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There have been 31 active volcano in the Kuriles-Kamchatka
volcanic zone during this century: 16 volcanoes on Kamchatka and
15 on the Kuriles Islands.

Their activity was manifest in an usual form, i.e. effusive, extru-
sive (under an extrusive form of activity we understand a squeezing
out of viscous lavas as domes, crater plugs and Pelée’s spines) and
explosive. However, even if one form predominated other forms of
activity were also manifest. The same is true regarding the types
of eruptions. The enumerated forms of activity usually combined
several classification types of eruptions or there might have been
a predominance of one of them.

Thus manifestations of effusive activity were recorded during
this and past centuries on Kliuchevskoi volcano, Plosky Tolbachik,
Maly Semiachik, Karymsky, Avachinsky, Alaid, Chikurachki, Karpinsky
caldera. However, the activity of these volcanoes meant not only
lava effusions but also other manifestations. Among the volcanoes
mentijoned lavas of Kliuchevskoi, Plosky Tolbachik, Maly Semiachik
and Alaid are of a basaltic composition, lavas of Avachinsky, Chi-
kurachki and Karpinsky caldera — are andesitic and of Karymsky
volcano — dacitic.

The first four volcanoes of a basaltic composition form lateral
craters. However, Plosky Tolbachik has the greatest number of such
craters — about 120; then comes Kliuchevskoi — about 70 and
much less on Maly Semiachik (only 6) and even less on Alaid.

Usually, their eruptions begin with relatively weak explosions of
Vulcanian and Strombolian types from the main summit crater.
Gradually getting stronger and stronger they reach they culmination
point and then eruptions from lateral craters begin.

In certain cases, like on Kliuchevskoi volcano, for instance,
during the eruption, which began early in December 1944 the inten-
sification of the strength of explosion proceeded rather quickly and
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on January, 1%, 1945 an enormous explosion of Vulcanian type took
place from the main crater. This explosion was close to the Plinian
type and afterwards during 20 days lava was flowing quietly from
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Fig. 1 - Numerical characteristics according to A. N. Zavaritzky. Diagram of lava
vectors of Kamchatka and Kuriles volcanoes according to A. N. Zavaritzky.
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the main crater. Five months later a number of adventive craters
has been formed, all the upper ones being explosive and the lowest
one — a lava crater. A similar picture was observed during the
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eruptions of this volcano in 1937-1939 — an intensification of the
force of explosions, then an effusion from the main summit crater
and, finally, a burst of a number of lateral craters, the two top ones
being explosive and the three lower ones — lava craters. The lowest
— Biliukai crater — produced the greatest amount of lava (a flow
16 km long).

During these eruptions the compositions of the lavas changed
(this has been especially striking during the eruption of 1937-39) from
relatively acid basalts to more basic and then again to more acid,
which proves a magma differentiation in the channel of the volcano.

The lava from Plosky Tolbachik is more liquid and this volcano
yielded not only lava flows up to 40 km long but also lava fields.
During the eruption from the main summit crater not only ash was
erupted but also Pelée’s hair. During the eruption of 1939-1941 the
bottom of this crater was flooded by liquid lava. Thus, the eruptions
of Plosky Tolbachik are close to the Hawaian type and the formation
of numerous adventive craters on its flanks approaches it to the
Etnaean type. In the recent past Maly Semiachik effused lavas, but
its last eruption was purely explosive.

While in the eruptions of the first two volcanoes there was a
considerable predominance of lava effusions, the activity of Alaid
basaltic volcano during the past century was mostly of an explosive
character. During this (20th) century only the eruption of 1933-1934
was of a Strombolian type accompanied by the formation of an
adventive crater Taketomi,

As to the Avachinsky volcano, partly Karpinsky caldera and
Chikurachki volcano — mainly andesitic — their eruptions sharply
differ from the preceding. They happen only from the main summit
crater and are manifest by sufficiently strong explosions of a Vul-
canian type accompanied sometimes by effusions of comparatively
small quantities of rather viscous lavas.

The dacitic lava Karymsky volcano approaches by the character
of its eruptions the Avachinsky volcano but there is a predominance
of explosions of Vulcanian type. We find here also effusions of suf-
ficiently long lava flows but of a more acid composition. Thus, the
flow effused in 1935 is of a total length of about 6 km.

An extrusive form of activity was recorded on volcanoes of an
andesitic composition like Sheveluch, Bezymianny, Kizimen, Kre-
nitzinpeak, Severgin volcano, Zazaritzky caldera and Goriaschaia
Sopka, the eruptions of the first two being accompanied by glowing
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Table 1 - Chemical composition of lavas of Kamchatka and Kuriles Volcanoes.
XUMUYECKUE COCTABBIAAB KAMUYATKN U KVPUWJIBCKUX QCTPOBOB

N° amann3os

KoM-

HoEor- 1 L2030 a|s el 1|8 9|
Sio, 51,51 | 52,34 | 5448 | 53,50 | 53,93 | 5348 | 53,17 | 51,03 | 53,08 5346
TiO, 057| 095 10| o078| 1,14| 093| 088 1,00| 108 1,01
ALO, 1491 | 14,57 | 1742 16,67 1691 16,53 | 1427 | 17,03 | 16,62| 1537
Fe,0, 302 269 245) 341 345| 452| 592| 358| 250| 259
FeO 626| 609| 594| 563 551| 564| 592| 523 652 6,13
MnO 02! o011 029 020! 020! 016! 016! 035 025! 0,19
MgO 937| 989 512| 566| 574 656 635| 675| 6,11| 812
Ca0 1080 | 976| 831| 933| 857| 88| 940| 1045 | 880 | 942
BaO —_ — 0,01 — 0,04 — — —_ — —
Na,O 2,15 254 343 3200 323 256| 258( 293 308| 240
K,0 063| 067 1,19 1,06 1,07 1,46 123 134 108 1,10
H,0+ 032| 048 012 05| — — 004 020)| 059 004
H,0— — 0,03 — 0,08 —_ — — 0,10 014| 0,14
P,0O, —_ 0,11 | 032 023 027 -_ — 0,11 025| 027
SO, — = = =10 = = = =] =
co, - = = = =] = = = =] -
cl - — — — — — - — — —
F —_ — — — — — —_ — —_ —
s — — — — — — — — — -

99,74 | 100,23 | 100,18 | 100,30 { 100,13 | 100,64 | 99,92 | 100,10 | 100,10 | 100,24
Numerical characteristics according to A. N. Zavaritzky
UnciioBrie XapakTepHCTHRE 1o A. H. 3aBapuixoMy

a 53 6,2 94 8.8 838 78 74 83 8,5 6,8

c 71 63 71 6,8 70 72 57 73 70 6,7

b 298 | 293 | 199 | 226 | 216 | 236 | 268 | 264 | 228 | 26,0

s 5718 | 592 | 636 | 618 | 626 | 614 | 60,1 | 580 | 61,7 | 605

| 28 27 40 37 39 38 40 34 38 31

m’ 52 55 44 43 45 47 40 46 45 52

c 20 18 16 20 16 15 20 20 17 17

n 85 85 81 81 81 72 76 | 77 81 76
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Kou- N° apammsos
Horen mo| 12 | 13 14| 15 | 16 | 17T [ 18 | 19 | 20
Sio, 5290 | 53,22 | 5322 51,52| 50,10 | 5397 | 53,89 | 5130 | 49.84| 53.86
TiO, 1,06 1,121 0480 1,11 103| 072 092 1,65 0,95 1,14
ALO, 17,70 18,19 | 17,28 | 17,02 1999 | 1543 | 1730 | 1522 | 1573 | 13,9
Fe,O, 33| 3,18| 364| 420 4,19 748 421 3,74 328 4,88
FeO 53| 668| 622 58| 502| 6116| 7,20 798 6,16 6,35
MnO 016 010 0,20 — 0,25 6,14 009 0,20 012 035
MgO 640 523 542 597 598 4,46 441 5,12 9,83 6,70
Ca0 921| 791 860 | 902{ 858 827, 833 8,36 9,61 5,96
BaO 0,08 004 0,0 — — — — 0,10 0,04 —
Na,O 230 352 29| 21 284 207| 275 340 251 278
X.0 1,00 1,11 1,20 1,07 1,52 0,94 1,1 2,15 1,17 1,62
H,0+ 020| 00| o011| 098, 012 003 007 mer | 008 LIS
H,0— 008 008! 008 029| 008| 004 002| mer | wmer 025
P,0, 017 009 020 o0I1| — | 024, 008, 080 | 025 —
S0, 010 010 006, 0,16 — 0,23} 006 — — —
'CO, 006| nmer  mer — — 0,28 003 | mer 0,35 —
cl 0,12 | wmer 0,10 — — 003| 003| 006| mer —
F 0,01 0,01 0,02 — — 0,03 004 0,05 0,02 —
s - - = =1 = =1 =1 02/ o0 -—
100,27 | 100,68 | 100,15 | 100,21 | 99,70 | 100,52 | 100,54 | 100,33 | 100,04 | 99,03
Numerical characteristics according to A. N. Zavaritzky
Uuecaorsle xaparrepucturu no A. H. Basapuumomy

a 6,6 94 83 9 8,7 6,0 78 10,5 7.1 85
338 7,6 7.6 7 9,7 75 8,0 49 6.8 51

b 22 | 205 | 218 | 23 209 | 232 | 207 248 296 | 240

s 624 | 625 | 623 | el 607 | 633 | 635 | 598 | 565 | 624

f 38 45 43 39 43 55 52 4 29 44

m’ 50 44 43 43 52 33 37 35 55 47

c 12 11 14 18 5 12 11 21 16 9

n 717 82 78 71 74 71 78 71 76 72
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Table 1 - Continued.

Kox- N° amanmsos
HOROR | a1 | 22 | 2 | 24 | 25 | 26 | 27 | 2w | 2 | 30 |3t
S$i0, 50,29 | 53,52 | 53,86 | 5561 | 54,74 | 5598 | 64,60 | 59,57 | 61,15 | 59,82 | 55,69
TiO, 128] 086| 084| 094/ 072| 073 09| 051| 072| 057| 095
ALO, 1896 | 1845| 19,50 [ 18,88 | 18,13 | 17,40 | 16,38 | 1644 | 16,65 | 17,19 | 18,96
Fe,O, 344| 441| 415 298| 2,74| 330 157 411 270| 369 293
FeO 675| 516| 467 49| 521| 4951| 376 249| 381| 335 545
MnO 033| ol6( 016 013| o10{ 015| 025| 029| 014| 013 01l
MgO 414| 450| 301| 4,18 515 501| 146| 404| 358 280 | 38
Ca0 1025 924| 950| 876| 98| 902| 458| 643| 620 686| 7.24
BaO — - — — — — | mer - — — | 003
Na,0 285| 278| 321| 266| 314| 243| 439 327 28| 360 339
K,0 15| 106| 108| o0s56| o070 0651 166| 272| 160| 130| 106
H,0+ 020| 014 o019| 022| 027 049| mer | 040| — | 008 004
H,0— 009 015| 014| 020| o004| 031| mer | — — — | 004
PO, 040 — — — —_ — | 037 — | o032 018 019
SO, —_ - - - — _ N _ _ | —
co, — — — — — — — | = - — | 025
Cl — — — — —_ —_ — — —_ — | HOT
F - - — — — — - — - — | 0,02
S 0,02 —_ — — — — — — — — | o1
100,25 | 100,43 | 100,31 | 100,08 | 100,12 [ 100,38 | 99,92 | 100,27 | 99,75 | 99,57 [100,28

Numerical characteristics according to A. N. Zavaritzky

HmesnoBue Xaparrepumeruxy no A. H. 3apapunxomy

a 85 8,0 9.2 70 8,1 63 | 121 |- 112 89 | 100 95
c 9,3 8,6 9.1 9,6 84 88 50 54 48 6,7 84

210 | 199 | 168 | 168 | 194 | 189 81 ) 154 | 158 | 132 | 155
s 61,2 [ 635 | 649 | 666 | 64,1 | 650 | 748 | 680 | 71,1 | 70,1 | 66,6
f 47 46 51 47 33 41 63 40 39 49 52
m’ 35 39 31 44 46 46 30 45 39 37 4
c 18 15 18 9 16 13 7 15 22 14 4
n 75 79 & 88 88 86 80 65 73 81 82
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Table 1 - Continued.

N° amanmaon

Kox-
HOWOR" | 32 | 33 | 34 | 35 |36 | 3w | 38 |3 | 0 | a4 | 4
Sio, 6191] 59,92 58,78 | 5850| 56,51 | 57,27} 57,90 | 67,50 | 58,07 | 54,36 | 60,60
TiO, 075 08| 120! 09| 080 09, 125 045| 068| 09| 0,74
AlLO, 16,89 | 17,32| 16,93 | 17.08| 18,48 | 1306 | 1568 | 1397 | 17,21 ] 1855 | 16,73
Fe,O, 314 28 336, 288 301, 6,67 330 163]| 361| 465 202
FeO 38| 442| 506| 5311 541 231) 726| 350 423 38| 3,7
MnO 021 O0l16| O021| o018 017| 008] 024 o014| g6 027, 0,12
MgO 220 254) 295| 299, 350| 240§ 300 136, 304| 392( 405
Ca0 59| 693, T12| 746 802, 532| 644 37| 741 B849| 652
BaO — — — — — — - — — — —
Na,O 3,21 2607 332 328 29 3,09 330] 4.3 3,26 38| 304
K,0 101 115| 057/ 099| o97| 012 090] 147| 235| 032 1,32
H.0+ 032{ 09| 020 o10] 024 304| 044 124| 912| 019 o040
H,0—~ 026 032 003 oqi10| o007 107 009) 017} o020| 006| 020
PO, — — — — — 015| 008 0,09 — 008 026
SO, — — — — — 1,87 — — — — -
Co, — 0,03 — — — — — — — —_ —
Cl — 0,04 — — — 0,07 — — — 0,27 —
— — — — — 0,19 — — — 0,01 —
s _ 0,07 — — | =] 197 — — — | 005| 016
99,75 | 100,10 | 100,13 377 100,18 | 99,74 | 99,88 | 9991 1 100,36 | 99,91 | 99,92
Numerical characteristics according to A. N. Zavaritzky
Yupcrnopsle xapantepucrunu mo A. H. SapapmirroMy
a 95,0 7,7 89 9,0 82 80 87 | 123 | 106 9.2 88
c 72 83 7.1 73 8,7 55 63 31 | 64 83 7,0
b 108 | 121 149 ) 150 | 158 | 145 | 170 85 | 154 | 176 | 134
s 730 [ 719 | 69,1 1 687 | 673 | 720 | 680 | 761 | 676 | 649 | 70,8
f 61 58 54 53 52 61 59 56 48 47 40
m’ 39 37 34 34 39 28 31 27 34 39 52
c 3 5 12 13 9 11 10 17 18 14 8
n 81 77 83 83 81 98 83 82 68 95 78
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Kliuchevskoi volcano

1. Kirgurich, January, 1932 Analist N. N. Shavrova

2, Tuila, June, 1932 » N. V. Levenfish

3. Summit crater, May, 1937 »

4. Summit crater, July, 1937 »  N. Kh. Aidinian

5. Kozei, February, 6, 1938 » K. P. Sokova

6. Trety February, 7, 1938 » K. P, Sokova

7. Tiranus February, 7, 1938 » P, N. Nissenbaum

8. Biliukai, February, 7, 1938 » K. P. Sokova

9. Biliukai, July, 1938 » K. P. Sokova

10. Biliukai, September, 1938 » K. P. Sokova

11, Summit ¢rater, January, 1945 » M. E. Kazakova

12, Obrucheyv, June, 1945 » A. N. Razzhivina

13, Zavaritzky, June, 1945 » M. E. Kazakova

14. Zavaritzky, June, 1945 »  N. I. Vlodavetz

15. Apakhonchich 1946 »  N. N. Shavrova

16. Bylinkina 1951 »  E. F. Prokofiev

17. Beliankin 1953 » S. S. Krapivina
Plosky Tolbachik

18. Summit crater, 1941 » 0O, A. Alekseeva

19. Lateral crater 1941 »  A. N. Razzhivina

Maly Semiachik
20. One of the last lava flows »  N. N. Shavrova
Alaid
21. Taketomi 1934 »  Laboratory of the Geolog.
ical Survey of Japan

Karpinsky caldera

22. Last lava flow » L I. Tovarova

Chikurachki

23. Lava flow 1854-1859 » I. I. Tovarova
Avachinsky volcano

24. Lava flow, middle of the 19th century. » N. F. Levenfish

25. Lava flow, 1909 » M. M. Stukalova

26. Lava flow, 1926 » N. F. Levenfish
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Dome lava
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Karymsky
1935

Sheveluch
1948

Bezymianny

1956
1956

Kizimen

Krenitzin peak

1952

Severgin

1933 (?)

Zavaritzky caldera

Dome lava, initial portion, 1957
Dome lava, middle portion, 1957
Dome lava, end portion 1957
Koriaksky
Ash 1957
Ksudach
Lava from the wall of the volcano
Pumice 1907
Ebeko
Bomb 1935
Sarycheva peak
Bomb 1946
Dzendursky

Last lava flow

Analist V. M. Nekrasova

N. N. Shavrova

M. P. Baranova
V. P. Enman

A. N. Razzhivina

I. 1. Tovarova

N. N. Postnikova

I. I. Tovarova
I. 1. Tovarova

1. 1. Tovarova

V. P. Enman

V. E. Kuteinikov
V. E. Kuteinikov

I. I. Tovarova

N. S. Klassova

N. N. Postnikova
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clouds of Pelée type. The eruptions of Bezymianny were also followed
by sand flows of Katmai-Bezymianny type. On Krenitzin peak and
Severgin volcano as well as in Zavaritzky caldera eruptions had a
form of vertical explosions accompanied by extrusions.

During the last few decades the most widely developed form of
activity has been explosions of Vulcanian type. On some volcanoes
like Ksudach, Iliinsky, Ebeko, Sarychev peak and sometimes Ava-
chinsky and Karymsky it has been very strong, while for volcanoes
like Kizimen, Maly Semiachik, Zhupanovsky, Koriatzky, Mutnovsky,
Gorely Khrebet, Zheltovsky, Chikurachki, Karpinsky caldera, Nemo
Peak, Raikoke, Berg, Kudriavy and Atsonopuri — it has been rela-
tively weak.

The dependence of eruption types upon lava composition and
certain general laws are distinctly seen on a petrochemical diagram
compiled by A. N. Zavaritzky method.

As shown by the diagram, and especially by its right half, lavas
of Kliuchevskoi volcano erupted in 1932 (1 and 2), of Plosky Tolbachik
erupted in 1941 (19) are similar by composition and the most basic.
They occupy the lowest position in the basaltic field of the diagram.
Subsequent eruptions of these volcanoes produced relatively more
acid differentiates of basalt. During the interval between the erup-
tions and in the process of ascent, magma was differentiated and
during eruptions of different periods or even during different stages
of the same eruption there have been lava effusions of several dif-
ferent compositions (3-17 for Kliuchevskoi volcano and 21 for Plosky
Tolbachik). In passing from the lower basaltic field with a predom-
inant effusive form of activity to the middle andesitic field there
is a change in the character of volcanic activity.

While in the mentioned basaltic field the eruptions have been
mostly of a Strombolian or Vulcanian type, and on Plosky Tolbachik
— close to a Hawaian type, eruptions recorded on the andesitic field
were purely Vulcanian with effusions of small lava flows or tongues
or even without lava effusions.

With a higher content of silica and alkalies in the lavas, eruptions
of such lavas form either only extrusions or extrusions with glowing
clouds (Pelean type) and sand flows (Katmai type). On diagrams
this is expressed by the placing of composition vectors in the upper
right part of the andesitic field.

In the very top of the diagram a dacitic lava of Karymsk (27)
volcano and pumices of Ksudach (39) are recorded. The activity of
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the latter is characterized by strong explosions, and the first — by
explosions of a Vulcanian type with rare effusions of a dacitic i.e.
sufficiently acid lava.

While the form of volcanic activity of Ksudachi fits into the
general scheme of dependence between lava composition and the
type of eruption for the listed recently erupting volcanoes of Kam-
chatka and Kuriles Islands, the effusions of lavas from Karymsk
volcano violates this regularity, which it is difficult to explain for
the time being.

Let us point out one more violation of this regularity. The
vector of lava composition from Dzenzursk volcano (42) is placed
on the andesitic, i.e. explosive-extrusive field. However, the form of
activity of this volcano is effusive. Its last lava flow was 10 km long.

It would seem that by its nature this lava should occupy a
place in a more basic — effusive field of the diagram. And true
enough, the lava vector of Dzenzursk volcano is in the andesitic
field «illegally ». Such a position is explained by the presence in
the lava of minute quartz xenoliths. This way, in its ascent a basic
lava had entrapped foreign acid material. It is only natural that
a chemical analysis has indicated a higher content of silica and
the composition vector of this lava got into a more acid field not
pertaining to the lava.



