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SEISMOAOTIA.— On the Average and Maximum Recurrence Interval of the last
4000 years Caldera - Forming Global Explosive Eruptions, by Academician
A. G. Galanopoulos*.

A tabulation of the age and volume of pyroclastic material of historic and
prehistoric global eruptions that formed calderas was recently given by R. W.
Decker (1990). In addition to this, a volcanic explosivity index (VEI) is assigned
to the listed eruptions, similar in concept to the Richter earthquake local
magnitude My, ; so, each number in the VEI scale represents a 10-fold increase
in the volume of pyroclastic material ejected during the related eruptions (s.
Table 1).

TABLE 1.
VEI scale (Newhall and Self, 1982)

Volcanic Explosivity Pyroclastic Material
Index (VEI) in km?
5 > 1
6 > 10
7 > 100
8 > 1000

As the age of the last 4000 years calderas, as well as their number, are more
or less better known than of those of the more remote past, out of the 125 listed
large Quaternary calderas, we quote hier only 21 occurrences; this is made, in
spite of missing VEI 8 eruptions, due to their longer average world wide re-
currence interval, as the latest known eruption of this scale, occurred in Lake
Toba in Sumatra, 75000 years ago, which expelled an estimated 2800 km? of
magma, nearly 100 times the amount erupted at Thera some 3600 years ago
(Decker, 1990).

The logarithmic relation of the VEI magnitude, My, to the ejected pyro-
clastic material of explosive eruptions, i.e. the similarity of My, to the My, allows

* A, I'. TAAANOIIOYAOZ, ‘Eni 100 pécov kel peyioctov ypovev EmaveAnyemg 1QIGTEL-
ax®v Expitemv mod oxnpdricav peybles koAdépeg otiiv im@évero tiig I'fic katd To TEhET-
toio 4000 xpovia.
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one to think of a possible application of the very known earthquake frequency-
magnitude relation of Gutenberg and Richter (1944), as well as the earthquake
frequency-actual repeat time relation recently proposed by A. Galanopoulos
(1988), to the frequency of large calderas occurred during the last 4000 years.

TABLE 2.
Large Calderas Occurred During the Last 4000 Years, Quoted from
Table I of R. W. Decker, 1990

: Volcanic Interevent
No Regions and Calderas R L Explosivity Time in
before 1990

Index (VEI) Years
1 Long Island, MELAN. 4000 6 —
2 Veniamino, USA 3700 7 300
3 Rabaul, MELAN. 3500 7] 200
4 Aniakchak, USA 3400 g 100
5 Thera, MEDITER. 3380 6 20
6 Witori, MELAN. 2600 6 780
9 Iwo-Jima, JAPAN 2600 7 0
8 Okmok, USA c. 2400 7 200
9 Masaya, USA €4:2220 6 180
10 Ksudach, KAMCH. c. 2100 6 120
11 Taupo, N. ZEAL. c. 1800 6 300
12 Hopango, MID. AMER. 1730 6 70
13 Krakatau, INDON. 1574 6 156
14 Rabaul, MELAN. 1400 6 174
15 | Dakataua, MELAN. c. 1150 /) 250
16 Tien-Chi, CHINA c. 850 6 300
19 Oshima, JAPAN ¢. 550 6 300
18 Long Island, MELAN. 300 6 250
19 Tambora, INDON. 175 7 125
20 Krakatau, INDON. 107 6 68
24 Katmai, USA 78 6 29

However, in the present case the application of this methodology meets an
objection: the existence in this span of time of only two classes of My, and two
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groups of actual repeat times, t, expressed as unit time the average interoc-
currence time, m = 190 years (= 4000 : 21). As a matter of fact there are 7
occurrences in the 7 My class and 14 in the 6My. Also, there are 11 repeat times
(55%) in the first group (< 190 years) and 8 (40%) in the second (<380 years);
besides, there is 1 (59,) outlying repeat time (780 years) that falls in the fifth
group (< 950 years).

Disregarding the outlying repeat time, the above data fit the Gutenberg-
Richter’s and Galanopoulos’ earthquake recurrence models as follows, respect-

ively:

Log (N,) = 4.184 — 0.477M, (1)
Log (N,) = 1.653 — 0.375t (2)

where N, is the cumulative frequency of the explosive eruptions considered,
i.e. the sum of eruptions in each M, class or t group plus all those that are
larger, My, the VEI magnitude and t the rank of the group of actual repeat
times expressed as unit time the average interoccurrence time, m = 190 years.
It is needless to say that the equations (1) and (2) are valid merely for the
range 6 to 7 and 1 to 2, respectively.

Considering that the number of at least the large prehistoric eruptions is
rather roughly known and the VEI magnitude assigned to them was based on
several assumptions (Decker, 1990), the discrepancy in the factors, by which the
frequency of the eruptions decrease in each magnitude increase, derived from
the number and magnitude of the recorded explosive eruptions during the past
200 and 10 years and of those occurred during the last 4000 years is rather
small (5 and 3, respectively). The drawback of the 2 points range used for the
present estimation is compensated to some extent by the fact that each point
consists of much more events than the single event of VEI 7 point used for
the past 200 years (Decker, 1990).

However, the 200 years time derived for an average global recurrence of
eruptions as large or larger than the Minoan eruption compares well to the 190
years mean repeat time computed directly from the time span of 4000 years and
the number of VEI 6 and larger eruptions, 21, occurred during the period con-
sidered. It is worth noting that the maximum recurrence time, tpqx (=190 X
% 1.653 :0.375), derived from the second equation, 838 years, falls within
the range of the fifth group of repeat times, as that of 780 years does. This may
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indicate that the Galanopoulos’ recurrence model allows the computation of the
maximum recurrence interval of explosive eruptions as well as that of earth-
quakes. Regarding the 330 years recurrence time of large eruptions derived
from the 10,000 years period (Decker, 1990), this falls within the time interval
of the mean, m, and the maximum repeat time, tyq., computed from Galano-
poulos’ earthquake recurrence model. However, in view of the VEI 6.9 magni-
tude assigned to Minoan eruption (Decker, 1990) and the validity of the equa-
tion (1) in the magnitude range VEI 6 to VEI 7, the average return period of
global eruptions of this size and larger is approximately 500 years.

Lastly, assuming that the average volcanic activity per 80 square degrees
area, equal to that of Greece (34°N42°, 19°E29,) holds for the global area, as
well as that the equation (1), reduced to one year (Log N, = 0.582 — 0.477 M,),
holds for tens of thousands of years to come, and accepting the VEI 6.9
magnitude assigned to the Minoan eruption of Thera, we arrive at the con-
clusion that the preparation time for a future eruption in the area of Greece,
of size equal to that of the Minoan eruption and larger amounts to about
400,000 years.

In an alternative assumption, that the average volecanic activity per 80
square degrees area holds indeed for a very limited area of the Globe, equival-
ent to about two volcanic belts round the Globe roughly 8 degrees wide, then
the mean recurrence time for a future eruption of Minoan size and larger in
the area of Greece is approximety in the range of 36,500 years.

Nevertheless, accepting an average global recurrence of eruptions as large
or larger than the Minoan eruption the 200 years period estimated by graphical
analysis of data on the frequency of the recorded eruptions of the past two
hundred years plotted against magnitude (Decker, 1990) and adopting the
second assumption for the roughly equivalent area of global volcanic activity
(c. 5760 square degrees), the return period of eruption of Minoan size and
larger in the major area of Greece (c. 80 square degrees) is about 14,400 years
(= 5760/80 x 200). This estimation, oddly enough, compares very well with
the long period of volcanic quiescence*, which preceded the great Late Minoan

* Volcanologists tend, more often than not, to surmise the behaviour and particularly
the duration of Minoan eruption from that of the 1883 eruption of Krakatau, or other younger
vulcanian eruptions, disregarding the great difference in the preceded time of volcanic quies-
cence of Thera compared to that of about 1400 years in the case of Krakatau.

18
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eruption of the Thera volcano for about 15,000 years (Pichler and Friedrich,
1976 ; Friedrich et al., 1980).

In another approach to the problem of estimation of the average return
period of volcanic eruptions in the major area of Greece, we adopt the hypoth-
esis of the origin of volcanoes offered by Hugo Benioff (1954). According to this
hypothesis, the heat liberated in the depts during the aftershock sequences
appears much later in the form of volcano output. A rough calculation of the
energy liberated as heat in a number of aftershock sequences shows that it
averages approximately half the amount of the energy liberated as seismic
waves in the principal shock. This allows us to adopt the assumption that the
rate of volcanic activity is proportional to that of the regional seismic energy
release.

Taking now into consideration that the seismic belts over the globe coin-
cide, more or less, with the volcanic belts, that the annual rate of seismic
energy released in the major area of Greece is about 29, of the annual global
energy release (Galanopoulos, 1968; 1971) and that the recurrence interval
deduced from historic and prehistoric data on a world-wide basis for an explos-
ive eruption as large or larger than the Minoan eruption of Thera is approxi-
mately 300 years (Decker, 1990), the corresponding average return period for
the major area of Greece is 50 times longer, i.e. 50 x 300 = 15,000 years.

In view of the uncertainties involved in the radiocarbon dating of the
volcanic eruptions, the computed time (ca. 36,500 years) compares fairly well
with the mean recurrence time (ca. 33,500 years) of the 3 major volcanic events,
associated with caldera collapse (Druit et al., 1989), that occurred during the
last 100,000 years in the history of Santorin (3500, 18000 and about
100,000 BP).

The computed time (ca. 15000 years) approaches well enough to the mean
recurrence time ( (ca. 16500 years) of the 6 major explosive events (Druit et al.,
1989; Keller et al., 1990) occurred during the last 100,000 years in the volcanic
history of Santorin (3500, 18000 and about 37000, 54000, 79000 and 100,000
BP).

Based on these speculations we may say that the Minoan eruption was
really a unique experience for the population in the area of Greece and along
the shores of the eastern Mediterranean not easy to be forgotten thoroughly
in the run of centuries, at least by ashore living sophisticated people, as Plato
himself emphasizes in his dialogues Timaios and Kritias. As a matter of fact,
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confused memories of this shocking event survived woven by poets and philos-
ophers with later happenings in a variety of myths and legends that end with
a visitation of the punishment of the gods (in Greek @eounria). The legend
of Atlantis, the tale of Deucalion’s flood, the story of Hippolytus, the myth
of Phaethon, the Plagues of Egypt and the Exodus of Israel, and eventually
some fragments of the Revelation of St. John, the Apocalypse, are generally
considered to be narative literature proper to Minoan calamity and rela-
ted wide-spread phenomena (Galanopoulos, 1960 a,b,c, 1963, 1964, 1968,
1969, 1979, 1981, 1986; Mavor, 1969; Kehnscherper, 1972).
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TFENPAYH ¥

"Eni 10 péoov koi peyictov ypévov Emavalfiyeog foactelakdy Ekpitemv Tod
oynpdérticav peydhes kahdépeg otijv imoaveia tig I'iic katd 16 televtaio
4000 ypovia

Hpbéopara Snuocieilnue ot pyasia tol R. W. Decker (1990), ut titho «Iléco
ouyve oupBaiver pa Mwoixd) Expnény, xatdhoyog peydhmv xardepév tob Tetapro-

Yevolc. *Amd Tig fparoretomds EnphEeic mod cuvéfnxay otd tehevtaia 200 ypbvia, xal
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amd aldté ol oyMuaTIGAY PeYdhes xahdépeg xaTa TO TeAeLTATO ExaTopubpto ypbvia,
6 Decker xatéhnie 616 cuumépacua, ut Thy yeagixy avdhuoy Tig dBpotarixniic ouyvé-
™Tag Tév Exphiewy ot ouvdptnay mpdg To péyebog: () TGV ioTopdy; (B) TV mpoi-
oTopuGy %ol (y) T6v ioTop@y xal mwpoicTopdy éxpnfewy, 8TL 6 pésog ypbvog
émavadnews Hparoteiaxdv Exphiemy 9 bhoxdnpov Tic Empavelag i i ueyé-
Boug Toou %) peyaditepou Tob peyébous g Mvwixdjc dxpnEews émt Tic visov Opac
elvar mepimov: 200, 330 xal 300 ypbvia, avrioTolyws.

Zrv mapoloa Epyacia yivetar dmbmeipo dvahdoews T@vY Expnlewy TGV Tehey-
Tatev 4000 érév mod wapovoralovy cyeTinds peyohdtepy EowTepLny) Gpotoyéveta 6TO
nATfog xal oTa Sedopéva TEY TLPOXAXGTIXGY DAXEY, &Td TOV Syxo T@Y 6motwy Ho-
hoyilerar 0 AoyapBuixd péyeboc T@v Exphfewv. ’Amd Ty dvdiuoy Tic &bporoTixdic
ouyvbTyTag TV Exphtewy, 6t cuVdpTnoY TEog TO wéyelog xal TOV TeaypATIXG YE6VO
enavarnPems Tov, Tpoéxudav: (a) 6 pécos xpbvos Eravalyews NoaloTelanddy Expi)-
Eewv ot 6Moxhnpy TV Emgaverr Tiic e, ueyéloug 6 xal dnave, 190 ypbvia meptmov,
(B) 6 péyiotog ypbvoe Emavarfbews Tav éxphiewy adtdy, 800 ypbévia mepimov, xal
(y) 6 péooc ypbvos Emavoridews Hpoiotetandy exphEewy peyéboug Toov 7 peyohd-
7epov Tob peyéboug Tie Mwvwindjc éxpnfens (M = 6,9), 500 &tn wepimov.

Yred v Exdoyn: (o) bte N péomn RparsTterand) dpastnprdtyta dva 80 TeTpaywve-
»&¢ potpeg Extaoy éml tig Empavelag tiic I'js — ton pé v Extacn Tob edpbrepou
‘EXnvirob ydpov (399N420, 199E29%)—elvar. mepimon avahoyy 6° 6AéxAnen Ty &mi-
paveta e I'ivg opatpag, xal (B) &t 9 dbpoiotind) cuyvétnra TGV NPaLoTELAXEY
Enphlewv ot GuVdpTNoeY TEog TO WéYedg TwY, ol TTpoéxude &Td Ta dedopéva TEY pe-
YIA®Y xahdepdy T@v Tedevtatwy 4000 ypdvov, loyber ol yik T6 TOAD dTdTERO EN-
hov, & ypbvoc mpoeToLpasing NputoTeLaniic Expniens 6Ty edplTepo “ENvind x6po,
peyébouvg toov pt 1o péyeboc tie Muwowinds expnfewe ) peyahutépov, elvar Tepimov
400.000 ypbvie.

Y7o &My Exdoyh, b7t 7 uéon Nearoteiont SpactneLdTyra dva 80 TeTpaymvinds
potpeg Extaon ém Tig Empavetac Tig I'g loyder otipy mpaypaTindTyTa YL TOAD TTE-
propiopévy émpavera tig I'ig (9% mepimov), loodbvapy ot Extacy pt Sdo HpaioTetants
Uéveg eBpovg mepimonv 8 potpdv mob mepdihovy oyedov iy I'ivny opalpa, 6 pécog
7povog dvapoviic Nearctelaxis expniens peyélovg 6,9 %ol peyahitepov oTOV dph-
70 ‘EXvind y&po elvan wepimov 36.500 ypdvice.

‘O droroyrlopevoc pécog ypbvos avapoviig (36.500 ypebvia mepimov) elvan 6& dp-
#ETO %Y Gup@ovie puE TOv péso ypdvo emavalndens (33.500 ypdvia mepimov) T@Y 3
UeYohuTEPOY ExpNEewy TTOL GUUTUEORAPTODY e GYNUATIoNO XuAdEpaG %aoTd TO Te-

Aevtaia 100.000 ypdvia oty Hparoteianty ioTopla THe Lavtoptvic.
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"Edv, 8uwg, dexfolpe d¢ péoo ypbvo Eravaridews T6v fpatatetandv dxphiewy
ueyéoug VEI 6,9 xal peyodutépwv 16 200 ypbvix wod mpoéxuday and tic {aTopuxdc
Expnels 6° OAGxAMEN THY YNive opatoa, xal THV Sedtepn dvadhanetind) Exdoy YLk TV
ouvohuxd) Extaom Tic Hipuateiands Spacerdtytas émt tig Mg, Téte 6 péoog ypbdvog
gravadlndews T@v Neatatetandyv Exphienmy atdv ‘EAqvind ydpo, Tob peyébous Tiig
Muwaoixic éxpnlemg # xal peyohdrepov, elvar mepimov 14.400 ypdvix. “H Extiunon
adTh, 8o TapaddEwe, elvar 6t peydhn cupgpovia pé ta 15.000 yedvix Hpepiag Tob
Nparstelov Tod TponyHinoay THe meydng Exphiews Tod suvéByxe ota wéoa tiic *Opet-
Yohxivng mepLédov.

M &y mpocéyyion Tob péoov ypebvou émavelidewg NparoTeiandy Expnenmy
otov ‘EXmvind yé&po, toov 3 peyorbrepov 1ol peyélouvs tic Muwowiric éxphfews,
popet va: yiver pé Baom Tiv Oewpla Benioff, 811 %) Ocppoxpasioa mod Ehevbepmverar oo
Baln xare tic peraseiopmnds dxolovdics Eupavilerar Emerta dmd moAd ypdvo Hmd
TIY pop@Y Hparotetaxis dxpnteme. ‘Yrmoroyiopol Tig dvépyetag mob Ehevbepdivetar 6t
uetaoeiopxds dxohovdicg Seixvbovy 1 clvan xata péoo Gpo meptmov tom pé o Aoy
The &vépyelag wod Ehevlepdivetar Mg cetopind xduaTa xaTd TOV ®VpLo cetopbd. AdTd
émitpéner Thy Exdoy) 8t M) Nparoterand) dvépyeta o dxhbetar xat’ Erog clvar dvdro-
¥ Tpdg THY ETNcia ceL LX) Evépyeta TToL TapdyETaL GTOY E3to Y &po.

Ot oeiopxés Laives oty Empdvern tic g ovunintouy xate ©6 pikkov 7
rrov pd tle Heuoteaxts {Bveg, xal ¥ ceiopny évépyeta mobd Ehevbepdivertar xat’
€rog oTov edpitepo “Endmuind y&po clvar meptmov 2% THg ouvohueiis xupatinig Evép-
yewag wob EhevBepdvetan Etnotlmg 6® GAéxAnen Ty Emipavea Tig Mg, *Edv viebeth-
sovue G¢ Tepiodo EnavaliYens TéY Hpatoteiandy dxpniewy peyéboug 6,9 xal dndve
te 300 ypbvie mod mwpoénuav Amd THY AvdAvon TEY ioTOPIXEY Xl TEOLGTOPLXEY
Nporoteraxdy dedopévav, t6Te 7 péon meptodog EmavariPews HomaTiandy dxpl-
ewv, dvtioTolyov peyélovs, atov ‘EXdmvind y&po, clvar 50 gopic peyahirepn, 8n-
Aady 50 X 300 = 15000 ypdvia. Tolto dvticToyel dxpiPdc 6td ypovind SrdcTnpa
wod Bpélnxe did padioypovohoyicews g meptodog dvamaisews Tl fparateiov Tod
mponyHlre thc Mwwixic éxpntens.

‘O dmoroyrlopevos péoog ypebvos avapoviic (15.000 yebvia wepinov) mposeyyi-
e ixavomommina Tov péso ypbvo énavaridews (16.500 ypbvia mepimov) tév 6
ueyaAdTSpwY NpaoTetandy oupBavtey xate ta tehevtaie 100.000 yebdvie oThy
loTopla Tig Tavtopivne.

“Oor adtol ol Hmohoyiopol Ymodetnviovy 6te 9 Mwwind) Expnéy énl tic vioou
Onpag frav Té00 mpwTéyvewen ot wéyeBog xal dmoteréopata oty edpltepy TEPLOYY)

700 ‘EXMpvixol ydpov xal 67o mapdhe e Avatoheiic Mesoyziov, dote va Saoemiel
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£ & 1A ! 3 \ )\)\ \ 2~ (H 3 J ’ é £ 2 A
N &vapvnet) Tg ém moAhole aidvee. ‘H avapvnon e mapépeive, xuptwe, 6¢ xTUTYTO
dontind mapaderypa Oeounriag, dnhadh tipwplag dno Tév Oév g dyopiotioc,
3- & & 9 ! A ¥ o~ A ~ 3 4 .t \ \ \
ahalovelog %ol avopiug 7 EA®Y xax&v Tpakewy T@Y avlpdmay, K76 Thy wopeh mapo-
c plag 9 ) TYVAE el NI

! A U \ A A o ’ ’ A 14 \
dbcewv 3 polmy, pt mupnva pixed ) weydho Sikpopa QUGLXA QavOuEve TOD Topo-
wnelnray note Thy ExpnEn adth, dumhovticpévev pé TIy mapodo Tob ypdvov pE
petayevéatepes dumetpieg xol avamdpeuxteg cuyyloels 4o Siupbpovg ToLnTEs %ol
gonynrés mepl Atdovtidug, Kataxivopob 1ol Aesvxariove, Paébove, ‘Inmbiurov,
IMapyév g Alydmrov xal "E€630u v *lopeniirdy, lome 88 xal peptxdyv drocmo-

GuaTey The “Amoxadidzwe.
]

APPENDIX

It is worth noting that some fragments of Prophesies in the book of Je-
remiah are quite similar to those of the Revelation of St. John; Solon (635-
558 B.C.), whose notes were used by Plato in his dialogues Timaios and Kritias
for the Legend of Atlantis, was contempory with Jeremiah (650-585 B.C.).



