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Table 2. Mean annual climatic factors of Jeju Island (2015)

Location Precipitation (mm) | Mean humidity (%) | Temperature (C)
Jeju 1,456.9 73.3 15.5
Gosan 1,094.7 76.5 15.5

Seogwipo 1,850.8 70.7 16.2

Seongsan 1,840.9 75.3 15.2
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A8l AESY EAES F3 = AA 1000 ml = 25 mlE FH 7] W 40

0.01 M CaClLE o] &3t SA33it

EY AEE AWdA AD dzxste] 2 mm A2 Ayt pHE 5438171
#18l HM-31P(DKK-TOA, Japan)E& ©]&3}o] pH=4 ¢} pH=72] A A A& o] &
ste] BASS A, A5 10 g 5/ 10 ml(1:1)E 50 ml ZYZAFH Yo
30 &7F kel vt pHE SAeksith e Edgo fARE A st el =1

7] 918 0.01 M9 CaCl,Z Y 2 Xols 3 30 & F
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A
1) X-A3]dEA
AT A go] B FAFES Folsly] 9 X-AMIHEAS HAA AT, X-

- AN
A3 dEAM (X-ray diffraction, XRD)& X-Ao] 1A e] A AR} HialE w 2

AR Fo) 0A we Aol WARE YAS ol gdtel AP TE 1A
2

¢

= ZlERA Sl dAR 54 X-As o

o
ro
=
7
2
oty
i)
rlo

[6)

rl

o] Zti A= wLT A A YA X-A 9t I FHE dorle dQle]
¥ Ao R Bragg A\ = 2d - sin®)S o] &3ste] A4 W AW Alo]9
DAAES FEoEAN BB FAHo| M3t

Ao o]8% 7]7]+= X'Pert PRO Multi Purpose X-Ray Diffractometer©]

M

1l CuKaX¥ Ni-filterE o]&3}t) 71 Ae 40 kV, AFE= 30 mA, scan
speed:= 0.13 ° /s, step sizer= 0.026° 2 Theta®] ZdoA #43FAt}.

7hH =&, njAke] XRD #4

Eefok wAbe] F=s $gs] st AlEE 60T 2473t o] T3
5, obAlOlE HAARE S o] &&to] A AR v, 75 um &
me

HEo FES F4357] 5t AFEE 90Tl Axd & 2 ez 24
SH T Sk T3k oW o] oy EHo] Foj7like] w2l d-spacing #4©]
dElA] 7] wEo] K2 XA & A2, 300C, 550TCoA dxgls s &%
of we} d-spacing #¢] W3E Hol uHA A SUAS ek, Ao &
HEfo|E e Ag FEES T3l glycerol 22 o] Sold uff 3

7124
ol dojubr] wiitel Mgz %3 AlZl % glycerol A&t tH(Table 3). &%t



A AEE A ¥ AR 99 e AHPE FE vdd 2 AAHA Feo
Al 2HatE AAE AASE HEE dIdo =z XRD #2415 2AA83it}

WA 15 ml ¥% FH(conical tube)ol HE 10 ml¢t KCI, MgCl, 5 mlE Z+

7)
ZRa2 Ao Aol # 2000 rpmel 105 EoF 9455
A olS webal conical tubed] 15 mlA7MA SHFE AL S T
2000 rpmel 30 &<t Atk o] HAS

2r-sat Al ARE AWHO

So ARES FNE W ARE Fuss Pyd 0 gadus 2 Aot

a

FEs FHAZ T Drever, 1973). AHEE BEHEFF= GS, ZHY 5371+
0.22 pmelth. FEVHS A5t HIA A Fest Al AbstE& Agetr] 918l
pH 3.0%! acid ammonium oxalateE 100 ml 7}t S U= Hlo] F0] QX
@Al b oli= oxalate”} Blo] Agom o] He HAAZ]V] wiEold.

I TS T ES 2413 Bk 4ol ¥, XRD 4

e

o

39 tH(Schwertmann,
1964; McKeague and Day, 1966; Kellogg soil survey laboratory methods
manual, 2014).

HEA A4 Fest Al 4FskEs A2lstr] 9fsl CBD A& S AAledth
Az © A9 0.3 M sodium citrate (Na;C;H,0O, * 2H,0)¢} 1 M sodium
bicarbonate(NaHCO,)¢] Z3&N(pH 3)S H7istdh. zglm 1 g9 1A
sodium dithionite(Na,S,0,)& # 7}t 5&3F & AHolFd. 1 F sodium
dithionite® 1 g& O Yil 51t AojErh oluf FeSe IS 97l S8 &
THo® 80T=E 7FEelth. old #A4FS 23] vbE A F XRD £4& A

A8l th(Jackson, 1975).
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2) FAPAAAN G A B ol A E Ak 2 A

AFAGe] EF (A, vAbe Fe) W SeEdS wwsts] fstel F

AP A3 ) 7 241 (scanning electron microscopy, SEM) @ of L x| EARE Z- 2

o
_>|i
e
Ry

(energy dispersive x-ray spectroscopy, EDS)S AAlstdt). FAFA
S dAdo] AW & FAE w AR A= AT
o] 7Fd B olxpHA Y WARAALE HEEA AR EW AHE d& F U
o AU A FAEE R EA 2 AAFA A 5~30 kVE 7HE5E AAS dAvfd A=
x X-7do] A=, o5 AYAEAHEF
7|12 AHAAH FAALRe 2AS g1 & A 4 ol&d 7|7+
S-4700(Hitachi, Japan)o]al, 7} At 20 kVe Zoll A HA351% ).
mje} mAkel A FEC] Y, 4 Tx, sERAAS #Ee] 98 Als
g Azxste] o AElR 2HB(stub) 9ol 2ZAA Pt ZHE T F E45HA

.
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o
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Soil
[

Physical and chemical properties ‘<?LII1I1I:"} Mineralogical characteristic
[
| [ |
- - : Organic matters removal
Soil color pH Saoil texture (H:02)
I | | I
it d 421 0.01 M Organic matters removal
Y | [#:0) | | (©aCh) (H:02)
\
I I |
sand silt clay
{=63 pm) (63 pm~ 2 pim) (=2 pm)
sand silt Clay
(63 ym) (63 pm ~ 2 ym) (2 pm)
|
| K*-saturation C.B.D
I‘u"i\aif—::t:u?:t:i:o.n (Na-chrase, Na-bicaroorate, Na-amonEs
SE)P(uEEDS g:;ﬁc gtyosrol) NH-Oxalate

XRD
TEM-EDS
ICP-AES

Fig. 9. Flow chart of the procedure used to prepare samples for physico—

chemical properties of soils and mineralogical examination

Table 3. The d-spacings for the common layer silicates as a function of saturating

cation and heat treatment (Essington, 2004)

Clay minerals (d-spacing, nm)
Treatment
Kaolinite Illite Smectite Vermiculite Chlorite

K*-25C 0.71 1.0 1.2~1.3 1.0 1.4
K*-300C 0.71 1.0 1.0 1.0 1.4
K*-550TC absent 1.0 1.0 1.0 1.4

Mg? ™" 0.71 1.0 1.4 1.4 1.4
Mg? ™t -gly 0.71 1.0 1.8 1.4 1.4
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A

10YR¥}

LR

= 3~6,

144, 2000).
g

}

o

o

T
1~3%&

0]
AN

o]
3cH(Table 4). GS-2 E

}o] 10YRI} 7.5YRZ A
el dAH o2 very
o] 10YR, HEE 4, AEE 2~60=2 1

E

1

I

E=
°] 10YR¥} 7.5YR,

o

CAFE=e BakEEe) o] U= d el 10%

o HEE 2~39 H7], A

. 2594 54

AN

A
= 3~6°2=% QA4 o2 dark yellowish brown

© % very dark brownol

4. A7 A% L B9
7.5YRE A E o

7} B
1) Ek9
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3t} (Table 5).

14 © & dark yellowish brownel| 33
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Table 4. Soil color of soil samples obtained from GS-1 soil profile

Depth Soil Color
Sample ]
(cm) horizon wet dry
dark
very dark .
1-1 19~21 10YR 2/2 10YR 4/4 | yellowish
brown
brown
dark
very dark .
1-2 24~26 10YR 2/2 10YR 4/4 yellowish
Bl brown
brown
(horiozon 2)
very dark
1-3 29~31 10YR 2/2 10YR 4/3 brown
brown
dark
very dark .
1-4 34~36 7.5YR 3/1 10YR 3/4 | yellowish
gray
brown
dark
very dark .
1-5 40~42 10YR 2/2 10YR 3/4 yellowish
brown
B2 brown
(horizon 3) dark
very dark .
1-6 43~45 10YR 2/2 10YR 3/4 yellowish
brown
brown
dark
1-7 50~52 7.5YR 3/2 7.5YR 4/4 brown
brown
dark strong
1-8 55~57 7.5YR 3/2 7.5YR 4/6
B3 brown brown
(horizon 4) dark strong
1-9 60~62 7.5YR 3/2 7.5YR 4/6
brown brown
very dark yellowish
1-10 65~67 10YR 3/1 10YR 5/6
gray brown
dark brownish
1-11 72~T74 10YR 3/3 10YR 6/6
B4 brown yellow
(horizon 5) dark brownish
1-12 78~80 10YR 3/3 10YR 6/6
brown yellow
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Table 5. Soil color of soil samples obtained from GS-2 soil profile

Depth Soil Color
Sample .
(cm) horizon wet dry
dark
very dark .
2-1 23~25 10YR 2/2 10YR 4/4 | yellowish
brown
brown
dark dark
r r
9-2 29~31 Bl 10vR 2/2 | OV 1 10YR 4/4 | yellowish
(horizon 2) brown
brown
dark
very dark )
2-3 35~37 10YR 2/2 10YR 4/4 yellowish
brown
brown
dark
very dark .
2-4 41~43 10YR 2/2 10YR 4/4 | yellowish
brown
B2 brown
(horizon 3)
very dark
2-5 46~48 10YR 2/2 10YR 4/3 brown
brown
very dark
2-6 54~56 10YR 2/2 10YR 4/3 brown
brown
B3
(horizon 4) dark dark
2-7 58~60 10YR 3/4 yellowish 10YR 4/6 yellowish
brown brown
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2) pH

6.6~7.32=

-
s

g el, Ab-Eel pH

oF
QF

5.6~6.09]

1
R

AdE2] pH

ol

u
23}, 6.05~7.02%

Z]
S

2

o

= =
=

GS-1 E%¥¢ pH(H,0)

s

PSR e

ATHFa35, 2000).

al

el
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Nfo

Tod

%, 5.95~7& o

o

GS-2 E%9

s

B
==

g ol A

Ok
2}

pERChL
pH(H,0)= 5743 A3}, 6.34~6.66°%

o]
S

al

o 9 oH(Fig. 10, 11).
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FHt}(Dahlgren et al., 1991; shoji et al.,, 1993).
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GS-1

@ oH (1,0)

A pH (cact,)

Depth (cm)
i

Fig. 10. The pH variation of GS—-1 soil profile
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@ rH (H,0)

A pH (cact)

6.2

Fig. 11. The pH variation of GS-2 soil profile
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3) ICP-AES

A7 Nl ICP-AES #4 A3}, Fest Al % Wote 44T 4% veh
3L th(Fig. 12, 13). AlS] ¥ % Wske o7t Zodsrs Frtete 43S o
Bla 93 53], Blyk B2el sidsls Amelr wgd Ale] s=7h 8413
S7kete Zlo]l vERdTh o] AH EdoA 1A FEo] Fshvh xade] wet
Feot Ale] §&5aL a2 Wb fJA e Zlo s Atsdn =3 Bl B2

of sigst= AkelM nAE e Feol Alo] ®o] Ao mAd FE2& I
T UEe AlALRTH
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] . Fe MNH.-Oxalate
@ r CBD
19 y NH.-Oxalate
A A CBD
s (D]
= "
[ ] |I
~— o9 _| 4
o '|
e |
o |
34 _| L
(] e
H\H“‘m
40 — 2
43 L |
o 50 100 150 200 280 300
mg/L

Fig. 12. Concentrations of Fe and Al in GS—-1 soil profile
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GS-2

7] . Fe NH.-Oxalate
@ - CBD
23
A Al NH.-Oxalate
A A CBD
29 —
€
g
£ 4
o
m e
O 45 ~a
S
54 _
58 _ -
[} &0 100 184 200

mg/L

Fig. 13. Concentrations of Fe and Al in GS-2 soil profile
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4) Y=

)

24

r

AT A B EAQS dotry] fste] YA S AAST 2eE B
H(sand)®] F7]+= 63 uym ~ 2 mm ©] L, VAl I 7]+ 63 pm~ 2 pmo]
M, AE(clay)®] Z7]& 2 ym olsqlth GS-19] =i Ay} FA 9 EEo]
27t 16~29%, WAL 61~78%, AEZL 1~15%%10™ o]& %3] GS-19] o
o nAzE A S &4 4= ddtH(Table 6). GS-29] 2] A FA
B&o] B7F 17~40%, "AFF 43~72%, HAEZF 11~17%9 ™ GS-2 E3
AL S AR ST GS-13 GS-29] ZF F9 BEAS Zolry] Y
FAMEES o R va FRAAYd oA EAMNAE =S 1 A
¥ GS-1¢ =& F(B1, B2, B3, B4)2 WAL S E(silt loam) = WEFREARE, 4]
T7F AojAEA HEL qFS ZFojEal B4 FolME I Yol & ZTog Fo
Enh olE EAZE EA, M 22 nwA Fgho] gt FEERZ FAH
sfabfdto s Y Edo] AwTE AAAHA F3e] dFEs d wRs A
o2 Als ¥

GS-29] Bl, B2 %42 mALASGE(silt loam), B3 EY2 YA E(loam)=

=
A, ARt dojAwA wee] FFe Hofvta viate] §Fe FojEg
(Fig. 10). ol A%/l 2ojass ¥ 932 9 v Ao ARfh

aga A7AY BEAL w3 ESSPARAL(EFED)ANA A AZ

FES 43 A QA3
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® Bl
GS1 B2
B3
. B4
GS 2 | A Bl
B2
B3
£ Y VAVAVAVAYAYAYLY, S %
N AVAVAVAVAVAVAVAVAU S ANIC,

A A om0
AV 1 AVAVAVAVAVAVAVAVAVANG

WWAVAVAV: TAVA YA AVAVA
AN NNNN/ VAVAS A

/NNSALNNNNNNN G
QN NN NNN NN \/
2 % % 3 % b B & 2
= +——— Sand Separate, %

Fig. 14. Predominant soil texture plotted on soil texture triangle (USDA, 2016) of
GS-1 and GS-2 soil profile
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. FEem

i
X

1) B X-A3dEA 2 SEM/TEM-EDS

Tlms A A7AY9 BEG Wl 2 FAEdES w48t 2y, vAL

Pewd ¥ GS-1, GS-2 EYe] Ry E X-As]|d8As A% + 743 ES
724 (olivine), 3 A (pyroxene), AF&A (plagioclase), 219 (quartz) o2 EFY
omn, AL AP A ENaAlSi;05-CaAl,Si,09)0] +2 YERth(Fig. 17-C,

X-A3dwA Ax A= wE 74 FES Ak A= Zojxd
A AR A, AR, A 3 AR daske As Belw 34 SUhst

= e BuHFig. 15, 16). Ze] X-A3deH dxe ntgos F=9 9o

B4 545 881 24 dotn] A 74 Fo) OE MRS SEM-EDSZ ¥
Hapedrh, AFEE ARGAUF WA PEH Qi B3-S Aol §eke 7
B ke AFA 8ol HERAT, 1998). WA 4t A4 ol v
o Mgl EAE ARG F ek et AT EFelA o] AF et
Vb, 1 e 2ol ZoWel whek gadth Fael P9 Ago] HE F

=l
HAAE 7hs s AAET HEY ATES dE S A A 71d Y
EddA detds Aol FoolA Eoles SAatellA Zddls THsdes AA
stk (Mizota and Inoue, 1998; Inoue and Narse, 1991). AR B 4=} =
719 Mol atell 93] FFEAS e M @FE Aom ALREY, AT
AY F2o EYetiolA sfiniabyl 9w 3 HAS ThsAdRE A7
T Ak ARIAE T3 s T FEEHo] AFAHdd Hgo] FHEHAS T A
= AARST A Qe YEhe A Y REE tid ES 9 240 ¥

HAE 7heASs AAE s dEol 23kE G S Fshel ket Sl

(3

s



7] wjFo]tH(Eswaran, 1972).
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F: feldspar{plagioclase)
O: olivine

P: pyroxene
Q: quartz
Q
:E P
=
>, 0 OL F Q
= , ??._,U P O o
= 13
'::C | b A Y
= o " 14
B PR D 1 TR ) 1-5
S| —— Lo 16
= i) La) 17
) A ]I 3 N 1-8 2.
1-9
10
1-11
1-12
l | I | J | l
1] 10 20 30 40 50 &0 70 80 90
2Theta(Cu-Ka)

Fig 15. X-ray diffraction patterns of sand fraction in GS-1 soil profile
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F: feldspar({plagioclase)
O olivine
Q F: pyroxene

Q: quartz
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Fig. 16. X-ray diffraction patterns of sand fraction in GS-2 soil profile
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Fig. 17. SEM-EDS analyses of 1-5 sand fraction in GS-1 soil profile : (A)

olivine, (B) pyroxene, (C) plagioclase, (D) quartz
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Fig. 18. SEM-EDS analyses of 2-4 sand fraction in GS-2 soil profile : (A)

olivine, (B) pyroxene, (C) plagioclase, (D) quartz
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JEig ® GS-1, GS-2 "jrte] X-A3dEA Ay, mlale] = P FEL
el Hlzgk A e(quartz), FHEA(olivine), A (pyroxene), A4
(plagioclase), 18]l Eol A= Y] 9kd - X(mica)7b YEFRTH X-
A3AEA A3, R vz R A BE
AAA A, A, FA 93 ARt fdaske S Kol 3 Tkt

A& BATH(Fig. 19, 20). VALY X-A3] -84 Ang nfgo= 71 Jof o
A ®E SEM-EDS #4&3lth. d5-A4 EgoA A TS A BE A=
sldst= Bl, B2, B3, B4% 2#o + 74 F=2 R4, 34, A, A
d ToE EE FolA wlzeA yvEwd A AP AlD(NaAlSi, Oy
-CaALSi,0)°] F2 YElyi, R 5S¢
19, 20, 21-C, 22-0).

ool
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fu
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F: feldspar{plagioclase)
M: mica(biotite)
Q O: olivine
P: pyroxene
Q: quartz
M Q
e s e
'::_“ —-"""'"""-———“Lﬂ*-‘-n-].ﬂ, F A ) 1'2
g __H‘_-PL‘.J
e b, I 1-3
= S -
g M..L,._\___H_r_l P e 1'4
.&; i o T D NSRS S o 1.5
= w% i . 1-6
-‘% wﬁ,‘#‘_]
g i T S A S @ 1 ?
- MM i
= oy N 1-8
e EWSIIST LRy | VI TR 1-9
‘% - 1-10
—— o -1
M_—-—-“—MM S i 1.12
I | I I I I I I I

o 10 20 30 40 50 &0 70 80

2 Theta(Cu-Ko)

Fig. 19. X-ray diffraction patterns of silt fraction in GS-1 soil profile
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F: feldspar(plagioclase)

M: mica(biotite)
Q Q- olivine
P: pyroxene
Q: quartz
F
gl M 9 feFr @ o
= w 3
= J\JW._;_,‘_J__,_LM 2_:1
5 ""\‘\\.rl-uu q
[4y]
_.E W oo ._‘2-2
O
| —
£ ww g i 2-3
= 5 S P ;.7
b e
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B!
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2 Theta(Cu-Ka)

Fig. 20. X-ray diffraction patterns of silt fraction in GS-2 soil profile
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Fig. 21. SEM-EDS analyses of 1-5 silt fraction in GS-1 soil profile

olivine, (B) pyroxene, (C) plagioclase, (D) quartz
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J= BAS Fa HoEo] 3ehd A A & GS-1, GS-29 HE
FEol AL dolry] e X-HIHEAS a9, FEo g4 EAI 3}
st =4S @lsly] fls) TEM-EDS 42 83

“ o} w3 AEE Z7kd oy
2ol EZo] Eoj7l=tfo| we} d-spacing #kel @A 7] Wi KE2 #| &
71 % 25T, 300C, 550CelA Azg A= Mg 83} glycerol |3
X-A3dEAE AAsn. 24 43 GS-1, GS-2 HES F FAAFES
YA (chlorite), dzte]E(llite), ¥4 (kaolinite), 24 (quartz) 2 YEFRLTH
(Fig. 23~35). 2gjar K"9k Mg*>" 2 AFA F dAgste] X-d3]dEA3
Ay, B4 AlE BFolA 2-Theta()7F 12° Q1 XHl siFdst= 7 A =2
Zkol 550CoA AlgkAl=dl K -sat/550CA oA 7F&e ol EF wE 7t

Lol E(metakaolinite) 2 o] 7| witolth. o|€A I A7} AR A
F3 mHEHAS 2 & £ Y. dEolER upisixE A AJso A K*

-sat/25C, 300C, 550C, Mg?*-sat/25C, glycerol A& ¥, 2-Theta(9)7}
8.9° ¢ AAdl sFst= 9.9 A9 AR Yebwrd. T3 2-Theta(9)7} 6° <l
Aol d|Fski= 14 A9l ¥ A7F Kf-sat/25TC, 300C, 550C, Mg?*-sat/2
5T, glycerol A8 & w WalA &ka 550CE A8 3PS w= 300Ca
A BT 14 A9 93 A=7F O AstA dEive Ao ® Hol sUASlS o
T AUTHFig. 23~35). ¥ AE7t B EGO AS 54N FHFo] w1
deto|EVE vhE AlREd] HEte] AdiAor w2 Helth(AXMGYN Z3F,
1989). X-A3dwA ZAE vygoR S #A4& stk iR A
Eate 943 439 JHE 7HAL YN FE Fe, Al Si, O& o] Fo]2 9]
o 2l o] YAES AF vgde] AdS 7 JAHFig. 36-A, B). 3}
AB| B A sPabAle] 2SR BAE 2o AHelR FAHE dEW
(allophane)& 35~50 A 9] o] Wl F WokS ujx glom HAH Ao EAL
I JAH(Fig. 36-C). o]E=}o]E(imogolite)= U5 R S wir 9
om v yEebga, v A EAS Wi JUtHFig. 36-D). HEFES F
2 nAdY degS o Yo F2 Feot Al Aol 5o AU}, L3
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Zh 3hshy dAEE AR AR

Y= FAS F3 #EE GS-1, GS-2 HEE 334 AgE &3 JEE ¥
wekal Q= AAEY HAg"EY Feok Als AlAS7] #8l CBD, acid

ammonium oxalate A 2]& AT 1 & HEFE S dolrr] {8 X-4
I AEAS AL FEe FHS} st e dotrr] fld] TEM-EDS #41=
stk GS-19 93 Are ALrt ZodsE Frlske FHE Yehdt 2
2|3l acid ammonium oxalate A2l & &3l AAF= v A Feet Ale] CBD
2 A& 3 AAE 7 d= AHEY Feot Al $Ag Aow Al HT
ol GS-12 A=7F zlo]d 5 Fest Ale] A o] S71etH, Fest Al= 39}
H AEJATE g8t A E Fol AEAT] AAHEA A AE7F S7hE A
A& AAFE 2E]a GS-2% GS-13 $UF ol alFshs Al Hld
Ps R H(Fig. 23~28, 29~35). X-AH3HEA AHNE vgoe= CBD %
acid ammonium oxalate A 2l® Az ts] TEM-EDS #4& 3}l t&i&
o AESIA = 44T Ao JuE 7HAAL AL Fe, Al Si, OF o]Foj4 3l

AAtHFig. 36-A, B). T3 dAs 9] HHE 7 AAE A=A+

0

5
2 acid ammonium oxalate *2l& 3tHAA EE s AP FEHE W YA
tHFig. 37, 38). & AlsclA+= AAA o] ofsto] H|AHAS 545 wa
vk CBD®} acid ammonium oxalate #8]& 3+ Fo| = v A @3 A Ao 37
TEBL AE AL Fod 5= dJH(Fig. 37, 38). upgbd FH EgolAM gE

¥ Fesk Alo] HEA ol v2 5o} Sl9le Ao Almdh
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Fig. 23. X-ray diffraction patterns of 1-1 clay in GS-1 soil profile :
oxalate treated [K-sat, K saturated; K-sat 300C and 5007C, heated at 300C and 550C for 18 hours after K saturation;
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Fig. 24. X-ray diffraction patterns of 1-2 clay in GS-1 soil profile : (B) untreated, (B) CBD treated, (B”) acid ammonium
oxalate treated [K-sat, K saturated; K-sat 300C and 500C heated at 300TC, and 550C for 18 hours after K saturation;
Mg-sat, Mg saturated; gly, glycerol treated after Mg saturation]
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Fig. 25. X-ray diffraction patterns of 1-3 clay in GS-1 soil profile : (C) untreated, (C) CBD treated, (C”) acid ammonium
oxalate treated [K-sat, K saturated; K-sat 300C and 5007C, heated at 300C and 550C for 18 hours after K saturation;
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Fig. 26. X-ray diffraction patterns of 1-4 clay in GS-1 soil profile :
oxalate treated [K-sat, K saturated; K-sat 300C and 500C, heated at 300C and 550C for 18 hours after K saturation;
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Fig. 27. X-ray diffraction patterns of 1-5 clay in GS-1 soil profile : (E) untreated, (E) CBD treated, (E") acid ammonium
oxalate treated [K-sat, K saturated; K-sat 300C and 500C, heated at 300C and 550C for 18 hours after K saturation;
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Fig. 28. X-ray diffraction patterns of 1-6 clay in GS-1 soil profile : (F) untreated, (F') CBD treated, (F") acid ammonium
oxalate treated [K-sat, K saturated; K-sat 300C and 500TC, heated at 300C and 550C for 18 hours after K saturation;
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Fig. 29. X-ray diffraction patterns of 2-1 clay in GS-2 soil profile : (A) untreated, (A") CBD treated, (A”) acid ammonium oxalate
treated [K-sat, K saturated; K-sat 300C and 5007C, heated at 300C and 550TC for 18 hours after K saturation; Mg-sat, Mg

saturated; gly, glycerol treated after Mg saturation]
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Fig. 30. X-ray diffraction patterns of 2-2 clay in GS-2 soil profile : (B) untreated, (B’) CBD treated, (B”) acid ammonium oxalate
treated [K-sat, K saturated; K-sat 300C and 500C, heated at 300C and 550C for 18 hours after K saturation; Mg-sat, Mg

saturated; gly, glycerol treated after Mg saturation]
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Fig. 31. X-ray diffraction patterns of 2-3 clay in GS-2 soil profile : (C) untreated, (C’) CBD treated, (C”) acid ammonium oxalate
treated [K-sat, K saturated; K-sat 300C and 500C, heated at 300C and 550C for 18 hours after K saturation; Mg-sat, Mg
saturated; gly, glycerol treated after Mg saturation]
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Fig. 32. X-ray diffraction patterns of 2-4 clay in GS-2 soil profile : (D) untreated, (D) CBD treated, (D) acid ammonium oxalate
treated - K-sat, K saturated; K-sat 300C and 500T, heated at 300C and 550C for 18 hours after K saturation; Mg-sat, Mg
saturated; gly, glycerol treated after Mg saturation]
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Fig. 33. X-ray diffraction patterns of 2-5 clay in GS-2 soil profile : (E) untreated, (E’) CBD treated, (E”) acid ammonium oxalate
treated [K-sat, K saturated; K-sat 300C and 500TC, heated at 300C and 550C for 18 hours after K saturation; Mg-sat, Mg

saturated; gly, glycerol treated after Mg saturation]

_57_



F

Cy

K 1T Kig
M g-satighy
Mg-zat 25°C
w{

wcc
K-zat 25°C

T T T T 1
2 fhetaitu-km

Intensity] Arbitrary wit)

Irtensity] Arbitrary wmt)

C

K1 KiQ
w
J\'/\__ﬂ

T T T T 1
2 Theta(Cu-Kaj

F

Intensity] Arbitrary unit)

C

K| kliQ
K-sat 550°C

| | ] | 1
2 Theta(Cu-Ka)

Fig. 34. X-ray diffraction patterns of 2-6 clay in GS-2 soil profile : (F) untreated, (F’) CBD treated, (F”") acid ammonium oxalate
treated [K-sat, K saturated; K-sat 300C and 500T, heated at 300C and 550C for 18 hours after K saturation; Mg-sat, Mg

saturated; gly, glycerol treated after Mg saturation]
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Fig. 35. X-ray diffraction patterns of 2-7 clay in GS-2 soil profile : (G) untreated, (G) CBD treated, (G”) acid ammonium oxalate
treated [K-sat, K saturated; K-sat 300C and 500C, heated at 300C and 550C for 18 hours after K saturation; Mg-sat, Mg

saturated; gly, glycerol treated after Mg saturation]
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Fig. 36. TEM-EDS and SAED analyses of clay fraction (A-C) and 1-6 clay
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Fig. 37. TEM-EDS and SAED analyses of chemically treated 1-2 clay fraction in
GS-1 soil profile : CBD treated (A, B) and ammonium oxalate treated (C, D)
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Fig. 38. TEM-EDS and SAED analyses of chemically treated 2-2 clay fraction in
GS-2 soil profile : CBD treated (A, B) and ammonium oxalate treated (C, D)
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(Abstract)

Jeju soils developed on parent rocks, small and large rocks of
pyroclastic materials originated from the volcano eruption. Generally,
pyroclastics consist of volcanic materials which are mostly soft
amorphous materials resulted from fast weathering process. Gosan-ri,
Jeju, an early neolithic prehistoric site originated from pyroclastic genesis
has raised to elucidate soil characteristics and its physicochemical and
mineralogical characteristics by soil profile and archaeological strata in
this areas due to historical, geological, and archaeological importance.
The objectives of this study were to identify both physicochemical
properties and mineralogical characteristics of the soil by soil profile in
this area.

Soil sampling areas were selected for two sites; GS-1 and GS-2 and
sampled for 12 and 7 respectively by the target layer of the B horizon
except A, which 1is leached horizon. To study physicochemical
characteristics of soils, soil color classification, ICP-AES and pH
measurement were conducted and to identify soil texture particle size

analysis was applied. Mineralogical and chemical characteristics of the
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soil fraction from particle size separation were identified by SEM, TEM,
EDS and XRD analyses.

The color of the soils of GS-1 and GS-2 appeared as dark yellowish
brown and very dark brown respectively. The pH (H,O) of soils ranged
6.05~7.02 for GS-1 and 6.34~6.66 for GS-2. And the pH (CaCl,) ranged
5.95~7 for GS-1 and 6.34~6.68 for GS-2. Both sites of the pH values
tended to increase with depth. The concentration of amorphous Fe and Al
in both sites tended to increase with depth. Particle size separation
analysis showed that soils of GS-1 and GS-2 dominated as silt loam and
loam in soil texture. The results of XRD analysis showed that major
minerals in sand and silt were composed of olivine, augite, feldspar,
quartz and mica. Major minerals of clay were composed of chlorite, illite,
kaolinite, quartz, allophane, and imogolite. Through chemical treatment of
the clay by depth, the stronger Fe corrosion on outer layer of clay the
deeper for GS-1 and inverse tendency for GS-2, the stronger Fe
corrosion the shallower. SEM/ TEM-EDS analyses showed that most clay
minerals were regular round shape and amorphous.

Accordingly characteristics of the soils in the study areas were
composed of olivine, pyroxene, feldspar, quartz as primary minerals, and
assumed to transform to chlorite, illite, kaolinite in phyllosilicate minerals
as secondary minerals. Also Fe-/Al-oxides were formed as secondary
minerals in the less weathering zone. The results of the study might
provide base understanding of soil characteristics related to

archaeological strata in this area.
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