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Studies on the Volcanoes in Eastern and Southeastern Asia
—Chemical Composition Statistics of Lavas—
Sadakatu TANEDA
(Abstract)

1. The number of data and some notes on the lavas of the “active volcanoes” in eastern:
and southeastern Asia are listed in Table 1.

2. The average alkali-lime indices by province are 60.0~64.8. The index is higher in

Japan and Kurile than in Indonesia and Kamchatka.

3. There is a tendency that alkali-lime index decreases inward from the outer zone
in each area of the festoon Islands throughout the Kamchatka peninsula and Kurile, Japan and
Indonesia Islands.(Table 2 and Fig. 1.) A similar tendency is found in the granitic rocks in
Japan.

4. The curves of frequency distribution based on the silica percentage are asymmetric
and appear to be a combination of several frequency curves. It is to be noted that the curves,
especially for Japan and Kamchatka, are characterized by two principal peaks (Table 1),
which correspond to the peaks of frequency distribution of the volcanoes based on the SiO,
content of their products .(Fig. 3.)

5. It seems to be true that the more active magma erupts not only more frequently at
some volcanoes, but at larger number of volcanoes also than the less active magma.(Fig. 3.)

6. The average chemical compositions by province of the lavas are calculated (Tables
3~6.)

7. The lavas ejected by the eruption of historic times are slightly different in chemical
composition from those of prehistoric times.(Table 7.) Decrease in Fe,0,/FeO, H,0 and in-
crease in CaO, Total FeO and alkali~lime index are noticeable. The lavas of historic times
are characterized by the distinct basic peak in the frequency distribution curves compared
with the lavas of prehistoric times. The Tertiary volcanic rocks in Japan are richer in H,O,
higher in Fe,0;/Fe0, poorer in Total FeO and lower in alkali~lime index than the Quater-
nary volcanic rocks in Japan.

8. The variation trend of frequency distribution of lavas may be useful to presume the
fluctuation of activity of magma in a certain area. It will be available for presuming or
predicting the future volcanism (or possible eruption) on a certain good condition.
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Table 1
Number of active } Kamchatka Kurile Japan Philli'ppinez Indonesia
volcanoes | 28 39 58 Cochin China 128
Number of analyses ¢
of the products 136 4 328%#* 229
SiO: range 47—73 49—70 46—77 ‘ 4373
Frequeucy peak 1 53—54 57—61 54—55
peak 2 57—61 51—54 (57—58)
Alkali-lime index 62.2 64.8 64.1 60.0
CaO=Alkalis 5.4 4.9 5.1 6.2

*#*Some of them are the averages of two or more analytical data of the same lava flow or
bomb-pumice bed. )
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TTA. L. L 3BRoMIEssAs <, RARN V] W BEASRLLNS (B1R). &4, H

*EL, HEERQIIDDICAOEERALE, BELKILE (HAR) 0Tk Uiz, ZOBRIZREETH
©BY, —HERBCWANTD 5.
o "ﬂﬂ@%ﬂi CHVE D BDITHUDS, FIIEDHIRINC R > 72§ D & 72 5700 & 5 MIT % & » TPIE R AT 5 &
A—EHAIC R 2 ELIOMK 2 & DB OVT §SHHE2RA T 575 COBMEH- T, KRE32BMAE L
T&%ﬂ‘ﬁ*\:ﬂcoﬁ)ﬁ 7):0 .



BEFrHE X B 141

Table 2  Alkali-lime index

Kamchatka average 62.2
Sheveluch 61.0  Bezymianny 63.2
Zentralny (66.0)

Ichinsky 55.0  Kizimen 64.7 Uzen 63.4

Kurile average 64.8
Ebeko 62.5 Krenitzyn peak 64.0 Mendelee 64.8 Golovnin (67.0)
Japan average 64.1

Risiri* 63.2 (Siretoko-Akan 65.7) Akan* 64.9 Daisetu 63.2 Tokati 60.2 Shikotu 64.5
Irmukeppu-Syokanbetu®* 61.3 O-sina 60.8 Usu 66.8 Tarumai (64.4) Komaga-take (Hokkaido) .
(63.1) Towada* 65.1 (Tyokai volc. zone 61.0+) Kampu* 59 Iwaki-yama (65.1) Hatimantai i
65.3 Komage-take(Akita)* (66.4) Adatara (63.3) Funagata® (64.6) Nasu 65.6 Takahara®* 63.0
Moriyosi* 62.5 Numazawa*
62.9 Nantai Nyohd-Akanagi* 63.6 Akagi 65.0 Haruna* (63.0+) Kusatu-Sirane 63.8 Asama
65.0 On-take 60 Huzi 63.2 Hakone 66—68 Amagi* 64.7
Mihara-yama 60.8 Miyake-zima (62.2) My0zin-syd 67.1 Daisen* 59.5 (Sambe-Aono-Sikuma¥* 58. 1)
Hutago* 62.0 Kuzyd 62 Aso 59.0 Unzen 61.4 Tara-dake* 60.8 !
Kirisima 62.0 Sakura-zima 65.0 Iws-zima 65.0 Kutino-sima* 61.3 Suwanose-zima 61.5 :
Gazya-sima* (63.5) Taira-sima* (64.6) Kutinoerabu-sima (63.2) *Volcanoes with no recorded
eruptions.
[Cenozoic alkaline suite of Circum-Japan Sea region: Oki Ids. 55.6 Hukue-zima 53—57 Iki Ids. &
Higasi-Matu-ura district 51.0 Uturyo-to Id. 52.2  Saisyu-to Id. 47.2) [Tertiary Nizyo-san 62. 8)
Formosa (Taiwan)
Tatun volc. group (62.0) Chilung volc. group (65.5)
Indonesia average 60.0
Lokon-Empung 60.5 Dukono 60.0 Paluweh 59.5 Batur 59.8 Raung (64.5) Semeru 61.2
Kelud 66.4 Merapi 59.8 Oengaran 55.0 Dieng 56.3 Krakatau 59.8 Marapi 58.0 Tandikat 65.0
(Burma): Barren Island and Nacondam (54) Mount Popa district (56) Lower Chindvin region (62)]
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Variation diagrams for the average
Fig. 2. chemical compositions of the lavas
of active volcanoes.
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. . . . Broken lines Indonesia
Fig. 1 Geographical distribution Dotted lines Kurile
of A.L.1. Chain lines Kamchatka
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Frequency distribution of active volcanoes which
have ejected lavas in historic times and that of
Fig. 3. their essential products (lavas) in Japan. The

frequency distribution of volcanoes are based on
the silica percentages of their products.

VI 70<SiO,

Table 3. Average chemical compositions of lavas* of active volcanoes in Kamchatka
(*including essential ejecta)
No. i I 11 il v \% VI I’ m | aw) | v
No. of
anal. [ 3 57 38 28 6 4 31 5 1 1
” Si:0 48.53 | 53.00 | 57.80 | 62.03 | 66.60 | 71.89 53.07 | 57.11 | 62.80 | 67.50
g TiO:z 0.81 0.93 0.75 0.65 0.42 0.43 0.92 0.78 0.85 0.45
":": Al:0; 20.20 | 17.63 | 17.85 | 16.94 | 14.53 | 13.74 17.08 | 18.26 | 16.17 | 13.97
'g Fe:0: 3.71 3.84 3.70 3.58 2.41 1.50 ] 3.84 3.13 2.04 1.63
}_75 FeO 5.59 5.41 3.38 2.34 2.04 1.35 E 5.67 3.97 3.96 3.50
§ MnO 0.13 0.16 0.17 0.13 0.11 0.07 : 0.17 0.15 0.07 0.14
o MgO 6.66| 5.57| 3.77| 2.59| 2.61| 0.92 ;‘:, 578 | 4.03| 3.54| 1.36
g CaO 10.20 8.87 7.43 5.54 3.20 1.78 E 9.08 8.06 4.00 3.‘76
E Na:z=0 2.86 2.89 3.47 3.73 4.14 3.63 ) 2.94 3.10 3.02 4.63
% K0 1.13 1.08 1.12 1.61 2.43 3.14 a 1.12 1.00 2.27 1.47
= H0+ 0.18 0.59 0.34 0.56 1.29 0.88 | & 0.27 0.34 0.23 1.24
B8 H0— 0.09 0.21 0.22 0.41 0.28 0.07 = 0.09 0.24 0.11 0.17
§ P05 0.25 0.21 0.21 0.24 0.09 0.09 0.19 0.22 0.28 0.09
3 Total 100.34 | 100.39 | 100.24 \ 100.35 [ 100.15 | 99.49 100.22 | 100.39 | 99.06 ] 99.91
I Si0O2<50, I 50<Si02<55, M 55<Si02<60, IV 60<Si0:2<(65, V  65<Si0:<C70,
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Table 4. Average chemical compositions of lavas of active volcanoes in Kurile
No. (1) i m v v o’ (m") v’

No. of

anal. 1 14 13 13 3 6 1 3
@ Si0: 49.21 52.74 57.70 62.14 65. 85 52.21 58. 07 61.00
E TiO: 1.09 0.90 1.06 0.85 1.17 1.04 0.68 0.58
f Al:0s 17.72 19.19 16.81 16.51 14.71 18.81 17.21 17.03
'g Fe20s 5.02 3.93 3.83 3.41 2.74 2 4.42 3.61 3.67
E FeO 811 | 5.14 4.55 3.43 2.21 g 5.00 4.23 3.84
[ MnO ©0.22 0.23 0.17 0.16 0.15 ) 0.32 0.16 0.13
,:‘ MgO . 4.82 3.84 3.71 2.21 1.52 § 4.03 3.04 2.62
g Ca0 11i10 . 9.48 7.61 6.21 4.44 '_‘é’ 9.49 7.41 6.48
8 Na:0 2.03 2.97 2.84 3.10 3.67 w2 3.13 3.19 3.32
% K:0 0.40 1.04 0.77 0.83 1.59 @ 0.88 2.02 0.82
4 H:0+ 0.14 0.18 0.83 0.73 1.54 5 0.17 0.10 0.45
hS] H:0— 0.09 0.18 0.61 0.41 0.36 . 0.12 0.28 0.26
§ P:0; 0.07 0.19 0.05 0.10 0.09 0.24 0.02 0.10
’S Total 100. 04 \ 100.01 ' 100. 54 100.09 100. 04 99. 86 100.15 100. 30

I Si02<50, I 50<8i0:<55, M 55<S10:<60, IV 60<Si0:<65, V  65<8i0:<70

Table 5. Average chemical compositions of lavas of active volcanoes in Japan
No. I | 0| m | V|V |V |W SO W v V()

No. of :

anal. 19 77 115 | 67 29 16 5 20 10 12 9 1
» Si0: 49.29| 52.49| 57.68| 61.84| 67.36| 71.84] 75.96 52.56| 58.53| 61.73| 67.61] 71.25
g TiO: 1.00] 1.07| 0.86 0.69 0.631 0.27, 0.11 1.18) 0.72] 0.65 0.57| 0.43
f Al:0: 18.26) 17.29{ 16.94/ 16.23| 15.12| 14.43( 13.31 16.47| 17.17| 16.18] 15.23| 13. 21
'g Fe20s 3.56] 3.26] 3.00] 2.71 1.97| 1.08 0.59 @ 3.30] 2.41) 2.20| 1.62| 3.19
ZI FeO 7.84) 7.62| 5.19 4.01) 2.70{ 1.92| 0.48 § 8.50| 5.38 4.32 2.88 1.9
';. MnO 0.18 0.19) 0.16/ 0.13| 0.09] 0.08 0.08 ;; 0.20] 0.27| 0.15] 0.11; 0.27
,S MgO 5.38 4.62 3.65 2.64) 1.29| 0.72| 0.27 § 4.44) 3.19) 2.75 1.36| 0.84
5 CaO 10.89 9.67| 7.44) 5.93 4.12/ 2.57] 1.15 E 9.65 7.66] 6.11] 4.36 3.10
E Na:20 2.01] 2.43 2.83) 3.17| 3.68 3.3l 4.25 wl 2.40) 2.87| 3.49| 3.68| 4.02
% K20 0.59] 0.67, 1.22] 1.65| 1.60| 2.92| 2.14 @ 0.77| 1.31 1.55| 1.38/ 1.15
= H0+ 0.57| 0.44| 0.66] 0.60| 0.83 0.92 1.43 X 0.29, 0.52/ 0.51] 0.60] 0.50
3 H.0— 0.28 0.30| 0.41) 0.41 0.46] 0.29] 0.10 . 0.29| 0.24] 0.21] 0.27] 0.20
§ P:0; 0.17] 0.16 0.16 0.16, 0.18 0.10| 0.05 0.18 0.19 0.18 0.18 0.4€
> i
— Total 100. 02/100. 141100. 20:100. 171100. 03|100. 45| 99. 92 100. 22 100.46‘100.03‘ 99.85‘1(50.63

I Si02<C50, M 50<Si0:2<(55, I 55<8i0:<(60, IV 60<Si0:2<(65, V 65=Si0:<70, VI 70<LSi02<75,
VI 75<Si0z
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Table 6. Average chemical compositions of lavas of active volcanoes in Indonesia
No. I I m v v v (1h | o’ | m | W |V’

No. of

anal. 25 83 73 33 11 4 1 24 16 5 4
® SiO: 47.72 1 52.91| 57.22 | 62.34| 66.70 | 71.17 47.46 | 53.00 | 56.82 | 63.64] 66.90
g TiO:z 1.42 0.92 0.84 0.60 0.63 0.49 1.00 0.71 0.79 | 0.72| 0.60
.'5' Al:0: 17.10{ 18.70 | 17.79 ; 17.13 | 15.03 | 13.69 19.91 | 19.18 | 18.38 | 15.61| 15.43
'g Fe:0s 4.93 4.39 3.62 2.89 2.50 2.57 2 5.87 3.85 3.60 | 2.47] 1.90
§ FeO 5.21 4.49 3.96 2.57 1.84 1.04 § 5.62 5.08 4.03| 3.82 2.14
g MnO 0.17 0.28 0.18 0.16 0.11 0.10 z 0.20 0.25 0.16 | 0.17] 0.10
_:' MgO 5.85 3.72 2.74 1.82 1.31 0.61 § 5.11 3.89 2.54 | 1.68 1.12
g CaO 10.67 8.82 7.39 5.07 3.01 1.64 E 11.38 8.61 7.79 | 4.20] 3.09
‘z’ Na:=0 2.75 3.34 3.47 3.92 4,58 4.44 o 2.88 3.32 3.72 | 4.07) 4.37
% K:0 2.07 1.61 1.96 2.61 2.78 3.19 @ 0.57 1.50 1.64 | 2.96| 2.35
e H:0+ 1.24 0.64 0.61 0.89 1.46 0.94 .;:q 0.23 0.27 0.34| 0.36] 1.85
3 H0— 0.30 0.35 5.30 0.27 0.19 0.31 0.05 0.20 0.15| 0.12| 0.30
§ P:0; 0.40 0.18 0.22 0.18 0.07 0.00 tr 0.15 0.20{ 0.21] 0.08
2]
= | Total | 99.83 | 100.35 | 100.30 \ 100.45 ‘ 100.21 ‘ 100.19 100.46 | 100.01 | 100. 16 [100.03'100. 23

I Si0:2<50, I 50<Si02<(55, I 55<Si02<60, IV 60<<Si0:2<65, V 65<Si0:2<70,

VI 70<Si0:2<75

Comparison of (h) lavas (lava, bomb, pumice) of historic

Table 7. times and (ph) lavas of prehistoric times
Kamchatka Kurile Japan Indonesia
Active volcanoes | Active volcanoes | Active volcanoes | Active volcanoes
Total FoO h>ph h=>9 ph } h>ph h>ph
>
> > -

MnO (Si0:<55, >>65) (Si04<55) distinct for ?
Ca0 > = ] > | =
TiO: . < ' | = ] <
H06), H:06) < < < <
Fex03/FeO < = < <
ALOs/Ca0 <9 = | < <9
Na:0/K:0 = >9 (SlOz>>60) I -
Total FeO/MgO 9 9 (SIOZ><60) | >

- o . h>h+ph h>h+ph h>+ph
Alkali-lime index 62.8  62.2 64.9  64.8 64. 4 63 6 ' 60.1 60.0

(CaO=AIk.) (5.4) (5.4) (5.0) (4.9) 5.2) (5.1) (6.2) (6:2)
Peak of frequency ’
curve Si0:2 h<ph h<ph h<ph h<ph
53—54 60—61 50—51 (53—63) 52—53 57—61 \ 54—55 55—56

FAO Stk « B BB ENTHERINE IO BBEREMESNS VS LR ERHINTI L,
1, BEEMAZ VI LEEAIHEZFORBINELLETHDH LIIT

. S. TANEDA (1962 & 1963) (corrected partly.)
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Number

Fig. 4. Frequency distribution of volcanic rocks.
Abbrev. Ka-Kamchatka Ku-Kurile
J-Japan I-Indonesia
Marks  1-Lavas of historic times
2-Lavas of prehistoric times of allactive volcanoes

WD, BHLRIOBEEEIY b 1) H0+, Fe,0; Fe,0;/FeO 239/ (DT &3 B0 FitE iy
LR, 2o (F12) KIEBORA - IO 2RO EECET 5MHEFH TH ), (2)MnO, Ca0,
Total FeO &S, 7 ) - AREREZD L K, @) FHESMHITB LT Si0, 50~55% @ Peak
p—B (EHFiOBEED Peak WL T) BE | Th b, 22 0 [FHHEE CEMEEFORNR) 11
BHERT B L 56RT, @) RNy vy VOB Vv B3BHTHY, (b) g Si0, 43
SUNSDORSDBETHE | EWIEAEZRTIOLMMEING, LNSOHA (B»Th (b)OEMA)

2, RO H &F % o h « BRRBWTELL, BOA YV FA VY TRIZINEELILV, LOLEK
bEETRETHA9,

KEBHORER, PEOLBOEMCEL TR C CICRR2EKT 5,

8. FE=RhosOE(DFRM
AR TR BB RN B0, B KIUERL, S LSEE X b i ILO(+) g,
Ca0 = Total FeO itz U <, Fe,0;/FeQ L T(HEE T2 > R R R A& o T ovh Y ~HIKEE
iz 61 (AA) Tha*, ZOMOEOOEE « SEHIT DV T H, KMKITE W TEZL» 5 EIUid,
FIBUL O TS EHOERRBRRANE, RKENCRRA—FROELZWU - TEI2C EVBEBDNS,
(Fig. 5). '

9. #&8 -] 4

LR k57 S0 LOBEEOHIR-FHESMO Sl « SRS 3, BLRROKLE
%3, BAFIBCBNTECEL»Z kI, VRO L Y & AMUE (F - S48 2B
TR BB LB & LCHEBEIN D, BT, FAERKIUMEI S 50 5 A & HICHRE - RFIEIC

* ORI, B AR ERRL . DYEOBEZANKIERO G R « HillikZ O oW TR AR Tid~< 2,
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Comparison of Tertiary volcanic rocks,
Fig. 5. Quaternary volcanic rocks and the lavas
of historic times in Japan.

Marks
Open circles: the lavas of historic times
Solid circles: Quaternary volcanic rocks(excluding early
Pleistocene) '
Semi-solid circles: Tertiary volcanic rocks (including
early Pleistocene)

BIF 2 &IUERNERORE « HEABRO—RE UTLASAEIREN S O1d 5, HEEEORE SRR

< KICKERD) TEF OTEE: « BRDERS & OEEEO—IS, C LT THINEDTD 5,

AR TRIEEAILOBEE2EARMC AT, MOFELAIERL S NS AIERCET 2R
DHIEEPFEE 218 H 5, RKIBHNT R T Bl « R R BT U1 D Th % 4%, HEREE ORI & B L
T EAEN NER HEOMEZAD TCO L) BB 2RAL L E BEENS B2 TFEL TV D).

FTz, TS OHEME « BRECET AERORIE & A HEIC BT 2 RROKILIEE > FET 3 E
WY ERVEBIDED B, FMIIFIFC DT 525, 2BHIRC (P.140) OITH (TaNEDA, 1962 & 1963;
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