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and Noboru Osa ™ *

Abstract

In the Makurazaki area, andesites of Miocene age are widely distributed, and these
rocks are subjected to propylitization and silicification by hydrothermal solutions. The hy-
drothermal solutions caused the silicification have produced many alteration zones. They can
be divided into three kinds of zones, fairly silicified zones, argillized zones and propylite
zones. Clay minerals in the alteration zones are kaolinite, interstratified minerals of mica/
smectite, dioctahedral smectite, interstratified minerals of dioctahedral chlorite/smectite,
trioctahedral chlorite, interstratified minerals of trioctahedral chlorite/smectite and trioc-
tahedral smectite.

The probabilities of the existence of a mica layer in the interstratified minerals of
mica/smectite are influenced by the pH of the hydrothermal solutions. The formation of
interstratified minerals of trioctahedral chlorite/smectite was controled mainly by temperature
of the solutions. The formation mechanisms of interstratified minerals were made clear in this
study. The interstratified minerals of mica/smectite were formed from mica by acid solutions,
and the interstratified minerals of chlorite/smectite were formed from trioctahedral smectite
under a condition of relatively high temperature.
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Fig. 1. Lithologic map of the Makurazaki area and sampling location.
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Table 1. Alteration zones and mineral assemblages

sample No.f]Ka MS dS dCS tC tCS tS Qz Py Gy Pl| Alteration Zones
1 ++ Silicified zone
2 ++ ++ Fairly silicified zone
3 ++ Silicified zone
4 + ++ Fairly silicified zone
5 ++ 4+ - ++ Fairly silicified zone
6 ++ o+ - ++ Fairly silicified zone
7 ++ o+ + +4+ Fairly silicified zone
8 + + ++ ++ White argillized zone
9 - - ++ + White argillized zone
10 - ++ + - + White argillized zone
11 - ++ + - + - White argillized zone
12 - ++ ++ - + White argillized zone
13 - ++ + - + White argillized zone
14 ++ + - + + Blue argillized zone
15 ++ - + + + + Blue argillized zone
16 ++ - - + ++ Blue argillized zone
17 ++ - - + ++ Blue argillized zone
18 ++ - - + + Blue argillized zone
19 ++ - + - Blue argillized zone
20 + + - - Propylite zone B
21 + + - Propylite zone B
22 + + + Propylite zone B
23 + ++ + + + Propylite zone C
24 - + - + Propylite zone C
25 + + + + + + Propylite zone C
26 + + + + + + Propylite zone C

Ka:kaolinite, MS:interstratified mineral of mica/smectite, dS:dioctahedral
smectite, dCS:interstratified mineral of dioctahedral chlorite/smectite,
tC:trioctahedral chlorite, tCS:interstratified mineral of trioctahedral
chlorite/smectite, tS:trioctahedral smectite, Qz:quartz, Py:pyrite, Gy:gypsum,
Pl:plagioclase, ++:abundant, +:common, -:rare.
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INSHDMEE Sato(1965) DF A T ¥ 5 LiZT Oy b LI REREE 3HIRT. Nos DB T
P (M) (ZRBOHEERE) =0.668, P(S) (AA2 54 MNEOHAEHE) =0.3328R37%, L
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Fig.2. X-ray powder diffraction patterns of the specimens No.4~No.8.

Table 2. X-ray powder diffraction data for the

specimens
Sample No. d:§?1) d:§?2)
5 29.45 12.28
6 28.50 12.72
7 27.61 13.00
8 26.77 13.19
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Table 3. Interstratifications of the interstratified minerals
Sample No.| P(M) P(S) P(MM) P(MS) P(SM) P(SS)
5 0.668 0.332 0.548 0.452 0.911 0.089
6 0.568 0.432 0.425 0.575 0.755 0.245
7 0.501 0.499 0.335 0.665 0.667 0.333
8 0.448 0.522 0.255 0.745 0.604 0.396

P(M) :probability of existence of mica layer.
P(S):probability of existence of smectite layer.

P(MM) :probability that a mica layer succeeds a mica layer
given that the first layer is mica layer. P(MS), P(SM) and
P(SS) are similarly defined.

k<1

K>1

B =P(SS)
1.0

0.8t

0.4

No.8
[

No.5
.<)

- o =P (MM
0.2 0.4 0.6 0.8 . 1.0 )

Fig. 3. Plots of interstratifications of the specimens on the Sato’s diagram
(1965), where K=P(M)/P(S).
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Table 4. The pH values of the samples

Sample No. pH Sample No. PH
1 5.8 14 2.2
2 5.8 15 1.8
3 5.8 16 2.6
4 4.0 17 5.5
5 3.1 18 6.0
6 2.8 19 6.0
7 2.6 20 1.2
8 2.4 21 2.0
9 2.0 22 2.8

10 1.4 23 4.0
11 1.2 24 2.8
12 2.4 25 4.0
13 2.2 26 6.8
P(M)
1.0
0.8}
. .\
0.6} .
o
I T
@
O0.471
0.2t
0 ) L A .

5 6 7 8 Sample No.

Fig. 4. Existing probabilities of mica layer of the interstratified minerals.
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" i A .

3 4 5 6 7 8 9 10 11 Sample No.

Fig. 5. The pH values of the samples.
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Table 5. - Alteration zones and mineral assemblages

Sample No.| Ka MS dCS dS tC tCS tS Qz Py Ca Gy Pl Alteration zones
1 ++ - ++ + White argillized zone
2 ++ o+ ++ White argillized zone
3 ++ o+ ++ Propylite zone A
4 ++ o+ - ++ - Propylite zone B
5 + o+ + 4+ ++ o+ Propylite zone B
6 + - + 4 ++ o+ Propylite zone B
7 + o+ + 4+ ++ o+ Propylite zone B
8 - - 4+ ++ o+ - Propylite zone B
9 - + - + ++ o+ - Propylite zone B
10 - + - - ++ o+ + - Propylite zone B
11 + -+ + | + Propylite zone C
12 - - ++ + + Propylite zone C
13 - - 4+ + + Propylite zone C
14 - - 4+ + + Propylite zone C
15 - = e + Propylite zone C

Ka:kaolinite, MS:interstratified mineral of mica/smectite, dCS:interstratified
mineral of dioctahedral chlorite/smectite, dS:dioctahedral smectite,
tC:trioctahedral chlorite, tCS:interstratified mineral of trioctahedral
chlorite/smectite, tS:trioctahedral smectite, Qz:quartz, Py:pyrite, Ca:calcite,
Gy:gypsum, Pl:plagioclase, ++:abundant, +:common, -:rare.
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AN LIB7Om A E 2B 5, K812 tri-BUGIRA, tri-BUGIRA/ A A2 ¥4 MRA
Y, tri-BIZAX 27 ¥4 FHROLN, di-BEEWIRDONL v, ETCRSAHTEGOK
5, HEER RUORHERDO—EI%E T8 ICEL L T 5,

2. BB/ XX7 8414 MESEGY

EB/2AX2 54 VRARBEW L di-BIEIRA/ AX 2 54 MEAREWR UV Ai-BIA X2 ¥
A4 MeFICHIATFLSLTOES M MEFBIZBWTHED LN, FOFERIIBRVEME T T,
% 6 [IZ No.1l DB O 4 WER L7z X BB KRB/ VY — ¥ 27RTo Nol DREHIEINWHER
SAX7 54 MREBHEY IEAHKST OSSN ABAET, d(001) DfEIX26.98A, d (002)
DIEII2.45A %R T ZF L V27 a— VAEIZE D) d (001) i28.97A I L72e Z 72,
700C, 1RMOMBLETIIRBMREHIEZ, 10.16AI2H T,
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No.l
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Fig.6. X-—ray powder diffraction patterns of the specimen No.l after various treatments. U. T. : untre-
ated sample. E. G. : treated with ethylene glycol. 500: heated to 500°C for 1lhr. 700 : heated to

700C for 1hr.

6 FIZRTo No.l 2*5 No.9 IZ[a]A 5 T d (001) DEIZ LZWIZKELARD, d(002) DEIZ/PHE
{ % AEM%/RTo F7: Tomita and Takahashi (1985) DXE*HWTREEBEWTOERER
PRARX2 94 NERODHFHEME, BIXUENOLDOMP LERLROIMEEETRIIR LI, I
DfEi% Sato (1965) DT AT 7551270y b LEBERZETRIIRL, ERBOHFHEEEDA
8 8 MR L7 No.l DK TIZ P M)=0.604, P (S)=0.396%/R7 75, LIZVICERENHEF
TEHERIIEEM, A X7 94 "NBOFERFIIFABEEERL, No9 OFAKTIZP M)=0.893, P
(9)=0.107%7R¥,

3. BHOpHE
pH EDRE X, SIS THA VB0 g 2 ¥ —F — T, FEK10ce 2R THES
BITA L7MRIC pH RIS THE L7zo HBRICEABD pHEER L7 pHEIE No.l 25
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Table 6. X-ray powder diffraction data for the specimens

Sample No. d§§?1) d:§?2) d:&?s)
1 27.0 12.45 3.19
2 29.45 12.38 3.23
3 29.45 12.41 3.21
4 27.4 12.23 3.21
5 30.2 11.56
6 30.5 11.63
7 12.19 3.31
8 10.92 3.30
9 10.65 3.31
10 11.49 3.27

Table 7. Interstratifications of the interstratified minerals of mica/smectite

Sample No. P(M) P(S) P(MM) P(MS) P(SM) P(Ss)
1 0.604 0.396 0.372 0.628 0.957 0.043
2 0.659 0.341 0.537 0.463 0.896 0.104
3 0.645 0.355 0.522 0.478 0.867 0.133
4 0.682 0.381 0.545 0.455 0.975 0.025
5 0.784 0.216 0.724 0.276 1.000 0.000
6 0.784 0.216 0.724 0.276 1.000 0.000
7 0.880 0.120 0.865 0.135 1.000 0.000
8 0.885 0.115 0.870 0.130 1.000 0.000
9 0.893 0.107 0.880 0.120 1.000 0.000

10 0.838 0.162 0.806 0.194 1.000 0.000

P(M):probability of existence of mica layer.
P(S):probability of existence of smectite layer.

P(MM) :probability that a mica layer succeeds a mica layer
given that the first layer is mica layer. P(MS), P(SM) and
P(SS) are similarly defined.

No.15 IC[ Ao CHEMEm 2R L, BEE»STF7VH IVHENEERILT 5, No.4, No.5, No.6 D
HECIIEBEATRL AT NEHI A ) F4 V2 ET B L) LRI LERESKDOEEN S 572
bNLEbLND, HIMICNol 25 No9 DRBDpHER 70 v b LIERERT, ZOXL
BABEYHROERBOEEREL R L ESX2HET S LB HMEmMERT I DY
Do MEEMOD L TRERBOGEEREIIAAZ 74 MNEBOBEAHER L 12T L CHREEZRT
A, BHIGETIEEERBOFEEERIIKE L 2 ) RRUBANEEILT 5o
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Fig. 7. Plots of interstratifications of the specimens on the Sato’s diagram
(1965), where K=P(M)/P(S).
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Fig. 8. Existing probabilities of mica layer of the interstratified minerals.
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Table 8. The pH values of the samples

Sample No. pH Sample No. pPH

1 1.2 9 2.8
2 1.6 10 7.5
3 1.8 1 7.0
4 1.2 12 7.0
5 1.2 13 7.6
6 1.6 14 7.4
7 2.8 15 7.6
8 2.7

pH

4.0

3-_0'

-0 ®
I/l
2.0 /
@ /
I AN y )
[ 1 |
1.0
0

1 2 3 4 5 6 7 8 9 10 Sample No.

Fig.9. The pH values of the samples.
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1. THEBFOHE
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Table 9. Alteration zones and mineral assemblages

Sample No. MS dCs dSs tCsS tC ts Qz Py Ca Pl Alteration zones
1 - + + - + Propylite zone B
2 - ++ + - + + Propylite zone B
3 + ++ + - - + Propylite zone C
4 + ++ + + - + Propylite zone C
5 ++ +  ++ + + Propylite zone C
6 ++ - o+ + - - + Propylite zone C

MS:interstratified mineral of mica/smectite, dCS:interstratified mineral

of dioctahedral chlorite/smectite, dS:dioctahedral smectite, tC:trioctahedral
chlorite, tS:trioctahedral smectite, Qz:quartz, Py:pyrite, Ca:calcite,
Pl:plagioclase, ++:abundant, +:common, -:rare.

FOV¥ 54 ML CIIBKErOBELEL, BERFE TH L, HLaw ri-BikiRa /A
X774 VRSB, tri-BGRA, tri-BIZA X 7 ¥ 4 F R No.3, No.4 DFREHIBWT di-B
AR ZL IDBOOND, BT TRAREY L LTHHER, BEHELHI RO ONLHRITHE
AR EEW BN L TV D b DOAE W,

2. BB/ AX7 424 MNESEEY

BRE/AX 2 %4 NEAREEY I No.l U No.2 DEEHC di-B, No.3 °H No.6 DFFHC
tri-BIAZED b b, di-BGRE/AA 7 ¥4 VEERBEMIAHNBER A X754 MRE
Banw & IO SN, tri-B O TEY & DIAEIZRD Sk, F10ICETEC THRILL
KEDOFKMED X BIHEBIT/SY — V2R LT, ZORTIE No.l KU No.2 DEBIZEINS
di-BEERA /A A 27 ¥ 4 MEABHEW I ERYPRS 0RO 52 WARHAE TH 525, No3 B
5 Nob DREHZEIND tri-BIGRA/AXA 7 ¥4 VEERBEMIEAPRGFORD LN LB
HIET, Y -7 DMBIRLEFVICEA~NYZ7FLTVWEL | 10HAEIGET S Db 5, &
ENRICIF LY 7Y a— VILEBHO X EBEREF Y — 2R L, ZOXEHREFT -5
®#B10£ IR L7z Nos DEED d (002) 12V Tk tri-BZA X 2 5 4 e ¥ -7 HEEL TR
BDEWEHIR LTV, ShHDF—4 % b &I Tomita and Takahashi (1985) DHF % AW
TRABREWTORRABREVIAAZ ¥ 4 NEBOHELERE, BIUZNOLOBPLERE RO
BEEBIRITT. SNSDMER Sato (1965) DF A 775 A7 0 v b L7EREF12HITR
L, BRABOHAEHED AL BI3HIR Lz, TNODORPLHELIR LIS, AL > OB
N5 ICEE » TIRABEYM T ORRAREOEERERIIBIERZRL, AX 754 MNEDOFEHER
HEIMER 2 RS,
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Fig.10. X-—ray powder diffraction patterns of the specimens No.1 ~No.6.

Table 10. X-ray powder diffraction data for the specimens after treat-
ment with ethylene glycol

Sample No. a(oo1) a(002) d(004)
(&) &) ()

1 15.24 7.31

2 15.24 7.31

3 34.7 15.37 7.38

4 34.0 15.50 7.50

5 34.0 7.63

6 32.7 15.78 7.69
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Fig.11. X-ray powder diffraction patterns of the specimens No.1~No.6

after treatment with ethylene glycol.

Table 11. Interstratifications of the interstratified minerals of chlorite/

smectite
Sample No. | P(C) P(S) P(CC) P(Cs) P(SC) P(SS)
1 0.753 0.247 0.710 0.290 0.883 0.117
2 0.753 0.247 0.710 0.290 0.883 0.117
3 0.608 0.392 0.355 0.645 1.000 0.000
4 0.557 0.443 0.245 0.755 0.950 0.050
6 0.448 0.552 0.036 0.964 0.782 0.218

P(C):probability of existence of chlorite layer.
P(S):probability of existence of smectite layer.

P(CC):probability that achlorite layer succeeds a chlorite layer given

61

that the first layer is chlorite. P(CS), P(SC) and P(SS) are similarly

defined.
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B =P(sS)
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Fig. 12. Plots of interstratifications of the specimens on the Sato’s diagram
(1965), where K =P(C)/ P(S).
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1.0¢
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O 1 '} A A 'l A
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Fig. 13. Existing probabilities of chlorite layer of the interstratified minerals.
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pH EDHIE X, FRHEFERPEED CRINARBICOVWTI T/ FkE R U HETITY, #12
RIZEHH O pHE %2R L7z, pHEIX No.l 25 No6 2T ThEhIcEmMEm %R L, 558k
HOOTFTNH IBANEELT D, EURICEFDEEZTO Y b LIEREZRT, ZOXERERE
P ORRRAE OFAERE R LS EZRET L L, bFPICEDMEN ZRT 2 THE DM

WCRE LRI ZVWERDRS,

Table 12. The pH values of the samples

Sample No.

pH

1

2

5.

6
6

pH

1 2

3

4

5

6

7 Sample No.

Fig.14. The pH values of the samples.
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FLE T L IR A6 § A BALH AR OREH I A O 5L, Wi, TuEIA
MEFICHE SN, HEEWIAE»S di-BotEmThrht ) F AL, EF/ XX ¥
1 MRERBEY, di-BiiRA /A X 7 44 MREBEMR L di-BIARX 7 ¥ 4 FOEFEICE DR,
Z OHENC tri-BIGIRA, tri-fkBA /A X7 54 MEAREY, tri-BIA X 2 ¥ 4 M Bbhb,
UED di-BIE g 7N — 7L tri- B ES V — TR ENRENRD SV — TR T IR AR
WCHHH, di-BlE tri-BORERZOERBISTHOTPICEDOONDIFMUTOREIZIZLEAL
o loR (R/ IR

BRERBIY \IHBEERE, BAKEEW, BILHFIL BDALI LN TEL, T-20ERIZOW
TIRER (1973) ICREBENZEE Z2INTBY, LIFLIERGBOZENENEEL THEEW
DHEEHBFICET A LIHBHBINTV 5, FLREBIEYWOBERE IOV TIZHSELUN DI
Yo DEHENER (Koizumi and Roy, 1959; liyama and Roy, 1963) R &, —#RIZHSED
—DOPoHBELTRABHEMIITELLEEZLNT WS, Z DA aggradation (Eberl, 1978a, b;
Eberl and Hower, 1976; Eberl and Hower, 1977; Foscolos and Kodama, 1974; Frank-Kamenetskij
b, 1971, 1972; Inoue, 1983; #2 H, 1979; Roberson and Lahann, 1981; Weaver and Beck,
1971; Whitney, 1976) ¥ 72 i3 degradation (Hoda and Hood, 1972; Tomita, 1974, 1977, 1978,
1979b; EH, 1979a; Tomita and Dozono,1972; E H + £/, 1984; Tomita and Sudo, 1968a, b,
1971; Ueda and Sudo, 1966; LH, 1966) D@RENE 2 bNBA, ERZFHLAHENELHBIT A
DEIBEH TRV, Lo TEONENBERICL s TEILDFME RET HLENH 5, W%
(1985) 137 — v ¥ THIFICET HIREBHEM IOV, ERSBOFHEMELLERENR
AREGYHINIRD AL LIZL W BILDFREFRE L,

AT, BLHRBREICRETAEEHICBVWIER /A A7 ¥4 VRABHEY I I
LFISEVTELFE P O TFICEL, BREABEYHTDOERRB L AR 7 5 4 VNEOFEHREIL
PHIEICKE K B EN D, pHEDEVERUEFEB TIIEZERB LA X7 ¥ 1 MNEOFARERIZIZ
FELLRDVRABERT D, FHRICGETCELERBORBOFEMRIILIZVICKE(RYAR
HAIBIA L ERAICELT 5, AREBRICBWT, Tomita and Sudo (1968a, b), EH (1979,
1985) ZEH L MAKBUE T2 LICL )V HABMREABEMEERLTEB Y, BEEIMSH»
DOTHEEZ -BICBUEBT LI LICL YK RS ICBRSNWESRBEDICELTAZ L %
EIELTWD, Lo THRMBOER/AX 2754 VMEARBHEWOKRE L LTIk, ERIEY
BROKETA-BARXA 254 MIEILTHERTER /A2 54 VRABHWITELDD
EERBILENTED,

KR/ AX2 54 MEARBREWIIEIITOE S [ METICEL, B2 O8N 512 L7zAs
WIRERB I OKIRARE DEEREIBRI L, AX 754 NEOFEERIIWMT 5, T4
REBEARXZ 5 A MNEOFEHEILI pHEICIRZNIILHE SN WD, BEICL 5 HEN
REDoDDEEZOND, L7 Ttri-BiGRA /A2 5 4 MEEBHLYOKE 1L tri-
BRZAX Y54 FASRED EFICED tri-BFERAICENT 2B T ri-BRERE /A2 27514+
REBHYNBTELLEZON, di-BRRA/AX2 54 MNEEARBEY b FKIC di-BIA X2 ¥
AMDPOEELZbDEEZONS, T/-tri-BIE di-BIDBENIZZFDOERDS tri-BIAYKIR,
FEPLFET VA ) EREIRO DL LT, di-BAER BEESROL L TERIhELEEZLNS,
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ELHILE L EIFE 4, I-BREMEMRZOBRKIITVS VWAHER, HBEHVWLILE:
HILE L BT 5,

VL.

B

£ X #

Eberl, D. (1978a) : The reaction of montmorillonite to mixed—layer clay. Geochim. Cosmochim. Acta 42,
1-7.

Eberl, D. (1978b) : Reaction series of dioctahedral smectite. Clays and Clay Minerals, 26, 327—340. Per-
gamon Press.

Eberl, D. and Hower, J. (1976) : Kinetics of illite formation. Geol. Soc. Am. Bull. 87, 1326—1330.

Eberl, D. and Hower, J. (1977) : The hydrothermal transformation of sodium and potassium smectite into
mixed—layer clay. Clays and Clay ninerals, 25, 215—227. Pregamon Press.

Eberl, D., Whitney, G. and Khoury, H. (1978) : Hydrothermal reactivity of smectite. Am. Mineral. 63,
401-4009.

Foscolos, A. E. and Kodama, H. (1974) : Diagenesis of clay minerals from lower Cretaceous shales of
northeastern British Columbia. Clays and Clay Minerals, 22, 319—335. Pergamon Press.

Frank-Kamenetskij, V. A., Kotov, N. V., Goilo, E. A. and Klotchokova, G. N. (1971) : Structural trans-
formations of some clay minerals under pressure in hydrothermal conditions. Miner. Soc. Japan
Spec. Pap. 1, Proc. IMA—IAGOD Meetings’ 70, IMA Vol., Tokyo, 88—97.

Frank-Kamenetskij, V. A., Kotov, N. V., Goilo, E. A. and Klotchokova, G. N. (1972) : Some aspects of
structural transformations of clay minerals under hydrothermal conditions. Proc. Int. Clay Conf.,
1972, Serratosa, J. M. ed., Madrid, Spain, 303—312.

Hoda, S. N. and Hood, W. C. (1972) : Laboratory alteration of trioctahedral micas. Clays and Clay Miner-
als, 20, 343—358. Pergamon Press.

liyama, J. T. and Roy, R. (1963) : Controlled synthesis of heteropolytypic (mixed—layer) clay minerals.
Clays and Clay minerals, 10, 4—22, Pergamon Press.

Inoue, A. (1983) : Potassium fixation by clay minerals during hydrothermal treatment. Clays and Clay
Minerals, 31, 81—91.

EFTCIE (1985) : BEJR BIEALIA R EHR O E R VB K EREW IOV T, ERBREEZMBEREER.

Koizumi, M. and Roy, R. (1959) : Sythetic montmorillonoids with variable exchange capacity. Am. Miner-
al. 44, 788—805.

WHEGE (1979) : HARESBEWOKBERK. HWFEME, 14, 5505, 58-69.

RIRMZE) (1973) . iIREBEWOER. #1H%, 13, 15-22.

Roberson, H. E. and Lahann, R. W. (1981) : Smectite to illite conversion : effects of solution chemistry.
Clays and Clay Minerals, 29, 129—135.

AHBIEX - feEERER (1978) : EF €I DOBGE DB OWT. #LILMBE, 28, 191-202.

Sato, M. (1965) : Structure of interstratified (mixed—layer) minerals. Nature, 208, 70—71.

fKIEZ (1955) : IR BRI H & B S - RAESKILOMEILR. SILB'E, 4, 205-212.

fEKIEZ (1955) : RIBEBRERLINICASLNBBAEEIZOWT. SMILWE, 5 1-8.

Tomita, K. (1974) : Similarities of rehydration and rehydroxylation properties of rectorite and 2M clay
mica. Clays and Clay Minerals, 22, 79—85. Pergamon Press.

Tomita, K. (1977) : Experimental transformation of 2M sericite into a rectorite-type mixed-layer miner-
al by treatment with various salts. Clays and Clay Minerals, 25, 302—308. Pergamon Press.

Tomita, K. (1978) : Experimental tranformation of 2M sericite into a rectorite-type mixed-layer mineral
by treatment with various salts. II. Experiments using a magnetic stirrer and a centrifuge. Clays
and Clay Minerals, 26, 209—216. Pergamon Press.

BHRZA(1979) : EB/ErEV 0/ MRABREABEWOER L ZDEBBE. SWEKE 14, 5515,

‘ 104-128.
Tomita, K. (1979b) : Experimental formation of a regular mixed-layer mineral of mica and montmorillo-



66 WE T - BH RA- LA RE-KE R

nite from 2M sericite by treatment with solution containing sodium cobaltinitrite. J. Japan. Assoc.
Minera. Pet. Econ. Geol., Vol. 74, 443—449.

BEHRF (1985) : iREBHMOEK. #LF#, 25 79-88.

Tomita, K. and Dozono, M. (1972) : Formation of an interstratified mineral by extraction of potassium
from mica with sodium tetraphenylboron. Clays and Clay Minerals, 20, 225—231. Pergamon
Press.

Tomita, K. and Dozono, M. (1973) : An expansible mineral having high rehydration ability. Clays and
Clay Minerals, 21, 185—190. Pergamon Press.

Tomita, K. and Sudo, T. (1968a) : Conversion of mica into an interstratified mineral. Rept. Faculty of Sci.,
Kagoshima Univ., No.1, 89—119.

Tomita, K. and Sudo, T. (1968b) : Interstratified structure formed from a preheated mica by acid treat-
ments. Nature, Vol. 217, No.5133, 1043—1044.

Tomita, K. and Sudo, T. (1971) :Transformation of sericite into an interstratified mineral. Clays and Clay
Minerals, 19, 263—270. Pergamon Press.

Tomita, K. and Takahashi, (1985) : Curves for the quantification of mica/smectite and chlorite/smectite
interstratifications by X—ray powder diffraction. Clays and Clay Minerals, 33, 379—390.

BEHEA - £H%A (1984)  BA A VRBUCLIBEYIVEDPLDI /AR 74 VRIRBBEMOER. S
Mezk, 16, 275-282.

LHE (1966) : 70T/, F o DREBHI DO EHIZOWT. HERFIE, 82 31-36.

Ueda, S. and Sudo, T. (1966) : Synthesis of an interstratified mineral from mica. Nature, 211, 1393—1394.

HET - AHIERX - EHEKER (1981) : EF &ML, SMIUHE, 55, 10, 1-14.

Weaver, C. E. and Beck, K. C. (1971) : Clay water diagenesis during burial : how mud becomes gneiss.
Geol, Soc. Am. Spec. Paper 134, 1—78.

Whitney, G. (1976) : Hydrothermal alteration of di- and trioctahedral smectites to mixed-layer clays.
Abstracts of 13th Clay Miner. Soc. (25th Clay Mineral Conf.), Oregon State Univ., Corvallis, 19.



