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Clay Minerals Contained in Volcanic Ejecta and their Correlation

with Volcanic Activities in Japan

Joyo Ossaka®

Clay minerals such as smectite, kaolin mineral and pyrophyllite and secondary minerals such as pyrite and
gypsum are frequently found in fine fraction of volcanic ash from many volcanoes in Japan. Natural occurrences
of clays and secondary minerals disclose geological and geochemical settings and alteration environment.
Chemical compositions and mineral assemblages of alteration products in volcanic ash can provide authentic
information on chemical conditions inside volcanoes and their temporal variations indicate change in chemical

condition beneath volcano before and after its activation. Researching assemblage of clay minerals in volcanic
ejecta and their chemical compositions is a safety method for analysis of volcanic activity and will contribute to

prediction of change in volcanic activity.
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Table 1. Major volcanic activities and ejecta on the volcanos in Japan in recent years.
eruption eruption  ejecta R last
No. year volcano types 1 types 2) source ) eruption paragraph
1 1941-46 Sakurajima M E+A b 1860 2-2 1)
2 1950-51 Izu-Oshima M E a 1940
3 1952 Myojinsho M E a 1946
4 1955 Sakurajima M E+A a 1946 2-2 1)
5 1959 Kirishimayama F A b 1832 2-2 2
6 1960 Sakurajima M E b 1955 2-2 1)
7 1962 Yakedake F A a 1925 2-2 3
8 1962 Miyakejima M E a 1940
9 1966 Kuchinoerabujima M E a 1933
10 1970 Myojinsho M E a 1952
11 1970 Akita-Komagatake M E a 1932
12 1973 Asamayama M E+A a 1961 2-2 4
13 1973 Chachadake M E b 1812 2-2 5)
14  1973-74 Nishinoshima M E a ---
15 1974 Niigata-Yakeyama F A a 1949 2-2 6)
16 1976 Kusatsu-Shiranesan ~ F A a 1942 2-2 7)
17 1977 Usuzan F+M A+E a 1792 2-2 8)
18 1977 Azuma-Issaikyo F A a 1966
19 1979 Asosan M E+A a 1965
20 1979 Ontakesan F A a - 2-2 9
21 1982-83 Kusatsu-Shiranesan  F A a 1976
22 1983 Miyakejima M E a 1962
23 1986 Izu-Oshima M E a 1951
24 1988-89 Tokachidake F+M E+A a 1962 2-210)
25 1990-95 Unzendake F+M E+A a 1792 2-211)
26 1991 Kirishimayama F A c 1959 2-212)
27 1995 Kujusan F A c 1738 2-213)
28 1996 Hokkaido-Komagatake F A c 1942 2-214)
29 1997 Akita-Yakeyama F A c 1949 2-215)
30 2000 Usuzan F A c 1977 2-216)
31 2000 Miyakejima M A+E c 1983 2-217)

1) M: magmatic eruption, F: phreatic eruption

2) E: essential ejecta, A: altered ejecta

3) a: field suryey and sample analysis, b: only sample analysis, c: survey of literature
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Photo. 1. The inner wall of Mt. Minamidake crater
before the eruption of Sakurajima on Oct. 13,
1955.
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Fig. 3. XRD patterns of volcanic ash of several
volcanoes in Japan (I). Sm: smectite, K: kaolin
mineral, H: halloysite (10 A), M: mica, An:
anhydrite, Al: alunite, Q: quartz, Cr: cristobalite,
F: feldspar
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Table 2A. Chemical compsitions of altered ejecta and original rocks (wt%).

goboooooooboooboooooooobooo
goooooo., ooboooobo, ooo, obooo

(a) Yakedake (b) Usu 1977 (c) Asama (d)Tyatyadake (e) Ontake (f) Kusatsu-Shirane
A B A B A B A A B A* B
Si0, 60.38 59.7 69.21 5732 5945  71.22 53.06 6242 5726 5952  83.94
ALO; 14.91 12.9 15.32 16.08 17.27 13.73 1321 15.43 15.55 16.19 3.55
Fe,0, 5.45 10.3 1.29 4.21 1.65 0.68 4.59 1.43 4.29 2.02 none
FeO - 2.44 2.74 4.74 6.43 5.41 0.20 532 0.62
MgO 1.72 1.84 1.21 2.60 4.53 none 3.93 0.71 0.87 3.75 0.20
CaO 472 3.24 3.65 3.83 6.65 none 8.54 3.12 3.03 6.93 0.02
Na,0 3.84 1.9 459 2.62 2.93 1.13 3.08 5.54 2.26 2.77 0.24
K,0 248 2.4 0.84 0.81 1.14 224 0.73 4.96 1.92 1.71 0.62
Igloss 4.58 5.06 0.55 877 0.44 9.28 0.60 0.10 9.00 0.56 4.08
H,0- 0.82 2.00 0.05 0.02 1.03 0.09 4.49 0.17 4.94
TiO, 0.90 0.65 0.41 0.50 0.81 0.66 1.25 0.58 0.60 0.96
P,0s 035 0.22 0.11 0.01
MnO  0.09 0.101 0.17 0.19 0.21 0.20 0.06 0.17 0.02
Total 100.24” 100.17  99.73 99.67 99.63 99.97 99.94 9932 99517  99.82 99.20

A: Original rock
B: Altered ejecta

* cited form Tsuya (1933)
1) contained SOj;: 4.01, CI: 0.07

2) contained S: 3.11

3) contained total SO5: 14.59, SO, (soluble in water): 2.57

Table 2B.

(g) Tokachi (h) Unzen (i) Kuju (j) Usu 2000 (k) Miyakejima
A(l-) B® A® B® A B A® B® AD B®
Si0, 55.93 87.80 62.60 60.87 51.817 69.82 69.21 56.02 53.70 47.25
TiO, 1.25 0.18 0.85 0.71 0.787 0.90 0.41 0.86 1.39 0.91
Al)O4 18.39 6.76 15.80 15.54 16.353 11.16 15.32 20.05 14.95 14.88

29 .02
FeO* 9.01 0.54 4.99 4.89 6.592 1.48 ! 9.18 3 11.13

2.44 9.65
MnO 0.19 none 0.09 008 0144  0.02 0.17 0.17 022 0.15
MgO 4.10 0.02 291 1.83 3017 0.18 121 2.48 3.76 2.68
Ca0 8.83 0.17 5.53 376 6307 042 3.65 501 8.77 9.01
Na,O 2.40 1.86 3.70 2.69 3.133 0.91 4.59 1.87 2.66 1.31
K,0 1.43 2.85 2.17 2.08 1.851 1.62 0.84 0.55 0.56 0.32
P,05 0.15 0.21 0.24 0.20 0.186 0.22 n.d. 0.09 0.14 0.10
H,0+ 055 4.60 2.06

Ig.loss 1 0.58 431 14.61 0.62
gloss o, 017 005 464 9.75
Total 101.85 100.39 99.46 96.96 90.187 101.34 99.73 105.52 99.44 99.55

(1) Tada and Tsuya (1927)

(2) Ossaka et al.(1989)
(3) Yamamoto (1960)
(4) Nogami et al.(2001)

(5) Nogami, K. private communication
(6) Matsuo et al.(1977)
(7) Soyaet al.(1984)
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Fig. 5. XRD patterns of volcanic ash of several
volcanoes in Japan (II). Sm: smectite, Py:
pyrophillite, K: kaolin mineral, Gy: gypsum
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Fig. 6. Variation of relative proportions of SiO,,
ALO; and Fe;O; in the ejecta of several

[]: original rock, O: altered rock,
Ku: Kusatsu-Shiranesan, As: Asamayama, Kj:
Kujusan, To: Tokachidake, On: Ontake, Yd:
Yakedake, Uz: Unzendake, Us: Usu, My:
Miyakejima
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0,019920 10260, 30190, 401900000
00000000000, so000o0ooooon
000000, 18220000000000000000
000. 0000000000000ooooo, 00
000 2000~3000ton 0000000000 (OO,
1992; 000000000 <0, 1992).

00«0 (199) 0, 19910 120, 0000 19920 1
0000000000 2wmO00000000000,
oog, 0000000 -000, 0ooooog, X
0000000, 0000, smectite 1000000, O
O-06H)00000kaclin00000000O0O0
000 (Fig. 5(b)). 1959000000000000
kaolin 0 000D ODO0OO0000OOODOO. D000
00000, 0000001822000 13700000
000000000, 00000000000 3200
0oooo, 0000000000, 000000000
oooooooo.

13) 199500000000

00 @995, 000000000000 000
(199¢) 000000, 19950 100 110, 000000
000000000, 000 SsoomO00000000
000000000, 00000000000000
0, 0DLomOOODOOO. 00000000000
00000000, 0000000000 200mO000
0. 00000 @9%a)0000, 00000000
17383000 257000000000, 000000 10
01800000 250000000000000000
00 (00D0O00000000000O, 1996).

0000000000000 00000000000
000000000000000, 00 «0 (199) 0
0000000 (1995) 00000000000 smect-
ite, kaolin 00, alunite OO O0O00O0O. OOOO »
0(9%) 0000000000000000 smectite
0000O00o0oo0o0o0000oooo, 0000ooon
00000, 00000 e coooooog, 000
00000000000000000000 (Fig.3
(h)).

0000000000000000, 0000 Table
2B(i) 0 Fig. 6(b) 000000, 0000000000
0000000000, 00000000000000
oooooooo, 00000o0o0g, 0oooooag,
000000, D0000000000000000
sio,0000000000000000000000
00, 0000000000000000000000
00, 0000000000000000000000
000000. 000000000000000000

jgooodoooOoooog, booooooooogog
gooooooooooooo.

14) D0DO0O0O0 190000
goooooom™ed 3dsd, oooo 192900
O, 1942000000000000000000000
Ooooooboooo. 1942000000 54000
JoodoooD. 0oDo0oooooooogn0 30km O
goooooo, doooobooooooooogg
OgOo0o. D0b0ob0obobooobooooooooooo
gooodoooodg, ooobooooooooogg
gpooooood.

gdooooooood, og -0 @ay9ynoooao,
smectite U OO0 0DD0O0O, D0DO0O0OO0OODOOOOO
jgooodoooooooooboooooog, ogog
joood00oooOooDoOoooooooooooogo
O0000d (Fig. 5(c)).

15 000019970000

goooo 708016 1100, DOoogoogd
jooodoooOooooOoooooooooooogg
O, 1949000 480000000000O.
gooodo, ooo, ooooogoo, oooo
o0, O0DDOo0ooD 1sox250mO00000000O
oooo (@ -0, 1997). Nogami et al. (2000) 000
0, 0000000000 kaolin OO, smectite, pyro-
phyllite (Fig. 5(d)) 0000000, OO00OO kaolin O
O, smectite 1000000000000 O0OOOOO
O0oo00oo0oDOd, pyrophyllite DO OO 1km OO0
ooooooooo (0o .00, 1997 00, 000
jgooodoooooooooboog, ooooogg
jooo00oooOoooDoOoooooooooooooo
gooad.

16) OO0 20000000

20000 30 310 B30 1000000000 DOOO0O
O, 0000003000m0000, 409000000
oood, e0000D00ODODO—-—0ODODOOOO
00, ooooooo4~000, 7000000000
gpoooooooo.
0opopoodoboooooogoooo, ooooooo
0000 Fig. 5(e), Table2(G) 000D O0O0OO, OOOO
00 smectiteJ OO, DO0ODOOO kaolin OO O OO0
000, doooooooooooo.
0opopoodoboooooogoooogo, ooooo
jooo00oooOoooDoOoooooooooooogg
Oo0o0oooooooooDg aee)ooooooo
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Fig. 7. Classification of change in chemical
composition of alteration products by chemical
conditions. I: strongly acidic Ila: weakly acidic
IIb: neutral III: basic
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0000 19200000000000000000
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000000000000000, 000000000
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0000, 00 (00) 0000000 smectite 000
00, 00070 800000000 kaolinODO O OO
000000 (Fig. 5(f), Table 2B(k)). O O kaolin 0 [
000000000000000, 00000000,
00000000000000 smectite 000000
000000000000, 000000000200
000000000000000000000000,
00000000, 0000000000000000
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oooooooooooo 2 3000
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Fig. 8. Classification of volcanic ejecta based on their chemical compositions and secondary mineral assemblage. I
and O: strongly acidic, IIa and ®: weakly acidic to neutral, II] and @: basic, [ |: original rock, Op: opal, Kao:

kaolin mineral, Sm: smectite, No: nontronite
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00, 000000000000000000 (0O00)
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000000000 Fe05, SiO,00000000O,
ALO; 00 O00DO0O0O00O, 00O, 00, 0000000
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Variation in chemical compositions of rocks through alteration under several conditions. I and O: strongly

acidic, ITa and ©: weakly acidic, IIb and /\: neutral, III and @: basic, Op: opal, Kao: kaolin mineral, Smect:

smectite, No: nontronite
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Fig. 10. Dehydration of two clay minerals upon heating (Ossaka,

= 0
200 400 600 800 1000C 4 6 8 10 [o] 200 400 600 800
Cu 20

1000°C

1972). DTA: Differential Thermal Analysis,

TG: Thermogravimetory, XRD: X-Ray Diffraction, R. T. : Room Temperature, R. H. : Rehydration

010 0000200000000 (@O, 1972).

o0 R.T.. OO RH:OOO

DTA: 00000 TG: 000000 XRD: X0OO



gooooboooooooooboobobooobobooobooOoooDo 55

50000000000000) D0D00oo0g, 0od
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Fig. 11. Comparison of water sorption capacities
(a) with natural water contents (b) in wt% of
soils (Ossaka et al., 1975). W. S.: water sorption
capacity, W. C.: natual water content
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0000000000000 000. OO0 Fig. 100
0001, 200000000000000000d,
kaolin 0 O 0 halloysite(10A) O 0 100~150°CO 0 20
0 O halloysite (7A) O 4 00 O halloysite (10A) 0 20
0oooO, 0200C0 20000000, 500°CO000
oooo.

00, smectite 00000000 montmorillonite (1 [
00, D00D0000000040000, 00000
000000 00oD0O 100 ~300CO0000000,
300C0000000, OD0O00010A000. 000
000000000000000000000000
0, 0000000000 000Dooooog @a -
0; 1996).

OO0 smectite ] 000000000, 0000000
J000o00o00oo, 00D000000o0o0o0ooon
00 (Fig. 11), 000000000000 125% 000
000000, 000000000000000000
000000000000 0000000000000
oag.

0000000000000, 000000 — (thixo-
tropy) JO00DDO, 000000000000 DO0OOO
000, 000000000000000g, 0000
00d, D00 1¥9e2000000000000000

Table 3.

0ogoo, 0000, 000000o0ooo0oooooo
0 (@O00)000000O0ooooooooooooao.

4, 000000000 000O0O0OOO0
0oooooo, 000000oooooooooo, O
0000000000000000O0O0. 000ooo
000, 000000000000000000000
000000o0o0oo0o00000oooooog, 000
000, 000000000000000000000
000000. 000000000000000000
00000000000000ooooooog. 00
000o0O00oooo0oodog, 00000000000
00000000000, 0000, 00000000
0000 (00) 0000O00ooooooooog.
0000, D000000000000000000
000000000000000000000000
0, 0000, 00000000000, 000000
0oo0oooooooooooooo.
0000000000000 00000000000
00o0O0ooooo0oodg, 000000000000
00oooo, 000000000000000000
00000ooooo0o0odO, 000000000000
00000. 0000000, 00000000000

Alteration type and change in chemical compositions of altered volcanic ejecta.

type Chemical composition

Clay minerals Volcanoes

Kao.-Smec.Mix-R

opal Asama  Kusatsu
1 cristobalite Tokachi
/ o
opal
I1I - alunite Asama  Kusatsu
e kaolin mineral
alunite  smectite
11 kaolin mineral Kusatsu  (Kuju)
2 Halloysite(10A)
Allophane
il oY Halloysite(10A) Ontake
Rl
\
/ Smectite Yakedake Usu
I o Unzen Kirishima
[y
Miyakejima
P Smectite Usu(1943)
oI /,\ Kaolin mineral Ontake

Miyakejima
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Table 4. Clay minerals in volcanic ashes and classification of alteration processes.

chlorite

pyrophylit
opal
alunite
gypsum
anhydrite
sulfur
pyrite
sericite

Alteration process

0 2 2
g &£
2 Kirishima-Shinmoedake 1959 O
3 Yakedake 1962 (o]
4 Asama 1973
5 Chachadake 1973
6 Niigata-Yakeyama 1974 (o]
7 Kusatsu-Shiranesan 1976 00O
8 Usuzan 1977 O
9 Kiso-Ontake 1979 o O
10 Tokachidake 1988-89
11 Unzen-Fugendake 1990-95
12 Kirishima-Shinmoedake 1991-92 (O
13 Kujusan 1995 (@)
14 Hokkaido-Komagatake 1996
15 Akita-Yakeyama 1997
16 Usuzan 2000 o
17 Miyakejima 2000 [o)e]

o

—II

111

[ONeNe) -1
not altered
o mixed with the minerals
form basement rock
(O ONe) O -1+
11 (—1n)
O O |u
O I
III
I
III
III
(@] old volcaniclastics

-1

1l (+11)

I: acidic, I—II: acidic — neutral, II: neutral, III: basic, III — II: basic — neutral
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Photograph Captions

Photo. 2. a: Fissures formed by the eruption of Mt. Shinmoedake in 1959 (taken by Dr. Shiro Hiraga). b: The
explosion crater newly opened by the eruption of Mt. Shinmoedake in 1959 (taken by Dr. Shiro Hiraga). c:
Arc-type fissures formed by the eruption of Mt. Yakedake in 1962. d: Clayey volcanic ash ejected by the
eruption of Mt. Yakedake in 1962. e: The eruption of Mt. Asama in 1973. f: Fallout around Karuizawa,
Nagano Prefecture by the eruption of Mt. Asama in 1973. g: The eruption of Mt. Kusatsu-Shirane occurred at
Mizugama crater in 1976. h: Piling of ejecta on snow by the eruption of Mt. Kusatsu-Shirane in 1976.
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Photo. 3. a: Ash cloud ascending from Mt. Usu by the eruption in 1977. b: Clay flow spewed from the bottom of
the summit caldera of Mt. Usu (taken in Aug., 1977). c: The eruption of Mt. Kiso-Ontake in 1979. d: New
craters of Mt. Kiso-Ontake opened at the summit (taken in June, 1982). e: The eruption of Mt. Tokachidake
in 1989. f: Pyroclastic flow deposit of Mt. Tokachidake in 1989. g: Inside of Kujukushima crater of Mt.
Unzendake at the early stage of the eruption in 1990 (take by Dr. Nogami on Nov. 18, 1990). h: The first lava
dome appeared at Jigokuato crater of Mt. Unzendake (taken on May 21, 1991).
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(19900 110 1800000000). h: O00DDO0OO0DO0O0OO0OOOOO-0O.
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Photo. 3.
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