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AAE o] WA 2AHE 4 (pH=2-3)9 EFvF #3398 £90] #ad AHAE T 933k
pH7} ZFAH o2 Z7150 (pH=4) FE 35 AR A oAt HFES ol &F Al 3}
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E9 AAL pH=4 B 5o’ =10"M ZZolA K3 Si(OH,S FE7F 10°M ol fAHolo} 7158 R
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ABSTRACT : Alunite is found as cryptocrystalline alteration products (1-2 ym) in the vicinity of car-
bonate concretions embedded in the mud-rocks of the Tertiary Yeonil Group, Pohang area. Alunite occurs
as cube-like rhombs and is intimately associated with acicular to tube-like halloysite. Unit cell dimensions
of the alunite were determined to be as follows by X-ray diffraction analysis: a=6.9879(1)A, ¢=17.2327(4)
A, V=728.75(3)A°>. A chemical formula of the alunite was calculated on the basis of combined chemical
analyses by XRF and EPMA with site occupancies of cations by Rietveld refinement method: (Koe4Naggs)
(AbssFe’*045)(SO4)(OH)s. Natroalunite composition in the alunite was determined to be 6-7 mole%.
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Volatile components such as H,O and SO; in the alunite were checked by differential thermal analyses
(TG-DTG-DTA), and the thermal reactions of dehydroxylation (5207C) and phase transitions (600°C and
700°C) were identified by a high-temperature XRD method. Stable isotope analyses ( & *Osos=-1.7 %o, &
Dsmow= -31.0 %, &S=-10.8 %) for the alunite and its K/Ar age (0.342+0.008 Ma) indicate that the
aluminum sulfate mineral was formed as a result from the supergene alteration caused by an infiltration of
meteoric water into mudstones after uplifting of the Yeonil Group. A formation of acidic (pH=2-3)
aluminum-sulfate solution and the subsequent interaction with carbonate concretion in the mudstone
obviously caused an increase in pH (pH=4) and resultantly favored precipitation of alunite together with
halloysite. Based on a computer simulation for chemical equilibrium modelling of AI’* species, chemical
controls of the fluid on the formation of alunite and halloysite were determined. At fixed conditions of

pH=4 and @sos =10"M, it requires the fluid activties of K and Si(OH). higher than 10*M for the

coprecipitation of alunite and halloysite.

Keyword : alunite, halloysite, Rietveld, supergene alteration, meteoric water, mudstone, computer

modelling
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Akt A el o] AEEHE FoE &HA
9t (Hemeley et al., 1969; Nordstrom, 1981).
2o olzd FFUe|EE 4T 44,
24399 4N, € 45 2 B
ol g2y AFH Bdsd 1 Fa4o] B
Zr=Elm gt (Hill and Forti, 1986; Rye et al.,
1992; Hill, 1995; Polyak and Guven, 1996;
Sposito, 1996). A E < HAFERZ MNEHE
FUolEx I3 RAPY HATAEL Y
O, H, )7 Ad® &4 (K)ol 715817 o
ol B4 € 52 4Y TF BYEIA F
3 Be 59 ARE JHATEY. 53] 4
3 eENA FTHAFEEAN YHHE dF o]
Ex A3saY AAH 442 7IE Weled
F8% GME AT AoE 4HA U
(Rye et al., 1992; Polyak and Giiven, 1996). 4
FEANM YFUO|Es &3] TEoAlE
(halloysite)?} §HA A2 Ee Ao2 BIEHUG
(Davies and Moore, 1957; Hill, 1987; Polyak
and Gliven, 1996). Polyak and Giiven (1996)2-
352 oA GFLto]E+EZ o)Al EY
A& BEASE AR o] FEH FH F
HZoA FHE HEZE (smectite)o] FHA

Bl A olaF oz WHAH AR AL
fFrFstdeh 28 SR E-g =z o]Ato]
FEAFo] M350 FAH AdEHE o
¢ O A BA e siMof oA PE3) o) F
A A 2§ A o)t}

$8 Ut A37] d9STY ol ¢F
g B FEY dFQ wiAILFEUelE
(basaluminite, Al;SO4OH);; -4H,0)7} HAHZ
7] )4 47149 HAFEZA 2ud v}
ATk (=78, 1998). HZo) ol fAbg A&
ZEHE Holg T UE 4¢Fuly Y FE
ol YFUolE} TRoJACIES ) dYF
79 FEZFAAM FAHJT. MFFFo] o}
d XA dFUO|E-FZoJAl)E FEA
T o ofF Bid ul gloh o] =&
A BAEL 4 A3FHM Hgoer &
g GFolEY S dH, FE}H 2 3E3
&3 EAS WIux ok EE Fujgo=
AEEE o] FE s HFEWE (Rietveld)
Ho g AARNETH 4L AP of9 o}
£ EFUEY AAFTALEA BY, duS
3, 2 EFuFE-F09 A9 3y Zdyo) #
g 2o H4YE FaA YFUO|E-EE|ALY]
E JFEAY A4 84 9 2o uigd AFd)
A2l A FFeATh

2 Jo Im hu g

2Y o o

& =
Ag 2 24 2

GF U ES} FRoJApo|EY AHFI HA
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74 (SEM) #F-E AB3 ATt o] Ao of
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(ICPS)E A3t 4tt. ¢FYUolE FE Tee
AL 15 kV 2 2.0 nA 2438M0A A
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YEHME FZ&A (Rietveld, 1967, 1969)d]
AHEElE AR X-dEZsE B4 SI-
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HE 40 kV, 45 mA ZZAd A EF G
A 93 CuKe 3 (11=1.54056 A, A=
1.54443 A)& AME-3h] @438 FAPEA] (step-
scanning)2. 2 3|4 3t& 7|28 Yt 7pd &
(v6) & A&t dA 2 - " X-AS ZAS
A3 +FE&Y (receiving slit)y& 0.05°2 3}FH o}
0.02° 26)9) FAAF 20 29 FAA =
Aol A, 5-120° (26) F2tel AAA F 575140
o] 38 H Aol oA JEHE T2
Aol= DBW9006PC (Sakthivel and Young,
1992) A2 HEE 32H|E PCRoz wH3g
WYRIET )& 3.0 (Schneider, 1993) =213
o) AHE-H AT
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olE9] HUdH &g AEIFRT &Fi}o]
E, §Roxle]lE, @ wjAlgFERL}o]E 7HY
ARABAE f43t7] 9s)A pH W3l w2
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(Schecher and McAvoy, 1998)-2 A}-&3t9 ).

ME dE R Y A

GFUolEE X3 Ao EXIe A3V
AYEFTY o] WolA gt Ao FH
Fol F3txo] & 53] 2y A Y
FREY T8 Afes FHoE AEHE A
o] EAolt}. ¢FYO|EE ojn] BuH ul 9]
T HAIEFEUlE (=78, 1998)8F 413
AEAEE BolAg, 1wy FFo] Ro A
A FEF F - AP YA (Fig. 1). 7L
A AH A (septarian nodule) FHE A =AF
HAET AYA dolXe F2IA e I
& Bk wAIGFuolEe] A9 vy}
AZ iy wAael JEAS o|RAn, 74
g} Bn g o) Wojel2 N AYA FHe 4=
oluf AdA o AMEE 8= PR A
5o gFUolEZ AE SH9 oFE
&3 g A (opal-CT) & AYA 499 A
o go] #FaHAT

GFUlEE SHHA (122 ym)oj A ¥t H &
WA o] 7712 FHA (cube-like thombs)e] =
dad 2AY S o|FY AEHEHY (Fig 2). &
AP AR SteA e EQIRA Pl #F
57| 3o} ole} Ze UdFvolES] Ay
AHEA A (trigonal system)ol] &3l FEZ=
Eolgt ALE, N3 FFN RuP YFi}o)
Est AT HESZANE BRUo)Es}
g2 ojrto|ES} A SuYPAS o|FH FF
ol EA471¢e] 248 ez AEdHe e
2 4¥A U} (Polyak and Giluven, 1996). o]
FUolEE FF A Al7ld gagdosm
2E YA Aoz 539 A9 849
AR 9T dte o2 BuHYn TS
o] ¢FUolEE EI) Tt WA HAie &
ZoJAlo|E¢} A & EHE o] EAolt) &
2oJAlo]Ex 38 ZoJALo)E (hydrated hal-
loysite, & 10 A-halloysite)2 4] &&F1}olE Z
BE Atoly FHE FH%le YA E ytd
t}h o]} & GFYo|E-TBEo)Alo]E FEA
2 3|4 H3FF oA o] wA=
H1® FHo] glor} (Polyak and Giiven, 1996),
a2 99 HAZME Rud 47 gy wa
BE T



carbonate nodule

laminated sandstone

conglomerate

{moderate brown)
massive sandstone
tossiliferous (mollusc &

& conglomerate
laminated sandstone

zone common

faminated sandstone

stratitied gravelstone

massive sandstone,
cross-bedding frequent

massive gravelstone,

laminated sandstone &
pebbly sandstone

pebbly sandstone &

disorganized breccia

abundant

shaly mudstone comtaining

carbonate bed in shale &
mudstone, mollusc fossil rich

wedged and channelized

bentonitic mudstone & shale

foraminifera) carbonate zone =
crudely-stratified gravelstone

alternation of crudely stratified
gravelstone, conglomerate &
sandstone, carbonate cemented

outsized boulder common

matrix-supported gravelstone
berccia
crudely-siratified gravelstone

matrix-supporied conglomerate

agglomerate, granite boulder

KEYS

% SILICEOUS SHALE & MUDSTONE

BENTONITIC MUDSTONE

ol

SHALY MUDSTONE

E‘ CARBONATE BED & NODULE

carbonate nodule
channslized sandstone

shaly mudstone
siliceous shale
& mudstone

carbonate bed
& shaly mudstone

-—lp

carbonate nodule
faminated sandstone

siliceous shale
& mudstone

= carbonate nodule
shaly mudstone

laminated sandstone

E
S I

& siltstine
siliceous mudstone
I & shale (beige)
cs 'L ;mc'c pc
o SAN BRAVEL

Fig. 1. Columnar sections of the Yeonil Group: A. Chunbuk Formation, B. Pohang Formation. An arrow

indicates the horizon of alunite occurrence.
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lection number: 18141)0] 2ol &&lA (Gmelin,
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Fig. 2. Scanning electron micrographs and EDS patterns of alunite and halloysite (scale bar=1 ym).
A. Pseudocubic morphology of alunite: Note the intertwinned crystal. B. An intimate association of alunite

and halloysite: Note the tube-like habit of halloysite.
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Table 1. Experimental details and structural refinement with powder X-ray data for alunite.

Data collection 26 scan range 5~120°

step size(®2 8)/ step time (sec) 0.02/20

No. of steps - 5751

Maximun intensity (counts) 6924
Least-square parameters No. of unique reflections 163

No. of strucural parameters 19

No. of experimental parameters 13

N-P 5719
Refinement index (R-index) R, (%) 14.35

Ryp (%) 18.31

Rexp (%) 9.09

S (Goodness of Fitness) 2.01

Rp (%) 13.30

Durbin-Watson d statistics 0.55

Esd. to be multiplied by* 5.536
FWHM U 0.043(4)
(Full Width at Half Maximun) \" -0.010(3)

w 0.0058(6)
Cell Paraameters a(A) 6.9879(1)

c(A) 11.2327(4)

V(A% 728.75(3)

Note:
Rp = IOOZ]Yig-Yic)]/ZYio

Rup = 100[Zwi(YioYie)/ZwiYio ]

R = [(NPY/ZwiYi]"”

N-P = no. of observation(steps)-no. of least-squares parameters

Ry = 1003 |FioFil” //Z|Fio* (Sakata and Cooper, 1979)

H’ = Utan2 @ +Vian § +W

* Correction for local correlations (Bérar and Lelann, 1991)

(expected R, Rep)ol et HA 7tEX Ag
(weighted pattern R, Rap) 32 18.31%/9.09%
o]H, S (Goodness of fitness)e] g2 2.01, Bragg
R (Rp) 32 27 1330%S 247 RAZFT S
#3 Rp gho] ohd A4 UkAEE HadY B
Fds 13 S vt s 2EE
AZtET. o9 22 JEWE AN AAHES
A, o] ¥FUclEs SWUAARZA F0T
Ceeme F£%28g o]F1n dY¥o AV|+ a=
6.9879(H A, ¢=17.2327(4) A, V=728.75(3)A3‘?l
Ao 2 AAHAY. =3t JEHE At 2H=
T GFYolEd W FxAEE dAE
of AF T €A% A B), 23 A
A& & Table 29 YERAAT. ©] &F o]

E9 BEME 24 FRt JUHOE FHA
%= Menchetti and Sabelli (1976)8] @24 +
Z3)4 A2 AN ARFFA (2=7.020, c=
17.223)sh Wimate} A9 FARAR £ o
) AolE BT ok FERAY P
Aolo] 9@ HE YANW, ANRHOZE HG
2449 Aoldl 71U Aoz AR 18]
U B9E o GRuelES} GRolAtelEs)
A HERCE BEH] ATUolE By #
24e) SaxANE AU} A BibsE
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Fig. 3. Observed and calculated powder diffraction patterns and residuals for alunite: Vertical bars indicate
Bragg reflections for separated mineral phases (A: cordierite, B: halloysite).

Table 2. Atomic positions, isotropic B’s, and site
occupancies of alunite determined by the Rietveld
structural refinement.

Atom X Y Z B n

K 0 0 0 0.49 0.936(2)
S 0 0 0.3061(2) 0.15 1

Al 1/6 -1/6 -1/6 0.29 0.847(2)
o o0 0 0.3955(5) 14 1

02  02127(4) -0.2127(4) -0.05953) 14 1
03 0.1314(4) -0.1314(4) 0.1390(3) 14 |
H 0.2 0.2 0.11 22 1

GFYo)Ee K& it ¢Fvv FVF
FEEX KAL(SO:)(OH)eS 34 & AT,
BEAQ X3l o)A Na, Fe & P,Os% oF
7t Fide ez gEA AU (Clark, 1993).
T3 Ao AEHE YFUEE FH o
Az BSEAF 27, FAse FRoJAIE
(ALSi;O5(OH)s - 2H,0) W&o LFUo]ES]
AF 32 A Yot 2AXE JYeidg

Table 3. Chemical analyses of alunite: ores deter-
mined by XRF and ICPS methods.

1 2 3 4%

Si0, 13.31 13.32 13.20 13.28
AlLO; 36.71 36.69 36.68 36.69
Fe,0s' 0.22 0.21 0.21 0.21
TiO» 0.00 0.01 0.00 0.00
MnO 0.00 0.00 0.00 0.00
MgO 0.10 0.09 0.10 0.10
Ca0 0.05 0.05 0.05 0.05
Na;O 0.33 0.34 0.33 0.33
K20 6.78 6.69 6.83 6.77
P20s 0.32 0.32 0.32 0.32
50, 26.13 26.13 26.13 26.13
H,0? 16.05 16.15 16.15 16.12
Total 100.00  100.00  100.00  100.00

*. mean values, **: determined by ICPS method.
1: calculated as total iron, 2: calculated by differ-
ences.

(Table 3). o] BAA|oA K0 B SOs
Egg gRUole B4 el oA EY
S A3hH 30-32 wit% YT AstEch &

=0
2=



Table 4. Electron microprobe analyses of alunite.

| 2 3 4*
Si0, 1.12 3.06 1.58 1.92
ALO; 3529 3586 3541 35.52
Fe,05' 1.01 1.09 0.42 0.84
Ca0 0.12 0.14 0.16 0.14
Na,0 0.35 0.25 0.18 0.26
K20 7.07 5.58 5.92 6.19
SO, 3589 3558 3495 3547
H,0? 19.20 19.20 19.20 19.20
Total 100.05 10076  97.82  99.54

*: mean values.
' calculated as total iron, 2. determined by ther-
mogravimetric analysis (TGA).

FuolETty gExAde 77 fAsiA AR
Hol A7ig Huldt 29A (<2 um) AAEA
24 AR, EAsE 2ol o
gk T 4 gt} (Fig. 2, Table 4). 13
Ak d2ojrtolEe] Exjol oA FIFS
A E NayO/K0 E-fHlIE AR @54l
EZ9 JEZYFLo)E (natroalunite) GAE
ZAE FaE A, JEIYFUOE 4io]
6-7 mole% FX FFEHE A2 AU

g2ojAle|EV BEERE FREE7] Wi
sho paARonE A9 HeAe AHe
7] o1d& A3oitt. wetA HELEH 3
7% 84 292 Eyz olgHoz FFe]
EY 3sxAE A Byt Asd HEW
E 22ad BN U4 EE oY% £
=92 (2= 93% (thermal vibration) <12}t
AE HE FAANA AXFLEN, FAHLLE
o] A& 2AYUHFES AL o) EGE
FFuolEs ol2HQ HFERE FE F 2
t} (Raudsepp et al.,, 1990; Della Ventura ef al.,
1993). 28 Ak o] AN R FUAA] A
A Aol o= HEel ea} Fuee A%
7b 271 W, A2F /& AL Ao gig
MRS FAANI7] Hdexe 4ET FAE
71gcot e AoE A Ao (Hill, 1992;
Hill and Cranswick, 1994). o] ¢Fulo|EQ] A
A BAGAN e 27 Zd (Wang ef al., 1965)2
e 54 B9 AAE nPAR FeE ALE
som, AA HF HAA (overall B, Beg)Th
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Fig. 4. DTA-TG-DTG patterns of alunite at the
heating rate of 107C/min in static air.

Axkel A F T AL A, AlY] AHAG
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AE At G714 APF'E Fe''ol ojsjA, 281
K'& Na'd] 9sjr X&dte HS 183}t
g2 ol EQ §8ta S T go] AAY &
AR} (Ko94Nag.gs (Al ssF €3+o.45)(SO4)2(0H)6- o]
B oA dFE b sle FFEAX Y 93|
A AxrE oko]le FAH| (Na/Nat+K: 6-7 mole
%)t RoEE Az HAEY. 21y Al
Fed] 24 AR EY FAg i A&
BT ol YEHE FRIPH HHAA Al
Tz BT Al XA A A
AHETs TSR 7) WELE, ojd 9AZ
st AW B4R B EE F
Atk A4 SAFAAY] AL FA7E AL
2 olFolA okzte] At FWEHIE THeA
o] 9lom, Ale] XgoE Fe Qo5 TE U4
7t AYE 7H5AE JE Ao E AE.
gF 1ol Eo] thE 1250CT7AA ] A|AFEEH
(TG-DTG-DTA) Z#E o] #Eo] H,09 SO;
2o $34 ARES FARSE Zete AL
A (FHTA FF: 47.6 wi%)S A XS} (Fig.
4). 520CoAA FHE o|F= FE U< OHYI
9] olg ¥ (A¥HoBE H09 U202 7
25)e 600C Y 700Co Y nL&X-MIAE
Mo ol m2AoZo HolE AA¥G
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Fig. 5. High-temperature XRD patterns of alunite at
various temperatures.

(Fig. 5). o] 242 AR T7} Lo} HE3)
77371 oA gk, Todor (1976)0] &]sja X
IE GFUolE F2o MEHAL (KALO(SOs))
A Aoz e o] WIFE 740T FTo)
A o7 E3ukS (desulphuration)ol| 2]3)
A $H3] TR} BHEHE AR JEhdth
1,200C AAe vehhe ddut-g2 &3y
Zo ofrl® LFEuolE (aluminate, ALO; -
K0)29] agFgez AAAAR (Todor,
1976), o] A4dH o2 A 4 gk
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A BHA
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o AYFTTY WA AFE HHET
I G A" ALTHolE (HEF) ¥ 7F
£4ZE (F3F)l g B dF7 ol F 9
Zth (Hwang and Chough, 1990; =233 $7
2], 1997; Noh, 1998). o] A3 Ao oJ3HA
UFUEE o HAZY BFHHHoY &HA
AN BAAHAE MAGo] gle Aoz A

Table 5. Stable isotope analyses and K/Ar dating
data for alunite.

Sample No GS-12

8 "*0s04(%0) -1.7

& Dsmow(%0) -31

8 **S(%) -10.8
K(wt%) 6.975
*Ar(10°ccSTP/g) 1.455
“Ar(10°ccSTP/g) 9,251
Age(Ma) 0.342+0.008

Zten). ole dYEFTY HA 2 £4 B4
A FFF W Ca¥-SOTAIE A HeE §
APE e AAHA (4719 19 &
A, FEUETL AAE A AP-SOS A
o F=rt =qvtn B & Q) diEeln =3
GFYolEVL AgAx HAZFY £4%89
AHEEA dE R b fle R Eoly E4d
Ao o3 Ay WAFE) = IT A9
2o e iy,
ojo} #& ujAE AN FFUCIEI FEE
HH% 9 g4E ZYA9 vjxs sy 34
Hojn 2t&Hy E3& ut wgdEgs
Ege] EHEL o] EFvFE MY FEE
o] AdSTY WELARE olF, F §719
So A HAEolgtE L 7A@
o} olgt 22 FES d4FEY) A, ¢FY
°|E7I K& H®o| Ffdvte At #etsto
o] HAFES AHddHE FAHL A=FHET
K/Aro.2 dFolEY HAYdHE £33}
0.342+0.008 Ma2] A E T3 Q{} (Table 3).
K/Ard o] &t HAH o ZHHAE Hojd %
olmE TAizte 238 7ot Futd gle
ggol AR, Holx ojs} o] FL A= 9
FEol dYZFTY 87 (uplifiing) o] Fo] A4
H HAGEA o] §FIIHAHL A4r]d o F
ARSS AARElE ALz HAd F£= US
Row Azteh

AR E WA E F3317] H8A o
AEAELEY Y AP} (Table 5).
dfolEe 4k B F2 FAYL T (87
Oso= -1.7 %0, S Dsvow - =31 %) UWEEBIA
(meteoritic water line)o] 233l TAE 1}
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et} (Taylor, 1974; Faure, 1986). 3} o] <
FUO)E & Rye et al. (1992)9] oj&jx =3t=
o}ek3t 3h3}g4b (sulfide deposits)o| Ao H A
719 g4FUolEe FEHY Fo UEEZA
of 7W7E B 8 RAFH. ol XX
g dFUolET} A7 (supergene)dl 93
Al AAGENT o] A FAZ Fde AHF
o8 NEAAN FedASTE AAElE AR
AZ- AT

olol HlgjM £ AQ FFo|EY 57s9
A (-10.8 %)e H3sZdA LR (Pol-
yak and Guven, 1996) S (-10~-30 %3
g3t@gol A ojH HAER B1dE (Rye er
al., 1992) £4AE (-8~31 %) Aleld) 3P
He &H $£FL Hole Aol EAojr} o) &
FUolEV REHE FaF A HHE
A& 1Py, 3o 7igg stdFolu &3
Bl F39 A#AlY] oy £ gFito]
E 99 olgdE W vF EAste Y
EX A9 AgHA g& Uz SAEI] o
o, A9 F4+9 A (supergene acid
sulfate alteration)o] R E of7|H Aty B
7] gk o]9} Z& A¥eAN NEREIH P
9 4h 2 FAFHYLE TS Holg ¢F
UolE7l B4 AA JRE FHY 938
o} NAEETE AMEL o] b HARE o
FAEge BARE AEFA g 23
49E AABY. F3F oY ddde Hart
A BEZAN E3) #FFIY o) 2 /9L
g AAT v E QAL A7) ojn] FAd
Hol THT FTF59 FAol o] FAHESE Al
Aste AR AAATY wekM Hill (1987,
1990)0] wl=e] M3lFFoA A wie} T
o] 71&e] AHaie] -#e drelgo} (sulfur-
reducing bacteria)7} T &< A E 9} BjBo] 2L
3l gatd goo] FAH ALE BHE Ao
gdd Aow siAg.
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A9F 2 §7] 9 EHBHNN olQ 5
H3o) £vE UEL W4T w9 2L 3B
¢ welzobs) 483} tlol Aush gl
T4 S92 FYNAS Ao YtEch ®

g o] AR 84 s BAHNA FAd
4 HALEH whg-sto] ALY, SiOH), K™ 59
AEES 8317 Ao g FEHL o] AR
Ho] old HAHZF dF& uwe} AsHEA
A AYAE sy A HE, o]F REFHoZ
BN A7IHA FA A9 pHY} FF3] F7}
AE Aolt}h. o] T2 @ FE &3
o & fA9o pHO FFL, vAIEFrL}o]E
o] AfollA EuE die} Zo] (Clayton, 1980;
2%, 1998), pH=6~7 ZXqA 713 Ga
LES Hole AP'S HIRE £F o]eEY
7 ¥3} (supersaturation)?} oF7)EHo] ¢Fu|¥E
Bd FEEo AAHE AHE 29T A
o dFolEY AR VBHoRE o)g)
2 BAA o]FF Zo g sMEn}. ¢FY
O|E7} wWiAtE B Lol ES vl AR @Aty
ARA] FHAMT BHAEGE AL 9 £
2 A FE9 FHAE e G
A7t d AHolth

Yyt o 2 Aol E (gibbsite, AI(OH,)ZE
dFulE FASE FER ¢FvE F4E BE
£ §99] pH wiste mat Al sz 9
oJA & A}e]E Bl (May er al., 1979; Nor-
dstrom, 1981). 53] pH=4 0|3}l g &
pHY Fx7} 3 @9 A wit HrpolE
o] A 1,0008) o] &3z 1 A=
A3 &= W8 FdE yedo. o9 2
A Al e GFUCEE HIES &
vE B39 FEEY 327 HApolES
SR 2a 13 Mg oz 4EA 3l
t} (Nordstrom, 1981; Sposito, 1996). 181}
pH=55 o]}e zAdME A9 §xd 1
gt A Zo)E RolAYh tiAZ JAlo|EV}
dFulF Y FEERY HAHI FEAAES
o]t} AHd Edoly #A wig 5o ¢Fm
F HAAE Ao AL g9 o9 2 5
131814 delgd 23 AY dFUE-§F
ojAtolE FEA AATA Moz FHEE
T A& Aot} ol& o] UFLo|ES o]
5o o FA 71de AAZL o3k A
olgbe Ao oAz

UFUO|E4+LZo|ALO|E FEAfo] MAE &
Asety 27< S)48hy] HsiA MINEQL+™
Z 277 (Schecher and McAvoy, 1998)S Al&
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Fig. 6. Computerizing saturation index curves for alunite, halloysite, and other aluminum phases at various
activity conditions: The activity of AP" was fixed as 10° M.

sl ddEFoA AEFHE EAIEFoY
o]E, AdFYolE % FZo|Alo]E o]Qo] FHal
2 FArojER o] oy FHHAG. &4
29 A9 ¥2 g F49 AAF gozE
19 BE (aan=10"M)Z AAsd o] FEE
o] pH gtol W& X 3}x]4= (saturation index)
WaE Jehlsich (Fig. 6). L3tAS$ (SDe o
S3 o]l FYFHT o] gro] 0 oY A%+
#3x3 HALL A g} (Sposito, 1996): SI=
log QuKp, 714 Qp¢} Kpe 22t B4 FE 9
ol FAr9} &I=E AAdte HFEOH.
S04, K, 2 Si(OH).e Bx7t 22 10"*Mo)
A 10°MZ gAFo R F718 ASoMe Z
BEESY Ao H3E AEHY.

Fig. 6914 & & AFo] SO, K', B Si(OH)s
9 Tt FAE F UL AER 2E F
(10"*M)dl & &0l E, WAL 2u)i}olE, B
FgRO)AE BT aan=10"M FT\H EX
FHt. 9714 S0 o)L HxE 10'M2
Z7HA71H, WAL Fuj el EV pH=4 A

A E3EHIT GFUCIES FRoJAlOJE ®
EE pH 9904 AdjHoz 52 ¥IRF
B 2y o9 @A K oL ¥EE
10°M2 28| pH<7 o3y FdoHE @
3l ¢FUCIEY XA F71 ujALL T r}o)
E Hr} FolA WA pH=4 ZAHAN TI=H=
e Jetdth T3 7)o Si(OH)uY 5%
T 10°'M2 Eold A9, pH<T °]&e 9
oA GFUo|ESL FRo|A0E E5F ujAL
d2ujolES ALK JuUHog & ¥
x4 g Z3 5EF FZoAlo]EE pH=
4-109] F9o] ZA TIHT ATS HA.
olo] wlslA FALolEE SO,7, K', 2 Si(OH)
9 % Wgto] @Al pH>4 FHol A x3}
He Aoz Jehdd.

o]9} #2 HAFH R AY AAEL ¢F
HUolE e &FrE Y FEEY HA
o] pH=4 A% A & FojMyt 7153}
= AME AIASITE &, o]l® JAOIE & ¢
2o)g £33 FESL 92 944 A
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el vlEjAM dFuiy FAE BEES

gdsto gt A ssside 7129 £X
4 A7 Az} A oly T3 A9
TN FUolEL AL F ool B A
7HAY & o] gt AYHE T o
HFEAHOZ &3A)7le FAoAM BaHe
2 pH7t F7HE S HAom FH7) g9
AP e £99 pHE ©] By} @&, = pH=2-3
Ax9 ZAF9 fdo)dte HNE 7t
A gt GFYo)EY FRo|Alo]EE, Fig. 6
oA & 4 Qe vks} o], K3} Si(OH.Y &
=7 A3 FAHE A FGoA wjArgF
AUelE Boh 28X 47} £7] WiEol, ¢F4
o|E+g R o]Alo|ES FEAFY FHo| o]Fo
A 4 e Aoz Fodr. wjAgFrolE
= 498308 v B3 ¢FvjE 3t
d FEFoZ gejA YA (Nordstrom, 1981;
Sposito, 1996), AYZTAME £33 9 3
oz AEdH 13 @FuyolES} ujAt
dZu|yolErt M2 FASA ¢a HAY F
EAS o] AEdHte AME Hotetd, B
A3 HiAIYFU|UolEZRE HU} AT
dFolEV AXRE 5 Jlde 484 A7)
2} (Nordstrom, 1982)% o] dFLolES AA
HAo FARAFVIE oEE Aoz AzrEdh
ALEToNA AEHE ¢FUOES wWiAIEF
to|Ex, Ztzte] FEFA BAY S 29
Ao & 4 Y50 GFny FAgE &4
o] K'#} Si(OH)S ¥= 279 ao)d] oaiA
fdo2ry 717 2] JEA ALR 4"
th &FU)ET} Y TROJAIEE FhHE
U AN pH <49 A &dd A o] F F
EEY XIAF7 ME HIRS FFES Ho|H
A HjAIG R Yol E Hohe Ere H2 o9
2o Hf4L eI E AV D A4
dutHo g B3t FEAH Aoz ¢y
HjALG F o] EVL o]atd o g HAE A 9da
EAsle A& AF7AA €87 7E9] 483
A= wjAEH e Jog Ergusith o
ofrt AH o]Fo] T FFEAo] LA
Rz HE & fdo} 43 JFS A &
Q7] YELE FFHAW, A AR2ME
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2 o
o] =2 B WA 97 e 2%
$¢ 23eW thew 2o
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FHout F3 o] A&dth KAr Hoz &3
B d2o]EY] A A (0.342+0.008 Ma)s}
MHENALEY B4 AAE (6 0so=-1.7 %o,
8 Dsvow=-31 %o, 6*$=-10.8 %)E °] &+
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£9 23z YHHASE AAZTH

2. dRYolEx AZAAS} 413 FEA
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