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SU~n[ARy. - A new system (cla~sification) of vuleanie adivit.y i~ jlre
~ented for t.he fast tletormination of certain illlpurtant tlata on the ba~is 
of t,he obsorvcd charuderistic8 of phellulllena in the easo of u giyen el'llpllon_ 
The llIain purpose of the presellt pa]lor boside t.his is to slww the extremely 
witle variet.y of tho mcehani~m of voleanic adivity_ 

'l'hc ~y~telll i8 based on the gus-culltent of frosh bva on olle halld antl 
UII the viscosit.y uf it on the other, Tho classificut.iun is hasically Kimilar 
t.o the s:;-Htem puhli~ho(1 by ProfosKur R. "\Y. van Hemmelen. The lIew SyH
tem - howoyer - differ8 from the orig-inal one of van Belllluelen sinee the 
pre8ellt author took into aenount. some subtypes antl transit.ions among 
the dassieal types. On the other hantl the author inhodueod some further 
typos illto his llew systelll, fuI' illstant t.he "Alphon~us" type, the "Rift
valley" type, eLe. Altugether 2H more or le~s differcnt types are distill
guishuLle. The ~um of the Bubt.ypcs i.~ not ineluded. 

R[A~SUSTO. - Viono e8jlosto un llUOVO sistema (elassifwa7.iono) di 
attiviti. vulcanica per l'aeeur:J.ta determina7.ionc di eorti importanti dati, 
tenentlo contu delle caratteristiche dei fellumeni usservati nel caso tli a\eune 
el'll7.ioni, Oltro a dò, lo St·opo ]ll"ineipale della pre8ent.e nota è quello di far 
vetlere quaut.o estremamcnto vasta ~ia la varietà del moceanismo dell'atti
vitii. vukanica. 

11 ~istema si hasa sia 8ul contelluto di gas tlella lava fresca sia sulla 
sua viscosità.. 

J ... a classificazione è fondamontalmcnte similo al ~istoma studiat.o e 
puhhlicat.o tlal l'rof. R. "\Y. van Bemmolen. Il nuovo sistema, tuttavia, 
ditferisee da ljuello uriginale di van Bellllnelell perché nel presente layoro 
l'aut.ore prende in consitleraziulle - fra i tipi classiei - aleuni sottotipi e tran-

(*) Dr, l'or. nat., F.R.A.S., Vieo_Presillent of Interllatiunal Association 
of Planetology (IUGS-UNESCO); Prosident of International LUllar Su· 
eiety: Budapest (Ullgheria)_ 
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.~i;doni. n'altra parte l'antore introduce nel ~uu IlUUVO sistema, ulteriori 
tipi, qnali r . AIJlhonsus . , il • Hift..valley » et.(\. Complessivamente il pussibile 
,li~tinguere eirea 2H tipi (liversi, ai 'Inali va aggiunto l'inHieme (lei HOt.tO· 
tipi gi,\ citat i. 

I KTRODUCTlOK. 

In the 'loieanology there is a ClaRi!ical S}'stern or t.he 'lolen.llie 
acti'lity, the i!llort hii!tOI')r anù tile base of whicll wel'e ùei!eribeù al· 
most. in ali of t.hc 'lolealloiogical text.books. 'Ye rnn . .)' l'efer Ilere only 
to fonI' of thcm: Bullanl (3), CottOli (-I), Ritt.mann (17) allù 'l'aziefi' (19). 

Ph(jto J - The sit.e of t.he t.WU liIost active areas of the lunar surfare. Black 
arrow; Alphonsn~, white arrow: Aristarchus. 

In two brilliant. pal)eI'i!, vali Hernrnelell (1.~) has presenteù a chi!' 
sificat.ion on cl1tircly physical 
and gas·cantont of frei!ll In.va. 

ba,w:!, narncly on the basis or viscosity 
rrhi.~ exeellent syst.em consist.s of alI tlle 
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most important fundamental types (classes) of eruptions, but without 
thc l)Ossible transitional- and subtypes. 

In the vresent paper the author is trying to eniarge the srstem 
of van Bemmden aIHl thus to include the important transitional- and 
subtypes into the new elassifi!'ation. Jt is possibie now, owing to the 
valuabie new rcsuIts of the reeent theoreticai and fieid investigations, 
carried out by voleanologists over different parts of the world. 

Photo 2 - The AIphollSllS. The slna.ll arrow shows the site of the new l'eddish 
sIJOt, observed by Wi[kiIlB. 

Needless to say that this new system is more complieated than 
that of the originaI one of van Bemmelen. Its main purpose is l.wofold. 
Practically: in spite of the difliculties arising by the complicated form 
of the new system, the author hopes very much that this classification 
may be usefui far the experts, as a work-help tabie 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 praetice really is not too ea.sy, 
sinee the system is somewhat too elabora-ted and in many cases it goes 
into the thiniest details as well. The question, whether the respective 
system really is usefui in thc practiee or not, will be answered in the 
future by those experts w110 will try to appIy it. It is possihle that 
some alterations, especially simplifieations will be required. 

Coneerning this point it must be empha,sized tha,t there are neither 
"absolute cathegories" nor "pure types". Every volca·no iR a unique 
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"indivi(hmlity" anrl 010 chametor oi en' ptions ma.y c}wJlge be/ween tWQ 

lIu('cessit,c cyclm; oi adivity Dj tlte 8amevolcrlllo, tlte morc,it may clw.nge 

(h/'/"ing OIlO cyclc oi erl/'ptioJls. As Professor van Bemmelen had the 
kindness to cali thc author's attention; "On the top of evel'y volcanic 
cycle the activity is unique in it~ OWll way, apltl't fr'om some generaI 
ehara.cteristic trends" (personal l'ommunication). TIHlse generaI 
(.haractel'istics are givcn in van 13cmmclen's originai system. DUl'ing 
une cycle of activity, or during more eyC'les which follow each-other 
in the case of the same volcano, several types of activity might be 
shown successivel}'. Accol'dingly, Ihe thcoretica,l]mrpollc 01 the prl!llfmt 

paper i.~ to shol/J tJw great variOJl,llJle8,~, the mttnifol:lnell8 of th/j external 

t'olcallio phenornena. 

Photo ::I - 'l'he ~ite of five reddi.~h patch Iloar to ArifltarchuR. 

To make distinctions among the different kinds of volcanic a.cti
vity often is rather difficult, especia.Ily in tlw ea.se wlwn tlw piace of 
a volcano inside the system is very near to the piace of an other one. 
They have many common featureH, while other ehameteristics of 
them may be diffcrcnt. It is not possible to sct sharply a limit bet
wcen thc respcctive typcs. For example: a.ccording to Professor van 
Bcmmclen (also personal communication) the mo,~t importa,nt aspccts, 
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determining the elassiliea.tion in the case oi type~ :!5 (Vcsuv-II) anò 
31; (Santorin) were the high explosivity, .~elf-indlletion allli the ter
minai Pcrrct-pha~c; while t.hc othcr aspccts, whieh represent ra,ther 
dilrcrence~ than sil1lilarities hct",ccn thcm, hall onl,\' n. secondar!! mie. 
Sllch Ke('ondary fart.ol's WCl'C as iollow~: 

'l'hc \'C~llV in 79, A. Il., - a./; well as the Merapi in lOilti, A. D.,

were clestl'oyed by gravit,\' slides, prodllcing the ~omma walls, hllt 
Ilot ca.Jtlem's, whilc in the ea,'1C oI the 80 called Milloan cl'nption of 
Santorin (l. mighty caldern. originated by the eolla.pse of the rooi 
of the mn.gma reservoir. The erllption of Vcsn\' in 19i1ti A. D. des
tl'oyed only thc top pn.rt of the voleanic cone . 

• • • 
1'0 lISe t.he elaborated ne'" system - in spite of its rather com

plicate(1 form - the kllo",ledge of m!(!j two data, \\'hich are at the 
same time thc basc of van Bcmmclcn's system as ",eli, is indispensable. 
Howcvel' these two data are IJa.Hic and oi capitai importanec. Thc 
l'cspedive (lata are as follows: 

a) T}w viscosi(1f (0/' thc siliea. content) of thc fres li lmia. 

b) T}w ya.~-contcnt of ii. 

VAN BEMME1,EN'S SYS'l'EM. 

rt is a. table in which the ililferent erllptions are elas.~ified as the 
Iunt'tion of the gafH'ontcllt of thc cl'nvted magma. on one hand fl.ll(1 
oi the viscoflity oI it on thc othel' (Tahle I). 

'fa.hle J. 

Ga..~-content 

Visco~it.r 
Low l\[ ed i UlII High , 

- -----
Low (ha~ic ,··om- Lava sheets (A) Stromholian (D) (Ytriatl) (G) 

po~ilion) 

Mediull! (intofllle- Lava tOllgues (H) I Yulcanian (Iq l'lilliall (Il ) 
,liate composi. 
tiOll) 

High (aci,l COIl!- La va plllg~ an,l Peléean (nuces Jgnimhritic (T) 
position) ,lomcs (C) al'llontes) (F) 
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Van Bemmelen has mentioned that the so called Ytrian type (G) 
repreflentB an exceptional case, namely the high gas·contcnt was thc 
consequence of the sU!I(lcn melting of an ice-sheet, nnder which a 
fissure·eruption hall taken pIace. Also according to him the types A, 

Photo 4 - Electrical phellomella durillg the eruption of VesUY in 1944 

H and C are non-cxplosive, but cxtrusive ones. The types D, E and F 
are characterised by short explosive eruptions. T,astIy, types G, H 
and I are characterised by great quantity of erupted magma amI 
explosions of extreme violence. In types H anft I thc magma is trans
forming into tephra still in the depth, during the rising-proccss of 
the rock·meltll. While in type II the eruption belches out the magma 
throngh a, volcanic crater, in :case of type I the magma reaches the 
surface generally throughout fissures. In case of type H the paro· 
xysm takes pIace during the so called PeI'ret·phase (gas-phase, see 
later), at the end oI Plinian activity, dnring or after that a gravity 
slide (Vesuv, 79 A.D.) or a totai collapse (Krakatoa, 1883) of the 
volcanic structure may occur. Also acconling to van Bemmelen, the 
Bronze Age ("Minoan") ernption of Santorin (between 1500 and 1400, 
B.C.) belonge(l to types H and L 
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AUXILIAH,y TABL1<;t:;. 

Owing to ccrtain difficulties in tlw printing-techniqlle, it i~ not 
possible t{) pllbli~h the author's new system as a table but onl}' ai! a 
drawing (see Fig. T). ft. is neressary to supplement t.he r{'~pectiye 

drawing with some auxilia.ry tables, which contain some important 
features of the fundamental types (ela.fises). '['he (1r~\\\"ing (Fig. I) 
and these auxiliarr tahles mIMI /)fllMri Nim u lta.IICOW;[Y (that ii! tOfJfthl't). 

As a rei>lllt of such a pl'OeCdllre we can obtain man~' fllrther infor
mative data regarding the volcano whidl ii> ullder cOllHideratioll 
on the basis of its position in the new syf\j,(~lI1. 

The first auxiliary tahle is repreHentcd in Table II. 

'l'aille Il. 

I Ga~·eOlltellt. 
Vi.~(·o~ity 

Lo\\" ~ledillm Iligh I -
Ver.v low (uHra-

I 
[~It.raha..~ie 

ha.~k) ('lass (,I) 

l,o\\" (LH\.,;k) Lava ~hoct. 1ìtromholiall 
Cla..~s (A) CIl\.>J~ (Il) 

~ledillllL (int.er- Lava 'l'ollgue Vllh'anian Plilliall 
mediate) Class (E) Cla.~,.; (E) Cla..'\i< ( Il) 

IIigh (a(~i(l ) Lava lJome Peh\eall Igniml)riti(' 
Cla.~~ (C) Cla.~B (V) (,la.~,.; (l) 

Comparillg Table II with Table I, Wl' ean sta te the fad; tha.t 
some dasscs of thc former (t;ypes A, B, 0, D, E, F, II and T) are to 
be fOllnd in the latter, too. Bllt type G (Ytrian-type) now is absellt, 
since it is only an exeeptional case but not areai fllndamental tn)C. 
Its high gas-eontent - namely - was the direct consequent'e of a 
sllbglacia.1 eruption. In the Nature the low viscosity and high gas
content don 't exist together. Therefore we may regard the re~pcctive 
phellomenon, manifested itself in the ea.fie of the Ytri-eruptioll only 
as a pi!elldovolcanic one. 

On the other hand we introducecl a new elass, llamel.)' thc ultra
ba.sic one (J ) - cOl'responcling t.o Bullard's sllggestion (~) l'egal'dillg the 
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Very low 

l,ow 

TaNe III 

UL'l'lUH .. UUC OLA88. Lava \'ulC'auoe~. 

plo8ii'ily: extl"llRive, nun.cxplosive, E (exploflioll illilex 
of Hittmallll (H)) "ç il. !liml ()I fruption: Oli al"ea allli 
linear, predominantly ~Iow lawa·now~, somctÙlIes and 
in some plaee." however suhmal"Ìne eruptious are possihle. 
Scismicily: in t.he Ilearer-farcr pl"Uximity Df Lhe arell. 
of artivity the moderate trctonic earthquakefl of shallow 
(Iepth (0·70 killS) lI.re vel'y copioll~. 

L.!1 V.] 8IlEl~T C'LA8S. Lava vokanoes. lì:;;· 
plosiVl!Y: extl"llsive, nun.explosive, E ~,-:: lO. Jt"ind Dj 
en/pli()n: (:entral alHI liueaT, the latter g-enerally from 
the fiss!l!"es Ull lhe SIO]le uf t.he vokanic st.rllct.Ul"e, in 
some plll.ctl8 frUllI parasite.emltlrs, whicll artl aligne(1 
lI.1ong slIch JìRS\ll"eH. BciHmidty: t.he cl"u]lt.ions of the 
llawll.iian-l,)'pe vulC'allu(JS (belungillg" lu t.his dlV<S) are 
often preeede(1 for mUllths hy certaiu volell.ni(~ flll{H'k~. 

'l'he hypocenlral-depth of these quakes at. t.lw begillll' 
ing- uf Lhe adivity is lI.ouut 50·GO km~ ur evtln g-re
ater IInder the vnkano. AfI the mag-lIIa ifl risillg t.o· 
wards the s\lrface t.he hytJOcenlml-(lepLh is (lecreasing". 
'l'he flllffa("tl erllption prolmhly will start when thc 
hypncenlral-depLh became pl"actically zel"U kilulllet.er. 
Aeeonliug Lu .:\linakami (1~) t.hese "llOCks belung to 
t.he type I (soo lat.er). The type TI shoch aTe ah
sent, hut the L,)'pc III ~hock~ (uriginaLing fl"Um fhe 
weak explOHion~ of gases libemttl(1 (luickly from t.he 
hasaJt.ic lllagma) lI.fe t-rallsful"llled illLu the cuut.inuDus 
vukanic vibmLiuns (lIIicl"Ushocks, shock~ uf Lype 1 V). 
J)imMIsiolls ()j caldcras Dj llawaiia·)I type: according 
t-u Yagi (Zt) t.hcre e1:ists a l"c1at.ionship bet.weeu t.he 
diameter of caldera.8 a.!HI thtl SiO~.rollttlllL of the lava. 
Oli the ha8is of Yagi' diag-mm8 (~I) (impoHed on the 
(bla of abullt- 40 calderas), the diamcter of cll.I(leras uf 
lfawaiian type iH "ç Il kms. 

LAl"A 'l'ONa1]E OLASB. Laya vuleunoes. Bx
}Jlosivity: extrusive, non-ex])]osive, lJ,;:: lO. Eind 01 
eruptioll: eentral alHllinea.r. Seis1nidly: IJre(lulllinll.nlly 
voleanÌe microshocks. 
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'l'al)le III (cont_.) 

Low gas·,'onte ll t 

J,..t 1'.-( f)()JIH t'LASS_ Lava \ · O\c-l\1I0!lS. lì.r . 

Illo! i l'il.ll : ext,rn~i\"l.l, woa.kly oXl'losi\'c, I~' _ II). lIillll 
()j t )"U/llio,,: no,utral. 8ei~lI~icily ; at t1!O uOA"itltlin):! uf 
adi \"ity type I s l.~ kK wit,l. ,10l."reflsin;.: 1, .\" p'>(~ ll iral . 

fll.lpth ; là te l" extr:J.Onl ill a.r:-.- 1"rll l< Iai de f<lrmalilll 'K (f·l.ie· 
lIy r iii i llg c.r t l.o J;ro llll ,l ) Inal' 1M"'·u r all.1 I)' pe I l s lll,,"" · 
l\warlrlS o.t t_l,o 4tl.rne t inte with ",1",o.:k8 CII hpe I - at 
là_~t type I l enrl.h'p!akee> are }lre.~e llt O,,','hlll i\:ol.v_ 
(Thi_~ o:lll.mple i~ \"alid Ior the (-a.KO ul \-0)(-1\110 ~howa 
SinZl\ II ). 

Tah\1.l IV. 

_\l ed ill lll ga.;;.,'ontell t, 

,,, 1'J,'{) _lfUOLIAlt CfdNN_ )lixecl. lav (l ·rich \"01· 
(-anuOi<. J}:rjJ/()6ivi/y: mo,h'_ra.te, I I :;;;. r; OSO; 33. lIi/lll 
oj em/Jfioll: ~O!ltral. Seismici/y: C1)1ltinunll~ vol('a llic 
mic,rm~hfl(-k,;, p ulsations (dno tu the 1Ho,lora.t.o d etono 
atio J\ ~) fl",,1 1I a ,Iopth of maximally I k!ll 1lI111 er the 
hottolll or ll.CtiV6 ("l"ll.te r (typo IV "hoc-k~); !lIrther. 
lIl()re t,ype [ lIhoc-ks Irom li d6ptl! or [·10 kll!~, so me· 
t_ime;< ~ li r6d,ly )l rOO6!lill l!; t111.l e r ll l' tiUtll', Iont in some 
othl.lr '·3.I\e~ \\" it! .out 6 IToct_in'; s uda'·e on l ption~, ll-" 

ind i'·atiolill of the ~a.<.e"pl O!>i on,," a ncl mo'-om6n l" or 
lIla~mà i" "'0 ,161.tll. Iuw//sìty fii tr//I,liflu: ( t he ex· 
planation 01 thi ,; nut ioll wìll bo g i'·en Il1wr) J;ellerally 
ifl \,o.V l o (Il). 

r ULOANl.AN OD .. J88_ :'[i xe{l. illt_o l -mo~ lia le vol· 
canoe.... 1~'xJllo~i1.!it.'l; stronA", 34 ~ I~' =;;:: 1\11. f\iJl(I of 
al/fI/ÌfllI ; ('('Iuhal and lillea r {ve!"y mo,lIY paralli· ot 
(:raterli are tu 1)6 [ound alonI!; "l'lit~ Oli the s101)eS 
o[ vokanio ~trlLl:tnre. for 6xamllio OH t,lIc ~ lope "f Jo:tlla). 
8 r:illllfic il!l: t;o.·pe Il I 6hol'k. .. or e.-':I'IOll i\"e o .-iJ; ill , their 
e lle rgy il> som6wh at, Iligher t h a.n thàt nl t l.6 typo Il 
s llOl"k .. (w hioh a.re a lso COIII IIIOIi from a cle pth o! ahout 
1.2 ku.sj. SOlllotimel> (for installce in \.l,e Sakur:J.. 
zillla. case) th6re ",re t_ype J quakllS, too, bllt. their 
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Tahle IV (conL) 

High 

ViHCOHity 

)Iedinm 

Iligh 

.i\fediulil gas-content 
._-------

nlllllher relatively is small. InlcIlsity o/ eruplioll:gen. 
oraUy is Vlo.VlI o. 

!'1';1.d~ÉAN CLA.SS. )Iixed vo!eano{'l!i, dch in 
Holid fraglllent.s. Krplosit'ity: very strong, l!:;;' 67. 
ltind o/ ~ruplioll: (',entraI. Scismicity: ~hocks of type 
III in conneetion wit.h the ~trong detonations, In· 
tW8ily o/ eruption (:'IIont l'elée, 1902): VlIo. 

'faMe V. 

Iligh gas-content. 

P/,IN/AN rl.lASK )Iixed vokanoos, rich in soli(1 
lraglllent8, E.rpl08!:vity: very strong, E>- 67. Kind 
o! eruptioll: cent.ral aJl(I - sOlllotimes - linoar. Seis· 
mieily: as the Plinian class eHsentiaUy is the violont 
version of the VIlJcanian Class, its seismic prO]JOrties 
are silllilar to that of the Vuh'anian Clas8, IlItcl>sity 
o! erup/iM/-.' generally;;. VlIo. Dim ensions o/ calderas 
o/ f{rakaloan Iype: 

Si02 : 54.55%, diamet.er: 1·5 kllls 
57.64%, 1·15 kllls 

.;;. 65%, 10·26 klllH 
01' even greater. ('l'he estimations regarding the dimeno 
sions 01 ('alcleras of I1awaiian and Krakatoan types 
aro rather rO\lgh ones). 

1(71',,"1 JIlJHI'l'IC GLASS. l'ro(lolllinant1y tephra 
vokanoeH. Rxplosivity: extremely strong, E> 67. 
A llart of tho vokanic st.l'\wture Illay he destroyed. J{inl' 
o/ cruption: 81l,bordinaiely aJl(1 sOllletimes cent.ral erup· 
t.ion8 may also occur, hut predomillantly the eTl1IJtion 
is linear. S eismieity: acce]lting the Gorshkov' (') 
opinion, accor(ting to which the 1955.56 ef\l]Jt.ion of 
vo!eano .BezYlllianny 01 Kamchatka holonges to the 
Ignimhrit.ie eia.&; and tllllS il. must be very similar 
to the eruption of Katmai of Alaska in 1912) this 
class of el'\llJtions is starte<l ana the paroxysm is 
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'l'ahle V (eont.) 

High gll.s·eontent 

preceded 11y lIlany ten·thoasands u[ rather strOllg 
earthqllakes u[ l 'olmnic origino Aeeording tu the 
fIeld illvest.igations, (,arried out hy Tazieff et al. ("0) 

- huwever -- , t.he Bezymianny efllption alHI the 
Kat.lIlai erupt.ion represent two different kinds oI ac.· 
tivity, in spite d sume real anll interesting silllilarities 
hetween them. 'l'he 1II0St. important arglllllellt against 
t.he Gorshkuv's view is t.hat in the BezYlllianny ease 
there Wl\'/; no any ignilllhrite at. al!. Ac.c.ording lo 
Richter (II) imlllerliately followin!; the start u[ \.he 
Kat,lllai erapt.ion, alonI:;" the Ahwkan cua~t, rather 
near tu the volc.ano, twu earthqllakes oeellrreù, on 
.Tune 7th, and 10th, 1912; strong t.he former (.lE _~ , 6.4), 
very strung t.he latter (.lE = 7). Ruth shucks 
were of tedonie. urigin. Huwever we have no 
evirlenre whether these eart.hquakes might. have heen 
ill direct c.unned,ion wit.h the Katmai eruptiun or nut. 
AIso, we have no data ahuat the SeiSlllic. phenumena, 
preeeriing the erllpt.iun of Katmai, sinee t.he voleano is 
Iying in a mther great (listance from the seismological 
statiuns and at the time u[ the respective erllptiull ill 
1912, only ver.v few seislllolugical u11servaturies harl 
11een wurking un the wurlrl. Accurdingly the seismle 
properties of areaI ignimhritie eruption is not known 
as veto 

introduction into the cathegories a type, he caned as Icelandic one. 
The Ultrabasic ClaBS i8 characterised by a very low viscosity and a 
low gas-contento 

Some important data concerning thc new classes (J, A, B, C, D, 
E, F, II an!! I) are to be found in Tables nr., rv and V, respectively. 

PHltEATIC ANll PHltEATObfAGbfATIC ERHP'l'IONS. 

The exact detinitions of phreatic and phreatomagmatic eruptions 
were given recently by Seumann van Padang (14). Accordingly: 
phreatic emption is caused by the expansion of volatile matter above 
the roof of an igneous body. The eiecta blown out at relatively low 



'0. 
lI~mperatnrf! cnutxti n 1/11 Irma, ill('(///flln!J/1 mIlUr.r. Il owevcr , in some 
('ases ffeRh maJ;mHt.ic material ma," lH:compan.,· a IJhreat.ic erllption. 

Photo ;; - Eled rkn.1 r henomena during fil e hirt,h or Sllr tsoy iII HIH3 . 

In thosc case!! SLcllfll!l !llu l 31acDonalJ cuUed Lhe phreaumtnwgalic 
erupliQMJ. rt. i!i (lo volcanic erllpt.ion or ex:plosioll, ordinarily of extrcmc 
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vio!enee, produced when an a~eending illagma· eomes int{J contad 
with H/'OWU{ Ira/H. ]~ssential:ll\ well as aceefll\OI'.Y ejerta, are rxpelle!l. 
Surh eruptions diITel' fmm typiea! magmatic exp!osions where thc 
gasl's aTe ehiefly derive!! from the ltlngma (l~) r pp. hHO, !if) I, !H).3]. 

Tallin VI. 

i\fe,]iulil or hi~h gas'('ontellt 

j'lIHEA'rJ() ANlJ 1'1IHEATOJLHUIA 'l'le 
FJRUl'l'IONS. l'reljolllillalltIy tel)hra,·vol1'allo('.~. lì.!:_ 

p/osil'i!.I!: very .~trollA", 7~ > (ji. 1Ii1l(1 oj erufllioll: 
cen!raI il! lllertllil!~ tlla! usnally the top·var/' of !he 
\"ole11,ni(' ~trndnre (Oll whirh t.he c(lntraI ('rater ran 
he f01J1H]) i~ .lc.~tro~'e,] ll~' !he ~h'ong detol!11,tion~ (for 
cxalll]!tc: H11,ndai·~an, Ifl8fl). "ud:we Iava·flow.~ n~u· 

all.y don'j, exi~t, eX{'evt the (·:J.-~e of t'ertain phrealo· 
1Il:1glllat,j1' cruJ!tioll~. Seismicity: t.y]le I sho('k~ frolll 
a depth of n,s·:; kI1l~, the overwhetllling- lIla.jority of 
thelll eOlile l'rolll a ,]ept.l. of 1·2 k]1l~, withill a ('in·lc 
wit.h :1 raljiu~ of al)()u! 1.5 klll lIlea~ured fnJJll the 
rCllt,ral 1'J':1ter on the tO]l of t.he yoka,ni(' struttnre. 
'l'here are llO t~']l(', Il a1l<l IV ea,rth([uakt'~~ (t.hiH latter 
~t.atelllellt i~ valid io!' the llakone.enl]l!ioll ill l !HJO). 
Slt'Ollg ~rolt1l<l·lIlot.ioll~ of ty]l() Il [ Rl101'k~ are l'Olll· 
lllOll a~ t.he ('onSllljlwll('e of the fa."t, .lctollatiollR. '1'herc 
llla,y IIC however exceptioll11,l ca.ses, for ills!11,llee 
the l'hreatolllagllla,t.k eruptioll of voleallo 'l'aal ill 
19()5 wa~ no! ]!l'eee.le,] hy ea,rtlll[nakc~ a,nd l'l"llHtal 
,]eforlllaJiollH. Illiensi/!1 ()j emptioll: generully it i8 
I.IV", HOllld.illlCS lll11eh higher (,l'a11,l: Va, Hawla.1·Han: 
V'11°). 

In OUI' syHtem this kind of el'uptions receiverl the serial numbel' 
22. 'l'hese el'uptions l'epl'e~ent such a case whkh has a position among 
f01,r elassesj namely phreatie al1l! phl'eatomagmatic el'uptiom mny 
o(~eul' alike in the easeH of Vuleanian, P!inian, Pelèean ancl Ignimbritie 
Classes. 1<'ul'thel'mol'e, a~ wc shall see in the cletailed explanation oC 
tlte system, tltere are some fm'ther types, in which the {HJl\sibility of 
phl'eatic and/or phreatomagm:lti(~ el'UptioIlI\ exists. 

In '1'able VI wc gave a, summary about the most impol'tant 
features of these kindH of el'upt.ionl\. 
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']'YPE 010' VOLCA~IC SHOCKS. 

It is noteworthy that in the originai paper of Minakami (l') tlw 
SigllS of difTeI'ent kinÙH of yolcanic earthquakef> were type A anù 
type B. 'l'he present author preferH tlw signs of type I, II, III allti IV 
since the letterH .\ anù B in OllI' present ease mean two classes in the 
generai system of yokanic activity. 

'l'ahle VII. 

'l'ypo C'llaractoristies 

I (in Minaka· Eal't11111take·RWal'IlIS u~ually frolli a depth uf 1·10 
mi's paper(I'): kms. sumetimes frOlli 20 klllH and - ral'cly - fl'olll 
"A") a depth of .~O·iO kms. 'l'hey lHwe their Origill frulli 

II (in Minaka· 
mi's paper('"): 
"B") 

III 

IV 

tho maRs·movelllents awl g-RS.explusiullS insir!e the 
lJlagllla.nhamber antl yolcanic chimney, rospoctiyo!y. 
The cpinellterH are distributed Ull alld aruuw! the 
adi ve (·.rater. 

EartlHluake-RwarIllS, lmt from a depth HllIallcr 
thall type 1 shueks. The hypoeelltml-depth is abuut 
0,1-1 km. 'l'ho opieellt.ors aro distrihutod u~ually 

withill a cirele with a mdius uf l km, measured from 
the nenter of ad,iye nrater. They have their urigill 
from tho oxplosiollS of gaReH aH woll as frOlli the 1lI0-

vemellt uf lllllgmatic masses, real'Iled a vory shaUow 
levo! frOlli the Hurfane. 

Earth(]llake-RwarIllS frulli the sallle depth 11,8 of 
typo Il Rhoeks, llllt their ellergy is higher than that 
uf earthquakos of type II. 'l'hey are the direet con
sequellees uf gas-exIJ!usions. 

Vibmtions, pulsations of the gTound, llIicro-earth
quakes, tremurs, due to the smallol' hut (\OntilluuuS 
gas-explusiollS. Their epicenter iH just 011 the hottolll 
of the adivo eratel': it iR the very strange eaRe 
when tho Opieelltor and hypocontol' are the same. 

In ']'able VTI we summarized the most important properties of 
these types of yolcanie shocks. 
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1'al11e YIIl. 

SiO, content, l'eriod oi type IV SIIO('k8 in ReconcIs 

eent -- Example per al "llOrt period hl long period -- -
40 0,3 - 0,5 X~'img-ong-o 

40t 0,7 Kitzelllhanyi 
47 0,5 - 0,7 2,5 - 3,5 Kilallea 
52 0,2 - 0,5 'l' iham-yallla 
53 0,3 - 0,5 ,bo-san 

55 - 59 0,1 - 0,2 0,35 O,lj l'ari('utin 
(iO 0,2~j .- 0,3~j f'akllra,zima 

Af'cording to Shimozorn amI Rel'g (18), t,he microi'!hocb, bclonging 
to t,YllC IV, can be clafi,~ified into two groupfi, in accol'llance with the 
length of tlwil' pcriod. It i'!ecmi'! that t.Iw length of ]ledOll is in a cert
lIin conncction with t.be SiOz-contemt of the el'lIptell lava amI -
pel'haps - at, thc same t,ime with it.o. temperature ('l'able YIII). 

Disl'egal'lling from t,he ('ase of Nyil'agongo we cnn pereeive the 
hu't that thc length of ]lcl'iod of the microsho(,ks generali:.' is decre
asin,!!: with thc incrcllfic of Si(\-contcnt of CI'Il11t(;d IflVll. ]~villently 

it, is in {,cl't,ain connection with t,hc faet t,hat the viscosit,y depeIHls 
on the SiO,.content, 

T:;'1'.Io::;SITY AND ENEIWY OF EIn'PTIO~S, 

.\s l'egards tlw intfn,~it!l of et'lIlltions wc ('flll refel' to 'l'sll,Ya (21), 

lll'('ordin,!!: to him tlle intemit,Y ii'! t,hc fllnct,ion of quant,ity of ejecta 
(TlIble IX). 

Iutensit.y 
degree 

° l 
Il 
III 
IV 
Y 
VI 
VII 
VIII 
IX 

Tal11e IX. 

Limit of volullle ui ejecta 
k 1113 

Volcanoes showing- fUlllarole 
.~ 0,00001 

activit.y onl,V 

0,00001 
0,000l 
0,001 
0,01 
0,1 
l,O 

10,0 

> 100,0 

0,0001 
0,001 
0,01 
0,1 
l,O 

10,0 
- 100,0 
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'l'he aulhor lws establishPl1 ali cmpirical 
i'nt/!'nllity antl (11I1'I'mic) l'/lNyy of ('l'uJltions ( ~ ,!O). 

relationship hct,\\'cell 
On the othel' ha nd, 

Jmhò (l ! ) introllu('Pll thl' Iloj,ioll or d!/Iwmic fl'1'ldi'l'f fl/('rrm. 'l'he 
cmJlil'i('al ('onneetion among- l,he intpnsity, Ilynamic l'l'uJllivc mWl'gy 

allll the 10\\"1'1' a ntl upppr limi 1 H of t1H'l'min ellerg,\' 01 I1w 11(1.1/1(' f)'1'ldiOI/ 

1'1111 he fOlllltl in '1'ahlp X (II). 

"l'allie X. 

Thel"lllil\ ellergy, in Brg>! 
D.}"llalllk e.J'u, , 

QllallLity "r pt.ive ellel'''\, if iII euse 01 
Int.e1I~itv lava or teplll'u t.lw (lell~iG; iK iII ('u~e of lava. v,,]eulIOCiI, the 
rlBgroo 

111' I.' gr,('m-a vokalloeK 
ejodu "I 

ergi! whkh pl'odomi. 

- ___ - "0 
1IIIl.IItlY i.~ t.e]!hn 

, < IO' < O,R. IO'" 5.25· 1010 1,00 , IO'" 
J,7D· 10~fi 1,00 , 10'° 

T T 101 .10" (I,K · lOu -i,7!1, l O~" 1,00 . IO'" 

I 
O,H · 10"° -i,:17 . 10~1 - 1.00· lo"' -

O,H · l (I~Q 4,:l7· IO" 1,00 · I (I~ l 

'" 10~ .10" 
0,8 · 1 O~l 3,nS· IO"" 

_. 
1,(10 . I (I~ ' -

n· IO" .10' 
O.R . 10'1 :l,\lS· IO"" 1,00 . IO'" 

I O,S . IO" :l,(j3· IO"" - I,()ll · IO'" 

Y 101 -IO" O,H · l O"" 3,03· IO'" I ,00 . IO:!.' 
O,H · IO:!.' 3,:11- IO"" I ,00 · I 0~1 -

\., ](j' _IO" 0,8 · IO"" ::1,::11· l O~,' 1,00 · IO" 
Il,8 · IO"l 3,02· lO"" - 1,00 · 100> -

YII 10" _1010 0,8 · I II~' 3,02· J(J~5 1,00 - IO"' 
O,S · IO" 2,75· 10~' 

_. 
1,00 · IO"' -

VIII I (llo·lnu O,S · l O~. 2, 7i:i· IO" l,0O · W"" 
O,S · lO"' 2,51· IO" - 1,00 · IO" --

IX I ]l)ll_IOl" > 0,8· IO"" 2,51. 1027 1,00 ' IO"' 
2,211· IO"" - 1,00 ' IO"" -

I 

TUE NE'W RYS'I'F,M IX ])E'fAIL. 

J/ig. [ sho\\'s the Ile\\" system of volcanic activity, inC'luding not 
only the ela-sses lliscussctl prcviousl.v lmt at, Uw same time thc types 
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as well as the transitional types, tuo. The two great arrows shuw the 
increase of explosivity (EXPL.). 

L~gend: 

PA.PR.: Pacific province of rocks (some examIlles) 

ATL.PR.: Atlant,ic province of l'ocks (i;ume examples) 

'/.: abri;8al rock8 

2: efl'mive rucks 

Vi: viseosity uf el"Upt,ed lava 

VLo: very low 

Lo: luw 

Me: medium 

Hi: high 

GC: ga;;·content of erupted lava 

A, B, C, D, E, F, G, H amI I: t,rpes in vali Bemmelen'8 sy8t,em 

ba: ba~ic andl'sitl\, SiOz: 54 - i'i7 per cent 

ia: intermediat-e andesite, BiO.: 58 - 61 per cent 

aa: acid andesite, SiO I : ii2 - 65 per cent,. 

No\\' let us go t,hroughout, the whole srstem beginning our war 
frum the uIlIler left, corner of the Table, from type 7. 

l. Rijt·vallcy type. Very slow but continuous magma·flow from 
under t,!w t,hin oceanic crmt during millions of years alung the I"rreat, 
H,ift,-valler, the axis of Mid·oceanic Hirlges, in connect,ion \\'ith the 
phenomenon of ocean·f/oOl· 8]1reading. In some places (e.g. South of 
Iceland, in the neighbuurhood of volcanic island Surtsey) submarine 
eruptions are pus8ible. 

2. lcelandic t!lpe. Mighty lava-fIows, the consequence of them 
are huge l:wa-Illatcaus (e.g. in Columbia, Parami, Deccan, Iceland). 
The lava in the overwhelming majol'ity i8 originated from a prim:ny, 
non·diJIerentiated, uJt,rabasic one. In some Illacei; there are linear 
erupt,ioni; (Iceland: Laki, Eldgja , furthermure volcanoes along fis· 
sure8: K atla, Hekla, etc.). The volcanic act,ivity mainly is withuut, 
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explosions 01' is with weak or moderate explosioni\; ho\\-ever the lItlkla 
hatl sueh kind of eruption whcn itH explosivit.\·-index readwtl the 
value of 39 and the SiO.-eontent of its lnv[1 had been 58 - (;0 per 
cent, thU8 thc la.va w~'1 alHIl:'site-like tempomrily. 

Photo G - Electrieal phellomena. dllring the eruption of Cerro Negro of 
Nicaragua in 1971: it is surpl'isingly similar io thai. of Surtsey. The phot.o 
has been IlIade by Ingeniflro Franco Penàlba Estlldius Peniilba ~ican!gllll 

(Special Report of Center for ShOl't·TAyerl Phenomenn. Slllithsoniall Insti. 
iution, wl'iHen by J. G. ViraIllonte. E. Ubeda and )1. ::\Ial'tillez, 

Aprii 15, 1971. 



:3. Lnl'{I-Ii,ke type. Bagaltic lava, vClry Illlid, on the Hnrfaee of 
whi('h t.hin C'rllst Illa~' exiHts tempol'al'il.\', Great lava-foulltHin~ rnay 
oecml'. "Pell'e'fl hai t''' allli "tear". "pt'.\' nH)(lcrale explosi\'it~·. Exam-

1,11'1$: Ilah'Illalllllall. )\~·it'aj.';ollf,;o. 

llrnwillg-l! 

4, HIl1Clliùm typc. It. ifl i4lent.ieal wit.h the I.ava SllI'et C'lass (see 
in 'l'ahi<' TII). ,'er.\' Illlia lava, the spee41 of which OH t.ile Ilanks or 
t.he VOINlllif' Hlrllc·tlll·P llla}' reaeh the valne of .H)- i)O kmH/hour. 'l'he 
gases C'1m lilwrate fl'om the lava qllif'kly a!HI caHil.\'. Lava·fOllntaillfl. 
'l'hel'e iH 1l00W format.ion oi ashes allli seoriae, 01' if f.hel'l' ifl, il iH only 

in a very slllall Hlllollnt at. tile vcnt. of tile crater. 'l'ile clurat.ion of 
erllptiollS rnay V:ll'~' hOlll sonI(' 4la,rs to many months. HhipI41-volf':UlOCS. 
ExaIllplcH: l\launa I,oa, )[aulla Kea, KihUH'a. 
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ii. LaNl-tol/!JUP type. Tt is ident.ical wit.h t.he Lava Tonglle Class 
(see in Table Hl). J.ess Iluid lava. wit.h medium viseosity, usuaUy 
solidij-jes in t.he va.Jleys thm fOl'miHg t.here a Oat. tongtte. Similar, 
subiwquent. lava-f]ows OH t.he same piace of the respeet.ive valleys 
may lead t.o aH inversion of t.he relief (4). Classical example: the 
ext.inct. voleano .:\Iollnt. Egmont, NeK l'Jea-Ia.nd. 

Photo 8 - Sulllnarine eruptioll in the Paeific Oeean pryoozin, 19(2). 

6. Lava-dome type. It- is identical wit.h Lava Dome Cla,.<;s (see in 
Table III). The erupted lava is very ViSC01l8. Inside the crater t-here 
originates a lava-dome, the dimensions of which are increasing with 
time. Example: Showa SiHzan, J apan. 
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, . . illihn)'n-J/Il'lnn l:1Jpt (on the basis of it.~ ad.ivit.y in H150-51 l. 
\Veak explosiuns, t.he quant.ity uf scuriae, ashm! and bumbs i~ modcrate. 
Frum t.imp-t.o-t.imp the chal'acter of a.etivity is purcIy Hawaiian, in 
ot.hel' timcs it iH typi('all:v Stl'ombolian. 

Photo 9 - 'l'he Halemaumall lava-Iake a1. Hawaii. 

8. Pold'y 7'olbachik t!lpc. ThiR volcano of Kamchatka often has 
a. Hawa.iian activity, howevcr on its sIupes there are ma.ny adive 
paraRitic (seconrlary) era.tel's, similar t.o Uw caRe of Etna .. 

9. Alp71'()"/1H1~,~ /J/]Jc. In ]0.')6, D. Alter ha.<; obscl'ved a gas-emission 
in t,he ring-mount.ain Alphonsm of thc :Moon. On the night of No
vember 2, 1958, N. KORyrcv has obsel'ved areai volcanic erllption at 
the centraI peak of Alphonsus. At first, a.f'l he obscrvcd, the ccntraI 
peak became deep-retI - the eaURe of this phcnomenon probably was 
the scaU,ering-pl'OCCRS of rcd-hot voleanie ashes and small fragmentR-, 
and Iater thc centraI elevation oi the respeetive ring-mountain beeamc 
suddenly unusua.Jly bright,. Accol'tIing to the photo-spectra! invest,ig
ations, earl'ied out during these phenomena, there ocellrretI an cmis
siun oi C. gases. H. P. Wilkins, fuunder arHl fil'f!t president oi 1ntcr-
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Photo lO - The lava-lake of Kyiragongo in Afdea. 
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I/otiol/ol LUI/Ili' 8ocil'iN l'epol·ted lall'l., lhat. aftel' llle ahoH' IIIf'lItiolH'll 
evellt~ on the 1Joon, 1Ie diK('o"el'ed a new, elliptiml or l'il'eular l'l'ddish 
spot wilh a diamet.el' of ~-;1 klliS at thc foot. of th(' eClllTal ('one of "\1-
plJOIlHIli!. 1'his ohi!el'\'atiOll had been ('onlinncd latl'l' h~' olbel' Pxplol·el'S. 
lhe more, in latcr 'ycal'K Kome fm'llwl' gas-emissioni! allli new l'l'ddish 
i!palrlleK wcn' alw ohserv('d. Similal' l'eddii!h SP01K hall 1)(,('1I OhKPl'''ell 
later in Ot.IH'I· ('rat('l'i! of 1IH' 1Joon, loo. 

l'hoto Il - Lava·fio,," aad fouatain oa the fiallk uf )Iihara·~·alll;l 
(.Japan iII Hli')l). 

Areordin~ t.o I\oi!yrc\' t.]Je Ijuantit.r o[ es{'apI'd gasl'i! at. lhc oh,q'rvpd 
crupt.ion of AlplJOllSus in 1 \J58 might. havI' hccn very ~mall. Jt, \\"as 
e.~t.imat.ed hy him t.o he ahollt. 100000 m" ollly. 

Thc al'ca, Oli w1li('b onc ('an lind thc l'ing-mollnt.ain AlphonM1K, 
ii! a eontinent.al-like one, the surfaee l'ocks of wllieh beloll~ t.o t.he 
inlcrmedialc ('laKs hetwcen thc hasi{' anl] :j('id l'oek-eatcgories. 

1'he lava-spot, ohservel] by \\'ilkinK, didn'l lio\\' loo far from 
t.he ad,ive vpnt. ()J' Nat.el'. 'l'hel'efol'c wc may suppose tha t it. might 
hayc Imd a charart.('r similar to t.lle lava-tonglles. A('('ordingly t.he 
A]phonsu.~ t.ype may be l'egal'de(! Hi'; a trallsitiollal onc hct.wcen ty pe 5 
(lava-t.onglll') :1l((1 L,Yl)(' 12 (AKama-yama). 

li iH Ilotewort.hy t.hat. sill{,c these ela.~sieal (jl'st ohsel'valÌolls of 
the aetivity of a lunal' voll'allo, it ('a me int.o lighl t.hat. lhe ""olcanic" 
01' "ll'an;;iellt" lunal' phcllomcna (TLP or LTl') are ratheT frequellt. 
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Olle::; on the .~\ll·fa{~1' of thl' .:'o10011. The t.ramiient lnual' lIhenomena f'an 

be l'egal'c!ed a::;: 

a) lava lIlld/or pyrof'la::;t-i('-How::; with HlllaU alllOllnt. (l'l'c!dish 
::;pateheH): 

b) gllH ellliHHionH; 

r) Hf'at.tering of lIHht'H, lapilliH alli! hOlllbH; 

Photo 12 - Lava-flow and glowing fragments at the Nyamlagira. Africa 
(after Tazieff). 

ali o[ ",hich belong t~) t.he category o[ volcanic and/or po.~tvolcanic 

events. 
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lO. 8 l1in loji1na - .Jljojillllhn ty])c. Both voleanoes were sub
marine ones near Japan; the fOl'mer eruptc(l in 1934-:-)5, the latter in 

Photo 13 - The lava reaehes the hOllses of San Sebastiano during 
t.he erU1Jtion of Ve~\lv, 1944 (aft.er Illlbo). 

1952, gxplosive eI'Uptions, followed by the origin of subrnarine Ja,va
domcs, made up by aeid andesite or daeite. Great quantity of pu
mice on the surfaee of the open water. 
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l'hol o 14 - Eruption .cloud (lf l\layon (Philippi ne!l) in 1938. 
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11. l'ori-shimrt t.1Jpc. It is a tramlitional type het-ween the St-l"Om
bolian Cla~R allli the Yolcallian ('las,~. The lava i,~ basaltic or basie
andesitic. Ex-ploRivfl eharact-cr, with many bombs, scm'iae, ashes and 
vyrodastic-lloWR. ExarnpIes: 'rori-Rhima (1\:139), .:'I1iyakc-zirna (19-1-0) 
antI ,~orne llhases in the aet.ivity or Mihura.-yama in 1 \:1;")0-5 I. Ali men
tioncd examples are Japallese. 

Photn [l'j - 'l'II!} ilO klll high ern]Jtiull-dund uf BezYlIlianny (KaIllClnl.tka) 
in H){ifj (aftel" G(lT~llknv). 

12. Asama-yama type. H is in a close relationship with the Ynl
eanian Class. !ti'! lava is transitional andesitic. Lava-ftows and pyl"O
elastic-falls ai'! well :1.'\ Jlyrocla.stic-ftows. Strong exploRivity. Dark 
a,shes-cloutIi'! with an height of 1000 rnet-res or more; inside the clouds 
st-range eleetlical phenornena rnay occur. Great quantity of Jlurnice. 
Examples: Asa.rna-yarna (1783), Sakura-zima (191-t antI 1\:141)), both 
are J apallcse volcanoe,~. 

13. 'l'anmwi-.mn type. H is also in close relationship with the 
Ynlcanian Class and at the same brne it ii'! in a 80mewhat fart-her 
relationshiJl wit-h the La.va Dome Olass. It difIers frorn types 11 and 
12 in the meaning that in its case, - following the explosive eruJl-
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tions - there is a possibility fOI' the origin of (turnes of aci(! andesite. 
PYl'Odastic-tlows aw! -falls ~u'e al.~o pOI\~ible. Exarnple: Tammai-I\an 
of ,Japan in 1909. 

phuto 16 - The 11irt h of P lloricutin (.Mexico; 194-3). 

14. l1faapi t!lpc. In very elose l'ela.tionship with the Peleean 
Clal\s. Vel'y strong explosive artivity, I\welling (lorne from a very 
viscous, usually (!acitic lava. 

Subtypes: 

lI) glowing avalam:lws of explosive origini 

bi glowing avalanclws of eollapl\e origini 

cl gLowing avalanchel\ of complex explosive-eo llapse origino 
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l'holo I i A typku l (·aliflowC1'·forrrr duu .! o\' cr lhc "t:8I1V (af!er Iwhil ). 



Theile wbtypeil ean be experieneeù frorn time-to-time in the 
activity of Javanese voif'ano ::\lerapi. 

1'1J/J(o 1 R - Eruptioll of 1'1lytlhne of Cliile il! 1960. immelliately (Ol1IJWillg' 
the ~trol!goot. shock of th(\ great ('hiltlan eaTthllllake-~eqllellCe. 

15. 8trombolian typr. H is identical wjt,h the Strornbolian Cla.s8 
(see T,Lble IV). OontinllolIR activity ùllring hllndreds amI thousands 
of ye<trR. H.hytmic ga:;;-explo8ions. The gas-l)ressure however is not 
too iltrong. The volcano ln'oduces gIowing frtLgrnents of lava, howcver 
the quantity of ashes is very HmaJI ,Lnd thus the eruption-eloud iil white. 
The fragments of lava IIRllally falI into the adive crater it.~elf. On 
the ilmfaee of the lava in the crater there is only a thin Crtlst. The 
explosions bretLk out thiil crust. A volcano, belonging to the St1'Orn
bolian type somet,imes rna .}' h ave a typieally IIawaiian eharacter 
(far instanee: Milmra-yarna, 1950-51). On the other hand, ,L volcano 
which belongs to the Vulcanian type, Hmy proùuce llhenomena. eharae
teristic of the St1'Ornbolian aetivity (for exarnple: Etna, Yesuv). 
FmthcI· examples: Izalco (Salvador), Aso-san (Japan), Alaid (Kllriles), 
Ura.cas (Izu-Mariana group). 
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HL l'ulcanian type. It is i(1enticnl with the Vulcanian Clnss (see 
Table TV). 'l'he name of tltis t:vpe originates from t,lw Ilame {lf 

Vulcano of t,he I~ipali·islands, the activit,y of this voIcano bt'tweell 
1888 nn(1 18DO had been typicaIl.v "Vulcanian". 'l'he Vesuv, howcvel', 
oft,en shows Jlltenomena which are st,iil more chamd,eristie ol)es by 
the l'e~peetive tYJle tltan Umt of the Vulcano itself. The VuIcaninn type 
pl'obably is the most C'ommon one amollg the volcanoes of thc Bal'th. 

The lava is very viseous. It duesn't l'enmin fluid a long time -
on the contrary - it solidilics quiekly st.ilI in t,he C'rateI'. 

Owing to the strong explosivity, the gases carry n gl'eat qunntity 
of nsltes and otlter small fragments into the air. Therefore tlte cali
flower-shaped erupt,ion-eloIH1 is very dal'k. The erust of the volC'anie 
bombs is similar to that of the bl'cad_ 'l'he form of the bombs is often 
angular. They originated partly fl'om thc lava, solidified insidc the 
rrater and part,ly from the older roeks of the crater-walls. 

'l'lte fil'st part of adivity is somewhat, similar to that of the Pe
l{'ean typl', but without 11uéeS nnlelltes. 'l'he lava-flows are ext,l'emely 
rare, but lava-plugs are possible. The gas-explosions may destroy 
these l)lugs. Jf there are la.va-Ilows, then it is a typieal Vesuvian a,c· 
t,ivity (Vesuv-I type wlticlt is not identical with t,he Plininn outburst, 
t,ltnt i~ Wit,}l Vesuv-II t),Jle, see lat,er). 

Somc examples are as follows: Parieutin (Mexico), Asama-yama, 
Minami-dake, Sakura-zima (not in every eases but casually these 
tllree Japanese voIcanoes show VuIcanian ndivit,y), Anak Kl'a-katoa 
(Tn(1onesia, inside t,he Krak~1toa-('al!1era), Palea and Nea Kameni 
(Gl'eece, inside the Santorin-ca.Jdera), IJassen Peak (USA, not, in tlte 
case of ali of its outbursts), Kljuchewskaja, :\fali Semjaehik, Kal'ymsky, 
Avachinsky, Chikurachky, Ksudnclt, Ilinsky, Ebeko, Sariehew, Kizi
men, Zupanowsky, Kol'iatsky, )Iutnovsky, Goreli Khl'ebet" Zelthow
sky, Nemo Peak, Raikoke, Rerg, Kuclliavi, At,sonopmi (Kamchatka). 

17. 1'okachidake type (on the basis of its act,ivity in 1926). Py
roelastic-fa.Jl and -fiow of andesitic, usually aeid andesitie mat,elials. 
Explosive erUl)t,ion of dacitic lava is l)Ossible. 'l'lte eXJllosivity is 
st,l'onger Umn in Uw case of the proper Vuleanian type (l)oint 16). 
It is a transition from the VuIcanian t'YJle towards the :?IIerapi- and 
Peléean types. Examples: Sakura-zima in 1939 (t,ltis outburst was 
followe(1 by n small but typical ?tuée ardc11te), Komagatake (also of 
Jal)an) in 1939. The eruption oi Komagatake in 1939 was followed 
from the emergenee of an eru}Jtion-cloud WiUI a lteight of 15 kms (!). 
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18. Suwanose-ji1na type. llasaltic anù basic anùcsitic emptions, 
in close relationship with the Strombolian type (point 15). The deton
ations are not totally rhytmic, since sometimes there are strong 
anù very strong explosions too, inside a series oi the detonations. 
'fhe pause between two consecutive explosions is rather short, usua.Ily 
some seconds only. I\lany ashes anù scoriae. Example: sometimes the 
1Iihara-yama; in such cases it has an effusive and mixeù eharacter. 
During the last eruption in 1707, the Fuji Yama or Japan sho"ed 
phenomena charactmistic to this type. 

19. Pl'léean type. It is identical with the Peléean Class (see 
'fable IV). It is the most explosive type among the other ones, discus
seù Wl the present point. Gigantic quantity or fragmentary- and ashe,,
materia.!. In the crater a la.va-plug oribrinates, which may be lifted 
later by the gas-pressure amI thus it forms a lava-spin or lava-tower. 
The explosiom from beneath suell a lava-tower have a more or less 
horizontal ùirectioll. There is no lava-flow, except the case when the 
lava-tower collapses or explodes. Nuée.~ arilrnte.ç and dircf'ted "/)/)/ca-nic 
blast.~ [the denominatimi of the latteI' phenomenon is due to Gorshkov (1)] 

are frequento These ùirecteù blasts, however, are weaker than that 
of Bezymianny (see in point 23). The ùirecteù volcanic blast in case 
or Peléean type i1oesu't destroy the volcanic structure. Its energy - al~o 

according to Gorshkov (1), - ìs < 1021 ergs which is the order oi the total 
explosive energy of an atomic bomb of Bikini-type. 'l'he energy of 
ùirecteù volcanic blasts in the Bezymianny case is ten-, hunùreù, or 
even tlJOusa.nù-times bigger than in the case or l'eléean type. 

Subtypes: 

a) Lassen Peak (without glowing avalanches); 

b) Hibok-Hibok (with glowing avalanches). 

Examples: Mont Pelée, 1902. V. ~, V. 20, VIII. 30; Sheveluch of Kam
chatka in more occasions between 19-W and 1950; r~assen Peak or 
California, 1915. V. 19, amI V. 22; Lamington of New Guinea, 19.':;1; 
Hibok-Hibok or Philippines, 1951; La Sourlii~l'e of St. Vincent 
in 1902, preceùing with only two ùays of the great eruption of Mount 
Pelée or Martinique. 

According to Tazieff (19), Nea Kameni, the active volcanic island 
at the center of the Santorin-cahIera, often has a Peléean activity 
(and in other times it has the characteristics of Vulcanian eruptions, 
as it was mentioned earlier). 
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20. Alla Na.karlalc typr. It, is in closc rclationship witll the Snwa
nosc-jima typc, discns~cil in point 18. !ti; activit,r, however, is never 
efIusive or mixed but ulwa.ys [ragmcnta,ry. The material o[ its tephra 
is basaIt,ic or basie andesitic. 

21. Vcsu'o-I/.ypc. rt, reprc~ents a form of volcanie llf'tivity, whieh 
directly prcccdcs the Plinian typc (Ree in point ~5) and especialIy 
the pal'oxysm of the Plinian el'uption. At, tlw same time it is the more 
violent version of the Stromholian- and Vnlcanian f"lasses. It, is some
times precedeli by phl'eatic activity. The gigantic cruption-elollli has 
a califlowel'-shape, which is cxtl'emely dark and in whieh [anta.~t,ic 

electl'ical phenomena ma.y occur (cxample: Uw eruption of Vesnv-
1tlarch, 1944). 

The diffen>Ilee hetween the Vulranian t,Ypc and Vesuv-T t,rpe 
is that in the latteI' l'asc tlm lava-flows arc possihle (3). 

Phreatie anrl phrcalonw.gmatie typCb'. See 'l'ahle VI. 

~3. Bezymianny Iype (on the basis o[ the activity o[ this vo!eano 
of Kamchatka in 1955-56). Aft,er many thomands prelimina,r,Y earth
qlmkes a gigantie directed blast OCCUITcd and Itest,royeli a, great pa'l't 
of thc volcanic structure. P,vl'oclastic-flow with a length of 18 kms, 
Very strong air-wave(s). New caldera of explo~ive origino Inside the 
caldera. a new dome formeli from very viscous lava and increaselt 
gradually as Uw time elapsed, llowever some relationship is withont 
ilouht with thc eruption o[ Katma,i in 191~ - according to 'l'azieff(:O) 
- thcir chara.cter evidcntly wa~ not, quite the same, :~,ga,inst thc 
GOl'shkov's opinioll (5), In the case of Bezymianny - namely - thcrc 
wus 110 ignimbritc al ali anil the el'uption was a ccnlral one; while in 
the Ka.tmai eruption an ignùnbrilic outbursts occurred fl'om lincar 
fiIlIlW'CII, 

According to Gor~hkov (8) the eruption of Seveluch - Kam
chatka (Novemher 12th, 1964) all:io belonged to thc Bczymianny 
type. 

~4, Ylrian tYl)C. In aecordancc with thc statemcnts, discussed 
previously in this paper, the eruption o[ Ytri had been - for a cer
tain dcgree - a psendovolcanie phenomenon, since its high gas-content 
was the consequence of a subglacial eruption (2). 

~5, VClluv-II, (Plinian) typc, One o[ the main charaderistics of 
such kind o[ eruptions is the transformation of the fOl'm of the top 
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of volcanic mount, parUy anr1 iII a smallcr mcasure by ver.\' strong ex
plosions and partIy, on a Iarger scale a..'\ a· f'onscquence of gravity slirles, 
})J'oducing t,he wall(s) of Uw somma (i'lce the Introrluction). l\1any 
millions tons of ashes, lapiIli~ and bombs. Bxtl'flmeIy rlf~rk the erup
tioll-c]oud which becomes later similal' to t,he Slm}le of [l. gigant,ic 
}line-tree. fnside the crater thel'e had ooen a lava,-plug, but during 
the 1'Iinian })hase this plug is (]est,roying parUy or totally by the force 
of detonations. ,Ut!>l' this event there ma)' be lava-flows, someLimes 
on a great scale. Acconling to (1otton (4) t,he most violent voicanic 
outbursts of the human hist,ory belollger1 t,o this type. Plinian eru})
tions occur usually after a long dormancy of a volcano. 'l'he })eriod 
of quiescence may be lmndrcrls or thousands of years. .Aecording to 
Cott,on the "Pompeian" eru})tion of Yesuv (79, .A.D.) might have becn 
partly a phreH.tic (ultra.vulcanian) one. 

Pcrrct-pltaxc (gas-phase): the paroxysm of the Plinian type. ~Iore 
details are in Van llemmelen's paper (~). 

Exa.mples for the Plinian type: Vesuv 7D, A. n., ami l\1empi, 
100ti, A. D. 

26. Santoritl typc (on the bH,sis of its prehistoric so called 
"l\1inoan" activity, ootween 1500 and U.OO, H. C.). It is in a l'CrJ/ 

close relationship with the Plinian type. 'l'he only dilIerence between 
thc Plinian type and the Santorin type is that in the Santorin case 
a grea,t deal of the volcanic structUl'e "disappeared" from the surfa.ce 
of the Earth while in the case of the "Pompeian" eruption of Vesuv 
only the material of the top of the volcanic mount lmd been trans
formed by slidc(s). 

Disregarding from this diiIerence, the "l\1inoan" eruption of Santorin 
had been a typically Plinian one (2.\ ~ .22 etc.). 'Che collapse of the Yolcanic 
stl'Ucture was t,he direct consequence of the collaJlse of the upper })art 
(roof) of the magma-chamber. However about one per cent of the 
voicanic mount lmd been destroyed by eiIective explosions (Fouqué). 
Glowing avalanches, m,ccs ardc'n/cs, extremeIy strong air- anrl sea
waves (/})unarnù;) a..~ well as tornadoes ami heavy rains \Vere also pos
sible, probably together with laha/'s. Gigantic quantity of tephm, 
inclmling pumice. ft is possible that the "l\1inoan" eruption oogan 
as a phreatic (or phreatomagmatic) one. 

Examples: Mount Mazama. (Crater La-ke, Oregon) about tiOOO, 

B. C.: Tambora (Indonesia) 1815: Krakatoa, (Indonesia) 1883. l'su
namis occurrer! in case of 'Cambora ami Kra.katoa outbursts. 
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27. j(atmaian typc. The only example for Iruc iynimbritic erup
tions in the histOlical times. According to van Bcmmelen (1), it ditrer" 
from the Plinian type in the mcaning that its energy as wcIl as the 
volume of its tephm wa.s stili greater than that of the Plinian out· 
burst of Vcsuv in 79, A. D. On the other hand thc eI'uption of Katmai 
of Alaska was not centraI but linear. Directed voiranic blasts, nuécs 
ardel/tcs has taken pIace. ExtrcmeIy dark eruption-clourl. The lava 
had been foamed at the edge of thc open fissures. The tephra didn't 
Ily high into the air from the fissures. Grigin of ignimbrite. The ac· 
tivity might have startell a.s a phI'eatic eruption. 

28. Typc o/ prehistoric ignimbritic emptiol/s. In the geologica] 
pa.'1t time the ignimbritic eI'uptions hall been more frcquent than at 
present time and they hall been stilI stronger than the Katmai out· 
burst in 1912. 

Example: New Zealand. 

• •• 

As it was partIy mentioned earlier, too, the phreatic and/or 
phreatomagmatic eruptions have or at Iea.st may have a 1'Ole in the 
activity of typcs 16, 19, 21, 23, 25, 26, amI 27 . 

• • • 

ACKNOWLEDGEMENT. 

The author is very indebted and gmteful to Dr. NcumaJJtI 
van Padang and Pro/csMr R. W. van Bemmclen for their vaIuabie 
criticism on this papero 

REFERE~CEl:i 

(I) BE)11tIELEN R. \V., y,\N, Yolcanology a.nd Geology 01 19ni1nbrites i1b II/do· 
nesia., }lm1 h lia.[y, und the U.S.A. "BulLetin volcanologiquc ", XXV, 
1963. 



'" l'. HÉDERY.!.RI 

{'l n"""".", H. W., ""'. Fou, Fo"""" Ou/b,m', !ha! j,,~""'"'' Il,,,,,,,,, 
IIi~t()r!J - 'l'Obll, 8uuda, J[u api und 1'hcm. Lel.'hHe on Internatiollal 
Scientifit, Congnli\f\ 011 the Yolcano of 'l'hera (lSCV'l'), AthcU8, lU69. 
(AI! papers of leettnes 011 ISCV'l' will he pllbli.~hed in (he Ada of tlic 
(:ongre~i\). 

(~) BnLLARD P. ),1., r()7CanO~8 in f1i'ilory, in 1'heory, in Eruptiull. AIIRtin, 
1968. 

(l) COTTO X C. A., Vukauoes (/,8 /Jl.wdsca}Jc Forms. New York, 1969. 

(~) GORSI!KOV (L S., Giljantic Eruption o/ Ille Fu/erlnQ Bu y1nianny. "Bulletill 
YOkallo]og-il.jue ", Hérie II, XX, ltl59. 

(") C:ORSIIKOV G. S., On th~ G'1(~88ifiC(llion IInd 1'~rmillolQrty uf l'~ lù (Md ](l.1.t-

1/wi '1'ypr /;'ruptiow;. "Blilletill volranologilllte", XXIV, 19Ei2. 

(') GORSI!KOV G. S., DireGted Volcanic B/(~8tS. "Blilletin VOlcllllologique", 
XXVI, ltl63. 

( ~ ) (;onSIIKUV G. H., (Jiljuntic Direc/ed .mus/, al 8hcvc!-uch Vo!cano.llr!1lwhut
ka,). "Bulletin VOkfl.llO)ogiqlle", XXXIV, l, lU70. 

(' ) I1ÉPEnv,\HI P., A Johw Ola~~ilication of the l'olcanic Eruptions, "GerlandH 
Beitriige 7.ur Geo]lhy!\ik", 71, 2, 1962. 

(lO) lliwmw'\HI P., On the Bnergy und .l[ngni/,nde of Volca,nic /;'ruptions. 
"BlIlletin yokanologique", XXV, 19Ei3. 

(11) IIf;DEHVAHI P., VOkanO]lhy!\ics; Bnerqetics of l~'rup/.ion a,lld: Vokano
]lhysics; .l[aljnitude of EruptiolM. Encydo]ledia of Geo]lhysics, Htrlll'tllre 
au(l Petrology (eIL: }'AIRllRIDGE R. 'V.), iII pre!\!\, ltl70. 

(I~) lMUÒ G., Bruptive Bnergies. "Annali dell'O!\!lervatorio Ve~lIviano", 

Serie VI, VII, 196.'}. 

(l:l) ::\hNAKAMI T., P-uJ!dr!1lu ntal Rescareh for Prcdictinq Vo1cunic 8ruptiO/lf;. 
l'art. L "Bulletin of Earthqllake Research IlIstitute", 38, 4, 1960. 

(li) NEU)IANN VAN PADANG N . .\1., DisCllssioll 011 t.he Paller "A Suggcstion 
for the Applicatiol! of New Symbols -in Ihe 8hort ne~cription of Di{laet>t 
Fo1crwic l'hen01ne/la" by l'. HÉDEHV.~HJ. "Blllletin vokanolo/.\'ill'le", 

XXXIII, 2, ltl6Ua. 

(U) NEU)IANN VAN l'ADANG.N .. M., 1'n'0 Ca,kI,strophie Eruptions in Indonesia, 
C01llpamlJ1rwith Ihe Plinian Oulb'unt of Ihe Volcallo of 1'hrm (SMltorini) 
in ,11inoan 1'i7l>e. lSCV'l', 1969b. 

(II ) RICI!TER C. F., Elemelltary Seis7lwlogy. Hall }'rancisco, 1958. 

(17) RITT~[ASN A., FolNHwcs und Iheir Activity. New York, ltl62. 

(l~ ) SIIBIQZURU D., BERG E., Seis1IIolugicai Study uf Ihe Nyirulfongo Voleano. 
"Bull. (les SCietWeB, Ac. Royale 11es Sci. Il'Olltre-::\fer'', VII, 4, 1961. 

(l") TAZIEI-'I-' H., VolcuJ!oe~. Paris, tu61. 

(211) TAZIE~'F 11. et al., G'ontri/Jution à l'étude l'olcunologiqu~ du Katmui et de 
l(~ V allt!r de~ Dj;" J[ me Fumù~ (A laskf~), ".\f6moires Ile la Sociét6 
Bell{e de G60]o/.\'ie", Série in 8, No.7, 1963. 

el} TSUYA H., MORI MOTO R., Type~ of l'olcanie EruptioJ!.s in Japan. "Bul
lettill volcanologiqlle", XXVI, 1963. 



!\ YSTJ;;\I o .. VOl.CAS IC ACTI\' ITl" 

("I V ITAI.IASO CII . J ., V ITAL1,\l'\O I) . n., l'liuiau Erl/ll /itl"" E(fr/hqllflh'lI, 
altll S r!lz'nri ll. "A Review", ISCVT. 1969. 

(1~1 \'1.oDAVF,T r V. l. et, al., RelrllirHlII jle/ll'un Ihc T.IIp e o/ Erllplioll~ fUlti IIl e 
GQ1II7J08i1ion o/ laNI a~ U;r;~ mpli/i~d by .7{u'IIIcllfl/ku und l\lI rilr~ l ·o!ca noes. 
"H ulletin YOk:ULO]Ojl;illue". XXVI. 19ti3. 

(2~1 Y..WI K .. Some Gellelit ProbltflllJl al Il., O(!/dtras iII JUJlUII . lHf"rT, !\J(i!I, 




