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Abstract

In the Yamagano area, Yokogawa-cho, Kagoshima Prefecture, altered andesites
are distributed. Fractions less than 2 ym of the altered andesites were studied
by X-ray diffraction method, and mixed-layer minerals of chlorite-montmorillonite,
and mica-montmorillonite were found besides montmorillonite and chlorite in the
fractions. The mixed-layer mineral of chlorite-montmorillonite was probably formed
from a chlorite formed in the altered andesites by subsequent attacks of hydro-
thermal action or weathering.

Introduction

In the northern part of Kagoshima Prefecture, andesites of Miocene~Pliocene age
are widely distributed, and propylitic alteration is observed in the andesites. The
authors collected three samples of the altered andesites, and fractions less than 2 um
of the samples were investigated. The writers found that mixed-layer minerals of
chlorite-montmorillonite and mica-montmorillonite exist in the altered andesites
besides chlorite and montmorillonite. The mineralogical properties of the mixed-layer
mineral of mica-montmorillonite is described in detail in this paper.

Outline of Geology

In Yokogawa-cho, Kagoshima Prefecture, two pyroxene andesites of Miocene ~
Pliocene age are widely distributed. The Nagano formation overlies the andesites and
are covered by andesites of Pliocene ~ Pleistocene age. Pyroclastic flow deposits are
distributed on the younger andesites. The andesites of Miocene ~ Pliocene age are
altered. In Yokogawa-cho, propylitic alteration is observed in the Ohra andesites
and the Nakadake andesites. Chlorite is the dominant phase of alteration. Some
samples were collected from the Ohra andesites. Sampling points are shown in Fig. 1.
Calcite and laumontite are present in some fractures in the Ohra andesites (ToMITA ef
al., 1979).
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Fig. 1. Geological map of the surveyed area and the sampling points. A: TIto pyroclastic flow
deposits. B: Kunimidake andesites. C: Nagano Formation. D: Nakadake andesites.
E: Ohra andesites.

Mineralogical Data

The collected altered andesites were crushed with a crusher, and they were
grounded in an agate mortar and fractions less than 2 ym were obtained by combined
sedimentation and centrifugal separation, and were dried in air. The dried samples
were examined. Prefered particle orientation was used for X-ray diffraction analysis.

The X-ray poweder patterns of the specimens No. 10, 11 and 12 are shown in Fig. 2,
and the X-ray powder patterns of the specimens after treatment with ethylene glycol
are shown in Fig. 3. The X-ray powder patterns of the specimen No. 10 after heating
at various temperatures are shown in Fig. 4. Judging from those patterns, the
specimen No. 10 contains chlorite and an interstratified mineral of mica and
montmorillonite. The specimen No. 11 contains montmorillonite, chlorite and a
mixed-layer mineral of chlorite and montmorillonite. The specimen No. 12 contains
chlorite, a mixed-layer mineral of mica and montmorillonite, and a mixed-layer
mineral of chlorite and montmorillonite.

Mineralogical properties of the interstratified mineral of mica and montmorillonite

As the specimens No. 11 and No. 12 are complex mixtures of some minerals, it
was impossible to deduce the nature of layer stacking of the mixed-layer minerals. The
specimen No. 10 is a mixed-layer mineral of mica and montmorillonite and contains
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Fig. 4. X-ray powder diffraction patterns for the specimen No. 10 after heating at various
temperatures for one hour. 1. 800°C; 2. 700°C; 3. 600°C; 4. 500°C; 5. 400°C.

only chlorite besides the mixed-layer mineral. The specimen No. 10 was selected and
investigated in detail. '

X-ray analysis

The specimen was studied using MacEwan’s Fourier transform method to deduce
the nature of the interstratification of the specimen. The equation employed in this
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calculation was formulated by MACEwAN (1956a) and can be written as

W (R) =X

< —-IZ—IF—Iz‘COSZTI‘uRR

where E,|F|2% ug are values at the position of the intensity maximum and I is the
integrated intensity. ug is the reciprocal spacing. The | F |2 values of dioctahedral mica-
type layer with 1K+, 1H,O in interlayers were used for the Fourier transform. The
values for |F|% were estimated from the tabulated data of CoLE and LANcCuckI (1966).
(1+Co0s?26/Sin26) was used for the combined Lorentz-polarization factor function.
The function W(R) is defined as the probability of finding another layer at a distance R
(measured perpendicularly) from any layer. Figure 5 shows the result of the Fourier
transform of basal reflections of the specimen No. 10 treated with ethylene glycol, where

COMPONENTS A B AA AB ARA AAB  AAAA AAAB
CALC. HEIGHT 0.78 0.22 0.57 0.43  0.42 0.50 0.30 0,51
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Fig. 5. Fourier transform of basal reflections of the ethylene glycol-treated specimen No. 10.

Table 1. Observed and calculated heights of peaks from Fourier
transform of the specimen No. 10.

Peak Calc. heights Observed heights
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A represents a mica layer and B an expandable layer. The outstanding peaks A and AA
indicate that mica layers are dominant in the specimen, and expandable layers are a
little. Numerals given above the curve are calculated peak heights for P,=0.78, Pp=
022, P44=0.73, P,5=0.27, P5,=0.94, Pgp=0.06, where A: mica layer, B: expandable
layer. Calculated and observed peak heights on the Fourier transform from the
specimen are listed in Table 1. P4 represents the frequency of occurrence of A, and Pp
that of B. P, is the probability that B succeeds A, assuming that the first layer is
A; P44, Ppp, Py are similarly defined. Calculated relative peak heights agree with the
observed peak heights. Result of Fourier transform for the interstratified mineral is
plotted as (F) in Fig. 6. The figure is based on a graph proposed by Sato (1965). In
the figure, Py4=a, P p=1-a, Ppp=p, Ppa=1-f, f=Ka+ (1—K), K=P 4/Pp, were used.

B

K<1

K>1 4

Fig. 6. Result of Fourier transform for the specimen No. 10 (F) and some examples of mica-
montmorillonite interstratified minerals examined. (A) and (B) are the specimens from
Kamisunagawa, and (C) is from Honami mine. (D) is the specimen investigated by
MacEwan (1956b). (E) is the 1:1 regular structures reproted by Supo et al. (1962),
BrINDLEY (1956), and Tomita and Supo (1968b), where Py y=ea, Ppp=_p, and K=P,4/Pp.
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Using this equation all the interstratified st- Table 2. Chemical composition of
ructures consisting of two kinds of layers can ~ the specimen No. 10.
be plotted on the graph shown in Fig. 6. sio, 48.71%
The random structures are plotted on the Boé lelég
diagonal dotted line and regular type of FeZO:) '30
mixed-layer minerals are distributed along the FeO : 250
) MnO 0.05
axes of coordinates. (A) and (B) are the MgO 2.75
specimen from Kamisunagawa in Hokkaido, %aoo 8- 6752
a

Japan, which were investigated by KoBAYASHI Kz(z) 505
and OmNuMA (1960), and (C) is from Honami H,0(+)

. . H,0(-) 11.28
mine, in Nagano Prefecture, Japan, reported P,O; 0.12

by Supo et al. (1962). (D) is the specimen
investigated by MACEwAN (1956b) using the
Fourier transform method. (E) is the 1:1

regular structures reproted by some investigators (Subpo et al., 1962; BRINDLEY,
1956; Tomita and Supo, 1968b).

Total 100. 36%
(Analyst: M. Koiso)

Chemical analysis

Chemical composition of the specimen is listed in Table 2. The specimen has a
lower content of K,0 and a higher content of H,O as compared with those of ordinary
micas.

Differential thermal analysis

Differential thermal analysis curve was taken at a heating rate of 10°C per a
minute for the specimen, and the curve is shown in Fig. 7. An endothermic peak with a
shoulder between 100°C and 170°C is due to the dehydration of adsorbed water and
interlayer water in the mixed-layer mineral. A broad endothermic peak at 580°C is due
to dehydroxylation of the mixed-layer mineral, and a broad endothermic peak

L | | ] ] ] ] ] ]

| |
0 200 400 600 800 1000°C

Fig. 7. Differential thermal analysis curve of the specimen No. 10.
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between 650°C and 720°C is due to dehydroxylation of brucite layer of the chlorite.
An endothermic peak, which is followed by an exothermic peak at about 1010°C, is due
to dehydroxylation of silicate layer of the chlorite. A small double exothermic peaks
between 420°C and 480°C are due to existence of a small amount of pyrite.

Infraved absorption spectra

Infrared absorption spectra was obtained with the Nujol paste method. Figure 8
shows spectra of the specimen. A broad absorption near 3400 cm-' is due to the
absorption of interlayer water contained in expandable layers in the mixed-layer
mineral. A band at 1640 cm-!is due to adsorbed water. A band at 3620 cm~!is due
to the OH stretching vibration of the mixed-layer mineral and chlorite.

40 32 2420 18 16 14 12 10 8 7 X100
WAVENUMBER cm™

Fig. 8. I.R. absorption spectra of the specimen No. 10.

Discussion

Interstratified minerals of chlorite and montmorillonite or chlorite and vermiculite
occur in sedimentary rocks, particularly in carbonate sediments (LIPPMANN, 1954;
EARLEY et al., 1956; BRADLEY and WEAVER, 1956), and in the altered zone of hydrothermal
ore deposits (Supo, 1954; Subpo and HavasHuI, 1955; TAkaHASHI, 1959). They also
occur in basic pyroclastic sediments (YOSHIMURA, 1971) and in “Green Tuff” (KIMBARA
and Supo, 1973). They also occur as weathering products of altered basic rocks
(TomITA et al., 1978). Interstratified minerl of mica and montmorillonite was
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reported by many investigators. Such mineral is often found in the hydrothermal
alteration zone (SHIMODA and SuDo, 1960; STEINER, 1953), and it was also found in the
hydrothermal alteration zone in Kagoshima Prefecture (TATEYAMA ef al., 1970; TomITA
et al., 1969; TomIta and Dozowno, 1973; 1974 ; TomiTA and ITo, 1975; ToMITA et al., 1975).
Concerning the origin of mixed-layer mineral of mica and montmorillonite, three
hypothetical mechanisms are considered, and they are classified into two groups. One
is primary origin. It is defined as the crystallization of mixed-layer mineral from
amorphous materials or natural minerals except micas and smectites (It'yamA and Roy,
1963; Matsupa and Henwmi, 1974; EBerL and HoweRr, 1977). The other one is
secondary origin. It is defined as alteration products formed in intermediate stages
in the transformation of mica to smectite (UEDA and Supo, 1966; ToMIiTA and Sudo,
1968a, b, 1971; TomitA and Dozowno, 1972; TowmrTa, 1974, 1977, 1978, 1979a, 1979b),
or smectite to mica (MERING and GLAESER, 1954; BRINDLEY and SANDALAKI, 1963;
SHUTOV ¢t al., 1969; EBERL and HoOwer, 1977; EBERL, 1978). Judging from the
mineralogical properties and occurrence of the mixed-layer minerals found in this area,
it is difficult to conclude the formation mechanism. Concerning the formation of the
mixed-layer mineral of mica and montmorillonite (specimen No. 10) found in this
area, two hypotheses are considered. One is that it was formed from a 1M sericite
formed in the altered andesite by subsequent weak attacks of hydrothermal action or
weathering, and the other one is that it was formed directly from the andesite by
hydrothermal action. The mixed-layer mineral of chlorite and montmorillonite
(specimens No. 11 and No. 12) was probably formed from a chlorite formed in the
altered andesites by subsequent attacks of hydrothermal action or weathering.
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