33 17.6
I5-t 7.2 2.6 9.8
I5-s 10.4 10.4
16-t 5.8 18.1 23.9
16-s 4.9 16.1 21.0
17-t 14.6 5.9 20.5
17-s 9.0 9.5 10.4 3.6 325
18-t 4.1 4.0 8.1
18-s 0.5 5.0 42 9.7
19-t 8.9 10.3 2.8 6.8 28.8
19-s 13.9 13.9
110-t 6.5 8.5 2.9 17.9
110-s 1.8 6.2 1.7 9.7

Average 7.5 7.5 10.9 3.5 4.7 17.3
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