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Abstract

In the Kobada district, Einbo city, Miyazaki Prefecture, altered andesites are

distributed. Fractions less than 2 ^m of the altered andesites were studied by X-ray

diffraction method, and mixed-layer minerals of mica/smectite were found besides

smectite and kaolinite in the fractions. The mixed-layer minerals consist of a regular

type and a random type. The probability parameters de丘ning the structure of the

regularly interstratified mineral can be shown as : PA (mica layer existing probability) -

0.51, PB (smectite layer existing porability)-0.49, PAA (probability that A succeeds

A)-0.02, PAB-0.98, Pba-1 and蝣PBB==O-

Introduction

In the Kobada district, andesites of Miocene-Quaternary age are widely

distributed, and propylitic alteration is observed in the andesites. The authors

collected some samples of the altered andesites, and the fractions less than 2/Jm of

the samples were investigated. The writers found that a regular type of mixed-layer

mineral of mica/smectite exists in the altered andesites besides smectite and kaolinite.

The mineralogical properties of the regularly interstrati丘ed mineral are described in
●

detail in this paper.

Geolo皇y and occurrence

In the Kobada district, Ebino city, various volcanic rocks of the Miocene^

Quaternary age are widely distributed. The oldest andesite in this district is altered,

and it is called the Masaki propylites. The Nagasaka lava, Yahazu lava, Chayahira

lava and Takishita lava are overlying the andesite. The Takishita lava is covered by

the Kakuto andesites.

Sampling points are shown in Fig. 1. The distance between point Ao and point Al

is 1.5 m. Specimens DorZ)x9 were collected at intervals of 70 cm, and specimens Go-Glo

were at intervals of 6m. Specimens Ho-H55 were collected at intervals of 70 cm.

* Institute of Earth Sciences, Faculty of Science, Kagoshima University, Kagoshima, Japan.

** National Industrial Research Institute of Kyushu, Tosu city, Saga Prefecture, Japan.
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Fig. 1. Sampling points.

Mineralo皇ical data

The fractions less than 2 /Jm were obtained from the altered andesites by a crusher,

an agate mortar and combined sedimentation and centrifugal separation. After drying,

X-ray di触action patterns were obtained from the materials preferred in orientation.

Samples collected in this area could be classi丘ed into 4 groups by differences of including

clay minerals. They are 1. specimens containing only a regularly interstrati丘ed mineral

of mica/smectite (Type I) ; 2. specimens containing a regularly interstrati丘ed mineral

of mica/smectite, smectite and kaolinite (Type II) ; 3. specimens containing a random

mixed-layer mineral of mica/smectite, smectite and kaolinite (Type III), and 4. speci-

mens containing kaolinite and smectite (Type IV). Types of the collected samples

are listed in Table 1.

A. Specimens containing only a regularly interstrat所ed mineal of mciajsmectite (Type I).

As specimen Ao was almost pure sample, the specimen was selected and investigated
●

mmeralogically.

●

X-ray analysis

X-ray powder patterns of the specimen A after.various treatments are shown in

Fig. 2. D(001) for the specimen shows 26A, and it moved to 27.6A by treatment with
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Table 1. Types of collected specimens.
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Fig. 2. X-ray powder diffraction pat-

terns for the specimen A after

various treatments.

No. 1. untreated sample Ao¥　EG.

treated with ethylene glycol; 300

-C. heated to 300-C for 1 hr.

4.90 3.25

3　5　　　　　　　　　　　　　　　　　　　　　　　　　40

2 6(CuKo<)
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ethylene glycol. It contracted to 25.2Å by heating to 3000C for one hour. The peak
O

disappeared and shifted to 9.9A by heating to 8000C for one hour. Fourier trasform

method after MacEwan (1956) was used to deduce the nature of the interstratification of

the interstrati丘ed mineral. The equation employed in this calculation was formulated

by MacEwan and can be written as

WIR -2
冒E¥F,I2

Cos 2tcu,r R

where引和2,粕are values at the position of the intensity maximum, and ∫ is the

integrated intensity. /uR is the reciprocal spacing. (1+Cos220)/Sin 20 was used for the

angular factor, E. The function W(R) is defined as the probability of丘nding another

layer at a distance R (measured perpendicularly) from any layer. Figure 3 shows

the result of the Fourier transform of basal re鮎ctions of the specimen A In the

figure, A represents mica layer and B represents smectite layer having two layers of
●

water molecules between silicate layers. The outstanding peaks of type AB and ABAB

indicate a marked tendency for alternation of two different layers. Numerals given

above the curve of the specimen Ao are calculated peak heights for PA-0.5l, PB-OA9,

PAA-0.02, PAB-0.98, Pba-1, Pbb-O, where A: mica layer, B: semctite layer. PA

represents the frequency of occurrence of A, and PB that of B. PAB is the probability

that B succeeds A, assuming that the丘rst layer is A ; PAA) PBA are similary defined.
●

Result of Fourier transform for the interstrati丘ed mineral is plotted as A in Fig. 4. The

figure is based on a graph proposed by Sato (1965). In the figure, Paa-α Pab-1 -α,

P去B-β P*A-¥ -β, β-Kα+(1-K), K-PAIPB were used. Using this equation all the

Calculated height 0.51　　0.49　　　　　　　　0.99　　　　　0.52　　　　　　　　0.48　　　　　　　0.98

Component s A B AB AAB ABB ABAB

10　　　　　　　　　　　20　　　　　　　　　　　30　　　　　　　　　　　40　　　　　　　　　　　　50

R(宜)

Fig. 3. Fourier transform of basal re且ections of the specimen do.
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K=1

K>1

Fig. 4. Results of Fourier transform for the specimen do(A), and some examples of mixed-layer

minerals of mica/smectite. B and C are the specimens from Kamisunagawa in Hokkaido,

which were reported by Kobayashi and Oinuma (1960), and D is from Honami mine reported

by Sudo et al. (1962). E is the 1 :1 regular structures reported by Brindley (1956), Sudo et al.

(1962) and Tomita and Sudo (1968b). F is 1:1 random mixed-layer structure.

mterstrati丘ed structures consisting of two kinds of layers can be plotted on the graph

shown in Fig. 4. The random structures are plotted on the diagonal dotted line and

regular type of mixed-layer minerals are distributed along the axes of coordinates. In

the丘gure, β and C are the specimens from Kamisunagawa in Hokkaido, Japan, which

were investigated by Kobayashi and Oinuma (1960), and D is from Honami mine in

Nagano Prefecture reported by Sudo et al. (1962). E is the 1:1 regular structures

reported by Brindley (1956), Sudo et al. (1962) and Tomita and Sudo (1968b). F is 1:1

random mixed-layer structure.

Differential thermal analysis

Differential thermal analysis curve was taken with an automatic thermal analyser
●

at a heating rate of 10-C per one minute. A differential thermal analysis curve of the

specimen Ao is shown in Fig. 5. A double endothermic peaks at about 150-C are

attributable to dehydration of adsorbed water and interlayer water. An endothermic

peak at 240-C is due to dehydration of adsorbed water accompanied with exchangeable

cations in expansible mterlayers. An endothermic peak at 585-C is attributable to

dehydroxylation of structure water.
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200　　400　　600　　800　1000℃

Fig. 5. Differential thermal analysis curve of the specimen Ao.

Fig. 6. Infrared absorption spectra of the specimen Ao.

Infrared absorption spectra

Infrared absorption spectra of the interstrati丘ed mineral were obtained by the

Nujol paste method. Figure 6 shows the infrared absorption spectra of the specimen Ac

A band at 3650 cm-1 in the specimen is caused by the O-H stretching vibration. A

band at 1640 cm-1 is due to adsorbed water vibration. In addition to these bands, a

broad absorption band at 3400 cm-1 is observed, which is due to the adsorbed water

in interlayers and is considered to be the same kind as that observed in absorption

spectra of smectite. Double absorption bands in the range of 800-830 cm-1 which are

characteristic to regularly interstrati丘ed mica/smectite minerals as reported by

Oinuma and Hayashi (1965) are observed.
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Scanning electron microsc吻′

Figure 7 shows a scanning electron micrograph of the interstrati丘ed mineral. It

shows flaky particles with irregular outlines.

Chemical analys甘S

●

Chemical analysis data for the interstrati丘ed mineral are listed in Table 2 together

with those of allevardite (H去nin et al., 1954) and mixed-layer minerals (Tomita and

Fig. 7. Scanning electron micrograph of the specimen Ao.

Table 2. Chemical compositions of some mixed-layer minerals

of mica/smectite.
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SiO,

TiO9

ALO,

Fe.O,

FeO

MnO

MgO
CaO

K20

Na2O

H,O +)

H20 -)

PiO.

R
u

46. 1296

0.75

30.15

1.93

t
J
i
l
O
I
O
C
O
O
t
-

u
s
o
o
O
^
t
-
0
3
^

O
o
i
-
I
i
-
I
O
2
<
X
>

●
●
●
●

99. 9996

I
O
 
O
 
O
 
I
O
　
¥
H
 
N
 
I
O

C
O
 
O
 
i
-
I
　
<
M
 
O
 
t
-
　
i
-
1

●

　

　

　

　

　

　

●

　

　

　

　

　

　

●

　

　

　

　

　

　

●

　

　

　

　

　

　

●

　

　

　

　

　

　

●

　

　

　

　

　

　

●

O
 
H
 
H
　
(
M
 
C
O
 
O
)
　
O

99. 4696

45. 8296

0.49

29.83

O
 
O
 
C
<
I
 
t
*

t
j
<
　
O
O
 
C
O
 
O

^
　
O
 
c
o
i
^
^

●

　

　

　

　

　

　

　

　

　

●

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

●

　

　

　

　

　

●

.1　　　　　　=　　　　　　u

100. 6496

1. specimen Ao.

2. allevardite (After Henin, Esquevin and Caillere, 1954).

3. specimen from Iwato (After Tomita and. Dozono, 1973).
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Dozono, 1973). Allevardite is identical with rectorite (Brown and Weir, 1963a, b).

The chemical composition of the specimen dO is similar to that of rectorite.

B. Specimens containing a regularly interstrat所ed minerals of micaIsmectite, smectite

and kaolinite (Type II).

A specimen H27 was selected as a representative of this type. X-ray powder
O

patterns of the specimen H27 after various treatments are shown in Fig. 8. A 26A

re鮎ction of a regularly interstrati丘ed mineral of mica/smectite moved to a 28.5 A by

treatment with ethylene glycol. A 15.2 A peak of a smectite expanded to a 17.3 A by

treatment with ethylene glycol. These peaks moved to 9.9 A after heating to 8000C for

one hour. A 7.2 A re鮎ction of a kaolinite disappeared by heating at 800oC.

C. Specimens containing a random interstrat所ed mineral of mica/smectite, smectite

and kaolinite (Type III).

A specimen G8 was selected as one of the type III specimens. X-ray powder

2　5　　　　　　　　　20

⊆些事■Ⅲ
30

26(CuKα)

40

300℃ 12.5

15.8

7.2

し59チJ- -　　　　　_

3.3G

5.01
3.34

ー叫一一一一一一---一一一---一一一一一～p-′･.一一＼_　ー～

｣⊥

2　5　　10 20　　　　　　30

20(CuKα)

___　｣　_ __ __　　｣
40　　　　　　50

Fig. 8.　　　　　　　　　　　　　　　　　　　　　　Fig. 9.

Fig. 8. X-ray powder diffraction patterns for the specimen if27 after various treatments.

No｡ 2. untreated sample H27: EG. treated with ethylene glycol; 300-C. heated at 300-C for
l hr.

Fig. 9. X-ray powder diffraction patterns for the specimen G8 after various treatments.

No. 3. untreated specimen G8; EG. treated with ethylene glycol; 30Q-C. heated to 300-C for

l hr.
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0

patterns of the specimen after various treatments are shown in Fig. 9. A 12.3 A re且ec-
O

tion of the random mixed-layer mineral moved to a 13.4 A by treatment with ethylene

glycol, and it moved to a 10.2Å by heating at 800oC. A 15.5Å peak of a smectite

Fig. 10. Scanning electron micrograph of the specimen G8

Fig. ll. X-ray powder diffraction patterns for

the specimen H35　after various treatments.

No. 4. untreated specimen H35; EG, treated

with ethylene glycol; 300-C. heated to 3000C

for 1 hr.

300C

J

二＼_/∴∴＼二

し　　　　　]

2　5　　10 20　　　　　　30　　　　　　A0　　　　　　50

29(CuKα)
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O

expanded to a 17.3A by treatment with ethylene glycol, and moved to 10.2A afteJ

heating to 800oC.

scanning electron micrograph of the specimen G8 is shown in Fig. 10. It shows

鮎ky shapes with irregular outlines.

D. Specimens containing kaolinite and smectite (Type IV).

A specimen H35 was selected as a representative of this group. X-ray powder

patterns of the specimen after various treatments are shown in Fig. ll. A 15.3 A peak
(⊃

of the smectite expanded to a 17 A by ethylene glycol treatment, and it moved to a
O

15A after heating to 3000C for one hour. The smectite did not show any clear

d血action pattern after heating to 500oC. A 7.2 A peak of kaolinite persisted up to

6000C by heating. These phenomena are uncommon for ordinary smectites and

kaolinites found in Japan.

Discussion

Concerning the origin of the interstrati鮎d mineral of mica/smectite, three mech-

anisms are considered. They are classi丘ed into two groups. One is primary origin.

It is deaned as the crystallization of interstrati丘ed mineral from amorphous materials,

natural minerals except mica minerals and smectite, or natural rocks (Iiyama and Roy,

1963; Matsuda and Henmi, 1974; Eberl and Hower, 1977). The other one is

secondary origin. It is de丘ned as alteration products formed in intermediate stages in

the transformation of mica to smectite (Ueda and Sudo, 1966; Tomita and Sudo, 1968a,

b, 1971; Tomita and Dozono, 1972; Tomita, 1974, 1977, 1978, 1979a, b), or smectite

to mica (M丘ring and Glaeser, 1954; Brindley and Sandalaki, 1963; Shutov et al.y

1969; Eberl and Hower, 1977; Eberl, 1978.

Judging from the mineralogical properties and occurrence of the mixed-layer

mineral found in this district, it is di氏cult to conclude how the interstrati丘ed mineral

was formed, but judging from a fact that any mica minerals are not found in this area,

it is di氏cult to consider that the mixed-layer mineral was formed from mica. The

authors think that the mixed-layer mineral was probably formed directly from andesites

under hydrothermal condition.
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