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The Study of Clay Minerals and Zeolites in the Southern
Part of Bonotsu-cho, Kagoshima Prefecture, Japan

Katsutoshi Tomita®, Hironobu Katsuki™ *, Hiroaki Kurorwa *,
Masahiko YamamoTto™ and Noboru Opa ™

Abstract

Hydrothermally altered volcanic rocks are widely distributed in the southern part of
the Bonotsu-cho area. These altered rocks are subjected to hydrothermal alteration such as
propylitization and/or silicification. Clay minerals such as chlorite, smectite, sericite, inter-
stratified mica/smectite, and interstratified chlorite/smectite are formed in the altered
rocks. Chlorite and sericite were probably formed by propylitization. The smectite and in-
terstratified mica/smectite were probably formed from sericite by the degrading process,
and the interstratified chlorite/smectite was formed from chlorite. Stilbite and laumontite
are also formed in the altered rocks. The paragenesis of clay minerals and the formation
mechanisms of the clay minerals in this area were clarified.
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Fig. 1. Lithologic map of the surveyed area.
1. Alluvial deposits, 2. Welded tuff, 3. Hornblende andesite, 4. Hornblende bearing two pyroxene
andesite, 5. Tuff breccia, 6. Tuff, 7. Quartz bearing hornblende two pyroxene andesite, 8. Two
pyroxene andesite, 9. Conglomerate, tuffaceous sandstone and siltstone, 10. Sandstone and shale, 11.
Silicified rock.
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Fig. 2. Sampling points.
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Table 1. Mineral paragenesis in the collected samples
No.| Qz Pl Ca Ch Sm Mi M/S C/S Ha Ka Ja Ho Py Al Cr| Remarks
1 +  ++ + WT
2 ++ - AN
3 ++ ++ AN
4 ++ - ++ + AN
5 + 4+ - 44 - AN
6 ++ ++ +  ++ T3
7 ++ 4+ +  ++ ++ TB
8 ++  ++ +  ++ - + TB
9 ++  ++ + ++ GP
10 ++ 4+ - + SS
11 ++  ++ + 4+ + AN
12 ++ 4+ + + - AN
13 ++  ++ ++ ++ + AN
14 ++ 4+ +  ++ + + TB
15 ++ ++ + + - + TB
16 ++ ++ AN
17 ++ ++ +  ++ ++ AN
18 ++ ++ - SS
19 ++ 4+ ++ ++ SI
20 + 4+ - ++ + TU
21 ++  ++ +  ++ + AN
22 ++ 4+ +  ++ - AN
23 ++ 4+ ++ + - AN
24 ++ 4+ + - ++ AN
25 ++  ++ +  ++ + AN
26 - ++ + + + AN
27 ++ 4+ + - + + AN
28 ++ 4+ + + 4+ - + AN
29 +  ++ + AN
30 4+ ++ o+ ++ AN
31 ++ ++ ++ AN
32 ++ + ++ AN
33 ++  ++ ++ AN
34 ++  ++ - ++ + - AN
35 ++  ++ e+ + - ++ TB
36 ++  ++ ++ 44 ++ TB
37 ++ o+t F+ 4+ - AN
38 - +4 + 4+ - AN
39 ++  ++ + 4+ + AN
40 ++ 4+ +  ++ + AN
41 ++  ++ + 4+ + TB
42 ++ 4+ + - + + ++ TB
43 ++  ++ +  ++ + - + TB
44 ++ 4+ + TB
45 ++  ++ + - - TB
46 ++ 4+ - ++ - TB
47 4+ 4+ +4 + AN
48 ++ 4+ + + - - TB
49 ++  ++ ++ 4+ + AN
50 - ++ + + + + AN
51 + 4+ ++ - - AN
52 ++  ++ ++ AN
53 +  ++ - + AN
54 +  ++ ++ + - AN
++: abundant, +: common, -: rare.

Qz: quartz, Pl: plagioclase, Ca: calcite, Ch: chlorite, Sm: smectite,
Mi: mica, M/S:interstratified mica/smectite, C/S: interstratified

chlorite/smectite, Ha: halloysite, Ka: kaolinite, Ja: jarosite, Ho:

hornblende, Py: pyrite, Al: alunite, Cr: cristobalite, WT:welded tuff,
AN: andesite, TB: tuff breccia, GP: granite porphyry, SS: sandstone,

SI:

siltstone and TU: tuff.
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Fig. 3. Distribution map of chlorite, smectite and interstratified chlorite/smectite.
O': chlorite, [ : smectite, @ : interstratified chlorite/smectite.



72 EH mA-FA WME-BE EH-LX BE-RE &

Fig. 4. Distribution map of mica, smectite and interstratified mica/smectite.
A mica, []: smectite, A : interstratified mica/smectite.
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Fig. 5. Distribution map of mica and chlorite.
A mica, O : chlorite.
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Fig.6. Plots of chlorites on Oinuma’s diagram.
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Fig.7. X-ray powder diffraction patterns of an Fig.8. X-ray powder diffraction patterns of an
interstratified mineral of chlorite/smectite interstratified mineral of mica/smectite
(specimen No.35) after various treatments. (specimen No.36) after various treatments.
EG : treated with ethylene glycol, Q : quartz, EG : treated with ethylene glycol, Q : quartz,

F : feldspars. F : feldspars.



76 BH Rl -FA #E-BE EH-LX BE-RKRE 7

Table 2. Interstratifications of the interstratified minerals

1 2
PC 0.56 PM 0.59
PS 0.44 PS 0.41
pCC 0.21 PMM 0.33
PCS 0.79 PMS 0.67
PSC 1.0 PSM 0.95
PSS 0.0 PSS 0.05

1. Interstratified mineral of chlorite/smectite
(specimen No.35).

2. Interstratified mineral of mica/smectite
(specimen No.36).

Pc represents the frequency of occurrence of

chlorite layer, PS that of smectite layer, and

PM that of mica layer. PCS is the probability

that smectite layer succeeds chlorite layer,
assuming that the first layer is chlorite layer;
P PMM’ PMS and P are similarly

Poer Pser Psse SM
defined.
1.0
Pss
0.8}
0.6 }
K<1
0.4}
948
0.2}
4 36
K'l 0.0 ‘*‘ '
0.2 0.4 0.6 0.8 1.0
P
K>l MM

Fig.9. Plots of some specimens of interstratified mica/smectite on Sato’s diagram, where Pyy is the
probability that mica layer succeeds mica layer, assuming that the first layer is mica, and Pgg is
similarly defined.

K=Py/Ps, where Py represents the frequency of occurrence of mica, and Ps that of smectite.
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Fig.10. Sketch of an outcrop and sampling points.
+ : silicified zone, I : Andesitic lava, Il : Andesitic tuff breccia, Il : Andesitic lava, IV : Andesitic
tuff breccia.

0
16.9A
A
;29 aF
0
14.9 29.4A
¢ 11.8 15.2 v
5.07 ] 12.9
16.4
11.9
B
K K 14.4 ,
7.1
A E
6.0
N MM
[ n e L N , | 1 1 )
25 10 20 30 40 500 2 5 10 20 30 400
28 (CuKer) 20(CuKet)
Fig.11. X-ray powder diffraction patterns of Fig. 12. X—ray powder diffraction patterns.(.)f
some specimens collected from the andesitic some specimens collected from the andesitic
lava(]). tuff breccia(Il).

K : kaolinite, Q : quartz, F : feldspar, J : jaro-
site.
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Fig.13. X-ray powder diffraction patterns of Fig. 14. Plots of some specimens of interstrati-
some specimens collected from the andesitic fied mineral on Sato’s diagram.
lava(Ill).
Q : quartz, F : feldspar.
iS.'l?l

20(CuKat)

Fig. 15. X-ray powder diffraction patterns of a smectite after various treatments.
EG : treated with ethlene glycol.
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Fig.16. Sampling points of zeolites.
A : stilbite, B : leonhardite, C : laumontite.
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Fig.17. Photograph of stilbite.

Table 3. X—ray powder diffraction data for stilbites

1

hk1 a(®) I (&) I
001 9.16 100 9.04 100
221 5.41 3 5.43 6
131 5.31 5 5.30 12 -
220 4.68 18 4.65 40
311 4.29 9 4.28 14
041 4.06 55 4.07 95
203 3.75 5 3.73 14
242 3.48 3 3.49 10
113 3.40 9 3.40 20
403 3.20 13 3.19 18
330 3.04 53 3.04 70
243 2.88 5 2.88 6
243 2.83 1 2 87 4
314 2.78 13 2.78 35
1. Stilbite from BGnotsu-cho, Kagoshima Prefecture.

2. Stilbite from Cape Blomidou, Nova Scotia,

(Aumento,

1966).

Canada
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Table 4. Lattice constants of stilbites

1 2

a 13.628%0.2478% 13.681%
b 18.175%0.1118 18.128%
c 11.258%0.209% 11.3008
B 128.31%1.21° 129.13°

1. Stilbite from Bonotsu-cho, Kagoshima Prefecture.
Canada

2. Stilbite from Cape Blomidou,

(Aumento, 1966).

Table 5. X—ray powder diffraction data for leonhardites

Nova Scotia,

1 2

hkl ac®) I acky I
110 9.51 100 9.49 100
200 6.87 21 6.86 50
020 6.38 2 6.54

501 6.14 2 6.19 15
120 5.91

111 5.06 5 5.02 20
220 4.74 17 4.73 18
521 4.49 13 4.50 30
310 4.31

130 4.16 36 4.16 95
131 3.77

401 3.66 4 3.67 30
002 3.51 10 3.51 90
400 3.41

312 3.36 11 3.37 15
040 3.28 11 3.27 25
331 3.21 2 3.21 12
330 3.11 5 3.15

420 3.01 36 3.03 35

1. Leonhardite
2. Leonhardite

(Lapham,

from Bonotsu-cho,

Kagoshima Prefecture.

from Dillsburg, Pennsylvania, U.S.A.

1963).

81
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Table 6. Lattice constants of leonhardites

1 2
a 14.701%0.089% 14.75%0.058%
b 13.056%0.048% 13.08%0.028%
c 7.576%0.04% 7.5%0.05%
8 112.17%0.56° 112.0°

1. Leonhardite from Bonotsu-cho, Kagoshima Prefecture.

2. Leonhardite from Dillsburg, Pennsylvania, U.S.A.
(Lapham, 1963).

Fig. 18. Photograph of laumontite.
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Table 7. X-—ray powder diffraction data for laumontites

1 2
hk1l acl) I d(®) I
110 9.61 100 9.51 100
200 6.86 50 6.86 45
301 6.24 7 6.19 5
111 5.08 9 5.06
220 4.75 17 4.75
321 4.52 13 4.50 11
201 ) 4.17 69 4.17 60
130
131 3.78 3 3.78 3
301 3.68 18 3.66 20
002 3.52 43 3.52 23
131 3.43 8 3.42 8
312 3.38 12 3.36
040 3.28 23 3.28 26
311 3.22 13 3.20 16
330 3.18 15 3.16 9
302 3.11 3
420 3.05 25 3.05 22
511 2.89 14 2.88 11
322 2.81 9 2.79
331 2.64 13 2.64 2

1. Laumontite from Bonotsu-cho, Kagoshima Prefecture.
2. Laumontite from Kinzan, Kagoshima Prefecture, Japan
(Tomita et al., 1979).

Table 8. Lattice constants of laumontites

1 2
a 14.804%0.015% 14.76520.0078%
b 13.126%0.009% 13.13520.005%
c 7.574%0.0018 7.561X0.0048
B 111.9520.08° 111.76%0.04°

1. Laumontite from Bonotsu-cho, Kagoshima Prefecture.
2. Laumontite from Kinzan, Kagoshima Prefecture,

Japan (Tomita et al., 1979).
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