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Mineralogical Evolution of Non-Andic Soils, Jeju Island
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!Department of Earth System Sciences, Yonsei University, Seoul 120-749, Korea
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While about 80% of Jeju soils are classified as Andisols, the soils derived from volcanic ash in Dangsanbong are
not Andisols. There is a significant difference of precipitation in localities of Jeju island. The study area is charac-
terized by the lowest amount of annual rainfall in Jeju Island, and by the layered silicates as dominant solid phase
in clay fraction. The purpose of this study was to characterize the mineralogy of the non-Andic soils in detail, espe-
cially hydroxy-interlayered silicates. Two major soil horizons are recognized in the soil profile developed in the
Dangsanbong area, which can be designated as A and C. The soil pH(H,O), ranges from 6.6 to 7.3 increasing with
depth, is higher than that of typical Andisols(pH<6.0). While the pH(NaF), ranges from 9.49 to 9.81, indicates that
significant amount of amorphous phases might be present as exchanging complexes. It is estimated to about 1.54-
2.88 wt% by using chemical selective dissolution. The organic content of surface horizon is about 2 wt%. This soil
are composed of quartz, feldspar and olivine as major constituents with minor of silicate clays. Quartz is fre-
quently observed in A and distinctly decreases in its amount with depth, while olivine is dominant phase in C and
rarely observed in A. In the <0.2um size fraction, smectite and kaolinite/smectite interstratification are dominant
with minor of illite. The amounts of smectite decrease with depth, while the amounts of kaolinite/smecite interstrati-
fication increase with depth, which indicates the trend of mineral transformation with increasing the degree of
weathering. The proportion of kaolinite in kaolinite/smectite interstratification is about 85%, and is not changed sig-
nificantly through the profile. In the 2-0.2um size fraction, vermiculite, smectite, illite and kaolinite are major com-
ponents with minor of chlorite. Most of chlorite are interstratified with smectite. Chlorite which is not interstratified
with smectite occurs only in surface horizon. The proportion of the chlorite in the chlorite/smectite interstratifica-
tion is 59-70(%) and increases with depth. Hydroxy-interlayered vermiculite(HI'V) with hydroxy-Fe/Al in their inter-
layers occurs in both A and C horizon. The amounts of hydroxy-Fe/Al decrease with depth. Hydroxy-interlayered
smectite(HIS) of which interlayers might be composed of hydroxy-Mg/Al occurs only in C horizon. As the results
of mineralogical investigation for the soil profile in the study area, clay minerals might be changed and evolved
through the following weathering sequences: 1) Smectite Kaolinite, HIS, Vermiculite, 2) Vermiculite HIV Chlorite.

Key words : Dangsanbong, volcanic ash, layered silicates, HIV, HIS, chlorite/smectite, kaolinite/smectite
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AN FEE Y=g FA T wel AolE HAU. <02m YEQ] T A4 HE FEL AHE|E, 7REd
Lol E/AHEl|E E3EFE, dejo|Eolth. Fl2Eyo|E/AHEl]E EFSHE FEevolEe Hlg-S 85-86%
Z Zlold] #Aglo]l AR T3t AWHRE Lvelo|Ee] ke 7hAsn, 1&g ue]E/ el BRI
B ke 2718t 2-02m YEY F FA HE FEE AN, AdelolE, delo|g, FREEUe|E, Lol
FUA e BEMT e, sl E YehR] P Hyd/2dele]E EFEEE o SUs Fge 59-
70%01% Fsl7} APAFE e Frkgc 2ey 8l Axrt B2 AY sHtie suA/velelE &35
Eo] YeElR oreth dAda AdelelEe] Y= 7] hydroxy-A/MgFee 2 9% hydroxy-interlayered
vermiculite(HIV)®} hydroxy-interlayered smectite(HIS)¢] #ejg uehdol, HIVE A3 C& E5AdA vehiy,
%7t B32 hydroxy-Fe/Alelth. &7ke] hydroxy-Fe/Ale] ¥& REZ 245 F718h0, HIVE 345k dM9 F
H3te ZEAAM #A Jepdt)h. HISs CEoAsh vehd, 57+ 222 hydroxy-Mg/Ale]™, hydroxy-Mg7t $-418t
t}. B x99 EgoME iyt A 252 AdelelEE FhgeutolEel AA HISE stslgon, A4S HIV
E AR mUHoz AsEIEe Ao AEHY.

F20| : ZiHE, st AAE, 4 ke FE, £8%5%E, HlV(hydroxy-interlayered vermiculite), HIS(hydroxy
-interlayered semectite)

1. M = o gEt ATE A} EI AFTe EoeAw

HIVE] £Al8 ANshe Avdss 92ok(Shin

AFTE A47] A £ 223 Fy=E and Tavernier, 1988) ojo) w3t Alxgle PEE=
spiHlo g AFre] EYE st o) o] %91 A= mu)gk Holth, B dApoMe MEA| g
3k AHEL wARsle] weeigdo. it JEE A2 EE Andisols® W3R 22 FakE o B

FE e E Hxo ulel FESH B 38 B4
Zotu ity 53], HIV(hydroxy-interlayered
vermiculite)?} HIS(hydroxy-interlayered semectite) =
W AdEEe TS HE S AERE 5 2
#F sl e B3l Folol W MERE Mg #
AL fFstaAt sisieh

2 F3le] o] wEY Aoz @ o H|
A4 EZE 33} AFze oW HEd =28 =
X33 Andisolsel A E%ke] 80%0] Z3c}.
24 flol EFFAFe S A E oE 89
£ 7iZoltl, 71F AARE 7, A5, SHE
&k, Ad Bol Jdomn, o] F 53] skt fdEe
EYslE A3k AR 7123 7resolth(Shoji
et al, 1993). AFEe] AHF ZFFHF2 1,872Zmm
2 3 s ke of 15w gEcl ey
e AgEz & Jolg XY, AFe di =
ARF AFFL 2055mmAu ¥ AHREE
1,089mmell B33t o|# gt ZgEe] AHH Rl

o)

e

2. Al L=

AFEel Aaetd Hede datee AelHes
Ao BAZo =z oF 15km BojR 3ol $X|E
UCHFig. 1a). FrHe Felol2EA A7] olF AlF

2 3] MEsjet A Foll= AFE EY RES
ZA]sH= Andisolsi= ThE E4& Zhe Eoo] W
32U tH(Song and Yoo, 1994; Shin and Taver-
nier, 1988). A% A|Hol w3l EUE {7189
ek 2 uAA 2] o] Andisolsol vls] ¥
A3 wor, 4 FE FEo| HE Y4xd F8
A FEoltt. shEIEE 719 EY Yo EXlst
24 T FES 3t AEE V199 BN
Tl YojA Fagt BHAelL) AFE B o
3k 7128 ATre F= ESSE 9 FEEEg &
AollA s3] gkom(Lee ef al, 1983; Song
and Yoo, 1994; Yoo and Song, 1984), & F&

LR

L AR wagt ZAERE F9 sluelth(Kim ef
al, 1986). B4Hs- sPidle BEEYe Sl 1
R wgs)l B Ady BRol gotow A
o) ATHEAT, 1998). $3)e] RS dF7UE
AEe] sirs], 2Rl (lapill), ES(Glock) FolH, £
A= 54 (cinder), 3Htet, 29 E (spatter)2 T4 =
o] ok XA} o M &3], M7, A%
o 49, YUY 289 o}, AR B B
£33 FAriedTay BEY ER77F o8 F
ATY-ET BEYR T % FIEH/1ERT
2, 1976). SA-7Y-LE EUFE FE HAFT 3
ot Well YA Ex=o] glon FAR= UAE 30% v
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b)I—bnzm Depth(cm) SampleName  Description
Silt clay loam- friable
dark borwn(10YR3/3)

- friab
Sandyl loz/ng) e
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Sandly loam- massive
bright yellowish brown(10YR 6/8)
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v o135 xR vglmrﬁcdasﬁg;m'o o
Fig. 1. Geologic map of the Dangsanbong volcano and
soil profile of the sampling site. 1: Dangsanbong tuff cone,
2: Cinder cone, 3: Basalt lava, 4: Suwolbong tuff, 5:Ring
tuff.

oo}, AEE-2 AR $3i9kd G¢ke HAES B
doz 1F5A @ FAAA BEHAY o] EY
& AloFd(sandy loam)E El4rt mig ksala
ENo| gri(Table 1). $71& S FI(<2wi%)
B2 S0, Yol F(CECYE vwAd &
3(19-45 cmolc/kg), €71 ¥ 3% (base saturation)’} &=
tH76-94%) (Table 2). A8 AFHE LM L3377}
T98 $3dE e 55 AMHAA AAlsct
(Fig. 1b). g 77relr] &) Aoz Hatg v

A B da Fxe) Zold ule} AEE AFH A
o). $3)7-E mAZsle] wadl BEgke AZI CGBY
o] Wghgle B BE2 HAFX gttt AFS EY
o] AT} f7182] gl ufg Age] zjold wet
AlF A22 Qe 22wt}
Clz} 2= ‘4—‘7—21‘3} CE olddlle C&ol V&) EY
9] A&erl we CREo] vehdth C19) CoMe
T3kl EA o %‘7‘3511] U%om, CRAME 2-2.5cm
9} 3}t A E(volcanic clast)o] A UERT),

3. ey

AT ANE= 60°CollA 28 7 li & AE o
831 2mm 0|8} A|RE R &, pH, ol
5, Glole ¥, frlE RS & 6}%4 kel
Y= BAL A3 B4k JAIsRs QA AATR= 8t
8}z iifq AABIAA, FEIH] A7-E 43 XRD
g o83t FEIER A7 AE =8 F
tdoz som, = Ajolg dohur] 3 =¥
2 A J=02-2umiet AEE JE A=(<02um)Z
Lol e A s AE FE Ulg gEst 5
g Slaf A gaES AAZ R AT

31 pH 3
F pHE ZF5, IM KCl, 1M NaFE 01%-8}04
_;@s}gaq ZF%¢} KCl pH= Alis} |AE
o] ¥I&=R E¥e F WZF Ak & -Jga}gau}(soﬂ
Survey Staff, 1996). HIEd EA2] JTFS Yoliy]
#18) 1M NaF pHE Z43lgon, Algs} ge] 1)
€& 1:5002 &4 tHFieldes and Perrot, 1966).

32 go|l2nstsa Yool Eiix X3

E%9] o]+ 35 (cation exchange capacity,
CEC)S IM NH,0Ac(pH 7)E o]&3d x3hjoz
319 tHSoil Survey Staff, 1992). WA A|22] X3 7}
53 AEE NHY o]0 XFAZ] § N85 257
3lo] 713}8 = NHYE boric acidH;BO%E o]-&sle
FASIA T Hokxl NHYYY %2 H,S0E ©] &3l
AAQsle] 13t H710)2 E3}%(base saturation,
BSy= 4ol 2wdse Tk AgolA Ao CECY
@7lel el F= HE olgsl Tt

33. /7 |% §E =53
718 82k potassium dichromaic(K,CryOn)S ©)
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Table 1. Particle size distribution(wt%) of bulk samples.

SIS - HAS - o - olE - $8T

clay
sand silt .
sample total coarse fine soil texture
50pum-2mm 2-50pum <2um 0.2-2um <0.2um
Al 17.9 49.1 33.0 124 20.6 silt clay loam
A2 49.1 26.7 24.1 8.6 15.6 sandy clay loam
Cl 62.0 19.6 184 6.1 123 sandy loam
C2 66.8 18.7 14.5 4.8 9.6 sandy loam
CR 75.3 17.9 6.9 2.8 4.1 sandy loam
Table 2. Properties of bulk samples.
D H . exchangeable cations " "
Sample epth P CEC (cmol /kg) total BS oC
(cm) (cmol /kg) (%) (Wt%)
H,0 KCl NaF Ca®t Mg¥* K Na*
Al 0-15 6.63 534 949 19.0 447 948 0.10 0.33 1438  75.68 2.00
A2 15-40 7.07 521 9.63 309 926 1876  0.16 0.73 2891 9356 1.21
C1 40-65 72 516 953 37.8 844 2525 0.11 1.48 3528 9333 0.59
c2 65-125 726 536 955 423 8.83 253 0.16 1.46 3575  84.51 0.84
CR 125-135 738 530 9.8l 44.7 11.01 222 0.40 1.78 3539  79.17 0.80

*CEC: Cation exchange capacity, **BS: Base saturation,

&3 F71ES AN OdS IFE Klrn0,e
diphenylamine>} 02N Ammonium iron(II) sulfate
hexahydrate- |83 2&sl] 73t ¥4 7+ A&
o] & (potassium dichromaic)e 718+ & 200°C
7t83Hhot plate)oll &2, 7127} A717] Al&kshs
e BePog ol 587 71a8sH) AARI
diphenylamines 713+ & 02N Ammonium iron(I)
sulfate hexahydrateE ]84 HAsIHHNelson and
Sommers, 1982).

34, el 24

EY A% (texture) 418 93] vhaat 22 AAE
E AABIT 4, B FES AAS] g A
ZE YAFE 10g9] NaOAc(pH 5) 40miE 7}slsich
#lo]# (shaker)E o83l 2447 wwt F Y4 £
718 ol&str ANE AASHUTE F71ES AABI
A3 e HFE AE 109 10ml H,0.8 ¥
20m/ NaOAc (pH 55 ¢3-8do = H7siact. Az
£ 90°CellA] 7HEsl] HoRlE Hy,0,8 ¢4 Al A&t
Aot & 23R AlAE sodium dithionite(NayS,0,)
& o]&39 e, Nacitrate?} Na-bicarbonateS 3
LA buffer) 2 o] &3ATHDCB). &4 #7182
AAS A8 10go]l 03M Na<citrate$t 1M Na-
bicarbonate?] &N (pH 3) 200miE FH7iskz, &

***OC: Organic matter contents

2e o83 75 2 7Fge ¥ 5g°] Na-dithioniteE
d&HoE FFo F11, 9]
o] UG WA/ ¢5E F
23} NaCl 9 10miE #7F sl A&l AAH EY
< it o] HYS 28] v AAIETh Y=
2ee A=(sand, 50um-2mm), LE(it, 2-50um),
E%(clay, <2um)E YR 2™ (Jackson, 1985) d&
A= oA 022umet <02um= Bk HA
46 m AS o]83 wet sievings T8 M= Y=
2% &, HE} HESxE 4 g o83
t}h o)) Na,COs&(pH 10y EAk= AMEalict
AEY== ZH5UHEY7E o8l oAl <0.2umet
0.2-2ume £2% § 54 A=Az

=
=

3.5 XM BH BY

AAg, M= Aed thi FAHH(random
mount) ¥4} 0.2 - 2umst <0.2um= AEE JEY
Lo digt YHr$(preferred oriented mount) #4918
At AR-AHlE 2 whalst ZAR)7E Babg
MXP 18A RINT-2500 X-41 3]&d¥-417](MacScience
Co., Ltd, Japanm)E ©o]&3tgtt. 42712 CuK
(1.54050A), 40kV/30mA, Z4H&8 1mm, &
1Imm, 7353 0.15mmE 435t A4S A5
He| o3 (filter transfer method)2 2 A 28} 01,
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Bulk <2n1.n) et seving
(¢ > Separaionday fracion  —» XRD, IR
Carborates rermoval
+
COrganic rmlﬁﬂs —>  Separationday fraction —» XRD
e |focz dying
i ! '
Iron oxides remmoval [ronoxidesremoval Tron oxides rervoval
+ ¥
XRD, Chemical analysis NHy-oxalate treatrrent  NHg-oxalate treatrment
+ +
XRD, Chemical analysis - Np citrate treatrrent
v
XRD

Fig. 2. Schematic of experimental procedure for the
mineralogical study.

Z7F 9fol& WFE IN KCl, MgClLyg2-8 o]}
e oz AA 51 HMoore and Reynolds, 1989).
Koz X3kl Alge disire zhzh 110°C, 300°C,
550°Cel|A] 2A17H) @Az AAlEch &7he Mg
2 X8AI7] Algo] tisiA= etylene glycol(EG) A
2 dAsl JE dxd tiEiMe o oA
AYEE A& A9 gaE-e AAS AR o

stz XRDE AAlskith(Fig. 2).

3.6 MEXN sy

A&e] ey LS @Y FE 2 fUE
2, acid oxalate 212}, DCB #g|& =33t} gl
g 2E 2 715 A7es YASe) sl NaOAc(pH
5)9} #kal FAE o|f3te HAIBIYL FEAR
(<2um)°] 0.3M Na - citrate®} 1M Na-bicarbonate®]
EF8d0pH 3y e ¥ B FHeE 7B°CE 7t
dslork. o371l 0.5g2] Na-dithioniteZ #7138t 15
7 w-2A1 7Tk 3000rpm R 3087 4] Azl
AE J=E 2ot} od 398 23] vkE HA)E)
9}, DCB9} NHjoxalate?] 9443 A& $s]A
DCB A&l& 23] A3 ¥ 0.15M2] NH,-oxalate(pH
3E Ak Wg Auksh AeloA] 4417F E9F 4ol
7oA EEo] WAL AEYUEE XRD ¥4 ¢
& 02-2um®} <02um= Y-eshich. DCB, NH,-
oxalate, Na-citrate®] 94 2gl& flsixE= DCBY
NH4-oxalate®] 994 #2® HE 4= 03M Na-
citrateZ F71gF F 100°ColA 4A17F BF vhREAIHCH

o

37 R 24
HE AR dgte] FTIR 48 dAsth

(Perkin Elmer,Paragon1000). 8% 2 AAlgH
ANHoA AEE FHelgr) o] AEe XA &
o YANRE, K XEAZ A5} 300°C, 550°C FAE
AgE xFsith A9 KBrg 1:2500% &3
g gefolA t23E Az}t el to
e QBN F A7 AX100°C) A F 43
o IR UidE L 742 ZsHeY, 285
(resolution} 2cme]x 7HA(interval)e lem'e) =
71o2 103] HkE 23U

Job oSt o

4, &4 3}

41 X

Table 12 YA (bulk, <2mm)] T3 Y= 24
Azoltt. Zio|7t Figel met M=o TS F7t
s, HE9 e gy 7HAGTE HES Al
AE o] 49wthE 7Y Tom HE] FeF
33wt%, M= TS 18wthz, VAL AYES]
o} A2= A9 o] 49wt%E Al W8 <F 25
) Axg Zon HEQ o] 26wthE A= A
AAoreolt}, Cl, C2, CRAME Zold we} A=)
%o Wspk A, M=9 HES g wshe Ay
ol BF AHEYE £33 HE Ydre BE AE
AlM <02um Y=o FHEFo] 02-2um A= 49
A2l T ulE, A Zold ZA AHE FE/ A5t
Al WERdTh

flo fir

42 pH, Yo|2ugls, HI|0[2Z5E

Eoke] pHILONRE 6.6-7.3010, FEQ AlollA] <F
2H3E Hol|a Zo|7t HoARE Fvlste CEolAle
k24 S Betk(Table 2). pHECHE 5.1-5.39]
3, AA dolo| AA 1 3o WHEst Aok pHNaF)
= 05-98 Fxoly, SEE ZrE Frleit ojHgt
pHNaF)ye d=2dRlel o|mgelo|Ee] EXE AA|
hs 04RT B2 FOE o] EYd HAA FE]
ZA3e A A3 cH(Fieldes and Perrott, 1966). %)
£ 3735 (cation exchange capacity CEC)S 19-
45cmol kg2 EEONM 71 o CRE 44.7cmol/
kgZ 7P =o) f718 2 XEQ] Al A2904
2-1-2wt% ©|3Z, SN 1wt PR vieRd
o} 97 o] ¥3}%(base saturation, BS)= A27}
9356%= 7P¢ E& & Btk A8 Fol22
Ca**s} Mg?*7t tif24 X8 K*3} Nate] H
£ AFe R Yi(Table 2). XI13H] Aol9] §he
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Table 3. Oxalate and Na-pyrophosphate extractable Al, Si, Fe and short range ordered materials from bulk samples.

Al-Al,

Al, Si Fe,  AL**  Si**  Fe** S Factor  SOM***(w1%)
Al 172 86 414 26 31 17 1.68 6.369 154
A2 152 114 422 19 36 14 0.92 4.844 1.95
c1 151 174 391 12 37 10 0.79 4.589 2.25
C2 152 210 388 8 39 9 0.69 4370 257
CR 154 244 284 7 50 9 0.60 4.205 2.88

*Acid oxalate extractable Al, Si, Fe(mmolkg)
**Na-pyrophospahte extractable Al, Si, Fe(mmolkg)
***Short range ordered material

AldN 718 wor(14.38cmol/kg) L o Bl
& HZ=8kA JERITH29-36cmol /kg). Mgite CEol
A BA veEE, Ca¥*e CRAM 71 =2
Btk FE= v CECY 3 X84 ol d=
OE 3o vls] AR WA Jepdoh AAEHeE ¥
21 AZ(AL, A2)] F3} Axrt B C3(Cl, C2,
CRYTH X3 Yol29] wxrt Hrh

o
s

4.3 A RS MHH Z&ff X2 @A

QA1 g0l sl acid oxalate?t Na-pyrophosphate
g ol &% MY g3yg A st tH(Table 3).
Acid oxalateol] -&8)5+= Sit= 86-244mmol/kgE EE
A BHE ZAFE FUlste ATE BRItk AR

,& &
Ma & o

i | B :
".\»J.J“ml sl W‘mvm Al

Fig. 3. XRD patterns of bulk samples from the
Dangsanbong soil profile. Qz: quartz, Ol: olivine, Fd:
feldspar.

151-172mmol/kg® Al9lA 71 EOH, A2 - CROA
= H%3 gL Bk Fee EEOA 27 YeRH
2 ZA4E Zade AFS HAth Na-
pyrophosphate®l] &3} 5& Sit 31-50mmolkgS 2
e A4S vkt ARl 42 7- 26(mmolkg)
o= JN=Z UFE 72AT Fes 9- 17mmolkg=
Si, Al Bl AA vehdth HE FES] 3¢ EF
QRS FF37] 8l FE d=el sl DCB A2l
9} acid oxalate 2] ¥ §A& FA43%rk. DCBe
23] g3l=l= Sie] P2 AlYlA 99mmolkge]™ 4
S7F Aol we} Frtehs AR Bold, C20A
7V #ohFig. 10). Al Feo] 92 AldlA 714 =
A vehde, Awrt gojel] me} Hdashe B
Btk Mge Al Fedl ®laf =g HE& %O

| @

30

20
Degrees 20
Fig. 4. XRD patterns of clay fractions. A: 0.2-2um B:
<0.2pum.
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Fig. 5. XRD patterns of clay size fractions after removal of carbonate and organic matter. K: K-saturated, Mg: Mg-
saturated, EG: Etylene glycol treated after Mg-saturation, 300 and 550: heated at 300°C and 550°C for 2 hours after K-

saturation.

20mmol/kg)e 121t) Acid oxalated] £8i=+= Mg
9] k& XRDeIA B33 FEo] gld Cl C29
A 62-108mmobkgs Al, A2l Hls} 7| Lpehd).
Fegl F= Cizt C200A =A vehdt)

44 XM B BN
441 FNES) FE 24

Mg A=, dEL F 74 FES MY, B,
e oltk(Fig. 3). XRD 2AS upjge s 3 ubg
Az}, Al 2 A2= Ao, 7k Aol = 74 B
%O]U:L Z}—ﬁ = }‘}' }‘\jl 2ﬂoeﬂ(Na.AlSlBOB-(:211‘&12812()8)-‘*]'
K341 (KAISi;0g)01 2% vehdch C1 94] A, 2
A, B0l F 74 FEol, A2 AFF Y
W, K34 vehA] ehett C2e kY, 490l
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F THYEeI YN WAuA Qkch. CRS 2
st o] F 74 FEol,

142 AE Y= A8

shekA e g F7 ol X&e AAER &
& FE Y=o disf XRD 48 HA8Ith 0.2-
2um Y=ol e A1-C2ol AAHM 14.24 & wjart §

2510, CRIAM 3)32] Fo] WA Jehdth(Fig. 4A). -

10.04 & Al1-C2914 B CRolMe FEFA &
=t 12 2x9 He 3= A1CloA, 7.14 ¢ ¥
e Al-C20l4 #HEET) A9(3.34 1> Al-C20
A} Fgsh) CRoAM= thd 3=9] 73&(intensity)?F
okl F4(3.22 o] I ARG BE AFY
<0.2um Y=IM 14.10 o] FHA7F HFAET, wF9
Zo] Jdid oz YrkFig 4B). B FEF f1E
S AAT & 2702 Ko 2 XA A8 sty
300°C, 550°C EA=E HAlsler, Mg A&
Mg AEHZEFEG) S HAEAHFg. 5).
Al9] 02-2um ¥EE K X3 F 300°C2 4P
) AztE g o]EskE 14A2 HIS(hydroxy-interlayered
smectite) -2 HIV(hydroxy-interlayered vermiculite)
2 AZHh 550 2 FAFS "= 300 oA 14A
o} #9327} ZeliAl e AEEQ HUMe] A4S Hoy,
T3 12A 939 AEs F7RITL 1242 330
EAT 7F54S RAI3H, 550°C DxjE] A ARl
Aoz Hol mUNg ¥glshe EYFY /eA4E B
o &t} 550°C A A vehte sU49] gas
K X184 7.13A9] w)z0) wis] 1 A=r} ok, o
= 7hEEvelEe] EX) 7FeAS AN g Mg X%
3 A2 Axd" A8 1410A%=E EG IS
o WA = AoF Hol AMoH, 10.04A% =
= 4ol AAET) EG M A 14A% 7.13A
) F9] AZEZe] Yehe £ (shoulderys 29l
olE &2 ~uEl|EE T3 EFEA FE EA)
715X & A A& tHBrindley, 1966; Suquet et al,
1975). A19) <02um Y= K aqe o et
£ 1004A53E Mg A 1410A02 o]Fshes
=8} 10 o Yolle faz Zeldt) 10AL §X
ke 73 4.99A9] 139} S difo|EE xA|E
ot MAS Hol: HaE EG MAl AR B3
ate] B37t AR e ol o] FEo] 2dE|EY
£ AN 7.36A2] FAE 550°C gAE) A Alg
Am, Mg 18 & EGH2S v A== ol5dhs
Zlog gol 2HElo|ES} FgEVo|ES Xl &

oltE - $ET

T2 FE0] 7F58E EAFETh A29) 02-2im Y=
£ K Xg, ¥x3), Mg 2%, EG AaiFye o H3}
= Als} B e YRy, 550°C D] A
UM Hart vehdR edeth A29] 74 IR 3
B2 IS UelE, dejelE, AMe) WA 21 24
T FEo|u, HIV HIS 2 &3 359 &)
7P 29T A29] <02um YEE K X3 &
Az, Mg %, EG Agde o Fie Al ¥
o oPdeR Uepdt & pAREL 2dEk|EY &
FF FEoltk. Cl3t C29 02-2um U= K A3,
Fxg], Mg g EG M-S o Fz= AL A29)
H153 o2 yehdth a2y K A8 F 4L A
238 A 8oHe 12A5 a7t JehiA] gkow, 550A
7t Aol 12A9] =7} #A vepdt). EG A A
vehles dele|Ee] H=E Al A29) B8] 2 HE
7F @3, 14.10A9] BF A== Al A29) v)5) Aok
21 34 T8 BEE Y 2 934 FEoH, 12
& 2359 H3d 4 vk CRY 02-2um Y=<
XRD A¥s 4REFe e oE 53¢ 2t 10
W=7t $AE Mg X3 A 14A02 o538y, EG
Hgl Al Azes BFst 7.5A93E EG A A
AZER o|Fsle AdElo|E EjE P EA)

7Fside Al E

443 AEA gaoz MlE IE Y= AR

HE FEo Z7E29 EAL Lolrr] sl
DCB, acid oxalate @ Na-citrateE A48 08 )3}
ook Ale] 02-2um YEoA K X3 & Jehlb=
14A¢] == DCB A Al FaslA] 2o, acid
oxalate 2] ¥ AtEtckFig. 6). ol HIV Z&
HIS®) &7}l Ex)51= hydroxy-interlayed Al/Mg/Fe
(hydroxy-Al/Mg/Fe)7} &3l 5o Aleba7] wiolt).
EG X2 Al B3P Bole 2:1 345350 vehiA
@ouma o] FEL HIVe|t}h AlS acid oxalate 1z
F 550°C EAE e FolMe o)A vAl9) slekxE
Aele BEEHW 14A9] FAE R ol& B4
o] EAE BN A S} B4 A2 K X8 A
352A7} 357A] F43 TR ole Hi4d9g
(004)st 7HEEIVCIES] (002)%=olct. A29] 0.2-2um
Y=E DCB, acid oxalate 2] ¥ EG *z|3-& o
16A9] =27} VERdthEig. 6). ©] 3= DCB g
Aol= velA] 29 smz DCB Ag A HIV
£& HIS®| &7l £A8k= hydroxy-A/Mg/Fert &
AEHAE 7FdE AAEL
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Fig. 6. XRD patterns of clay size fractions after removal of carbonate, organic matter, and free iron oxide. K: K-saturated,
Mg: Mg-saturated, EG: Etylene glycol treated after Mg-saturation, 110, 300 and 550: heated at 110°C, 300°C and 550 for 2

hours after K-saturation.

B34S DCBE Agsly] Aels Uehlx] grom,

C1# €29 02-2um Y=¢ XRD A= 3eHa
DCB A& Al oF 16A¢] 73t #3E Ho|m, acid

A Azo) e} S9Mos vepdth EG Mg A
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Fig. 7. XRD patterns of coarse clay size fractions(0.2-
2um) treated with Na-Oxalate for 4h after removal
carbonate, organic matter, and free iron oxide. K: K-
saturated, Mg: Mg-saturated, EG: Etylene glycol treated
after Mg-saturation, 110°C, 300°C and 550: heated at
110°C, 300°C, and 550°C for 2 hours after K-saturation.

oxalate 2] Folle= BT} vzxg HAASH(Fig. 7).
ol HIV 5-& HISY Z7k &AsH= hydroxy-Al
Mg/Fe7} DCB, acid oxalate zj2joll wlg} @Al 4o
2 g8l=Ho UEe AAgY DCB ¥ acid
oxalate X2]¥ AlFEo] 3] Na-citrate A& dA

olitE - 8T

Fig. 8. XRD patterns of coarse clay size fractions(0.2-
2um) saturated with K after treated with Na-Oxalate and
Na-citrate for 4h, respectively.

st AEd AEE KoZ 7+& X8 § XRD
£ AX8IThFig. 8). A ol dA s3AE
£ ¥ NEE K X85 B} §ABH Yebdch
A1z} A291M et 12A4 8Asl 3420} % UrE}
@t ole 5l HIV 22
A A&

45 IR &4

Fig. 9= C1¢ 88 Azlo] & HE Y= FT-
IR 24 Zzjolt}, #4435 & Al59 gxoA Cl1
2 A9 e ARE BTk OHY A&Ez%E 7711
3750 - 3400cm™ oA 3700, 3620cm™o] &5 w7} &
gl Jeldtl ol s2evolEe] 3R 550 €
2] Al ARtk mEhA TR UolEE & AR
A A veRrds gl & 4 Aok 0.2-2pume)
d=ol YeElbE 880cmle) 4 ule o Al &
o= ol 9lew, DCB ] A] AR ol Hit
3lEw FEd Ha3g Az Zivh

5 1 &

AT A8 FE dxEe FN, 2uE0lE, F
Ao} 2:1 4 F49 FEI} dlolE, FFeEo)
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Fig. 9. Infrared spectra of C1. Upper: no treatment, lower: treated with DCB, A: 0.2-2um, B: <0.2um.

E9 1.1 34 38 4580 vEdul 0.2-2um
Yx9 XRD Ao Ay, AdEelolE, HuHe)
2:1 4 E 253 delelE, Jl2EolEY]
11 24 A BB 242 g9 & $ ok
B AN FUMe was FEs AFER ¢
=t 5 sl BTl EAlEe A 94
7] Yol FhEEhtelES] (002)% U149 (004)7)

g olgd 1 B 7EY £ Jou(E3I <,
1996), Acid oxalate *|2]gt A]8olA] o] F ¥A7}
R3] PEEHE AoR AZ) 7EEo)|EY E4)
kg g9l & 4= ok =3 ZuAel (001 H]s)
(004) =8 ey} 58 Aoz FAEEI $4ts)

o] Fe @0l 28 ¢ 4 Utk CZ9 YEh
A4L acid oxalate 2131 % EGE 7+
]?\i% o A2 WFEA] G Holle 14
HAa=g g £ 9. CRY 0.2 -2um Ym=eo

T4 BEL 2HElE) dEfolEoT), <0.2umi=
o} A FEEL CRY 02-2um Y59 FA FE

2o 3t HAE 199 EYAMNE o3 &

AAAE FE Yol HIV, HISSH A &85 #E
o] &3l Yeldti(Zhang et al, 1994; Bautista-

Tulin, 1997; Inoue, 1981; Mizota, 1982). 4T

A Alge] FE Yo dig XRD AFA=

HIV, HISY} § &35 389 EAsAe 8

%oﬁ—\i

U
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. B EgelA vehte HIV, HIS 212
54 2 FsAe] me B 59
E 28 A5 te) 2gskaA wh.

5.1. HIS2t HVZ&

0.2-2um Y%= AEE Mg A& F EG A A 3
A4 Aot slekxgel wet Wskshe 48 2RIt
(Fig. 5). ©]=]gt XRD Zz= HIVet HISS| &4 7}
98 AAEL St HEE 7199 BEYelA 2
3} z#ElolE= HIVYF HIS el &3] vephdot
(Barnhisel and Berstch, 1989). HIVe} HISe] &7¢
ol &AQ3te =& (hydroxy-interlayered material)2
hydroxy-AlZ} hydroxy-Mg7| tjf-2o]r, Ad¥ £y
] hydroxy-Fe7} €A)gkt}. HIS F7kel] £A3t=
hydroxy-AlMg/Fe= EG A2 A] Zdglo|Ee] 3
& A %helv(Bautista-Tulin, 1997; Inoue, 1981),
acid oxalate®} DCB A2|& &3 AA € + Uvt
(Rich, 1968; Wada and Kakuto, 1983; Matsue and
Wada, 1988; Barnhisel and Berstch, 1989; Ghabru
et al, 1990). Hydroxy-AVMg/FeZt AAE 2HElo|E
= EG Az Al oAl B3z o] dFg o83
B A5 ERlsks HIVSF HISe| &4 7FsAdell o
o mastast det,

5.1.1 HIV

ek 383 f7188 AAT ALY 02-2um Y=
o] XRD A¥= HIVY EAIE AAg0 K X84
vehls 14A9) 9325 300°0CEAE Al AZE=E o]
F8lH EG Hel A BFsA] Gt ol AP A
HIVY] E4olt}, DCB Azl Al 14A9) w3 AlekA|
£ o= DCB A& & 27 £30] AR
wlZolct, DCB &gk A2, C1, C29] 0.2-2um U=
£ EG Az u) 334 FEo] e}, ol#gh W
42 DCB A2l & 31A] &2 AlEoM= Yepta] &
=t} o] 722 Ade B 21 24 g #E
ol A3 hydroxy-Fe/Mg/Ale] DCB &) A
AAEG7] wFo|rh. dukxQl HISY HIVe K &
Al 14AE §R 3= 542 HItH(Barnhisel and
Bertsch, 1989). ¥ A|&oA] DCBE #3kA] &2
XRD ZA#olrd K X8 Al 144 AlolMe veptA]
o A2-C2olA e #EAHA gevd oy A2-C29
HIVe} HISY F7+e Af= o] A7) giielth K
28 Al F7HE A= BEe <l ok HIVe HIS
) (001)-—45_-1: 10.1 - 10.5A7+4] ©j%3}(Barnhisel,

}«

A - B -

olFE - $2T

1965). ©2}x HIV Z-2 HISe Z7-Ede] %o Al
o] A2-C2dl Ml @r}l B AlRoA Exisks HIV
%2 HISY EG A& A #HF3H== 16.05- 16204
olt}, AIPEAS] Aol oJ&hH, Fdstl wat F4
(0.6-09, half unit cel)s} Z=E}o)E(Q.2-06, half
unit cel)E FE&TH(Bailey, 1980). L2} 223 =
e olzig wee] dFos F FEL {71E A
2 Al Al we) S Borchardt, 1989). &4
o 14AL X8 BAsIA gkon, ~HEgelEx 174
7R AT ey @4 st oilel A
st @Ashe Aol ulel o WAAge] spe-dct
(Harward ef al., 1969; Robert, 1973, Malla and
Douglas, 1987). ©|ZA-& AlAldx} ZaA| vl &
7] Azt t2a, wEhd hEA g 711k
Adhes AT ET & 8L 283t %%
& zo)7] WFEo|t}, AZHA dzjo|Es} AN 2
2o 89 FHEF ¥R AMEA®e] Sid+7t
AP*Z 8= A4 ErHRobert, 1973). 22U &
ool Ve e o|ZHA] FAe) A3 AFHAITE
ok ohz} AT 4Ps] A UERdTHMalla
and Douglas, 1987). Wl Ekel &= ol
A Ao BEAde) APYE Fe?t F& Mgt X
slald Aspt ggges e FAsEE A4
o] AEHART AXA "ok E A5y HPH=
(16.05-16.20A)= o|ZHAA AMel T2z EA}
FHslol 710ske Ao2 A=) 3lol7} 4o
Aol w2} BFA o] Fvishe AL HAe st
s g geA 7dske At dold w
2 Z7sl7] Wzelth. 28402 Al A2, C1, C2¢
A HIVZ} EA/)5h, 189] K AgA 39 42
Hol Al9] 7t EAlske EFo] A2, Cl, C29] &
7l EAlsls B vls] 1 o] B HIVY &
Ashe shi-ollr AH BEYow 48 Zvkeh.

F

N ok

5.1.2 HIS

Acid oxalate 213 C1, C2 M52 02-2um ¢
5 EG H3S o 17AR0 Hzwe] s3e 6ol
t}. ol3j3 HAHL 2HElo|Ee} EROR Cld} C2
of 2dele]EVE E3HE] USE € F Utk Acid
oxalate #8] el WAAE Holx] ¥v A= £
wlglo]E9] Z719 hydroxy-AlMg 53 & 7+ &
Zo] EAljsle] WS A|ghstr] giolo) wEkA] Cl
I} C20= acid oxalate 7@1’4 Al 79| E4o] AA
HE= HIS7F 2A4)8k= RS & 4= i)




AF= Non-Andic E%e] FE3H 713}

Table 4. Extracted Si, Al, and Fe from clay size fraction by DCB, and acid oxalate treatment (unit: mmol/kg).

DCB treatment

Acid oxalate treatment

Siy Aly Fey Mgy Mny Si, Al, Fe, Mg, Mn,
Al 99 213 1379 9 16 96 202 104 16 nd
A2 129 141 1186 10 12 118 171 118 30 nd
Cl 147 87 872 20 10 183 169 166 108 1
C2 161 84 750 16 7 158 158 163 62 nd
CR 135 89 516 14 9 197 253 238 39 2
nd: not detected
5.1.3 HIVS} HISe| &7+ &3 1968; Wada and Kakuto, 1983; Matsue and Wada,
HIVe} HISY| &7+ AUdubd o2 hydroxy-AVMg/Fe 1988; Barnhisel and Berstch, 1989). A1-C2%&

2 A4 Jer, HE ¢=d tigt DCBe} acid
oxalateE AT A E3== Al Fe, Mge] ¥o =
HIVel HISe] Z7rel EAlste &2 (hydroxy-
interlayered materials)?] JE3 5% 4 ot o
HiH o2 DCB A= hydroxy-Fe/AVMgE: &3] 4]7]
B, ©] & hydroxy-Fe¢]l &3 o] o]&HT}
(Ghabru et al, 1990). Acid oxalate= 74l ZA)s}
€ hydroxy-A/Mge| &3fo] Ho] ©]-& ¥ thRich,

0
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Fig. 10. Extractable Al, Fe, Mg from clay size fractions

with (A)DCB, and (B)acid oxalate treatment. solid

triangle: Mg, open triangle: Al, solid circle: Fe.

DCB9} acid oxalateol] 9J&] &aj== =7+ 2o &
A& o= hydroxy-AlMgd 7HsAdol =dh. Acid
oxalate X2] A] f#15)%= hydroxy-Al/Mgs DCB A
g o= 8357 ¥orng, DCB A Al E3i=le
7 B2 hydroxy-FedZl o2 AlE "ol A
DCB A3 Al Fex= Al, Mgoll vl =4 YepiA|wt
kel el EAZ Q] BE Fert 7oA wiA ek
oAl @837 oHekFig 10). C13t C29) A 8=
acid oxalateg M&lol 7+ Edo] S3== HISE 2
it} Acid oxalate 2E§ 82] REA A afolA
AlZ AlF A29) Wls 2 o] A riFig 10).
Mge] 79 Al A2 16-30mmolkg?) "HH Clz
C2914] 62 - 108mmolkge 2 = vreEPdth(Table 4).
dtd oz AMJEYe|AM= hydroxy-Ale] E7HeE S
3745, hydroxy-Mge 9714 2404 A"
(Rich, 1968). C13} C2¢9 pHMH,0)= E714(7.25-
73782 Cl3% C2¢9 F7te| hydroxy-Mgzt Ex4g
7Fsdo] &t

52. B8E ZEo| BEHH =4

AE Yol XRD A#e EE B2 EAE A
Aste, Qmel weh FR7 TEA Yed.
<02ume] YEeE FHeeol/rnE)E £
29%0) Uehio], 02-2ume] Y=olE Faye
wejolE E3E%E0] $AH8I.

52.1 7+&ELbo|E/AHEO|E B
ZE AE9 <02um¢ CRY 02-2um Y=o
XRD A= £3F FEo] EATE AAFT}. Al
M Mg A& A dehte 743 EG HE A
T62A o= WFsne TIPS olFE FE F 3}
e 2velo|Eoltt, K X & A #a] Awjeld o
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Fig. 11. The portion of kaolinite in kaolinite/smectite
interstratification.

Table 5. Mineral compositions of clay size fractions
obtained by NEWMODE.

size Kaolinite/ . .

(um) Smectite Smectite ~ Mica

%

Al <0.2 90 6 4
A2 <0.2 88 8 4
C1 <0.2 88 10 2
C2 <0.2 82 16 1
CR <0.2 80 18 1
0.2-2 80 14 4

Table 6. The peak position of chlorite/EG-smectite
interstratification (0.2-2pm).

002/002 % Chlorite
20 d(A)
Al 11.94 7.40 70
A2 11.77 7.51 64
Cl1 11.62 7.60 59
C2 11.62 7.60 59

Bl 7.5A%29] FHo A o] EFo] FREale]
E/xdelolE EFEAEUL 4 = Ut (Wiewiora,
1971; Hughes ef al, 1987). 7F2El po|E/LHE|E
EFEgEe E§HES EG AgE AR Yehle
001/0029) == YA+ 002/0058 A= Y|, 18z
259 Rojd g3 dFHem 3T F U9
(Cradwick and Wilson, 1972). £ A5 Uehts
FHEElye| B/ dEl|E 5389 HAYHe 7
2 8 peak decomposition)S ©]-&sle FIHTh
(Lanson and Besson, 1992). 5|2 &3 os) 13t
001/0029] =)= ¢9x)¢2} 002/0052] I= $Xl= Al-

CRAlM & xpol& HolA] dath F Fa9] RR0]
(A20)5 ©)83}] Moore and Reynolds(1989)7F #|A|
3t THE B3 T FHEEivolEY] HIEL 85-86%
ojck(Fig. 11). 7HeEUolE/AME|E E§3-4E5)
A et 2HEle|ES dzlo)Ee] A %
<& NEWMODEEZ o|&3] +3l%itt. NEWMODE
A FHEve|E/mElolE EEEEE S SE
o|E, deto|Ee] A FAoH, oln) FhgeltolE/
el E FSFE 9] 7lgelUe|EY] 42 85%
2 IHEHh A8 XRD 3l sholM R
245 Aztze) AHElo)Ee] w3yt Sk AL
#F @ 5 e}, ool we} sPRelA FY-2 L=
Fle ol B/ mElo|E S04 9 4L 80%°IA
W%= T, 2HERIES] e 4% 6%=
23 (Table 5).

522 I N /2HE|E S35 E

Al, A2, C12] 0.2-2um YEZ K A& AAHL
1235 A 8Asl A7 Yeldrh o HAe
110°C , 300°C EAa] Al o)FsA @am, 300°C
A2 Al o AErE i Zgasldurt 550 g3
Al 12A 9] 7ot ZU1eit) olg8 EEFY YAaR
AE)RY, EG A Al 1248 A Zdxg st
o, 7A9) Az Zof &uj7t A7t} webA o] Est
e 2delo|ES FERICH AdE|E 9)d] 1245}
8AS WEAFE TE ity BEL Bl
(Brydon et al, 1961). C2& EG #Hg A &3¢
EAS Holn mud/adelele E3E3E £
H]-&-2 SUN/EG-HElC]Ee] 002/002, 004/0052]
3= A9} 289 Aol 5T F U 2 A8
oA 004/005 HI= FH, 7Yl E, YEo|EL
)=o) 28 2 YRS 717} ofd7) wiEol 002/002
Haz agel Z3EL /5 Fuel gioh 002/
002 HF= ~YEl|E, FHEEo]E] #A9t H|s:
& AR UER)r] ol o)l5L Helsly] )
23 & (peak decomposition) ©]-&-3cHLanson,
1992). ZUA/EG-LTHEES] 002/002 T2 20=
AlollA 11.94A0]2 A2, Clox Azkz= olF3dit}
(Table 6). AFAGol ERete U)REe] Sua/AdE)
O|E EYFHES Rl ERICIAY HU4lo] 50% ol
2l RO EFYJo]ltiMoore and Reynolds, 1989). ¥ A+
A7) e muaamelo)|e E§EagEe] 002/
002 ¥39] #¥ 7+A& Moore and Reynolds(1989)7F
AAIEE UM 2wElo|E E3esg-Ee] BB Feke =
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Fig. 12. The portion of chlorite in chlorite/smectite
interstratification.

Holl =AE A3} 5 ghke AldlA 70%e]2 C1
M= 5992 7HAFIthFig. 12). HUA el
5329 001/001 FFe] e 002/002 T2
vlal 2ba, 550°C dAlg] Al 2 Axrt F7ked. 5
Ui/rdelele B35S ) Uehle 29
olE¢} 7ol B AiE]l k& TE FEEY
7 o2 NEWMODEZ 34 S Bych

5.3, &sjol e st MU= J7|¥ EY9 T

53.1 ¥4 =2

dutx oz YA E 7199 BEYE vHd 2
£ oz 83 Andisols® sl (Duchaufour,
1984; Shoji and Fujiwara, 1984; Saigusa and Shoji,
1986) E3F A A 7159 dFE Fo| W=t}
£3] Andisols®] 3485 548 93k QA 712
3} 7}wFo|t}(Shoii ¢t al, 1993). 7%E Andisols
9] pH(H,0)9} &S FH$5hs T8 <xjely, &
%3t 74423ko] Andisols®] B4 3Rk 7
s#ko) Aojo whe pHIL0) #E A&y s ¢
ol Wt B9 E4o) AR U Tk 971
o]29] HAZo] A3 wAIZlY FES| pHH,0E 7%
(<490 e Ao FEdE 21 34
T FEH AlFe-f71E 28A, 4718 ¥
tHShoji et al., 1982; Shoji and Fujiwara, 1984).
asyg 7k S7b Sie) #xs AEE s eH
FEo) Siol FEE A AA HAEA EFo) 44
ch(Parfitt, 1990). AF=2] EY 80%= wAE &
Aol HAE Jxo) F 4 FEQ Andisolseld] H]3)
A7 A dofME ZdAE BB F 74 FEoy
B3 d Bl §3K1.54-2.88wt%)S 2tHSong and

Yoo, 1994; Shin and Tavernier, 1988). ¢l AF%=
o] XGol] M2 e zel7t F 2l ALRE
th AFe a¥F ArFS 1, 872mmeld v, &
AFAGe] AFF e 1,280mme = wfg- W
Holr}t, NEe gk 35t w4 A A A FeA 9
Si0,9] FFL 37-49wt%=E AFEo] Yehte
Andisols®) Si0,2] K22 - 30wt%)el Bls) uie =
thShin and Tavernier, 1988). ¢l QT X|Ho] A
pHoz AL 5ol o) Sie] HEo] FTade
ugd E4e] o] YAEHUEES XA

AT NES pHNaF)E 9.49-9.812 S=#Qlohy
olmFelo|ES EA|E XA[3k= 945} =4 VERd
th(Fieldes and Perrott, 1966). ¥=2#|2lz} olw et
o|EQ] %S YoluEdle AYA §3yel o&dt
(Parfitt and Childs, 1988). Acid oxalated] 2siEH:
Al(Alo), Si(Sio)9} Na-pyrophosphateel] &3l =&
AlAlpye L=l ol ITo|Ee] AYSie| v|E
gh=t) o] &HtHChilds ef al, 1983; Farmer ef al,
1983; Parfitt and Wilson, 1985). H17:d B39 AY
Sie v 7

Al_Al-Al,
Si~ Si,

o] 2] acid oxalateZ £3lE uf w)Hd EF 9
o) §71% BEA A EEE Al ¥ 2 &
o Awtdo 2 olrFeElolES AlSie] & vl 1-20]
v, Y2 o] 24 Yol A= =56 T
(&34, 1996). GF A5 Al-AlL/Sige 0.60 - 1682
REEZ A 120 AA Yehdti(Table 3). ©l¥
% AlL-ALSIS] WMEZRE W X)F(conversion
factor)S T3HR.O7 (Parfitt, 1990), o) W3 A%
SioZ ol&3) WAA 4] gL AN vIA
2 BAo) %S 154-288wt%olt). §i,o viAE B
A9 2 Zlo|7} Folgl mEt Skt o) HIF
2 2o FAL ARFke Sigl o) = AFE
s 71918k FeE AtEdh
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Mineralogical cormpositions

" 022; Venmiculite, Chlorite, illite, Kaolinite, HIV, Chlorite/Sectite
<02; Gmectite, Kaolinite/Srrectite, illite

02:-2; Vertriculite, illite, Kaokinite, HIV, Chicrite/Smectite
A2 <0.2; Smectite, Kaolinite/Smectite, illite

- - 02-2; Vermicdlite, illite, Kaolinite, HIV, HIS, Chlarite/Smextite
a <02; Sirectite, Kaolinite/Sorectite illite

0.2-2; Venicutlite, illite, Kaolinite, HIV, HIS, Chlorite/Smectite
<02 ; Sectite, Kaolinite/Srectite, illite

m® e Srrectite, Kaolimite/Srrectite, illite
%5 <02; Sectite, Kackinite/Srmectite, illite

Fig. 13. Variation of mineralogical compositions of clay
size fractions with depth.
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