SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Petrochemical Studies on the Active Volcanoes
In Japan

Taneda, Sadakatu
Faculty of Science, Kyushu University

https://doi.org/10.5109/1526212

HARIEER : FUMNAKE2IPEIRLIE : Series D, Geology. 12 (3), pp.219-236, 1962-06-11. Faculty of
Science, Kyushu University
N—=2 3

HEFIBAMR

%, KYUSHU UNIVERSITY




Mem. Fac. Sci., Kyushu Univ., Ser. D, Geology, Vol. XII, No. 3,
pp. 219-236, text-figs. 12, June 11, 1962
Petrochemical Studies on the Active Volcanoes in Japan
By

Sadakatu TANEDA

Contents

Introduction. . . . . . . . .. L s e e e e e 219

Acknowledgements . . . . . . . . .. . .. e 219

Propertiesof lavas . . . . . . . ... ... ... ... 220
II Comparison of the lavas of historic times and those of prehistoric

times in the average chemical composition. . . . . . . . . . .. 224
IIT Frequency distribution of lavas. . . . . . .. .. . .. ... .. 227
IV The variation trend of chemical composition of lavas throughout

historic times. . . . . . . . . . . . e e e e e e e e 230
V Comparison of the lavas of historic times and those of prehistoric

times in the ratio Total FeO:MgO:Alk. . . . . . ... ... .. 231

VI Appendix: Consideration from the petro-volcanological standpoint 234

Introduction

There are as many as 49 active volcanoes in Japan, with good results of chemical
analyses of lavas, which are divided into 2 groups as follows:

group

I Volcanoes which have ejected lavas in historic times.

A few volcanoes which have ejected considerable amount of bombs
or pumices, not accompanied with lava flow, in historic times are also
treated.

II Volcanoes which have never ejected lava (flow) in historic times.

In this paper the general description on petrochemical properties of the lavas
of historic times is given, with reference to the lavas of prehistoric times belonging
to groups I and II.

Besides the stastic studies, the investigation of the various phenomena of an
individual eruption as well as the properties of products is also significant. Standing
such a viewpoint some considerations of the structure and eruption mechanism of

the Sakura-zima volcano are given as an appendix.
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Fig. 1. Volcanoes with analytical data of lavas published before April 1961
Circles with dot in centre: Active volcanoes which have ejected lavas
in historic times (group I).

Open circles: Active volcanoes which have apparently never
flowed out lava in historic times (group II).
Solid circles : Volcanoes with no recorded eruptions.

This work has been made on the Grant in Aid for Scientific Researches from
the Ministry of Education, Japan.
I. Properties of lavas

The properties of the lavas (lava flow and a few bombs or pumices produced
by the distinctive eruptions) of historic times are listed in Table 1.



Table 1-1. Lavas (lava, bomb, pumice) of historic times in Japan

| .
Year of Properties of analysed lavas Number of
Name of volcano! distinct | I Norm analyses;
eruption |Mode of occurrenceRock name¥*  SiO, (Total FeO] MgO | Alkalies ™ . 1 ., | ._ | Remark
Or | Ab | An
Tokati-dake 1925-26 | Mud flow bomb Ao 2p 53.93 53.2 22.6 24.2 13 32 55
Tarumai 1909 Dome A 2p 59.17 58.2 218 20.9 11 30 59 5
1909 Bomb A2p 57.88 { 57.5 215 21.0 10 32 58 3
Usu Pre 900 | Dome D(a) hy 7125 | 446 7.7 47.6 13 64 34
1822(—) | Dome
1857 Mud flow fragm. D(a) hy 69.43 38.6 8.9 52.5 12 58 30 2
(1910 Ejecta A 2p 52.40 54.4 19.5 25.9 16 39 45 |not essential?)
1944-45 | Dome D hy a 69.74 41.3 89 49.9 16 54 31
Komaga.dake 199829 PL:anneicctz flow, bomb, A , hy 60.43 50.2 17.9 32.0 9 54 37 3
Iwate | 1719 | Lava flow A(o)a hy | 5365 | 583 248 16.9 3] 34 | 63
Tyokai (Chokai) | 1301 | Dome Aahy 6062 | 443 19.1 366 | 20 | 45 | 35
Asama 1783 | Lava flow Al0)hya | 6138 | 432 255 313 | 13 | 44 | a 2
Ejecta A(0) hy a 61.52 433 244 32.3 13 | 49 | 38 2
(1930 Bomb A 59.67 Alk.: nd.)
Tog7 55| Bomb A hya | 6003 | 456 26.4 280 | 10 | 41 | 49 2
Huzi (Fuji) 864 Lava flow B (2p) o 51.30 55.3 26.6 18.0 7 34 59
1707 I Scoria Ba o 50.95 55.9 26.2 17.9 ‘ 7 38 54 2
1707 % Ejecta Aa ‘ 65.81 41.1 11.8 47.1 ’ 24 49 27 4
* B—Basalt A-—Andesite D—Dacite A (o) hy a—0Olivine-bearing hypersthene-augite andesite p—pyroxene
Tada, H. & Tsuya H. (1927): Bull. Earthq. R. I, 2; Suzuki, J. (1935): Bull. Volc. S. J.,, 2; Katsui, Y. & Takahasi, T. (1960): Jour.
Jap. As. PM.E'G,, 44; Ishikawa, T. (1952): Jour. Fac. Sc. Hokkaido Univ., IV, 7; Katsui, Y. (1959): Bull. Geol. Com. Hokkaido,
No. 38; Sato, D. (1913); Geol. Surv.; Yagi, K. (1953): Trans. Am. Geoph. Un., 34; Sedo, K. (1931): Jour. Jap. As. PM.E'G,, 6;

Sedo, K. & Yagi, T. (1931):

Jour. Jap. As. PM.E'G., 5; Tsuya, H. (1929):

Bull. Earthq. R.L, 7;

Kawano, Y. & Aoki, K. (1959):

Sc. Rep. Tohoku Univ., III, 4; Onuma, k. (1954): oral com., Katsui, Y. (1954): Jour. Geol. S.J. 60; Kozu, S.(1932): Bull. Volc. S.J., 1;
Tsuya, H. (1933): Geog., 2 & Bull. Earthq. R.I., 11; Iwasaki, I. (1935): Jour. Chem. S.J., 56, (1936): Do., 57; Tsuya, H. (1937); Bull
Earthg. R.1, 15;
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Table 1-2
Year of Properties of analysed lavas ‘ Number of
Name of volcano distin'ct I . | ‘ ) Norm NA! analyses;
eruption [Mode of occurrencelRock name*  SiO: |Total FeO] MgO Alkalies or | Ab | An 1 Remark
, | ( T Y |
| i | |
Mihara-yama 1330+ | Lava flow B - 525 | 646 | 241 113 5 3 %9 9
(O-sima) 14217 | Lava flow B 522 | 639 | 247 11.2 5 . 3 | 6l 7
15522 | Lava flow B(o) 523 | 647 | 237 114 5 | 34 6l | 3
1684 Lava flow B 52.2 648 | 236 114 5 \ 35 / 60 5
1778 | Lava flow B 517 . 653 | 233 12 | 5| 3% | 6l 5
1912 | Lava flow | B hy 5167 . 666 = 241 93 4 | 22 | 73 5
1950-51 | Lava flow \B hy a 5245 664 | 235 100 | 4 28 | 68
Miyake-zima 16432 | Lava flow ‘B | 5180 634 | 211 135 5 | 41 55 | Aphiric
(1712 Lava flow) | ‘ 1 | |
1874 Lava flow | Aohy)a | 5346 653 | 186 16.1 8 | 38 « 55 4
1940 | Lava flow, Lapilli | Bo | 5257 621 | 232 | 146 6 | 37 58 | Lapilli
Myozin-syo 1952 | PumiCﬁ with gray | D hy a | 6823 22 | 142 43.6 8 | 60 | 33 | White part
1952 !Gr%aytcpatch D2pgq } 6330 1 527 ‘ 220 | 273 5 42 ‘ 52
1952 Pumice D2 q | 6339 459 138 | 403 6 | 56 38  White
(1953 Ash ! 63.57 463 | 206 33.1 8 52 | 40)
1960 Pumice with D 2p | 6849 346 | 187 | 516 9 | 58 | 33
o 1960 Dark stripe A 5782 535 | 280 | 235 6 | 43 | 50
Tori-sima(Tonan) 1939 | Lava flow BAahy | 5451 603 | 227 169 | 3 | 41 | &7
i ; i |

t

Tsuboi, S. (1917): Jour. Geol. S.J., 24, (1918); Do., 25; Tsuya, H. & Morimoto, R. (1951): Bull. Earthq
Bull. Volc. S.J., 3; Katsura, T. & Nakamura, K. (1960): Bull. Volc. S.J., 5; Isshiki, N. (1960): Expl. Text

. R.I, 30; Kuno, H. (1958):
Geol. Map (Miyake.-zima);

Morimoto, R. (1957): CGI, xx., (1960): Assembly Volc. S.J.; Tanakadate, H. (1940): Jour. Geol S.J.,, 47; Tsuya, H. (1937): Bull.
Earthq. R.I, 15;

Table 1-1~3

Abbr.

R.IL

Research Institute,

S.J. Society of Japan

P.M.E'G. Petrologist, Mineralogist and Economic Geologist

* refer to Table 1-1
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Table 1-3

| \

Year of Properties of analysed lavas Number of
Name of volcano| distinct i « . [ i | o Norm analyses;
eruption |Mode of occurrence Rock name| SiQp !Tatal FeO, MgO | Alkalies ) Remark
| e | | Or | Ab | An
. ! | H
IE’(;’(;féf“f‘si) 1914 | Pumice fTA op 6082 | 279 | 1l1 610 | 31 | 60 { 9
Aso 1929 | Ejecta [A o 2p 5352 | 495 | 225 279 | 16 | 39 | 45
1933 | Bomb Ao2p 5266 | 468 | 234 209 | 16 | 45 | 39
1938 | Scoria block lA hy a 5350 497 | 213 200 | 15 | 47 | 38 2
Unzen 1657-63 | Lava flow /Aobh 57.11 439 | 261 300 | 16 | 38 | 46 3
1792 | Lava flow Abh 6537 332 172 497 | 19 | 48 32 3
Sakura.zima 1471-76 | Lava flow A 2p 6635 | 431 . 116 | 454 16 | 50 34 4
1779 | Lava flow A 2p 6413 461 | 136 | 401 | 16 | 51 | 33 4
1914 | Lava flow A2 6104 467 | 183 | 348 14 | 44 | 42 3
1914 | Lava flow ‘A 2p 5901 470 | 240 | 288 14 | 37 | 48 2
1939 | Bomb Ao 2 5741 | 484 241 | 276 13 | 42 | 46 1
| 1946 | Lava flow A2p 6125 507 193 | 300 : 15 38 47 | 2
. 1956- | Bomb A2p | 59.60 490 179 | 331 | 13 | 44 | 44 |
Iwo-zima 1934 Lava flow 'Aahy 6451 396 190 | 414 15 46 39 | 3
(Satunam) 1934 | Pumice, Bomb | A 2p 60.72 | 425 133 ¢+ 442 | 16 | 32 32 | 2
Suwanose-zima | 1813  Lava flow A 6001 462 | 184 354 | 16 | 45 . 40 |
© 1884-897| Lava flow A 5997 w7 we | sa 154 a1 |
19522 Bomb EA 5783 ' 303 , 184 . 313 15 45 41 | 2
]

P
|
|

Tsuya, H. (1936): Bull. Eatrhq. R.I, 14; Iwasaki, I. (1937): Jour. Chem. S.J., 63; Kawano, Y. (1933): Jour. Jap. As. P.M.E'G.,
12; Homma, H. & Mukae, M. (1938); Bull. Volc. S.J., 4; Matsumoto, H. (19538): Jour. Jap. As. P.M.E'G,, 43; Taneda, S. (Aso,
unpublished); Homma, H. (1936): Bull. Volc. S.J., 3; Kurasawa, H. & Takahasi, K. (1959): Assembly Geol. S.J.; Yamamoto, T.
(1960): Bull. Vole. S.J., 5; Yamaguchi, K. (Taneda, S. 1952: Guide Book—Sakura-jima, Kyushu Univ.); Morimoto, R. (1948):
Bull. Earthq. R.I., 26; Taneda, S. & Morita, J. (1958): Jour. Jap. As. P.M.E'G., 42; Tanakadate, H. (1935): Proc. Imp. Ac. Tokyo,
11; Matsumoto, H. (1954): Kumamoto J.S., BI, 1, (1956); Do., 2; Abbr. b-—biotite, = h—hornblende,  T—trachytic,

# refer. to Table 1-1
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Table. 2-1. Average (except column V) chemical compositions of lavas (including few
bombs & pumices) of historic times in Japan

I 1} i1 v \'%
No. of anal. 2 10 12 9 1

Si0z 52.56 58.53 61.73 67.61 71.25
TiO; 1.18 0.72 0.65 0.57 0.43
AlzOs 16.47 j 17.17 16.18 15.23 13.21
Fe,03 330 | 241 2.20 1.62 3.19
FeO 8.50 5.38 4.32 2.88 1.96
MnO 0.20 0.27 0.15 0.11 0.27
MgO 4.44 3.19 2.75 1.36 0.84
CaO 9.65 7.66 6.11 4.36 3.10
NaxO 2.40 2.87 349 3.68 4.02
K20 0.77 131 1.55 1.38 1.15
H:O0+ 0.29 0.52 0.51 0.60 0.50
Hz0 - 0.29 0.24 0.21 0.27 0.20
P05 0.18 0.19 0.18 0.18 0.46
Total 100.22 100.46 100.03 99.85 100.63
Al;O3

~CaO ~ 1.70 2.24 2.65 3.49 3.49
Na20

“K,0 311 2.19 2.25 2.66 4.25

Total FeO

T MgO 2.62 2.44 2.36 3.26 11.10

AlOs

‘NagO+Kz0 3.19 4.10 3.21 3.00 2.55
Fez03

“FeO 0.38 0.44 0.46 0.56 0.31

Total FeO 60.1 50.6 44.67 40.3 44.6

MgO 23.3 214 19.5 12.7 7.7

NazO+ Kz0 16.6 28.0 35.8 47.1 47.6

I 50=SiOg<55, I 55<Si02<60, I 60<Si02<65 IV 65=8i02<70

II. Conparison of the lavas of historic times and those of prehistoric
times in the average chemical composition

The average chemical composition of the lavas of historic times (Table 2-1),
compared with those of prehistoric times (Table 2-2) are characterized by low KO,
H:O(+), and Fe:03/FeO, and high FeO (Total) (distinct at Si0O:<60, >70), MnO
(distinct between SiO:z 50 and 60), Na:O/K:O (SiO:>>55), Al:0s/Na:0+K:0 (SiO:<60,
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Table 2-2. Average chemical compositions of lavas (lava, bomb, pumice) of prehistoric
times of Japanese active volcanoes which have ejected lavas in historic times

1 i il ' Y \% VI
No. of anal. 7 % 19 \’ 20 6 3
Si0g 49.21 52.23 58.11 61.40 66.11 71.71
TiOq 1.02 1.07 0.70 0.72 0.59 0.54
AlO3 17.89 17.59 17.00 16.61 15.24 14.15
Fez03 3.84 3.42 3.00 2.98 1.87 0.93
MnO 0.18 0.20 0.19 0.13 0.09 0.11
MgO 5.29 440 3.36 2.76 1.40 0.29
CaO 10.62 9.53 7.03 5.96 443 218
NazO 2.06 2.61 3.10 3.11 3.66 4.25
KO 0.60 0.72 1.46 1.81 2.11 3.13
H:O+ 0.50 0.49 0.64 0.71 0.63 0.87
H,0- 0.24 0.26 0.40 0.51 0.54 0.40
P05 0.17 0.18 0.20 0.17 0.21 0.07
Total 99.90 100.18 100.14 100.27 100.24 100.01
AlO3
“Cal 1.68 1.84 241 2.78 3.44 6.49
Na:20
KO 343 3.62 212 1.71 1.73 135
Total FeO
“MgO 2.25 2.42 2.32 2.28 3.66 8.34
AlOg
“Nas+ K0 6.72 5.28 3.72 3.37 2.64 191
Feg0s
“FeO 0.46 0.46 0.60 0.85 0.55 0.67
Total FeO 59.5 57.5 49.1 44.6 41.3 23.2
MgO 26.9 24.2 21.6 19.9 115 2.9
NagO+ K:O 13.5 18.3 29.3 35.5 47.3 73.9

I Si02<50%, I 50<Si0;<55, II 55<Si0z<60, IV 60<SiOz< 65,
VI 70<Si0z< 75

V 658i0;<70

>65) and Total FeO/MgO (SiO:<65, >70).*

The alkali-lime index is 64.4 for all lavas of historic times of Japanese active
volcanoes, while it is 63.6 for lavas of prehistoric times of the same volcanoes. On
the other hand it is noticed that in general the index jricreases towards the inner
side (the Japan Sea coast) of the Japan Islands (Taneda, 1951; Ishikawa & Katsui,

* If all of /t;(;/specimens for analyses are fresh compretely, the differences in the values
of H20 and Fey03/FeQ are significant for the studies of volcanism.



Table 3.

to the silica quantities and localities

Classificaton of lavas (and bomb and pumice) of historic and prehistoric times according

Si0y $i0z <50 50810z < 55 555i0: <60 | 60<Si0:<65 | 65Si0:<70 | 75<Si0:<75 | 75£Si0
o . ;
2 Tokati-dake Tarumai | Komaga-dake Huzi » Usu
|
E Usu (?) Asama , Tyokai Mpyozin.syo |
Q
'g ~Iwate Myozin-syo Asama Unzen
'2 ‘ " Huzi Unzen { Myozin-syo Sakura-zima
- Mihara-yama Sakura-zima Iwo-zima Iwo-zima
@ . (Volc. Is.) (Satunan)
] . Miyake-zima Suwanose
'c i
E 1 | Tori-sima Sakura-zima
} | Aso Suwanose
t < f
| i
é Tokati-dake Tokati-dake Tarumai Tokati-dake | Usu Asama
1
B Huzi Usu Komaga-dake | Tarumai [‘ Aso Aso
2 |
5 Miyake-zima Iwate Iwate | Komaga-dake ! Unzen
@ ! i
¥ Tori-sima Mihara-yama Asama ‘ Asama [ Sakura-zima
) !
& Miyake-zima Unzen ‘ Unzen 1 Iwo-zima
5 | | (Satunan)
- Tarumai Iwo-zima ‘ Sakura-zima i
] (Satunan) ‘ ‘
2 Aso ‘ Suwanose i
o |
& Suwanose |

|

92¢

VAENV ], nieyepes



1959).

Petrochemical Studies on the Active Volcanoes in Japan 227

Consequently the characteristics of the lavas of historic times are referred

largely to the geographical distribution of active volcanoes in this region.

a.

III. Frequency distribution

Frequency distribution of lavas based on the silica percentage

The curve of frequency distribution of lavas of historic times based on the silica

percentage is as shown in Fig. 2 characterized by two peaks, one (the highest peak)

between 52 a

The former

nd 53 and two (a lower peak) between 59 and 61 in the silica percentage.
is caused by the products of the Mihara-yama (O-sima), Miyake-zima,

2 9
L |
O 2o .
204&\8& R o%* o 8o PO .
r 1+2+3 4
-
2['° > o 0 )
[ i ©
E o v Ug ne ¢ N Ye 00 0-Oapy O e 0 0
)
z| 5
20
1O
On .ﬂhl{.r.'&comh T S

50 60 65 70 ——> Si02

Fig. 2. Frequency distribution diagram for the lavas of Japanese active volcanoes.

1:

2:
3:
4.

Fig. 2-b.

Lavas produced by the eruptions since 1900 14+2+3: o
Lavas produced by the eruptions between 1700-1900 La\.las of historic
Lavas produced by the eruptions prior to 1700 times v
Lavas of prehistoric times of the volcanoes which have ejected lavas in
historic times.
Lavas of the volcanoes which exploded but never flowed out lava in
historic times.
NO. Historic = T===- Products J
. T Volcanoes
° "J L-' [T S ) - }
. ot s T e M I :i'iia4 3
NO.  Prehistoric 2 Products
Hio Volcanoes
Ls [
48 50 55 60 65 70 75 Si02
Frequency distribution of active volcanoes which have ejected lavas in

historic times and that of their essential products (lavas).
The Frequency distribution of volcanoes are based on the silica percentages
of their products.
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Aso and Usu (?) volcanoes, and the latter is caused by those of the Asama,
Sakura-zima, Komaga-dake (Hokkaido), Tarumai, Iwo-zima (Volcano Islands) and
Swanose-zima volcanoes (Table 3 and Fig. 2b).

The curve for the lavas of prehistoric times has the highest peak between 60
and 61, and the second peak between 51 and 52. The former is caused by the
products of the Tokati-dake, Tarumai, Unzen, Sakura-zima and Suwanose-zima
volcanoes, and the latter is caused by those of the Mihara-yama, Huzi, and Miyake-
zima volcanoes (Table 3 and Fig. 2b). In Fig. 2b it is noticed that the frequency
peaks for products are well corresponding to the peaks for volcanoes.

It should be significant that the frequency distribution curve for the lavas of
Japanese active volcanoes shows two peaks, and that the frequency peaks for lavas

0.

0

El

3

=t

100 MgO “Total FeO+ MgO-+ Alk

- ,*% 0. 8 ., .0

[}

fel

ElL

2

z

.86 "8 a.0..°
60 80

100 Alk / Total FeO + MgO + Alk
Fig. 3. Frequency distribution diagram for the lavas of Japanese active volcanoes.

1: Lavas of historic times.
2: Lavas of prehistoric times of the volcanoes which have ejected lavas in

historic times.
3: Lavas of the volcanoes which exploded but never flowed out lava in

historic times.
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are well corresponding to the peaks for volcanoes.

b. Frequency distribution of lavas based on the Alk/Total FeO+MgO+Alk ratio

The ratio MgO:(Total FeO+MgO+Alk) of all analytical results were calculated.
The curves for frequency distribution are shown in Fig. 3.

¢. Frequency distribution of lavas based on the MgO/Total FeO+MgO+Alk ratio

The curves for frequency distribution are shown in Fig. 3.

d. Remarks

It is noticed that the frequency curves based on 100 Alk/Total FeO+MgO+ Alk
show similar characteristics to those based on the silica percentage, which are
slightly different from those based on the 100 MgO/Total FeO+MgO+ Alk ratio. In
any case all the frequency distribution curves for the lavas of volcanoes which
have ejected lavas in historic times, show two principal peaks, which correspond
to the peaks of frequency distribution of the volcanoes (Fig. 2b). This is a distinct
fact to be noticed by petrologist as well as volcanologist.

LAD K ' ' '
A
1980 ‘Z T
To
1900 —-—-—-|— Cl ===Ta \N . —
It
» Mk
L 1500
Mh
/
L 1000 /
/
. {: Us
a5 50 s 6 Tes 70 Si02

Fig. 4. Abbr. A Aso, As Asama, F Fuji (or Huzi), I Iwozima, Voic. Is, I (s) Iwo-zima,
Satunan, It Iwate, K Komaga-dake, Hokkaido, Mh Mihara, Osima, Mk Miyake-
zima, Mz Myozin-syo, S Sakura-zima(Sakurajima), Sw Suwanose-zima, Ta Taru-
mai, To Tokati-dake, Tr Tori-sima, Izu, Ty Tyokai, U Unzen, Us Usu.
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IV. The variation trend of chemical composition of lavas
throughout historic times

a. The variation of SiOz:, MgO/Total FeO+MgO+Alk and Alk/Total
FeO+MgO+Alk

On arranging the SiO: percentages and the 100 MgO/Total FeO+MgO-+Alk and
100 Alk/Total FeO+MgO-+Alk ratios according to the eruption period, it becomes
manifest that (1) the silica content of the lavas have increased during the last period
of the growth of each volcano (Fig. 4), with exception of the last products of
Miyake-zima and Asama which more or less decreased in the silica; (2) The ratio
MgO: (Total FeO+Alkalies) of the last products of all volcanoes with exception of
Miyake-zima have decreased (Fig. 5); and (3) The ratio Alkalies: (Total FeO+MgO)

L A.D.

1950

1900

1500

rIOOO

Us

" " PR L P

30 25 20 15 ' I’O — 5
100MgO / Total FeO+ MgO+ Alk.
Fig. 5. Abbr. refer to Fig. 4.

of the last product of all volcanoes with exception of Miyake-zima, Asama and

Suwanose-zima have increased (Fig. 6).

b. Sequence in the triangular Total FeO-MgO-Alk diagram

Most of the volcanoes except Miyake-zima have increased more or less in Total
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FeO at the last eruption period. Some of them have decreased in Alkalies, i.e.
Asama, Mihara-yama and Suwanose-zima, and some of them have increased in Alkalies

i.e. Sakura-zima and Unzen (Fig. 7).

AD A s M2 ]
S N
1950 -
1900
|
L1500
Mh
/
L1000
/
I F
10 20 30 4o 50 60

I00AIk/ Total Feo- Mgo+Alk
Fig. 6. Abbr. refer to Fig. 4.

Consequently the newer lavas occupy an elongated area perpendicular to the
Total FeO-MgO ridge ranging from a certain point near the Total FeO-MgO ridge
to a certain point near the Alkali apex, compared with the older ones (Fig. 8).

c. Normative feldspar

Description is not given here. See Fig. 7.

V. Comparison of the lavas of historic times and those of prehistoric
times in the ratio Total FeO : MgO : Alkalies

The lavas of historic times are plotted on the triangular diagram for the ratio
Total FeO: MgO: Alkalies, along with those of prehistoric times (Fig. 9). A glance
at the diagram show the relation of the lavas of historic times to those of prehis-
toric times, which are classified into seven types as follows (1-7 of Table 4 &Fig. 10):



232 Sadakatu TaNEDA

1874 C ('950

1940 1421
1tizie o 'Feea| > 1 '°8%
Asi930 Fdizo07 ,.,-F%m%{—i/lk

-

Sw it g8 Tol926
1880 4,47 o 0F 1960 IMz

'

!
S 1956 "/’7" S 1939 8'9'4/'65%
Us9o0- 4~ ""Ri933 Uies7 +t ,

A 1929 )
Swiaiz \X\

. o' 1914
K
1929

Or

-

Fig. 7. Abbr. refer to Fig. 4.

Lavas of historic times
in Japan

Fig. 8. Open circles:
Lavas since 1900
Semi solid circles:
Lavas between 1700-1900
Solid circles:
Lavas prior to 1700




Alk Mgo

Fig. 9. Triangular diagram showing the ratio Total FeO: MgO: Alk of lavas of Japanese vol-
canoes, the lavas of historic times being enclosed by broken lines, and the lavas of prehistoric
times enclosed by unbroken lines. Chain lines show the welded tuffs and lavas of the
older volcanoes constructing the base of active volcanoes.

1 Komaga-dake, I:Iokkaido, 2 Tokati-dake, 3 Usu, 4 Tarumai, 5 Asama, 6 Huzi (Fuji)
7 Mihara-yama, Osima, 8 Miyake-zima, 9 Myozin-syo, 10 Iwo-zima, Volc. Is,,

11 Sakura-zima (Sakura-jima), 12 Aso, 13 Unzen, 14 Iwo-zima, Satunan, 15 Suwanose,
16 Tori-siam, Izu, 17 Iwate.
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Table 4. Relation between the lavas of historic times and those of prehistoric
times in the ratio Total FeO: MgO : Alkalies

A Lavas of historic times increase in Total FeO and/or Alkalies, compared with the
lavas of prehistoric times.
Type 1 Basic group Mihara-yama, 6sima; Miyake-zima (—Type 6); Tori-
sima, Izu; Iwate
Type 2 Intermediate group Komaga-dake, Hokkaido; Aso (excluding “ Totinoki
lava”); Iwo-zima (Satunan) (—Type 4)
Type 8 Acid group Usu
B Lavas of historic times decrease in Total FeO, compared with the lavas of pre-
historic times which rich in Total FeO and Alkalies.

Type 4 Iwo-zima (Volc. Ids.); Iwo-zima (Satunan) (—Type 2)
C Lavas of historic times are separated into two groups, basic and acid
Type 5 Myozin-syo; Huzi; Unzen
D Almost unchanged through historic and prehistoric times
Type 6 Suwanose-zima; Tokati-dake (—Type 7); Miyake-zima
(—Type 1)

E Reverse of A
Type 7 Reverse of Type 2. Sakura-zima; Tarumai; Asama
Type 8 Reverse of Type 1
Type 9 Reverse of Type 3
Type 10 Reverse of Type 4

Tota! Fed

Fig. 10. Types of variation of lavas of historic (broken lines) and prehistoric
(unbroken lines) times on the triangular Total FeO-MgO-Alkalies
diagram. Nos. refer to Table 4.

More detailed descriptions on the relations between the eruption type and the
lava sequence in the Total FeO-MgO-Alk diagram will be given in another paper.



234 Sadakatu TanEpa

VI. Appendix: Consideration from the petro-volcanological standpoint
Example
Sakura-zima

The Sakura-zima volcano (Lat. 31°35’N, Long. 130°39°E) is one of the most
frequently erupted volcanoes in Japan. The eruptions of 1475-76, 1779, 1914 and
1946 flowed out lavas from the craters in the flank and foot of the volcano. The
1939 and 1956-present eruptions were also comparatively violent with emission
of bombs. The acidity or 100 Alk/Total FeO+MgO+Alk of the products has
decreased successively throughout historic times until 1939, and then began to
increase through the present summit eruption, as shown in Figs. 11. The 1946
lava has the less contaminated character. Concerning the eruptions of historic
times, it is noticed that (1) the centres of eruptions in the flank have moved
upwards successively throughout historic times, (2) the time intervals between the
distinctive eruptions have decreased successively throughout historic times and (3)
the depression of the ground caused by the eruption occurred in the Aira caldera
and in its surrounding area, the main centre of subsidence agreeing with the
form of the Aira caldera and the Sakura-zima volcano being only a subordinate
centre. Considering these facts just mentioned and the relationship between the
capacity of magma chamber, the temperature decrease, the differentiation degree,
the trend of fractionation of magma, the length of dormant period prior to eruption
and the amount of lavas effused by the eruption, I assume (a) the existence of two
magma chambers, one (1) of which is situated at a deep place (about 10 km) under
the Aira caldera and larger than another one (2) which is situated at comparatively
shallow place beneath the Sakura-zima volcano, and (b) the upwards moving of the
chamber (2) through historic times. The capacity of the chamber (2) (about 1000 m
in radius) has hardly varied through the historic times. It, however, may have
decreased in capacity since the 1939 eruption. Such petrological extension of studies
should be available for the consideration of possible eruption in the future also.

Table 5
Distinctive eruption products Centre of eruption Time interval
A.D. (8102) (Altitude in m.) (years)
766
1471— . 705
1476 Lava 66.35 (av.) 180—Submarine
303
1779 Lava 64.13 (av.) 700—Submarine
135
1914 Lava 61.04-559.01 570—200
25
1939 Bomb 57.11 (av.) 750 32
7
1946 Lava 61.25 (av.) 800
19
1956— Bomb 59.63 1060 (Summit)
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FeO+ Fez203 (asFeO)

M

Fig. 11. Showing the fractionation trend and the sequence of effusions of Sakura-zima.

Kita-dake lava (Augite-bearing hypersthene andesite)

Kita-dake Scoria (Do.)

Kita-dake, parasitic lava (Do.)

Minami-dake lava I [(Olivine- and) augite-bearing hypersthene andesite]
Minami-dake lava II and agglomerate containing Naka-dake agglomerate (Augite-hyper-
sthene-andesite)

Lava of unknown period

Nabeyama (parasitic) ejecta (Two-pyroxene andesite)

Bunmei lava (1471, 1476) (Augite-hypersthene andesite)

An-ei lava (1779) [(Olivine-bearing) augite-hypersthene andesite|

Taisho lava I (1914) (Olivine-bearing augite-hypersthene andesite)
Taisho lava II (1914) (Do.)

Showa bomb I (1939) (Two pyroxene andesite)

Showa lava (1946) (Do.)

Showa bomb II (1956) (Do.)

1-12 Taneda, S. (1952, contributed by K. Yamaguchi): guide book of Sakura-jima, Kyushu

Univ. (in Japanese)

13 Morimoto, R. (1948): Geological and petrological notes on the eruption of Sakura- °
jima in 1946, Part II. Bull. Earthq. Res. Inst., 26, 37-40.

14 Taneda, S. & Morita, J. (1958): New bomb of the Sakura-jima volcano. Jour. Jap.
As. Petr. Min. Ec’Geol,, 42, 202-203 (in Japanese).
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Fig. 12. Schematic sketch showing the upward moving of magna chamber 2.
I Magma chamber 2 for the Bunmei eruption (1946-76)

I 4 for the An-ei eruption (1779)

m v for the Taisho eruption (1914)

v, 4 fox tho Showa eruption (1939-42)

Ve ” ” (1946)

Vig ” 4 (1955)
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