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Visual Inspection Method for
Analysis of Interstratified Structures
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Abstract

The extensive pioneering work of MacEwan and his collaborators on the identification of mixed-layer minerals
has been extended by Hower, Srodor and Reynolods by utilizing computer calculated X-ray diffraction patterns in
which the statistics of the layer sequence and other parameters are taken into account.

The present study has two main objectives. The first objective is a survey of the extensive diffraction data and
calculated diffraction patterns given by Hower, Reynolds, Srodon and others. The results are summerized in
diagrams relating the observed diffraction angles 2# to mica/smectite ratio. Three curves based on the computer-
calculated data by Reynolds, by Hower and by Srodoni agree closely with each other so far as diffractions for in-
terstratified mica/smectite in the angular ranges 8° —11°, 16° —18°, 26° —27° and 43" —46° (24).

A second objective is to consider the method described by Suzuki and Brindley for interpreting mixed-layer dif-
fraction patterns. As an illustration of this method, a kaolinite/smectite with 70% kaolinite layers can be con-
sidered. To treat X-ray diffraction by a 70/30 ratio of kaolinite/smectite layers in terms of diffraction by the end-
member components, kaclinite and smectite, would be an extreme application of the method. Instead, we shall con-
sider a 70% kaolinite system as falling between a fully orderd 2 : 1 kaolinite/smectite with 67% kaolinite, and a fully
ordered 3 : 1 kaolinite/smectite with 75% kaolinite, Thus a 70% kaolinite system will be considered as having
either two or three kaolinite layers and the proportion of (kaolinite-kaolinite) or (kaolinite »kaolinite+kaolinite] se-
guences will be determined by the overall kaolinite/smectite ratio. The (kaolinite-kaolinite} and (kaolinite-
kaolinite+kaolinite) sequences will be assumed to be random, that is to say, the layer sequences will be disordered
within the narrow range between 2 : 1 and 3 : 1 ordered sequences.

The values of 4(001) from fully ordered 2 : 1 and 3 : 1 kaolinite/smectite are respectively 31.22A and 38.38A.
These values correspond to kaolinite and glycol-smectite spacings of 7.16A and 16.9A. The 004 diffraction of the
2 : 1 kaolinite/smectite fall near the 005 diffraction of the 3 : 1 kaolinite/smectite. A mixed system can be expected
to give “compromise diffraction” within the 2 ranges of the close pairs. By extending this treatment to other
kaolinite/smectite ratios, the range from 0% — 100% kaolinite can be covered.

The layer proportions of kaolinite/smectite by Reynolds’ method and by Suzuki-Brindley’s procedure are
mainly in satisfactory agreement. Analysis of weight loss by dehydroxylation and experimental values of Si0»/R;0;
mole ratio have been made using data from Reynolds and also by Suzuki-Brindley’s procedure ; the two methods
give comparable results.

Suzuki-Brindley’s method lacks the rigor of Reynolds’ calculations but is quick and easy to apply and give
results close enough to rigorous calculations.
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Bulk compeosition Stacking sequences in a two
Percentage of Percentage of component system containing
layers of types Aand B
type A layers type B layers
100 0 AAAAAAAAAAAAAAAAAAAA
90 10 AAABAAAAAAABAAAAAAAA
B0 20 AAABAAAAABABAAAAABAA
70 30 AAABAAABABABAAABABAA
60 40 ABABAAABABABAAABABAB
50 50 ARABABABABABABABABAB

Fig. 1 Hypothetical reaction sequence from layer structure A to layer structure B, with an
intermediate regular interstratified phase —ABAB— based on the assumption that

Psn > Pes -
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Montmeorillonite

Rectorite

d(M) j(PJ
diR)
d(P)
N O
d(R)
d(p) Paragonite

Fig. 2 Reaction sequence, montmorillonite — rectorite — paragonite ; d(M), d{P) and d{R)
show respectively the montmorillonite basal spacing, the paragonite basal spacing

and the rectorite basal spacing.
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CALCULATED DIFFRACTOMETER PATTERNS

b 100
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] 40
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/\@iﬁ biotite layers
/\80% bictite lavers
o 5 10 15 20 25 30 35 40
TWO THETA

Fig. 3 Calculated diffractometer patterns (Cu Ka) of randomly interstratified biotite/tri-
octahedral vermiculite containing 20%, 40%, 60% and 80% biotite layers.
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10 20

30 40 a0
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Fig. 4 Diffractometer pattern of interstratified illite/smectite containing 95% illite layers.
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Table 2 X-ray basal peaks, 00 { , from interstratified
illite/smectite containing 95% illite layers.
Filtered Cu-Ku radiation.

' observed d{008) calculated
20° A d(001)

1 8.65 10. 22 10.22

2 17.72 5.005 10.01

3 26.65 3.345 10. 04

4 R - —_

5 45.18 2.007 10.04

EHOEBRHOMNEBICRSNS L S5, (001) KE
DEAR~OBE 2T THE, TF 70 a— AR
A RHCE TR D SN,



CALCULATED DIFFRACTOMETER PATTERNS

100
ﬁ 80 F
= 60
g
; 40r
= a0t .
85% illite layers
0 .
90% illite layers
J\ 95% illite layers
[l L L L 1 1 - L N—
0 5 10 15 20 25 30 35 40
TWO THETA
Fig. 5 Calculated diffractometer patterns (Cu Ka) of interstratified illite/glycol montmorillonite containing

85%, 90% and 95% illite layers, ordered on a four-layer IMII scheme, i. e. all M layeres are separated by

at least three I layers.

air dried
TN
after EG.
| i L j j |
1¢ 20 30 40 50 60

26 degrees (CuKa)

Fig. 6 Diffractometer patterns of interstratified mica/smectite air dried (upper) and glycol saturated (lower)

from Higashikawa, Hokkaido.
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Fig. 7 Peak migration curves for interstratified illite/glycol smectite. Solid lines based on Reynolds (1980) and
Hower (1981). Dashed lines obtained by Suzuki-Brindley’s method. Open circles are observed data col-

lected from various sources, see text.
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method. A composition of 70% mont-
morillonite layers-30% mica layers, for Cu Ko
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Fig. 9 The structure of kaolinite/smectite with 70% kaolinite layers.
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Fig. 10 A comparison of the positions of basal X-ray
peaks from a regularly spaced 2 : 1
kaolinite/glycol smectite with d {001} =231,
22A, and a regularly spaced 3 : 1
kaolinite/glycol smectite with d(001)==38.
38A.

2 : 1 kis=regularly spaced 2 : 1
kaolinite/glycol smectite, 3 : 1 k/s=regularly
spaced 3 : 1 kaolinite/glycol smectite.
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Fig. 11 Peak migration curves for kaolinite/glycol smectite. Solid lines based on data from
Reynolds. Dashed lines obtained by Suzuki-Brindley’s method.
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Fig. 13 Diffractometer patterns of interstratified kaolinite/ glycol smectite.
Q=quartz impurity, S=smectite impurity diffraction peaks,
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Fig. 14 Diffractometer patterns of oriented samples of interstratified kaolinite/smectite
after 500°C heating.
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Fig. 15 The long spacing of 9-12A after 500°C heating
V5. percentage of kaolinite layers, based on
peak migration curves {A) from Suzuki-
Brindley’s method, (B) from Reynolds’ data.
5 is ideal values for smectite.
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Reynolds DR (B) A bfabic it U4 FBOR
FREICKT5 1000 CMEROCERM S, FhImL
LD THL, HPOK LS HESEBRT, A4

Table 4 Chemical compositions of interstratified kaolinite/smectite and mole ratio, Si0,/R,0;

Sample Weight Mole ratio
510, TiO, ALO; Fe,0; MgO Ca0 Na,0 K,0 | loss at Total Si0,
number 1000C Al;O5+Fe, 0,
95381 [47.90 1.89 34.20 1.50 ¢.17 0.40 0.05 ¢.07 13.56 99.74 2.32
40140 [46.00 1.19 32.13 5.43 0.33 0.10 ©.05 ¢.15 12.50 97. 89 2,17
55365 |46.10 2.73 35.10 1.70 0.14 0.40 ©¢.05 0.05 13.57 99. 84 2.16
40201 |[45.56 2.24 34.93 2.10 0.32 1.34 (.05 0.07 12.72 59.33 2.14
40198 | 45.51 1.65 34.67 3.74 0.33 1.26 0.05 (.09 12.59 99. 89 2.09
40171 148.90 2.37 30.8% 5.63 0.43 1.20 0.05 0.16 11.47 101.04 2.40
37878 [54.35 1.54 26.72 4.90 0.82 1.20 0.05 0.05 10.74 100. 37 3.09
37856 | 49.19 (.99 28.93 6.49 1.12 1.10 0.05 .23 10. 40 98.50 2.53
37855 |54.26 1.54 27.290 4.95 0.83 1.11 ©0.05 .09 9.50 49. 62 3.03
37854 |53.86 1.46 26.53 5.36 0.92 1.02 ©.05 0.05 10.38 99. 63 3.05
42029 58.17 1.09 25.03 3.67 0.62 1.65 0.05 0.10 3.05 99.43 3.61
42031 |57.60 1.45 25.55 4.28 0.5 1.70 0.05 0.05 8.56 39. 80 3. 46
42016 | 58.32 1.07 24.94 4.72 .76 1.61 0.05 0.05 8. 46 99. 98 3.55
40119 152.70 1.75 26.50 6.60 0.61 2.40 0.05 .05 .49 100.15 2.91
42059 58.9¢ 0.90 23.10¢ 4.20 1.80 2.50 0.05 0.10 7.9 99. 49 3-88
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Fig. 16 The relationship between data for weight loss at 1000C heating and layer propor-
tions, based on peak migratien curves (A) from Suzuki-Brindley’s method, (B}
from Reynolds’ data. Linear relations based on calculated data for end-member
kaolinite (K) and smectite (S).

FAAT R VEEBEY ORGSR AT )AL B E
B ZAZ AL FEL, TNEFNOHBELOEERBLEA
PRLOTHB,

A — Brindley @+ & U Reynold D5 £ &K
BBt B L ASEREER, W ITh L BER
rBohsEgEscsmL, LeREEBRERLTY
B, Lvl, RAZZA FEBOHEELOE 2 8 EHT,
BHASHEEISNS LD LAERMAEERELR LT
W5, ChitFig. 170 TGHBIZALNB LI, A

42016 A4 PEBOEEROECERICHVLTE, 110TD
FERCHHIERALTVCBHEAGSEEL LD TH 5,
37855 5.1.6 Si0y/R.0; =N AAUTA LEHE
AF VA FSAA R FEREBESICE T, A
40171 U4 rEOoOgHLMENEATHE, Si0, TEM
L., ALO, 344+ %5, Fe,0, 0F iZd iz, 5i0;
40198 /(ALOs + Fe,0y) DEMMEERD L, AFVFA b
TiRAOMEIT2.00 875, AAZ Z4 MOS0,/ (Al
Q; + Fe,05) LR ERLHD, BRENET V£
55381 o4 AR BT EOER 4.80, BERL A
FE4 FERKBCTEDER 114 Likd, Do,
—EOB R 5 S10,/R,05 EALME, AU T4
FARAZRAL PREBEMIBITAAATZ X, FBD
MEETRTLOLALI ENTEE,

500 1000
Temp (C}

Fig. 17 Representative thermogravimetric curves ; $5 K — Brindley O} & ¥ L U Reynolds DE&EH» LK

heating rate 5C /min.
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[5)
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Fig. 18 The relationship between experimental values of 5i0,/R303 mole ratio and percen-
tage of kaolinite layers, based on (A) from Suzuki-Brindley’s method, (B) from

Reynolds’ data.

K, M and Bd are calculated values for kaolinite, montmorillonite and beideilite.

181Z/R L/,
HAOBE#HiE, EvTUoT 4 | (M), S F34
b (Bd) 3LUBFUFA F (K) OEBAD S0,/
RO ENHEZFTNEFNEALLOTH D, X
— Brindley @ % (A), Reynolds D#£ (B) O\
THICEVTh, FHEOARSE A A P Ty
FUBHA P ESEROEHICTFET LSS, 40T
A FESA T P EBSERORBICEETLLOY
BBH, SO Ldbh, HAUFA L RATZRA MRS
BEW BT EAAT A4 FRBOKFFEE T 0F
A PRATEEZLRNDS, NLFS54 b Tl
THHLLFRTHLEELZLNS,

5.2 3I:1HANRE EEYDTFS FRESRED

521 &334 F

Lazarenko (1965) X, F:wERHE T S 7ORE
BERCEET AR OARTED LD, FREE R
BROKE TS 1 OBABICAVBE*ET5E
B/AevEVDFA FMESBEYE RV L, COR
HERBEMIT, RABBHD 8. T5AOFEM S L UF0O5
REHERT D, 72, TFL V70 a—LABREHE,
6. 15ADKMHB I OBREHEET S, CAHD

BRI AN RS (0893 H Mo

T2, IROERBL 1 HOTVvEYRS A B
EXBN T LHBWE %5 ¢ /2%, Lazarenko and
Korolev (1970) i, CORSBEWYERL (25
AL R P O

—h., BEvEUOFS PBAIBLLEEANULED
BT LERRICLV GBI N AREY R TAER T
vEULFS FREEBEYIL, Reynolds and Hower
(1970), Reynolds (1980) Wk TR EN T E A,
Reynolds and Howerit, #honER, T o+
1 FMEGEE 4 % Pennsylvania JH Kalkberg D14 17+
R4, TALTNR—F R BRE/EVLFA b
BEBEH EH LT AL 78— 7H8A1H 1T, 85~100
XOEBBTrEE+TLEN /T EVOH, ' REEY
ThhH, LT Ihly/—7H1R018 ) ik, HAR
JTIERBEVENOFA FRABEMSEERE LT
WHRTSKOERBYE2 SREOEGEYSEL T
Bo CDPIZFNTFZVINS bid, BEETILRAX
N THAR S | EABEHICR LTV D W
A H

ROoMEWOMLERSLIT, BREOHE (Baily et al.
(1982)] KW, REBEYORBREDCRAM &
REEA Y B7- 01, dECEBHREIZ CVA(CY = 100
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S/d77iL, S=(Z(do—~d)2/ (n—1)1Y2) 0.75
PFCiidthidesdie, ] JEEERLT5, 735
YA BT Lazarenko and Korolev OB E
BCV=1.08TashH, #EERALOFELHLL T
7oV, ZO7-d Baily et al. (1982) i3, O EEEAH-
TRBOCESBEMWORRE T, #3541 FDOAKY
BHETHEERL TS,

Ldl, 25V FOXBEFREBE EhH T <
BERRAc 7z 8, FIRICEE RS EA R XDt
WOBMATE L, TITE IV OB O
T, #AR— Brindley O F&E# H TS 5,

5.2.2 HE¥is LURBTE

XEmkeric A L/3kHE, Dr. Lazarenko 2n 5
Dr. Brindley iZf8 57 S0mg b £ OO X 554 +Téh
L, BEII I CEBICESENABRARKRTL 1324
FHBRER/ET )05, FEEABENTH S, O

DFHEZDHO S FBHATLBORE KPG8 L2,
AFA P75 ARIZRML, £hfedss L, 151
ST a-RER, A5  Fro A LOBRBREICT
FLwv T a—LEETLAE $40COIFLT7)
T--LEKTICA ARBEFT LA LICL - TiTo /o X
B ERFILCuKe #Hv, EEFEERES 1ELL
7o

5.2.3 XBEHER

XM EBIFFEROEE% Table 5 077, EBAERR
B, ZF v/ o LAERMOEERE AR T dE
2, FRFNA373 £ 0.44A, 46.05 £ 0.33A CH -
72. —7. Lazarenko and KoroleviZ k-~ TR hns-d
B, BAEEAN, 150 v 7 o— BRI L,
FhFEN43.75+ 0.55A, 46.15 £ 0.31ATHn, %
FraERITFDOLENE G,
SERICARBROBERER N A NHOTB R CVEL,

=
o=
L]
[an]
[a]
l ; ! I 1 | i j ] i | | | ! i [ I i | !
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Fig. 19 Diffractometer pattern of glycol saturated trasovite. From 1-7° (24), 1/4° incident and receiving slits

were used.
From 5-80° (28), 1° slits were used.
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Table 5 X-ray basal peaks, 00 £, from tarasovite, (1) under normal conditions, (2) after glycol saturation.

7 (1) (2)
d(00 £ ) d(001) 1 d(00¢) d (001 I

1 46. 46. - 47. 47, —
2 21.6 43.2 33 22.6 45.2 70
3 14.6 43.8 15 15.5 46.5 20
4 10.78 43.12 75 11.03 45.20 30
5 - —~ — 9. 30 46.50 65
6 — — _— — — —
7 — — — 6. 59 46.13 5
8 - — - 5.72 45.76 3
9 4.885 43.97 53 5.06 45.54 40
10 4.268 42.68 6 4.695 46. 95 28
11 - - - 4.268 46.95 7
12 - - ~ 3. 848 46.18 3
13 3.351 43.56 30 3.530 45.89 8
14 3.198 44.77 80 3.277 45. 88 100
15 - ~ - 3.095 46.43 13
16 - - — 2.874 45. 98 9
17 - - — - — -
18 — - - 2.550 45.90 2
19 - - ~ - - -
20 - - - - — -
21 - - - 2.187 45.93 2
22 1.974 43.43 13 - - -
23 1.921 44.18 10 1.989 45.75 10
24 - — - 1.921 46.10 20
25 - - - — - -
26 - - - — - -
27 - - - - - -
28 - - - - - -
29 - — - 1.594 46.23 1
30 - - - - - -
31 - - — - - -
32 1. 384 44.29 2 - - -
33 1.325 43.73 I 1.393 45.97 2
34 - — - - - -
35 - - ~ 1.320 46. 20 1
36 1.223 44.03 1 - - -
37 — - - — - -
38 - — - 1.210 48.98 1

Mean spacing, d= (Xd)/n 43.73A 46.05A

Mean deviation, (Z|d—d|)/n 0.44A 0.33A

cv, (Z(d_d)z)”zx@ 1.31 0.97

FR AT AT

d
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EOAERE T, TFLVY I LAERET
0.97 CH ot LEH-T, TFL 7)) a— AR
SR EAEREHC R LT, k0 RARIE RIS
A—yhkRTE VB, Tl BEHRECVEOERIC
Hi-T 001) REEERA LA, Ldizs (001 R4
20 < 2OMBICELUDLY, HOoBHEE VI ES
LEETHVG WSz B THDS, Lazarenko and
Korolev R L7-HEEH CV (&L, Bailyetal {2k&9
BEINTED, BAEARTLI, 5L 7Ya—
LAMBRAMTLI.08THD, SEOERBR &
Lazarenko and Korolev DR OMICII K & ERITIFR
BHENE L,

5.2.4 ERERBOKE

IF L) oA L AR XS8R R BT
%, Fig. 1910574, XEHRERRBICHRICED S
hHI RPN RE, 525 LBV TERE
LEVEYOFA FERI 1 OLTHASCEBY 2
FTIEERLTC S,

THFL I VBRI BTSSR, FOd
B2, AEOBRBOJEY GXH LN HEHRHEI
INEV, D EN, IF LY a— LABEORANE 3
1 E/] /vy ad 4 FEEBESIZ VT, AF

Ixd (BR)+d(FUI—INAATZALT)

=3 % 10.0 + 16.9

=46.9 (A)
DdEsigshs, UL, F8Ed Table 5 I
E31246.05+0.33ATh Y, BHREL DHOE
Y

—F, EROEMIC TS Nar 4 U 0FEERE, KT
£ AVORECEEL10.0A L0 s vdiEd 525
HEi-eD, FIT, EffrsdF4 O L3k

Table 6 Percentage of mica layers estimated from the

deviations.
001 2 Per.centage of
mica layers
004 7.82 77.5
005 9.51 79.0
009 17.52 80.5
0,0,10 18.90 84.0
0,0,14 27.21 82.0
0,0,15 28.84 78.5
0,0,18 35.20 76.5
0,0,22 45. 60 82.0
0,0,23 47.31 79.0

Mean percentage of mica layers (% 1)
%I=(EZXI)/n
=79.9+2.0
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Na— Zf}:Ex, #OdEX9.75A L+hiz, R
I1ERSEVEVDG A FPRESBEHOJER,
3xd (Na— BE) +d (FUT—NAATZA4 )
=3 x9.75+16.9
=46.15 (A)
LD, ERERICELILAMEE 2 S,

X 547, Lazarenko and Korolevit, %5/ /34 FiZ
T— ) IFREAER LR BA LRV Y- ®
BTEN, CHEPERBIILILLDELTE, INb
OENLX TV FERERTHEREBHE, Na- £/
FHIBEND, LicHoT, EREOLIESL L TY75
A#BRATAZLICHBE RV 2EZLNS,

5.2.5 FEEEIMTERRHDORRA

Fig. 20i3, =L v 70 a— AR L% 5V /5
RO IR R & d (001) = 46.15A DHAE
3 1ERSEVEURTA FRAEBEY, 4001 =
9.75A DERBI L AEPN AR T HE L LOTH
%o

Fig. 20 0 1 BB BiCit # 5V /54 +, 2BRAKIEHRA
M3 1EB TUEJOF4 FESEBEYS, 3BHIC
HERORHAFINFNTRLTH A, F5V/3 FOK
gAE LT AER, SR 1ER - EvEYD
F4 FEERBEMOEHOME HITAGHICELZ-TE
h, BICERORRMELETIBMOEHECE T, E
RO HE~OFRELBENFEOOND, Tk
M3 128 T o004 FMESEEDC, RO
ER@BATEAICZF ) ASNAREELAZLOLEEZD
ZEMTES,

SFED, HARI: 1ER - EVEYOTA FEER
PHORMEE (ER-EREBEUEYRTIAD
OBERB) ITHXTARH L, TORMEEMIGARIC L
3ASHAERICHRT AR HEIICTFERELAY 2 L
kD, EEOR SV, FORE LTS EARSL
TENWTED,

2354 Pl EENABEOERBOEEL, HK
— Brindley 0 FiE%#R L THET LI LR TED,
7554 R, (004), (005), (009). (0,0,10),
(0,0,14), (0,0,15), (0,0,18), (0,0,22), (0,0,23)
ORSEFERL, GHIBCEREHEELYBLI LA
T& 5, [BeOWEEE Table 6 TR U, EHER
SHERILT.9 £ 2.0%TH 5,

#5954 FOXBEITRERIE, ¥F 34 FRER
B3 1 ER] T E)O S, FOBBEERETLIL
ATRLTV5, 3: 1B/ evE)or{ FEABE
MOERAEESERI Y THE, —F, ¥F/ 7L F
ORETERBEERILTION TH D, LHh-T, Z
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T

Fig. 20 A comparison of the positions of basal X-ray peaks from (1) glycol saturated
tarasovite, (2} a regularly spaced 3 : 1 illite/smectite with d (001) =46.15A, and
(3) a mica with d (001) =9.75A. The major deviations between {1) and (2) occur
in angular ranges near mica reflections.
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G704 PR EABARL BReBEHICH LT
HELOREBIALELEbN D,
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8.1 LHEERSREHOHR

B&Tid, SEXERHA»LESBEHOELHE
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ah3,
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MW CERBOT— ORI » TWE D3, AEL~F=4R
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TEAMREA R, TORBrREBEKRESRIC TS
L (i, k8« EL, 1981) THD, HIZAKLUE
BEBICETAEHER, BOCSBTRCX LOTHE
b, BH+2EELERTHN AL, TORRBICE
T AL LTI O LA RE L
R RS TAiyy,

HE, FELAKUEME L KREL A KTEORS
YA LEAEL, FEFOHLSLPRACLLHERD
B U IHRERINS L3 -7z, BEBEHYHOE
REFATETHBE, EMLICABCAFTES S
L bR—) v a7 ERCICREYEFITHE D, L
H-T, BPOR—J vy riaEREh, BHEIEORER
BRI TONITEER, BEABEHDORRICEATH
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i, EHEER S L UREHMEMES I TT > 7,
Iyl a— VR, 254 FI7S5 AL TERLNY
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COHTF L) a—VEEFIC4 BMBEFET A &
It X5 T =7, XBHFKEITILCuKe A BV, £
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6-4 EBEREHOXEMEBINNBOMESE

X REWCHEOMEL, BEEERARE LTHE
FhRVIaVERGWTT Y, COHRE, 20 =21"F/:
1120 = 28° LATFICR B ME Ulgvied, 28 =27 ~20°
CEELRSOE UAKTEMOMEICE, 47 LLE
Bléidve i, BRiC 20 < 10° 108 5 20 DHIERE
i1, dEOBEIC k2 LBEYRITT/20, TOHBAIK
R0 #HHREBEHOCERBRFONEIC L, RAGED
HBEAYEERE L L CEETH I EDLETH S,

Brindley and Wan (1974) i3, ERBREHORIEC
ERMOER T I a— (Cyg, Ca, Cu7La—n)
BT H Y (Cuxy Cug, Coa 7T ibAy) OFEREHE
LTWw5, I THEE, 1 &kOEERHLE LT UD
VEERL, 2WOBEERE L L T20 <217 15R<H
BWEREHEELLT 270/ — (CuHpO0H) 28
Bl 2BoOBBEABOMRERIE, A5(4 F735ALIC
VgD T 3 FH/ —EED, NBEROE, SHE
HEEXHBI LI L TiTo e, TOBE, HEHELSR
HAEAME RO LS, ERlATAT 57N/ —

WHELSHTH D LY ICER LA, BHFMICH®LR
2T S FA —NOXBER X Fig. 21, B
R4 Table 7iZ/3¢ 4, 20 =41 £Ci2 {001) #»
B o0,0,18) &£C, FNTORMFBHILHATE,

Table 7 X-ray diffraction data for tetradecanol.

[ d(e¢) d(ool) 1
1 36.4 39.4 100
2 19.9 39.8 42
3 13.2 39.6 50
4 9.94 39.76 21
5 7.94 39.70 16
6 6.618 39.708 11
7 5. 680 39. 760

8 4.966 39.728 7
9 — — —
10 3.973 39.730 3
11 3.610 39.710 3
12 3.310 39.720 2
13 3.056 39.728 1
14 2.837 39.718 2
15 2.646 39.690 1
16 2. 481 39. 696 l
17 2.337 39.729 1
18 2.204 39.672 1

Mean spacing, d=(Zd)/n 39.72A
Mean deviation, (X|d—d[)/n 0.26A

— o3
= =
= [
o] =t
s o=l
[ =
[Ey]
=
= ®
&
[fu]
<2
>
Jb -
L | I L J | l ]
10 20 30 40

28 degrees (CuKa)

Fig. 21 Diffractometer pattern of thin, oriented layer of tetradecanol, C,H,OH.
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. H7FONER, BES, TEURFA L, AT

U4 b, U, R, M TT T4 b, BERBEY.
BE/S A, BEYE, r—aA4 +, FEA, AT,

CHNOHOBBEYO S B, LI o TIHEDF
FIEE A R T 5,

6.5.2 FEZYOHEDLE

AHIBROTED, BABLTR—-) /737 TOER
b, (A) RPEEYEEESL, (B RROFEA L
AMEND, DLEEHEEEIC LT 2 TEERLEYO
Heabdll, ER-EBABHIEH-TEIOFA b
THb, — 5, REKOFEICBTASFERTTHOES
biit, BAVvE-AFYFS b—EvEOF A T
HH, COEBEHOESHEE, hHAETHENICR
ENAELOTH5, BEssbImE (1980) OFRIC L
g, PR EEEATEILa R, $abbEHOF
LA A R L, TEHEPE L/ TU0HA F-RBEER
-0 A b AIRENERETLLOCHEYT
Do —H, FREOFHEIT a8, v bbLEHOHO
DEBMHARL, FHBREORESC /BT, =N
TAHA F=—HFUFA b= VENERETAHLD
{2445 (Table 8),

6.6 ERLEHOUR

6.6.1 ZER} AL 7 ZA FEREBEHOBEDOEN
UAKTELYBH-ST LR, BT EEREEYIIR T
WThHLH, TOBRECHGLEIABOEEREIIC
Utk 500, BEOREYTRT TRE) L LTE
BThHDH, FHBRICHTIMIEHOELE, KEY
CIRERMICAA 754 FARLN, BHRACERSEL
RERASROND, BERVENT 0B EANERT
Ahid, BOAKOT T T « TLH ) LEA A IS
BIZgk T, TLAAYTEELRI7 LA LELECY

Table 8 Summary of the type of zonings of hydrothermal activity (Utada, 1980).

I I m
type
a, a; s a a; a; a, - a
alteration
envelop
center | alunite—Q. | alunite-Q. | alunite—Q. | k—feldspar | k—feldspar | k—feldspar | k-feldspar | wirakite
kaolinite | kaolinite sericite sericite propylite | propylite | laumontite
(halloysite) | kaolinite | mixed min. | mixed min. | mixed min. | heulandite
{montmo-
rillonite)
margin |alunite-Op.!| halloysite | montmo— | halloysite | montmo— | montmo- | analcime |(mordenite)
rillonite rillonite rillonite | mordenite
Q. : quartz, Op. : opal, mixed min. : interstratified clay mineral
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Fig. 22 Peak migration curves for illite/glycol smectite. Solid lines obtained by Suzuki-

Brindley’s method.

Dashed lines based on Reynolds’ data.
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BT HMEC S5 TR KRDOABRB BN, R A
7R FOERETIITENARAETLER 2
A4 P REBUYSERT S, CORSRBEDFO
BEBR G OB TR LD, BHOBTEET - 7,
BHEIIF L7 a—IL0E LR X EEFRH
LETEELA200EXERL, Fig. 227 L7
Reynolds O EFRB L U#HAK — Brindley 0 F 3iC &
NkicV - DR EBHOBEFERALTA L - 72,
Reynolds iz L A\ — 7 BEhiRsR L, K, 71U a—1
AA7 54 PORBEEETINFN10.0A, 16.9A, &
BEh 7~13, BREEIIHAE L L TN -ES
Biz#SvTu 5,

#7R — Brindley iZ £ 5 — 7 B #diRit, Reynolds
LRIBEERG, FUI—NLAAT I FrOBEBEYENT
N10.0A, 16.9A L LTRBONERICESHTL
%,

Fig. 22 iZ{fFfsh T A2 —7&Bdhigil, =8
AZAZ A FRERBESD (002),,/(001) K&t &
OF(003) 7/ (002) RSB+ 2LDTHL, BD
HEID 2HROBBMBEFER Lo, 2TA%2 2 E
DEHBETENTELN, I THEFOFEEY 4 -
TR L Ui, TORR %Y Table 90754,

MR AMERRE 19943 H MO0

B e A e e

Reynolds D f5# #5 & 'K — Brindley DA #:142 & -
THROLNAERAA 7 24 FREBEHOBILITITE
F—OEE L, mEOBICA X MR, Liha
T, $#7AK— Brindley @ F:id, 1 | HoOBRBE»S
HAVFA PRATZ L FREBEMORIT O F, 1
SRHOBEB*SUER " AA 774 FEEBEWIZS
VT4, Reynolds OBE L HESERIC AV E%B5 2
EWTES, :

Table 93, LA LT~ LFEBHEONMERORHAS,

Table 9 Percentage of mica layers, based on peak
migration curves from Suzuki-Brindley's
method, from Reynolds’ data.

Sample Percentage of mica layers

number | Suzuki-Brindley’s Reynolds’
825 10 4
8 —80 10 11
6 —15 19 12
L—-70 47 49
L —55 50 51
1 —67 55 55
L —60 54 54
I —40 58 58
1 —28 67 66
1 —52 67 62
4 —42 81 81
0-—-3 87 86
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AEHETALOTHSL, Lool, IOFTLOARTIIE
By P ERNICELEE, ERES ISXHUTOL
Oht, ERBASLKIULLEOER A ATE4 FREE
B~ BT, Lich-T, EREAIXLUT
CERB A ASYLUEORMCTEFESFEET A LEICA
25hHe

A (1981) i, EREEYOFA FEEBEY
OBEOETFVHERTY, TVEIRS S FORBHE
Reichweite DRJICEBELBEGRAH L LERL, ©OD
B (A20) — A20,) ML TEPLIA,

Reichweite i Jagodzinski (1949) T &k » TREhi:
EFIOHAME AT THES T, RICHBOEEA TN
/T AHEROBICEEINEMNEEDIRETH S,
{A26, — A28, B #T, A26, 0 (001) 7/ (001) 4
oA+ 20 DfE L (002) 7/ (001) o REORT 26
DIEDE, A20,i (003) 7/ (002) o KEOTT 26 &
(002) 47/ (001)  RHOTF T 20 DIEDEZE®RT S
(Fig. 23).

BINATEOFE S, LD (A20, — A20,) BUZ A
FLaAFig 24 ks, BREBBEATIL2TVAEAR
TELIFRIhHLEL T, BHEOE» CHEIIETED
BEH, AATIA VEEBEYEY AL L, EREHNL0
YR ¥ Tt Reichweite (LG R &89) 30TH

{001717/{001 0 (002317/(001)1e  (003)17/(002)10

R.
*x

AZ 81 AZ 62

Fig. 23 Schematic representation of the relation A28,
and AZ26, values for mica/montmorillonite.
A28, and A28, values are the angular dif-
ferences of basal reflections (001) #/(001) 4y,
{002) /(001}y, and {003),,/(002)y for
CuKa radiation.
A28, =(002) ;;/(001) ;p— (001) 15/ (001} 4.
A28, = (003) 17/ (002) 13— (002) 17/ (001) 4.

A26, (degree)

1.0 2.0 30 4.0 5.0
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8o |- ]
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Fig. 24 Diagram showing A26,VS. A2¢, relation for mica/glycol smectite from
Higashikawa, Hokkaido. The numerical values indicate the percentage of mica
layers obtained by Suzuki-Brindley’s method.

R refers to the Reichweite.
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B £, EBBMN~8XBETHNITIRIZL 240, Table 10 Interstratified mica/smectite from

BOICERGES SBELILITRSLRITL LK 5, Higashikawa, Holkaido.

L7c#i o T, BEOPOITE S I - TEFIHESIL Sample number AZ20, A28, | Reichweite
EDBAMNC B EELLGND (Table 1), R=0 8 —25 5.1 5.5 0
(615, ERE19%), R=1 (1—40, ZfE 58%), . 5 PO I :
R=2 (0-3, ZERB&HY) OEBESI*TTER. 2 L~ 70 3.6 6.6 1
Ay 34 FRERBEMONEN L XHFEHFEF 4 Fig. L —55 3.3 6.7 1
95 17 R 1 —67 3.1 6.8 1

=TT L —60 3.1 7.0 1

Th, R=2TCEREAN~0%PH0 588K 1 ~40 3.2 7.0 I
Ty FENBLOBECT L LB E LTEF LN S, ;*gg gg ;g }
R=2TESBYP K+ LEHZ L0 S (B - & 442 2.4 7.9 1
B ZA784 F) OBBBELEILIRABEYTH ¢—3 1.3 8.1 2

R= 2 {85%mica)

R= 1 ({58%mica)

R= 0(19%mica)

{ I I J | l ! I I
Y 10 20 30 40

26 degrees {CuKoe)

Fig. 25 Diffractometer patterns of interstratified mica/glycol smectite containing 85%, 58%
and 19% mica layers from Higashikawa, Hokkaido.
R refers to the Reichweite.
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FOERH Fig. 261277,
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Fig. 26 Diffractometer patterns of random preparations of mica/smectite from Higashikawa, Hokkaido, com-

pared with 1M muscovite (Yoder and Euguster, 1955).

mined using Suzuki-Brindley’s method.
I'M Mix=interstratified mica/smectite.
ing 85% mica layers.

a2

90% 111 =containing 90% mica layers.

e Mkt M e it 3

Percentage of mica layers have been deter-

85% I11=contain-
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