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SUMMARY. — A new system (elassification) of voleanic activity is pre-
sented for the fast determination of eertain important data on the Trasis
of the ohserved characterislics of phenoniena in the case of a given eruption.
The main purpose of the present paper beside this is to show the extremely
wide variety of the mechanism of voleanic aclivity.

The system is bazed on Lhe gas-content of fresh lava on one hand and
on the viscosity of it on the other. The classification is basically similar
to the system published by Professor R, W. van Beimumelen. The new sys-
tem — however — dillers [rom the original one of van Rennuelen sinee the
present anthor took into account some subtypes and transitions among
Lhe classical types. On the ollier hand the author introduced soms furiher
types into his new system, for instant the “Alphonsus™ type, the “Rift-
valley™ Lype, ele. Altogether 28 wmore or less different types are dislin-
fuishable. The sumn of the subtypes is not included.

Rrassunto. — Viene esposto un nuovo sistema (elassificazione) di
attiviti vuleanica per l'accurata determinazione i cerli importanti dati,
tenendo conto delle caratteristiche dei fenvineni vsservati nel caso di aleune
eruzioni. Oltre a c¢id, lo scopo principale della presente nota & quello di far
veders quantlo estremamente vasta sia la varieth del meccaniamo dell’atti-
vitdh vuleanica.

11 sistema si basa sia sul contennto di gas della lava fresca sia sulla
sua viscositd.

La classificazione & fondamentalmente rimile al sistema studiato e
pubblicato dal Prof. R. W. van Bemmelen. Il nuove sistema, tuttavia,
ditterisce da quello originale di van Bewmmeselen perché nel presenle lavoro
IFautore prende in considerazione — fra i tipi classiei — aleuni sotbotipi e tran-
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sizioni. T¥altra parte Uautore introduce nel suo nuove sistema, ulteriori
tipi, quali I'n Alphonsus », il « Rift-valley » ete. Complessivamente & possibile
iistingnere cirea 28 {ipi diversi, al gqunall va aggiunto linsieme dei sotto-
tipi gid citati.

I NTRODUCTION,

In the wvoleanology there iz a classical system of the voleanie
activity, the short history and the base of which were described al-
most in all of the voleanological textbooks. We may refer Lere only
to four of them: Bullard {3), Cottou {}), Rittmann (*7) and Tazieff (19),

Phato 1 — The site of the two most active areas of the lunar surface. Black
arrow: Alphonsus, white arrow: Aristarchus,

In two brilliant papers, vau Bemmeleu (1.2) has pregsented a clas-
sification on entirely physical base, namely on the basis of viscosily
and gas-content of fresh lava, This excellent system consists of all the
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most important fundamental fypes (classes) of eruptions, but without
the possible transitional- and subtypes.

In the present paper the author is trying to enlarge the system
of van Bemmelen amnd thus to include the important transitional- and
subtypes into the new elassification. It is possible now, owing to the
valuable new results of the recent theoretical and fleld investigations,
carried out by voleanologists over different parts of the world.

Photo 2 — The Alphonsus. The small arrow shows the site of the new reddish
spot, observed by Wilkins,

Needless to say that this new system is more complicated than
that of the original one of van Bemmelen. Its main purpose is twofold.
Praclically: in spite of the difficulties arising by the complicated form
of the new system, the author hopes very much that this classification
may be useful for the experts, as a work-lhelp table for the fast, ap-
proximate determination of many data, taking into account the maiu
characteristics of the observed factors in the case of a given eruption.
However, to use the system in the practice really is not too easy,
since the system is somewhat too elaborated and in many cases it goes
into the thiniest details as well. The question, whether the respective
system really is useful in the praectice or not, will be answered in the
future by those experts who will try to apply it. It is possible that
some alterations, especially simplifications will be required.

Concerning this point it must be emphasized that there are neither
“absolute cathegories’ nor “‘pure lypes’. Hvery voleano is a unique
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“individuality” and lhe character of eruptions may change between two
successive eyecles of activity of the same volcano, the more, it may change
during one cycle of eruptions. As Professor van Bemmelen had the
kindness to eall the author’s attention; “On the top of every volcanic
cycle the activity is unique in its own way, apart from some genceral
characteristic trends” (personal communieation). These general
characteristics are given in van Bemmelen’s original system. During
one cycle of activity, or during more cyeles which follow each-other
in the case of the same volcano, several types of activity might be
shown successively. Accordingly, the theoretical purpose of the presend
paper t8 to show the yreat vartousness, the monifol{ness of the external
voleanic phenomend.

Thoto 3 — The site of five reddish pateh near to Aristarchus.

To make distinctions among the different kinds of voleanic acti-
vity often is rather difficult, especially in the ease when the place of
a voleano inside the system is very near to the place of an other one.
They have many common features, while other characteristics of
themn may be difterent. It is not possible to set sharply a limit bet-
ween the respective types. For example: according to Professor van
Bemmelen (also personal communication} the most important aspects,
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determining the classification in the case of types 25 (Vesuv-1I) and
26 (Santorin) were the high explosivity, self-indnetion and the ter-
minal Perret-phuse; while the other aspects, which represent rather
differences than similarities hetween them, had only a secondary role,
Such secondary factors were as follows:

The Vesuv in 79, A, 1}, — as well as the Merapi in 1006, A, D., —
were destroyed by gravity slides, producing the somma walls, hut
not caldera’s, while in the case of the so called Minoan eruption of
SBanforin @ mighty caldera originated by tlhe collapse of the roof
of the magma reservoir. The eruption of Vesuv in 1906 A, D. des-
troyed only the top part of the voleanic cone.

* < &
To use the elaborated new system — in spite of its rather com-
plicated form — the knowledge of snly tfwe dale, which are at the
same time the base of van Bemmelen's system as well, is indispensable,

However these two dafa are basic and of capital importance. The
respective dafa are ag follows:

a) The viscosity (or the silica content) of the fresh lava.

by The gas-content of if.

VAN BEMMELEN'S SYSTEM.

It is a table in which the diiterent eruptions are classified as the
function of the gns-content of the erupted magma on one hand and
of the viscosity of it on the other {Table I).

Table 1.

(aa-content
Viscosity
o Low Medium Higl
Low (hasie com- | Lava sheets (A) | Bfromholian (I3) | (Ytrian) {{+)
porilion}

Medium (intorme- | Lava tongnes (B) | Vulcanian (E) Plinian (11)
diate composi- |
tion) | [

High ({(acid com- | Lava plugs a,mlee]éean (nuédes | Tgnimhritic (T}
position) domes (C) I ardentes) (F)
|
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Van Bemmelen has mentioned that the so called Ytrian type (G)
represents an exceptional case, namely the high gas-content was the
consequence of the sudiden melting of an ice-sheet, under which a
fissure-eruption hail taken place. Also according to him the types A,

Photo 4 — Electrical phenomena during the ernption of Vesuv in 1944

B and C are non-cxplosive, but extrusive ones. The types ID, E and I
are characterised by short explosive eruptions. Lastly, types G, H
and I are characterised by great quantity of erupted magma and
explosions of extreme violence. In types H and I the magma is trans-
forming into tephra still in the depth, during the rising-process of
the rock-melts. While in type II the eruption belches out the magma
through a voleanic crater, in case of type I the magma reaches the
surface generally throughout fissures. In case of type H the paro-
xysm takes place during the so called Perret-phase (gas-phase, see
later), at the end of Plinian activity, during or after that a gravity
slide (Vesuv, 79 A.D.) or a total collapse (Krakatoa, 1883) of the
voleanic structure may oceur. Also according to van Bemmelen, the
Bronze Age {(*Minoan’) eruption of Santorin (between 1500 and 1400,
B.C.) belonged to types H and I.
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AUXILIARY TABLES.

Owing to certain difficulties in the printing-technique, it is not
possible to pablish the anthor’s new gystem as a table but only as a
ilrawing (see Fig. T}. [Tt is necessary to supplement the respective
drawing with some auxiliary tables, which contuin some important
features of the fundamental types (clagses). The drawing (Fig. 1)
and these puxilinry tables must be used simuliancously (that is together).
As a result of such a procedure we can obtain many further infor-
mative data regarding the voleano which is under consideration —
on the busis of its position in the new system.

The first wuxiliary table is represented in Table II.

Table II.

‘ (ias-conteut
Viscosity . :
| Liow Medium High
Yerv low (ultra- | Ultrabasic
hasic} (‘lass (J}
Low (bLasice) l.ava Sheet strombelian
Class (A) Clazs ()

Medinm  (inter- | Lava Tongue Vuleanian Plinian
mediate) Class (B) Class (E) Class (1)
Migh (acid} lL.ava Dome Peléeau [gnimbritie

Class (C) Class (F) Class (I3

Comparing Tuable II with Table I, we c¢an state the fact that
some clusses of the former (types A, B, ¢, D, B, I, II and T} are to
be found in the latter, too. But type G (Ytrian-type) now is absent,
ginee it is only an exceptional case but not a real fundamental type.
Tts high gas-content — namely — wns the direet consequence of a
subglacial eruption. In the Nature the low viscosity and high gas-
confent don’t exist together. Therefore we may regard the respective
phenomenon, manifested itself in the case of the Ytri-eruption only
w8 a psendovoleanic one.

On the other hand we introduced a new class, namely the ultra-
basic one (J) — corresponding to Bullard’s suggestion (3) regarding the
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Table III

Viscosity

Vory low

l.ow

Medium

Low gas-conteni

ULIRABASIC CLASY.  Lava voleanoes, K-
plosivily: extrusive, non-explosive, K (explosion-index
of Rittmann (1)} < 5. Wind of eruption: on area awil
linear, predominantly slow lawa-flows, somelimes and
i1 soine places however subinarite ernptions are possible.
Seismicily: i1 the ncarer-farver proximity of lhe area
of activity the moderate tectonic earthquakes of shallow
depth (0-70 kms)} are very copious.

LAV A SHAERET CLASY. Lava voleanoes. Fle.
plosivity: extrusive, non-explosive, & =7 10. HKind of
eruption: central and linear, the latter generally from
the fissures on the slope of the voleanic structure, in
some places from parasite-cralers, which are aligned
along suel Assures, Seismdeity: the eruptions of the
Hawalian-iype velcanoes (belonginy to this class) are
often preceded for months by certunin voleanic shocks.
The hypoeceniral-depth of these quakes at the beginn-
ing of Lthe activity 1s about 50-60 kms or even gre-
ater under the voleano. As the magma is rising to-
wards the surface the hypoceniral-depll is decreasing.
The surface eruption probably will start when the
hypoceniral-depth bhecame practically zero kilomeler.
According Lo Minakani (¥} these shocks belong to
the type I (see later}, The type Tl shocks are ab-
gsenl, but the Lype IIT shocks (originaling from the
weak explosions of gases liberated quickly from the
hasaltie magma} are translormed inlo the continuous
voleanie vibralions (microshocks, shocks of Lype 1V).
Dimensions of calderas of Hawaiian type: according
to Yagi () there existz a relationship between ihe
diameter of calderas and the BiQ,-contenl of the lava,
On the hasis of Yagi' diagrams (*') (imposed on the
lata of aboul 40 calderas), the diameter of calderas of
Hawaiian type is =2 11 kms.

LAVA TONGUE OLASE. lava voleances. Fux-
plosivity: extrusive, non-explosive, # << 10. Kind of
eruption. ventral and linear. Seismieity: predominanily
voleanie microshocks.
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Table 111 (cont.)

Viscosity

High

Low gas-conteut

LAVA DOME CLASS. Lava voleawoes.  Ere
plosicily: extrusive, weakly explosive, If = 10.  Kind
of eruption: central. Seismicity: at the beginning of
activity type 1 shocks with decreasing hypoceniral-
depth; later extraordinary crustal deformatious (chie-
fiy rising of the ground) may ocenr and type 11 shock-
swarms at the same time with shocks of type 1; at
last type II earthquakes are present oxelusively.
{This example is valid for the case of volewuno Showa
Sinzuu).

Tahle IV.

Viscosity

Low

Medium

| cances. Kaplosivity: strong, 34 <X I < 66, Iind of

shiocks (which are alse comuon from a depth of about

Medinm gas-content

NTROMBOLIAN CLASS. Mlixed, lava-rich vol-
canoos, Erplosivity: moderate, 11 > F < 33. Hind
of eruption: central. Seiswmicity: continuous veleanie
microshocks, pulsations {die to the moderate deton-
ations) from a depth of maximally [ km wwler the
hotiom of active crater (type [V shoeks); further.
more type I shocks from a depth ol 1.14 ks, some-
times directly preceding the ernptions, hut in some
other rases without ellective surface eruptions, as
indications of the gas-explesions and movements of
magma in the depth. Iutensily of eruption: {the ex-
planation of this uotion will be given later) generally
is Vo.Vio (2,

VULCANIAN CLASS. Mixed, intormediate vol-

eruption: central and linear (very mauny parasi-of
craters are to he fownd along splits on the slopes
ol voleanic structure, for example on the slope of Etua).
Seismicity: type 111 shocks ol explosive origin, their
energy is somewhat higher than that of the type II

1-2 kms). Sometimes (for instauce in the Sakura-
zima case) there are type I guakes, too, but their
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Viscosity

Nigh

Medium gas-content

uumber relatively is small. Iniensily of eruplion: gen-
erally is VIa.Vl1Io,

PRLEEAN CLASS. Mixed voleanoes, rich in
solid fragments. Freplosivity: very strong, K Z= 67,
Hind of eruption: central. Seismicity: shocks of type
111 in connection wilh the strong detonations. [In-
tensity of eruption {Mont Pelée, 1802): VIIo.

Table V.

Vikcosity

Medinin

High

High gas-conteni

PLINIAN CLASS. Mixed voleanoes, rich in solid
fragments. Erplosivity: very strong, EZ=67. HKind
of eruption: ceniral and — sometimes — linear. Seis-
micity: as the Plinian class essentially is the violent
version of the Vuleanian Class, its seismic properties
are similar to that of the Vuleanian Class. Inlensily
of eruption: genervally == V1Ie.  Dimensions of calderas
of Hrakaloan tlype:

8i(),: 54.559;, diameler: 1.5 ks
»  AT7-649%, n 1-15 kms
» == 639, » 10-26 kms
or even greater. {The estimations regarding the dimen-
sions of calderas of Iawalian and Krakatoan types
are rather roush ones).

IGNIMBRITIC CLASS. DPredominantly tephra
voleanoes.  Faplesivity: extremely strong, ¥ = 67.
A part of the voleanic siructure may be destroyed, Kinp
of erupiion: subordinately and sometimes central erup-
tious may also occur, but predeminantly the eruption
is linear. MSeismicity: accepting the Gorshkov’ (%)
opinion, according to which the 1955.56 eruplion of
voleano Bezymianny of Kamehatka belonges to the
Ignimbritiec Class and ihus it must be very similar

| to the eruption of Katmuai of Alaska in 1912, this

class of eruptions is started and the paroxysm is
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Tahle V {cont.)

Viscosity High pgas-content

earthquakes of weleanie origin. Acecording to the
field investigations, earried out hy Tazieff et al. (20
— however - the Bezymianny ernption amd the
Katmal eruption represent two different kinds of ae-
tivity, in spite of some real and interesting similarities
between them. The most important argument against
the Gorshkoev's view is that in the Bezymianny case
there wus no any ignimbrite at all. According to
Richter ('*) Immediately following the start of the
Katmai eruption, along the Alaskan coast, rather
near to the voleano, itwo earthquakes oeccurred, on
June 7th, and 10th, 1912; strong the former () = 8.4),
very strong the latter (M = 7). DBoth shocks
were of tectonie origin., However we have uno
evidence whether these earthquakes might have been
in direet connection with the Katmal eruption or not.
Also, we have no data about the seismic plienomena,
preceding the eruption of Katmai, since the volcano is
lying in a rather great distance from the seismological
stations and at the time of the respsctive sruption iu
1912, only wvery few seismological observatories had
heen working on the world. Accordingly the seismic
properties of a real ignimbritic eruption is not known
ag vet.

‘ preceded by many ten-thousands of rather strong
1
|

introduction into the cathegorics a type, he called as Icelandic onc.
The Ultrabasic Class is characterised by a very low viscesity and a
low gas-content.

Some important data concerning the new classes (J, A, B, ¢, D,
E, F, If and I) are to be found in Tables IIL, IV and V, respectively.

PHREATIC AND PHREATOMAGMATIC ERUPTIONS.

The exact detinitions of phreatic and phreatomagmatic eruptions
were given recently by Neumann van Padang (4). Aceordingly:
phreatic eruption is caused by the expansion of volatile matter above
the roof of an igneous body. The ejecta blown out at relatively low
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temperature contain no fresh incadescent matter. However, in some
cases fresh magmatic material may accompany a phreatie eruption,

Photo 5 - Electrical phenomena during the birth of Surtsey in 1963.

In those eases Stearns and MacDonald called the phreaiommagalic
eruptions. It is a volecanic eruption or explosion, ordinarily of extreme
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violence, produced when an ascending magma comes inle contact
with ground wealer. lissential ns well as accessory ejecta are cxpelled.
Bueh eruptions differ from iypical magmatic explosions where the
gases are chiefly derived from the inagma (M) [pp. 660, 661, G631

Tablo V1.

Yiscosily Medium or high gas-content

Medinm or high DHREATIC ANT PHEEATONMAGMHATIC
ERUPTIONS. Dredominantly fephra-voleanoces, -
plosivity: very stvong, ¥ = G7.  Hind of eruption:
central in meaning that usnally the top-part of Lhe
voleanie structure {on which the central crater can
he found} is destroyved by Lhe strong detonatlions (for
example: Bandai-san, 1838). surface lava-flows usu-
ally don’l exist, excepl the case of certain phreato-
tagmatic eruplions.  Seismieity: type 1 shocks from
a depth of 0,8-5 kms, the overwhelmming majority of
then: come from a depth of 1-2 kms, within a circle
with a radins of about 1.5 km measured from ihe
central erater on the top of the voleanic structure.
There are ne type IT and TV earthquakes (this latter
statement is valid for the Hakoene-eruplion in 1960),
Strong ground-motions of iype 1L shoeks are com-
nwon as the eonsequence of the fast detonations. There
may he - however - exceptional cases, for instance
the phreatomagmatic eruption of voleano Taal in
1965 was not preceded by earthquakes aml crustal
deformations.  Iwlensity of eruplion: generally il is
I.IVo, sometimes much higher (Taal: Vo, Bandal-san:
VIle).

In our system this kind of ernptions received the serial number
22. These ernptions represent such a case which has a position among
four classes; namely phreatic and phreatomagmatie eruptions may
oceur alike in the cases of Vuleanian, Plinian, Peléean and Ignimbritic
Classes. Turthermore, as we sghall gsee in the detailed explanation of
the system, there are some further types, in which the possibility of
phreatic and/or phreatomagmatic eruptions exists.

In Table VI we gave a summary about the most important
features of these kinds of eruplicns.
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TYPE OF VOLCANIC SHOCKS.

It is noteworthy that in the original paper of Minakami (1} the
signs of diflferent kinds of voleaniec earthquales were type A and
type B. The present author prefers the signs of type I, IT, IIT and TV
since the letters A and B in our present case mean ftwo classes in the
general system of voleanie activity.

Table VTI.

Type

[ (in Minaka-
tmi’s paper{!?):
“ATY

IT {in Minaka-
mi's paper(1*):
ﬂl'[;!')

I11

I'

Characteristics

Earthquake-swarms usually from a depth of 1-10
ks, sometimes from 20 kms and — rarely — from
a depth of 50-70 kms. They have their origin from
the mass-movements and ras-explosions inside the
magma-chamber and veleanie chimney, respectively,
The epicenters are distributed on and arcund the
active crater.

Earthquake-swarms, but from a depth smaller
than type | shoecks. The hypocentral-depth is about
0,1-1 km. The opicenters are distributed usually
within a cirele with a radius of 1 kin, measured from
the center of aetive crater. They have their origin
from the explosions of gases as well as from the mo-
vement of magmatic masses, reached a very shallow

| level from the surface.

Earthquake-swarms from the same depth as of
type [l shocks, but their energy is higher than that

i of earthgnakes of type II. They are the direct con-

sequences of gas-explosions.

Vibrations, pulsations of the ground, micro-earth-
quuakes, tremors, due to the smaller but continuous
gas-explosions. Their epicenter is just on the bottem
of the active crater: it is the very strange case
when the epicenter and hypoconfer are the satne.

In Table VII we summarized the most important properties of
these types of voleanic shocks.
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Table VIII.

8i0, content, | Period of type I'V shocks in seconds
= 1 3 Ex: 1

per cent [ a) short period | h) long period e
40 0,3 — 0,5 | Nyiragongo
401 [ 0.7 i Kitzembanyi
47 L6 — 07 | 25 -35 Kilanea
52 "2 — 0,5 | Mihara-yama
53 [ 03 — 0,5 Aso-san

55 — 59 | o,l —o0,2 0.35 - 0,6 Paricutin
G0 | 025 - 0,35 Sakura-zima

|

According to Bhimoezoru and Berg (18), the microshocks, belonging
to type IV, ean be elassified into two groups, in accordance with the
length of their period. If seems that the length of period is in a cert-
ain eonnection with {he BiOscontent of the ernpted lava and —
perhaps — at the same time with its temperature (Table VIII).

Disregarding from the case of Nyiragongoe we can perccive the
faet that the length of period of the microshocks generally is decre-
asing with the increase of BiQ,-content of crupted lava. Evidently
it is in certain connection with the faect that the viscosity depends
on the Bi(),-content.

INTENSITY AND ENERGY OF ERUPTIONS.

As regards the inlensity of ernptions we can refer to Tsuya (2,
according to him the intensity is the funetion of gquantity of ejecta
{Table IX).

Table 1X.

[utensily Limit of velume of ejecta
degree km?®

0 Yolcanoces shewing fumarole aetivily only
1 =2 (,00001

IT 0,00001 —  ,0041
IT1 06,0001 — 0,001
1V 3,001 — 0,01

v 3,01 0,1

¥I 0,1 — L

Y1I 1,0 10,0
YII1 10,0 - 10,0

IX > 100,0




412

r. NEDERVARI

The author las established an empirical relatienship hetween
On the other hand,
Imho {(12) introduced the notion of dynamic eruptive energy. The
empirieal connection among the intensity, dynamie eruplive energy

intensity and (thermie) energy of cruptions (%1).

and the lower and upper limits of thermie energy of the same eruption
can he found in Table X ().

Table X.

Intensitv
degree

11

[rI

VIl

1X

Drynamic eru-
Quantity of | plive eneryy it
lava or teplira | the density i
m# 1.8 grr.em-8
orgs

< i < 8. 1

0,8 F012

WAL h8. 1020
w41
il ik
4L g
| G4
1P - 101 0,8 102

0,8- 11

{,5- 10

10, | Ll |
Ll o8- 102

Lo Iz 0,8 118

Thermic energy, in ergs

in ease of lava |
voleanoes

5.25. 10t
4,70, 130
4,79, 100
4,37 103
4,37 102
3,08. 14
3,98. 102
3,63, 102
3,63. 103
3,31 102
3,80 102
3,02. 102
3,02, Liyps
2,75. 10
2,75 1o
2,51. 102
2,51 1077
2.90. [(2%

in case of
vuleanwes, the
ojorta of
[which predomi-
mantly is tephira)

1,00,
1,3
1.0

[ 1a0.
[ 1,00.

[ Loo.
[ L0
|
[

L.{H
L,{H

| 1,00
1,04

1.00-
1 100.

!
[ 1,00.
|
|

I,
RIS

L,00-
L0

| (e
10=0

Lo
T2t

L2
102

L(ee
1o

192
1{)=4

L=
(%8

Lgp=e
Lo)=8

1126
1027

L0*7
102

THE NEW SYSTEM IN DETAIL.

Fig. T shows the new system of volecanic activity, including not
only the classes diseussed previously hut at the same time the types
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ag well as the transitional types, too. The two great arrows show the
increase of explosivity (ILXPL.).

Legend:

PA.PR.: Pacific province of rocks (some examples)
ATL.PR.: Atlantic province of rocks {(some examples)
e abyssal rocks

5: effusive rocks

Vit viscosity of erupted lava

VLo: very low

Lo: low

Me: medinm

Hi: high

GG: gas-content of erupted lava

A, B, G D, E,F, G, H and I: types in van 3emmelen’s system

ba: basic andesite, 510, 54 — 5T per cent
ia: intermediate andesite, 5i0,: 58 — 61 per cent
aa: acill andesite, 3i0,: 62 — 65 per cent.

Now let us go throughout the whole system beginning our way
from the upper left corner of the Table, from type 1.

1. Rift-valley type. Yery slow but continuous magma-flow from
nnder the thin oceanic crust during millions of years along the great
Rift-valley, the axis of Mid-oceanic Ridges, in connection with the
phenomenon of ocean-floor spreading. In some places (e.g. South of
Iceland, in the neighbourhood of voleanie island Surtsey) submurine
ernptions are possible,

2, Feelandic type. Mighty lava-flows, the consequence of them
are large lava-plateaus (e.g. in Columbia, Parani, Decean, Ieeland).
The lava in the overwhelming majority is originated from a primary,
non-differentiated, ultrabasic one. In some places there are linear
eruptions (Iceland: Laki, Eldgja, furthermore voleanoes along fis-
sures: Katla, Hekla, ete.). The voleanic activity mainly is without
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explosions or is with weak or moderate explosions; however the Mekla
had sueh kind of eruption when its explosivity-index reached the
value of 39 and the Si0,-content of its lava had been 58 - 60 per
eent, thus the lava was andesite-like temporarily.

- N
Sl

¥

Photo 6 ~ Llectrical phenomena during the erupiion of Cerro Negro of
Nicaragua in 1971: it is surprisingly sinular {0 that of Surtsey. The ploto
has been made by Ingeniero Tranco Penalba Estudios Penilba Nicaragua
(8pecial Report of Center for Short-Tived Phenomena. Smithsonian Insti-
tution, written by J. G. Viramonte, E. Ubeda and M. Marlinez,
April 15, 1971,
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3. Lava-lake type. Basaltic lava, very fluid, on the surface of
which thin crust may exists temporarily. Great lava-fountains may
ocenr,  “Pelee’s hair™ and “fear”. Very moderiate explosivity, Fxam-
ples: Halemauman, Nyviragongo.

Drawing 11

4. Heawadtan type. Tt is 1dentieal with the Lava Sheet Class (sec
in Table TIT). Very fluid lava, the speed of which on the flanks of
the voleanie structure may reach the value of 40 — 50 kms/hour. The
gases can liberate from the lava quickly and easily. Lava-fountains.
There is none formation of ashes and scoriae, or if there is, il is only
i a very small amount at the vent of the crater. The duration of
eruptions may vary from some days to many monthg, Shield-voleanoes.
Examples: Mauna Loa, Mauna Kes, Kilanea.
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h. Lava-tongue type. Tt is identical with the Inava Tongue Class
(see in Table TIT). Less {luid lava with medium viscosity, usually
solidifies in the valleys thus forming there a (lat tongue. Similar,
subsequent lava-flows on the same place of the respective valleys
may lead to an inversion of the relief (1). Classical example: the
extinet voleano Mount Egmont, New Zealand.

B2 W ey
e

Photo 8 — Submarine eruption in the Pacific Ocean (Myoozin, 1952).

6. Lava-dome type. It is identical with Lava Tdome Class (see in
Table IIT). The erupted lava is very viscous. Ingide the crater there
originates a lava-dome, the dimensions of which are increasing with
time. Example: Showa Sinzan, Japan.
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7. Milara-yama type (on the basis of its activity in 1950-51).
Weak explosions, the quantity of scoriae, ashes and bombs is moderate.
From time-to-time the character of activity is purely Hawaiian, in
other times it iy typically Strombolian.

Photo ¢ - The Halemauman lava-lake alt Hawali.

8. Polsky Tolbachik type. This voleano of Kamchatka often has
a Hawailan activity, however on its slopes there are many active
parasitic (secondary) craters, similar to the case of Etna.

9. Alphonsus type. In 1956, ). Alter has observed a gas-emission
in the ring-mountain Alphonsus of the Moon. On the night of No-
vember 2, 1958, N. Kosyrev has observed a real voleanic eruption at
the central peak of Alphonsus. At first, as e observed, the central
peak became deep-red — the cause of thizs phenomenon probably was
the scattering-process of red-hot voleanic ashes and small fragments —,
and later the central elevation of the respective ring-mountain became
suddenly unusually bright. Aeccording to the photo-spectral investig-
ations, carried out during these phenomena, there occurred an emis-
sion of C, gases. H. P. Wilkins, founder and first president of Infer-
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Photo 10 — The lava-lake of Nyiragongo in Africa.



BYETEM 0OF VOLUANIC ACTIVITY 421

national Lunar Society reported lafer, that after the above mentioned
events on the Moon, he discovered a new, elliptical or cirenlar reddish
spob with a diameter of 2-3 ks at the foot of the eenfral cone of Al-
phonsus. This observation had been confirmed later by other explorers,
the more, in later years some further gas-emissions and new redilish
spatches were also observed. Similar reddish spots had been observed
later in other craters of the Moon, too.

Photo 11 - Lava-flow and fountain on the flank of Mihara-yama
{(Japan in 1931).

According to Kosyrev the quantity of escaped gases at the observeil
cruption of Alphonsus in 1958 might have been very small, 16 was
estimated by him teo be about 100 000 m?* only.

The area, on which one can lind the ring-monntain Alphonsus,
is a continental-like one, the surface rocks of which belong to the
intermediate class between (he basie amd acid rock-categories.

The lava-spot, observed by Wilking, diln’t fow too far from
the active vent or erater. Therefore we may suppose that it might
have had a character similar to the lava-tongues, Accordingly the
Alphonsus type may be regarderd as a transitional one between type b
(lava-tongne) amwl type 12 (Asama-yama).

It is noteworthy that since these classieal fivst observations of
the activity of a lunar veleano, it came into light that the “voleanic”
or “transien!” lunar phenomena (TLP or LTP} are rather frequent



422 P. UEDERVAKL

ones on the surface of the Moon. The transient Innar phenomena can
he regarded as:
a) lava andfor pyroelastic-flows with small amount (reddish
spatehes);
h) gas emissions;

¢) scattering of ashes, lapillis and bombs;

Phote 12 - lLava-flow and glowing fragments at the Nyamlagira, Africa
{after Tazieff).

all of which belong to the category of volcanic andfor postvoleanic
events,
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10, Shin Ivjima — Mjojinsho fype. Both voleanoes were sub-
marine ones near Japan; the former erupted in 1934-35, the latter in

Photo 13 - The lava reaches the houses of San Sehastiano during
the eruption of Vesuv, 1944 (after Imba),

1952. Explosive eruptions, followed by the origin of submarine lava-
domes, made up by acid andesite or dacite. Great guantity of pa-
mice on the surface of the open water,
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Phoio 14 -~ Eruption.cloud of Mayon (Philippines) in 1938,
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11. Port-shimn fype. 1t is o transitional type between the Strom-
bolian Class and the Volcanian (lass. The lava iz basaltic or basie-
andesitic. Explosive character, with many bombs, scoriae, ashes and
pyroclastic-flows. Exumples: Tori-shima (1939), Miyake-zima (1940)
and some phases in the activity of Milara-yama in 1950-51. All men-
tioned exumples are Japanese.

Plotn 1A — The 38 km high eruption-cloud of Bezymianny (Kamehatka)
in 1956 (after Gorshkov).

12. Asama-yama type. It iz in a close relationship with the Vul-
canian (lass. Its lava is transitional andesitic. Lava-flows and pyro-
clastic-falls as well as pyroclastic-flows., Strong explosivity. Dark
ashes-clouds with an height of 1000 metres or more; inside the elouds
strange electrical phenomens may oceur. Great quantity of pumice.
Examples: Asama-yama (1783), Sakura-zima (1914 and 1946), both
are Japanese volcaloes.

13. Tarumai-san type. It i3 also in close relationship with the
Vulcanian (flass and at the same time it is in a somewhat farther
relutionship with the Lava Dome (lass. It differs from types 11 and
12 in the meaning that in its case, — following the explosive erup-
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tions — there is a possibility for the origin of domes of aecid andesite.
Pyroclastie-flows and -falls are also possible. Example: Tarumai-san

of Jupan in 1909,

'

I’hote 18 — The hirth of Parieutin (Mexieo: 1943).

14. Merapi type. In very close relationship with the Peleeun
Class. Very strong explosive activity, swelling dome from a very
viscous, usually daeitic lavy.

Subtypes:

a) glowing awvalanches of explosive origin;
h) glowing awvalanches of collapse origing
¢) glowing avalanches of complex explosive-collapse origin.,
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Photo 17 — A typical califfower-form cloud over the Vesuv (after Tmhd).
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These subtypes can be experienced from time-to-time in the
activity of Javanese voleano Merapi.

Plinto 18 — Eruption of Puyehue of Chile in 1960, immedialely [ollowing
the sirourest shoek of the great Chilean earthgnake-sequence.

15. Strombolian type. 1t is ldentical with the Strombolian Class
(see Table 1V). Continuous activity during hundreds and thousands
of years. Rhytmic gas-cxplosions. The gas-pressure however is nof
too strong. The voleano produces glowing fragments of lava, however
the quantity of ashes is very small and thus the eruption-cloud is white.
The fragments of lava usually fall into the active erater itself. On
thie surface of the lava in the erater there is only a thin crust. The
explosions hreak out this crust. A volcano, belonging to the Strom-
bolian type sometimes may have a typically Hawaiian character
(for instance: Mihara-yama, 1950-51). On the other bhand, a volcano
which belongs to the Vuleanian type, may produce phenomena eharac-
teristic of the Strombolian activity (for example: Etna, Vesuv).
Further examples: Tzaleo (SBalvador), Aso-san {Japan), Alaid (Kuriles),
Uracas (Izu-Mariana group).
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16. Vuleanian type. It is identical with the Vuleanian ('lass (see
Table TV}). The name of this type originates from the name of
Vuleano of the Lipari-islands, the activity of this veleano between
1888 and 1890 had been typically “Vuleanian”. The Vesuv, however,
often shows phenomena which are still more characteristic ones by
the respective type than that of the Vulcano itself. The Vuleanian type
probably is the most common one among the voleanoes of the Earth,

The lava is very viscous. It doesn’t remain fluid a long time —
on the contrary — it solidilies quickly still in the crater.

Owing to fhe strong explosivity, the gases carry u great guantity
of ashes and other small fragments inte the air. Therefore the eali-
flower-shaped eruption-cloud is very dark. The crust of the voleanic
bombs is similar to that of the bread. The form of the bombs is often
angular. They originated partly from the lava, solidified insile ihe
crater and partly from the older rocks of the erater-walls.

The ftirst part of activity is somewhat similar to that of the Te-
léean type, but without nuées ardenies. The lava-flows are extremely
rare, but lava-plugs are possible. The gas-explosions may destroy
these plugs. If there are lava-flows, then it is a typical Vesuvian ac-
tivity (Vesuv-I type which is not identical with the Plinian outburst,
that is with Vesuv-IT type, sce later),

Some examples are as follows: Paricutin (Mexico}, Asama-yama,
Minami-dake, Sakura-zima (not in every cases but casually these
three Japanese volcanoes show Vulcanian activity), Anak Krakaloa
{Tndonesia, inside the Krakatoa-caldera), Palea and Nea Iameni
(Greece, ingide the Santorin-caldera), Lassen Peak (US:A, not in the
case of all of its outhursts), Kljuchewskaja, Mali Semjachik, Karymsky,
Avachinsky, Chikurachky, Ksudach, Ilinsky, Ebeko, Sarichew, Kizi-
men, Zupanowsky, Koriatsky, Mutnovaky, Goreli Khrebet, Zelthow-
sky, Nemo Peak, Raikoke, Berg, Kudriavi, Atsonopuri (IKamchatka).

17, Tokaehidake type (on the basis of its activity in 1926). Dy-
roclastic-fall and -flow of andesitic, usually acid andesitic materials,
Explosive eruption of dacitic lava is possible. The explosivity is
stronger than in the case of the proper Vulcanian type (point 16).
It is a transition from the Vuleanian type towards the Merapi- and
Peléean types. Examples: Sakura-zima in 1939 (this ontburst was
followed by @ small but typical nude ardente), Komagatake {also of
Japan) in 1939. The eruption of Komagatake in 1939 was followed
from the emergence of an eruption-cloud with a height of 15 kms (1)
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18. Suwanose-jima type. DBasaltic and basic andesitic eruptions,
in close relationship with the Strombolian type (point 15). The deton-
ations are not totally rhytmic, since sometimes there are strong
and very strong explosions too, inside a series of the detonations,
The pause between two consecutive explosions is rather short, usually
some seconds only. Many ashes and scoriae. Exomple: sometimes the
Mihara-yama; in such eases it hag an effusive and mixed character,
During the last eruption in 1707, the Fuji Yama of Japan showed
phenomena characteristic to this type.

19, Prléean type. It is identical with the Peléean (flass (see
Table IV). It is the most explosive type among the other ones, discns-
ged till the present point. Gigantic quantity of fragmentary- and ashes-
material. In the crater a lava-plug originates, which may be lifted
later by the gas-pressure and thus it forms a lava-spin or lava-tower.
The explosions from beneath such a lava-tower have a more or less
horizontal direction. There is no lava-flow, except the case when the
lava-tower collapses or explodes. Nwudes ardentes and direeled voleanic
blasts [the denomination of the latter phenomenon is due to Gorshkov (7)]
are frequent. These dirceted blasts, however, are weaker than that
of Bezymianny (see in point 23}, The directed volcanic hlast in case
of Peléean type doesn’l destroy the voleanic structure. Its energy --— also
according to Gorshkov (%), — i5 <102 ergs which is the order of the total
explosive energy of an atomic bomb of Bikini-type. The energy of
directed voleanic blasts in the Bezymianny case is ten-, hundred, or
even thousand-times higger than in the case of Peléean type.

Subtypes:

&) Lassen Peak (without glowing avalanches);
by Hibok-Hibok (with glowing avalanches).

Examples: Mont Pelée, 1902, V. 8, V. 20, VIIL. 30; Sheveluch of Kam-
chatka in more occasions between 1946 and 1950; Lassen Peak of
California, 1915, V. 19, and V. 22; Lamington of New Guinea, 1951;
Hibhok-Hihok of Philippines, 1951; La Soufritre of St. Vinecent
in 1902, preceding with only two days of the great eruption of Mount
Pelée of Martinique.

According to Tazieff (1°), Nea Kameni, the active voleanice island
at the center of the Santorin-caldera, often has a Peléean activity
fand in other times it has the characteristics of Vuleanian eruptions,
as it was mentioned earlier}.



SYSTEM OF VOLCANIC ACTIVITY 431

20. Aso Nakadale type. 1t is in close relationship with the Suwa-
nose-jima type, discussed in point 18, Its activity, however, is never
effusive or mixed but always fragmentary. The material of its teplra
is basaltic or basic andesitic.

21. Vesue-I type. It represents a form of voleanic activity, which
directly precedes the Plinian type (see in point 23) and especially
the paroxysm of the Plinian eruption. At the sume time it is the more
violent version of the Strombolian- and Vuleanian Classes. It is some-
times preceded by phreatic activity. The gigantic cruption-cloud has
a califfower-shape, which is extremely dark and in which [antastic
electrical phenomena may oceur {(example: the eruption of Vesuv-
Mareh, 1944},

The difference between the Vuleanian type and Vesuv-1 type
is that in the latter case the lava-flows are possible (3).

22, Phreatic and phreatomagmatic types. See Table VI,

23. Bezymianny type (on the hasis of the activity of this voleano
of Kamchatka in 1955-56). After many thousands preliminary earth-
quitkes a gigantice directed blast oecurred and destroyed a great part
of the voleanic structure. Pyroclastic-flow with a length of 18 kms.
Very strong air-wave(s). New caldera of explosive origin. Inside the
caldera a new dome formed from very viscous lava and increased
gradually as the time elapsed. However some relationship is without
doubt with the eruption of Katmai in 1912 — according to ‘Tazieff (20}
— their character evidently was not guite the same, against the
Gorshkov’s opinion (%), In the case of Bezymianny — namely — fhere
wus no ignimbrite at all and the eruption was a egniral oue; wlhile in
the Katmai ernption an ignimbrilic outbursts occurred from lincar
fissures.

According to Gorshkov (8) the eruption of Seveluch - Kam-
chatka {November 12fl, 1964) alse helonged tce the Bezymianny
type.

24, ¥irian type. In accordance with the statements, discussed
previously in this paper, the eruption of Ytri had been — for a cer-
tain degree — a pseudovoleanic phenomenol, since its high gas-content
was the consequence of a subglacial eruption (2).

25. Vesuv-II. (Plintan) type. One of the main characteristics of
such kind of eruptions is the transformation of the form of the top
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of voleanic mount, partly and in s smaller measure by very strong ex-
plosions and partly, on a larger seale ag a consequence of gravity slides,
producing the wall(s) of the somma (see the Introduction). Many
millions tons of ashes, lapillis and bombs. Extremely dark the erup-
tion-cloud which becomes later similar to the shape of a gigantie
pine-tree. Inside the crater there had been a lava-plug, but duoring
the Plinian phase this plug is destroying partly or totally by the force
of detonations, After this event there may be lava-flows, sometimes
on a great seale. According to Clotton (4) the most violent voleanie
outbursts of the human history belonged to this type. FPlinian erup-
tions oceur usually after a long dormaney of a voleano. The period
of quieseenee may be hundreds or thousands of years. According to
Cotlton the “Pompeian” eruption of Vesuv (79, A.I}.) might have been
partly a phreatic (ultravulcanian) one,

Perret-phase (gas-phase): the paroxysm of the Plinian type. More
details are in Van Bemmelen’s paper (3).

Examples for the Plinian type: Vesuv 79, A. I)., and Merapi,
1006, A. D.

26. Sanlorin fype {on the busis of Iits prehistoric so called
“Minoan’ aetivity, between 1500 and 1400, B. C.). It is in a very
close relationship with the Plinian type. The only diflerence between
the Plinian type and the Santorin type is that in the Santorin case
a great deal of the voleanic structure “disappeared’’ from the surface
of the Earth wlile in the case of the “Pompeian” eruption of Vesuv
only the material of the top of the voleanic mount had been trans-
formed by slide(z).

Disregarding from this difference, the “Mincan’’ eruption of Santorin
hail been a typiecally Plinian one {(*'%.22 ete.). The collapse of the voleanic
structure was the direct consequence of the collapse of the upper part
(roof) of the magma-chamber. However about one per cent of the
voleanie mount had been destroved by effective explosions (Fouque).
Glowing avalanches, nudes ardenies, extremely strong air- and gea-
waves (tsunamis) a8 well as tornadoes and lieavy raing were also pos-
sible, probably together with lahars. (ligantic quantity of tephra,
including pumice. It is possible that the *Minoan’ eruption began
as a phreatic {(or phreatomagmatie) one.

Examples; Mount Mazama {Crater Lake, Oregon) ahout 6000,
B. C.: Tambora (Indonesia) 1815: Krakatoa (Indonesia) 1883. Tsu-
namis occurred in case of Tambora and Krakatoa outbursts.
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27. Katmaian type. The only example for true igrimbritic erup-
tions in the historical times. Aeccording to van Bemmelen (1), it differs
from the Plinian type in the meaning that its energy as well as the
volume of its tephra was still greater than that of the Plinian out-
burst of Vesuv in 79, A. I}, On the other hand the eruption of Katmai
of Alaska was not central but linear. Directed volcanic blasts, nuées
ardentes has taken place. Extremely dark eruption-eloud. The lava
had been foamed at the edge of the open fissures. The tephra didn’t
Iy high into the air from the fissures. Origin of ignimbrite. The ac-
tivity might have started as a phreatic eruption.

28. Type of prehisioric ignimbritic eruplions. In the geological
past time the ignimbritic eruptions had been more frequent than at
present time and they had been still stronger than the Katmai out-
burst in 1912,

Example: New Zealand.

As it was partly mentioned earlier, too, the phreatic and/or
phreatomagmatic eruptions have or at least may have a role in the
activity of types 16, 19, 21, 23, 25, 26, and 27.
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