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Riassuxto. --- Uno sciame di {erremoti comineid improvvisamente
il 26 Agosto 1971 nell'isola di Melos (Grecia) e durd eirea cinque giorni. Ta
maggior parte degli eventi avvenne ad una prolondith i poco superiors
ai 8 km. La distribuzione della frequenza dei terremoti in funzione degli
intervalli 8-, indiea aleuni picehi ehe evidenziano attiviti principale in
aleune arce molio piccole. 11 valore b di questo seiame (1.2) sta tra quelle
dei terremoti tettonici ¢ quello del terremeti vuleanici, per eul Pattivita
osservata comprende una mescolanza di scosse vuleaniche e tettoniehe
in una struttura molto eterogenca con sollecitazioni localmente coneentrate.
Questo tipo di seiame pud essere indice di processi magmaticl ehe non sono
riuseiti a raggiungere la superficie sotlo forma i eruzioni vuleaniche o di
processl idrotermiel i quali liberano improvvise tensioni tettoniche. 11 pre-
sente studio aumenta il numero delle regioni per le guali gli seiami di ter-
remoli vengono associati al aree di vuleanismo antico o recente, Ricerche
particolareggiate sugli seiami di terremoti ehe avvengono specialmente in
arce vuleaniche di vuleanismo recente, sone molte importanti dal punto
di vista della Bismologia e della Vuleanologia, perché possone offrire un mezzo
per rivelare processi vuleaniel, idrotermiel o magmatiei.

SuMwary., — An earthquake swarm hroke oul at ihe 26 of Augnst.
1871 in Meles island (Grocee) anil lasted for about five days. The majority
of events were shallower than 5 km. The [requeney distribution of carth.
quakes as a funetion of § — ' intervals indicates some peaks and so the
main activity in certain very small areas is clear. The b-value of this
swarm {(1.2) is intermediate between that of tectonic earthqualkes and that of
voleanie ones and so the observeld activity imply a mixture of tectonie aml
voleanie shocks in a highly heterogeneous structure with locally concentrat-
ed stresses. This type of swarm may be indieative of magmatic processes
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that failed to veach the surface as voleanie eruptions or of hydrothermal
processes that Urigger teetonie strain release.  The present study increases
the number of regions lor which earthquake swarms are associnted with
arcas of higtorie of recent voleanism.  Detailed researches on earthquake
swarms especially those ocemrving in voleanic arcas of recent voleanism are
voery important from the standpoeint of SBeismology and Voleanology, he-
cause Lhey may offer i means of deteeting voleanie, hydroilhermal, or mag-
matic processes.

1. — IXTRODCCTION

Voleanice ewrthgnukes arve rarve events in Greeee whose the general
seismicity level is rather high. This circumstance makes the more
interesting the oceurrece of voleanie shoeks in any area of the country
given their capability of contributing data relevant for characterising
local featnres of the voleanic seismicity in Greece. It was this poten-
tiality which drew our attention to the swarm having started on the
26th August, 1971 in the Melos island.

A gupplementary impetus about this study was given by the fact
that two days after the beginning of the swarm a mobile station started
to operate very close to the epicenters. Bo it was possible to record in
three days a lurge number of material even for the weaker tremors.
However, ag the local instrumental information while of rather good
quality (with exception of the magnifude determination of the main
portion of microshocks) was coming only from one station, except the
76 larger events the contemplated research was severely limited, in
particular by the lack of information on the space and magnitude
distribution of microevents. Despite this serions bandicap and the
fuet that ocewmrred only wvery small events, some useful results were
obtained and they are to be reported in what follows.

Kesearches on earthqualke swarms especially those oceuring in vol-
wnie areas of recent voleanism wre very important from the standpoint
of Seismology and Voleanology beeause they may lead to some empirical
relations in connection with voleanic phenomena sueh as impending
eruptions or magmatic processes in progress beneath the voleano and
its wvicinity. REarthquake swarms with shallow hypocenters often
occur before eruptions or may accompany them; others may be attrib-
uted to magmatic activity that failed to reach the surface.

Swarms (sequences of events closely grouped in time and space
but without one cutstanding main-shoek) bave occurred as forerun-
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ners, for example to most of the major voleanic eruptions in the Losser
Antilles (%), Some of them, were not assoeiated with voleanism, but
were accompanied by increased activity of hot springs aud fumaroles,
Others like the famons Matsushiro swarm of 1965-1967 were located
near voleanoes that apparently have been dormant or extinet for ten
thousands of years or more (#,). Thus although many swarms oceur in
voleanie regions and ure associzted with voleanic eruptions, some appa-
rently do not. A causal relationship between swarms and magmatie,
voleanie, or hydrothermal activity still remuains nnresoved altliongh
has been suggested.

Among the severnl possible meehanisms of swarm generuation
three of the more appealing mechanisms are related to voleanism.
In one case magmatic activity acts as a concentrated sonrce of stress {32)
in the second, voleanoes are fthe loei of heterogeneons materials {1%).
In the third likely mechanism localized sourses of high fluid pressures
may lower the cffective strength and act essentially as concentrated
sourses of stress (Mekenzie personal eommunieation). Magmas or
hydrothermal processes are possible sonrces of high fluid pressures near
voleanoes. Suech a mechanism undoubtedly was a eausative agent in
the DNenver series of earthquakes (3) und may be in the AMatsushiro
swarm {").

It must be added here that the swarm of Melos in 1971 belong to
a small seale earthquake swarm manifested for a few days with a
sequence of extremely shallow microearthquakes bunt it was indeed
a remarkable event for the voleunie are in Greece.

2. — VOLCANIOR OF THE ABGEAN REGIOK AND GEOLOGY O MELOS

Magnetic anomalies occur in the Aegean Sea and these are eaused
by mugnetized rocks that have been intruded by voleanism {1%).

Spatial distribution of voleanism in the Aegean region is closely
related to the boundaries of fwo small plates — the Aegean and Tuar-
kish plates — whose relative motion has recently been elucidated by
earthquake fault plune solutions (*)

Voleanic eentres arve located most abundantly in the northeastern
corner of the Aegean plate. In the southwest (lig. 1) an important
feature is the chain of centres stretehing from Krommyonia voleano,
near Korinth, to the Bodrum peninsula of southwestern Turkey. This
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Fig. 1 - Distribution of voleanic roeks of Tertiary and Quaternary age
{solid Dlack) within the Aegean region (after Paraskevopoulos, 1956).

chain of island voleanoes, usually termed the south Aegean voleanic
are (1!} displays many of the features of typical island are.

The lavas of the senth western Aegean are (Iorinthos to Melos
group) closely resemble those of Pacific Island ares and eontinental
marging in mineralogy and major element chemistry (19). It is charac-
terized by the development of hydrous minerals. Tn some eircum-
Pacifie voleanie ares, cotrelations have been made between the com-
position of lavas and the depth to the Benioff zone beneath the vol-
canoes.

Buasaltic lavas are very rare among of the south western Aegean
are and Islands of Northeastern Aegean. TFrequeney of chemiecal
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Fig. 2 — Ceological map of Melos in whieh positions of the selfataras and
fumaroles are alsn indicated. The lecation of the recording site (Adamas)
aud ten epieenters of the swarm (the numbers show the time-order of the
events) are presented in this map,

analyses cited by DParaskevopoulos (1936}, suggests that the most
abundant rock types of both localitics fall within the range andesife-
dacite and this may indieate andesitic parent magmas for the two
groups of voleanies.

A geologieal map of Melos is presented in fig, 2 in which positions
of the solfataras and fumaroles ave also indicated, The general picture
of the voleanie activity is that solfatarie and fumarolic activity is
prosent at different places mostly in the eastern part of Melos. Sol-
fataras and fumaroles with some temperatures escape, from many cre-
vices and openings and muriated hot springs are found in some parts

of the Melos ().
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3. — HISTORY OF SWARMS IN GREECE

Although the general seismicity level in Greece is rather higly, vol-
canic earihquakes are rare evenis. Also teelonie type swarms ocenr
very rare in Greece. From a systematic study of 140 sequences in
Greece, Drakoponlos (') classilied only 1 eases as swarm-type. In the
4 cases the bH—value was higher than 1.2, Generally it is believed in
agreement with new data, that the number of small seale swarms
oceurred in Greece-both tectonie and voleanie type-is higher, but the
lack of portable seismographs was the main factor for not having detail-
ed data. Of course earthquake sequences do not fall strietly in the three
classes according to Mogi's classifiearion but are gradational between
them.

Minakami (%) describes several tvpes of swarms associated with
continental voleanoes: type A events with depths of 1 fo 10 km; type
B very small events with very shallow foecal depths; and explosion
earthqualkes that have compressional first motion at all stations.

Binee 1910 another interesting earthquake swarm has been gener-
ated in Melos. In table I, yon can see the felt shocks during the swarm,
in Melos in 1918 but aceording to information from loeal people, many
otlier shocks were also felt, 8o Iif we compare the ratio of the recorded
number to the felt number of shoeks during the recent swarm to the
larger number of felt shocks, higher intensities and larger duration of
activity observed in 1918, we think that may be the number of micro-
eartlignakes during 1918 was of the order of some thousands.

Bince the swarm dnring 1918 and the earthguake swarm studied
in this paper probably ocenr on the ocean floor, none of the activity could
be observed at first hand. Anyway it is ratler certain that both
swarms are of voleanie aml not of tectonie feature,

4, = TNSIRUMERNTATION

The “8pecial Purpose Seismograph!® Model 15015 is a ghort-Per-
iod, portable, self-contained, single-component seismograph suitable
for survey or monitoring applications,

The size and weight of the system is sueh that it ean be hand car-
ried transported in the trnnk of an automobile, or as baggage on a com-
merecial airliner. The maximum magnification at 1 CPS iz 10 and



Table 1. — PELT BUOCKS DURING THE SWARM IN 1918 (MELOS)
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the frequency response is 0,01 to 15 CPS (depends on seismonmeter aid
lillery.  The recording time is 12 hours,  During the Lime of recording
microearthguakes in Melos the drum speed was 5 minutes per revol-
aution and the spesl on reeords was 40 mmmin.

The portable short-period seismometer, model 18300 hag Deen
designed for usge in ekl operations where a small lighl-weight, short-
period seisimometer i desived.  The seismometer during the field work
in Melos was operated in vertical position but il may be also operated
in horizontal pesition. s period is adjustable from 1.33 ro 0.91 second
{(0.75 10 1.1 ('TS).  This seismometer is a very stable ingtrnment. . When
properly installed it may be expected to operate without further adjust-
ment.

The solid-state Amplifier model 25220 consists of three basic paris:
- broad aud (de Lo 20 K11Z) low-neise pregmplilier with a {ixed gain
of 325, an operational amplifier Lo further inerease the gain of the overall
amplifier in addition to shaping the [requency response curve, andl
de—to—de eonverter to permit isolation of input, output and power
orountds.

In addition o greafer sensitivily, microearihiquake recording
systems are move portable and need far less power than standard field
instruments.  The resulting freedom in site selection was used in HMelos
Lo reduece epicentral distances o o few kilomelers or less which is a
significant advantage in loeating shoeks and in stwdying the statistical
propertics of the activity.

. — IyaTA,

The first step in analysis of the recovds by portable seismograph
was the elimination from consideration of some intervals of time when
the noise level was ligh.

This stwdy emphasized shocks with S—2P intervals less than about
1.7 seconds corresponding to hypoecentral distances less than 10 lm.
In most enses the distaneces were much less,  Thus with only a single
vertiesl-component seismograph, it is possible to study microseismicity
o1 a seale of o few kms.  Of course there are improved methods for
location based on networks, arays, multicomponent geismographs, and
on varions data-processing techuigues; bui the advandages of Lhese
must he weighed againgt the extreme simplicity of the single-component.
teelinique which reduces analysis Lo mere ¢ounting of evenis with small
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Table I, = FELT SHOCKS IN ADAMAs 0oF MELOS DURING THE RECENT SWARM

{Ave, 1971)

Date Time
1971

Aug 26 21:2()

Aug 27 00:30

» 02:30

1| (12:55

0 [R5

W 0810

» 04 :51)

" L)

» 10:45

) 10):50

l 113000

l 12:05

" 14:00

» 17:00

" 17:25

» 17:458

" 2):40

" 21:47

» 22.45

» 22:46
1971

Aur 28 020

" )21

» 025

» M:37

" 1X1:38

» X):47

" O2:000

" 12:2()

" 12:91

Date

1971
Aug

28

Time

23:15
23:23
23-24

20
3:24
0106

Irate

14971
Ang

i
1971
Aug

29

3

Time

01:15
(04:28
(04:53
07:02
a7:13
07:15
0442
09:45
04:47
04%:58
11):28
10;37

1:
I:

11:F
IRES:
Da:4H
izl 8
OG:37
D730
17:32
0740
N7:43
07:44
07446
1706

11:20
11:34
11:36
11:37
11:38
12:30

N—P intervals and provides immediate results for planning the sub-

sequent feld program.

The instrument was nob operated at full gain {(dh) on acconnt of
noise level.  The station fal geographically (36944447 N, 24020'38"" 1)
This site was chosen for a var-

near the center of the epicenters (Fig, 2).

ety of reasons inehuding proximity to fault traces, to the large mumber
of previously felt earthguakes, accessibility ete. A wide vaviety of some

noise sources was encouniered.
Complexity of geological condition in Melos and the looseness of
superficial layvers aflect very much the serious decay of high frequencey
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Table [[1. - Smocus RECORDED BY VAM sTATION WITHE P-TO-P AMPLITUDE
a« = 2.5

Daie Time My Date Tine My,
1971 Aug, 26 20:49 2.0 1971 Aug. 28 02:27 2.1
0 21:41 2.1 " 02:47 2.0
" 2255 2.1 W 03:19 2.3
0 23:03 2.0 E 05:08 2.0
" 23:0% 2.0 » 05:53 2.4
] 23:10 .4} ] 05:56 2.2
» 23:12 2.2 n 0G:40 2.0
" 23:24 2.0 » 0OG:41 2.2
] 23:46 2.0 n 0G:53 o2
" 23:55 2.2 B 07:00 2.1
1971 Aug. 27 01:45 | 2.0 b 13:15 2.0
" 151 2.5 v 16:44 2.3
" 02;17 2.0 " 22:22 3.1
P 42:18 2.6 0 22:29 2.5
n (2:19 2.9 » 23:15 3.0
» 02:3¢ 2.1 y 23:23 2.9
0 02:306 2.4 " 23:27 2.4
» 03:05 2.5 » 23:28 2.2
» 843:10 2.2 n 23:29 2.0
» 03:13 2.4 1971 Aug. 29 00:35 2.1
» 03:16 2.3 » 01:08 2.4
» 03:19 2.4 » al:1G 2.6
» 03:25 2.9 n 01:18 2.3
» 03:36 2.1 b {1295 2.0
) 03:406 2.1 » 03:13 2.4
» 03:48 2.4 » (04:54 3.2
» 03:52 2.9 » 05:03 2.7
» 04:29 2.2 » 07:15 2.1
» 04:44 i » 08:40 3.2
» 06:08 2.5 » 08406 2.7
" 12:06 2.0 » 10;38 2.1
n 16:59 2.1 1971
» 21:40 2.1 Aug. 30 05:59 2.5
» 23:44 2.4 y 07:34 2.3
1971 Aug, 28 00:20 2.0 i 20:04 3.2
" 00:24 2.1 i 20007 2.4
» 00:37 2.3 1971
9 02:19 2.8 Aug, 31 02:24 2.3
" 14:31 | 2.2
| 17:29 2.0

waves, The seismic frequeney of these earthguakes depends also on
the nature of geologieal formations on which the seismometrical obser-
vations were placed.
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A series of about 1000 earthquakes were recorded by the portable
seismograph in whieh felt quakes also were included, some of them
being accompanied with rumblings.  The earthguuke swarm lusted for
five duys aml the daily seismie frequency of felt earthquakes in Adamas
during the five days was 17, 31, 22, 10 and 6, respectively (table I1).

The main portion of events was also felt in Zephyria, Thiorychia,
Kalamos, Voudia, Apollonia ete. (Map. fig. 2},

The hourly count of microshocks after the installation of the por-
table seismograph is shown in fig. 3. As it is obvions from this ligure
the rate of the activity e¢hange from 0 to 89 events per hour. Some of
the events in the sharp peaks of Aungust 28 and 29 were probably after-
shocks of two main shocks which ocenrred at 22 h: 22 min. aml O1h:
54 min. pud they had magnitudes 3.1 awd 3.2 eorrespodingly, Thiy
is supported from the exponentinlly decaying (fig. 3) plus some detail-
el activity plots.

%0
8o
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&0
T 50 i 1 -
n

40
30
20

10

o LI .nn.ﬂ__ Al

20-21h ‘.””-'..-'1‘2.n . { 11-12 h | -1 h

Date : 28-8-71 29-8-71 30-8-T2 31-8-72

Fig. 3 — Time distribution of microaftershock activity during the last 3 days.

Tt was evident from the seismograms that the small hypocentral
depths harmonize well with the remarkable attennation of amplitude
aceording to the epicentral distance. The apparent feature of the lar-
ger earthquakes on the seismogram of VAAM do not differ [rom those
of the tectonic origin of extremely shallow depth recorded from the same
epicentral distance.
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Exeept of 76 events with P—P amplitude in the vertical compon-
ent of YVAM station larger than or equal to 2.5 mm there were nearly
17 events with P—2P amplitwles in VAM Detween 1.5 and 2.4 bui we
didu’t use these to the b—value determination beeause there were
doubty abour their epicentral distancces.

The procedure of the epicenter determination for the largest 10
events was workable using some stations from the nelwork of Greece.

One Iimportant advantage of the epleenters caleulated in Chis stady
is that all events are very close to 1he mobile station and all events were
very shallow. Thus although any one epicenter may be in a small
error Tor a variety of reasons {poor station distribution efe) the small
pattern developed Dy the whole swarm i feetonically signilieant,
mainly Dbecause all the events ocemred within a distance of 10 km
from the mobile station.

6., — MAGXITUDE DEPIERMINATION

To caleulate the magniturlde My, of each shock of the swarm [or
which an amplitude 47 was measured at the station of VAM the follow-
ing relation was used:

1

% log i

My, — log A + M, — ! 7 [

where M, s the mean value of the magnitwdes of all shoeks ol the
sequence recorded by Lthe Wood-Aauderson gselsmograph (17 - 0.8 see,
17 SR in Athens. A and noarve the amplitude af VAM ad the
number of these shoeks rvespectively. This method is reliable only
when the epicentral distanee of the shocks does not vary largely as is
the ease here.  Bome errors of course have been introdueed Dbut the
general conclusions of the present study are not alfected lavgely. Finally
we lave found the equation:

My, = 1.57 + log A’ [2]

where .17 ig the double amplitude as measwrerll on the vertical compon-
ent of VAM seismograph (8prengnether Lype 77 == 44,000 T — (1.5 sec.).

We were sure about the epicentral distances only for shocks with
P—P amplitudes from VAM A>25 (76 events), So we ealeulated
magnitwles only for these events by using the lormula [2] (see table 11T},
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Under these limitations the smallest magnituwde nsed for b-value deter-
mination was M. = 2.0 (see alwo about b—value).

The computation of magnitude from records of the portable
seismograph is quite impossible due to its dependenece upon an ampli-
tude versus distance relation, the difficultiex of instrument calibration,
the efieet of the frequency response of the instruments used here, the
wse of a vertical component insfrument only ete, |

7. = B-YATUR

The slope, or d-value, of the fregnency-magnitide relationship:

log N = 4 — 2l [3}

where A and b are constants was deforiined.  The uneertainty in Chis
determination was aroumd two tenths ((.2), since the number of earth-
quakes used was only 76, The d—value as calenlated by the least square
method using ouly the larger 96 events wis 1.22 (g, 4) which is inter-
mediate between thal of tectonic earthquakes (b =2 0.6 fo 1.0) and that
of voleanie earthguakes (6 = 1.8 to 2,6),  This d-value plus thie nature

log N
08 -

O -

04

Pig. 4 ~ Cumulative frequeney funetion of the magnitwde during 1he
aclivity of the swarm.
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of the carthquakes observed imply a mixture of teetonie and voleanie
shocks in a highly heterogenecus structure with lecally concentrated
stresses.  This value is higher, but not necessarily significantly higher,
thau typical b=values lor earthquakes and for aftershocks in many areas
of the worll.

Suzuki (%) showed that the d—value is independent of the source-
receiver distance provided the attennation function does not depend on
maznitude.  Asg a result the — value ean be caleulated without know-
ing the magnitnde of the events.

Using recordings of 10 hours from the portable scismograph the
frequency versus amplitude relation was studied although this proce-
dure in its application was difficult. A log-log plot of [requencey versus
amplitude approaches o straight line with an m value of 24 (b = 1.4)

log N =a— mlog A [4]

Where N is the number of earthquakes with trace amplitude between
Aand A4 <= d4.

The previous procedure may introduce a Dbiang toward a lower
h—value, Immedigtely following the large shocks the probable after-
shoclk activity tnay satnrate the seismogram, making a complete conut
of the smaller aftershoeks impossible. An underestimate of the number
of smaller events will Bias the b foward a lower valne. When we esti-
mate m and & from the saumne sample of data it must be valid:

m =15 + 1 [5]

The disagreement whielh was found here is due to the dilferent range of
magnitude and duration of the sample in the two ways of caleulation
amd to the difference in the sample. But this disagreement plus the
previous indieations denote that the time d—value of this swarm is
larger thun 1.22 which was found using only sample of the larger
cvents.

8. — S—P DISTRIBUTION

Fig. 5 shows the frequency distribution of earthquakes as a fune-
fion of 0.1 sece §—1P intervals. For the purpose of comparing the
distribution during ifferent periods, the data were divided into sue-
eessive not equal samples and the §—FP interval versus frequency
relutions for four differcut periods arve illnstrated (fig. 6). Only the
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events with trace amplitudes of 2 mm or larger were gelected and count-
ed in order to eliminate the influence of the fluetuation in noise level.
From figures 5 and 6§ we obgerve that the § — I intervul liuctuates
between 0.3 to 1.7 sec. That means that the foeal depth of all the
earthquakes is less than 3 km. Tt is also concluded that the epicen-
tral distances were smaller than 10 km. Main maximum in frequency
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Wig, 5 — Distribution of observed 8- - times during all the period of oper-
ation of the portable scismograph.
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ocenr at S—F interval of (16 sec in all cases. Other secondary maximum
oceurs at 1.0 sec.

There is not any substantial systematic difterence in the different
time-intervals such as to conclude any migration of the epicenters from
the seismograph either in the vertieal or in the horizontal direction.
We can just say that a larger percentage of the shoeks during the last
day of the observation were in nearest distances to the station. The
strong peaks at 0.6 and 1.0 sec indicate systematic short-terin inereases
in geismicity in limited small areas. It is also concluded that several
peaks in activity are clear and are limited to certain small areas. The
peaked nature of the 8—F distribution can be casily explained by the
existence of a non-uniform distribution of activity within the zone.

As the §—FP interval increases the number of recorded events
falls off sharply as the ground amplitude and lence detectability, de-
creases with distance from the source. In faet, the distribution follows
the amplitnde versus distance relation given by Richter in his definit-
ion of loeal earthguake magnitude.

9. — IMIscUssION

All the earthquakes of the table ITI recowded in VAM are between
26 Aug. and 31 of Ang. (duration of 5 days). By examining the zeis-
mograms of VAM before and after these dates we didn’t find any earth-
guakes from this region.

Reeords by the portable seismograph started at 18h of 28 of Aug,
and the seismograph was operated continuously up to the evening of
31 of Aug. (duration of its operation 74 hours), The average rate during

v

. . 960
the recording period by the portable seismograph is —H=13 shocksfhonr

while the maximum rate was 89 shocksfhour {lig. 3}). 3o if we adopt
that the activity of the swarm was at the same level during the 26,27
and 28 of Aung., we may conclude that in 3 days occured nearly 1,800
voleanic micro and ultramicroearthquakes in Melos.

If we consider that the rate of the shoeks recorded by the portable
seismograph to shoeks recorded by VAM station is approximately
constant, that means that shocks of different magnitude are randomly
distributed in time, we may write,

P Lot — J{)n[t

: e 1
1 ’1nl Vurt
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Where

P = total number of shocks recorded by port. seismograph

Fior = total number of shocks recorded by VAM station

Paer = total number of shocks recorded by port. seism. after its in-
stallation.

Vure = total number of shocks recorded by VADM after tlie inst, of

port. seismograpl.

Trom the formula [6] we have

Fare 960
})tot = — ¥ ot —

X 75 = 2880
Fare 25

Vare i8 seen from fig. 7.

So by this method we may eonelude that nearly 3,000 voleanic
micro and ultramicroearthquakes oceurred in Melos from 26 up to
31 of Aug. 1971 and this seems to be more probable. If we adopt this
number {3,000) and we take info consideration that we may extrapolate
the relation,

log ¥ = 4.22—1.22 M, [7]

to very small magnitudes, we may find the minimum magnitude detec-
ted by the portable seismograph under the conditions of its operation
in Melos. It was found Meimin = 0.4,

If the above number of the ocenrred shocks is correef, the mean
rate of oceurrence per hour was 25 events and go by comparison to the
mean rate of 13 events/hour valid for the 3 last days of activity, we
think that during the first 2 days the frequency of shocks was much
higher., This conclusion is also supported from the table of felt earth-
quakes and from the recorded events in VAM (fig, 7).

One significant observation made in this figure is that all the founr
events with M, = 3.0 of this activity occurred after the installation
of the portable seismograph e.g. in the second half of the activity.
From the same figure we c¢an see that the maximum magnitude obser-
ved per 6 hours is larger generally during the second half of the activity.
Taking into consideration the above observations, we may coneluded
that the value of b doesn’t remain constant with time as it has been
concluded for aftershock sequences (2).

It is believed that if it wuas possible to caleulate b—values by
using all the data, the b—value should be 0.2-0.3 higher than the
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reported 1.22 here as it was found previously by using records from the
portable seismograph.

A first interprefation of the intermediate b—value for this swarm
is that a mixture of tectonic events and B—type voleanic earthquakes
have been recorded. Further consideration suggests the existence of a
locally concentrated stress distribution that may be caused both by
the heterogeneity of the materials near the voleanic range and by a

T max mogo
ohservad
20 1 a per 6 hours
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it N :
- 3.0
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- 28
b ’
,j' 26
8+ ) Z
- \_E% 24
] H ¢ 22
D } } L L - TrT L | LER IR ) 20
26/8l 27/8 20/8 29/@ 3o/8 31/8

TFig. 7 — Histogram showing the numbher of recorded events per 6 hours
in VAM and the maximum magnitude observed per G hours,

stress concentration as a resnlt of movement of magma. Mogi (?)
in his model experiments pointed out that the b-value of the elastic
shocks generated in very porous and extremely heterogeneous pumise
is clearly larger (1.2 to 1.7) than the b—value for shocks in granite
and andesite speeimens (0.6 to 1.0).

To investigate the question of the existence of secondary aftershock
series, the observed seismic activity was examined in time intervals
of 10 minutes. One representative section of a record written on Angust
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29 converted to wetivity plot in fipg. 8. By such representutive fipnres
we saw that in some cases it was clear that the peneral level of mi-
croaftershock aetivity is not significantly influenced by the oeccurrence

Lol ]

Time {GMT] ——= hours

- 1
20 23 oo L+

28 -8 -7 29 -8B=-T71

g, 8 — Detailed activity plot as u function of time.

of My = 3.0 shocks. But in most cases {example fig, 8) the micro-
aftershoelks cluster in time about the larger shocks and give strong evi-
dence of triggering small aftershock sequences. In coneclusion we
can say thut of 4 shocks with M, greater than or equal to 3.0, 3 events
gave strong evidence of triggering a secondary aftershock sequence.

The initial motions of the explosion earthguakes are nsually clearly
recorded on the seismograms and their directions are push and “upward®
motions withont exception in all directions from the souree (8). On
account of the loose material and other reasons, the noise level in Melos
was generally very high and prevented us from huving extremely high
magnification, Therefore we had not precise knowledge about the
distribution of the initiul motion of small earthquakes although the
epicentral distances were very small, in other words, the initial motions
of small earthquakes were in most cases disturbed by around noise.
The direction of the initial motion was not stable in Melos during the
time of oceurrence of the shocks. In other words in the portable
seismograph the up and down initial motions are distributed not sys-
tematically.
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10. — CONCLUSIONS AND SYNOPSIS

Swarn-type sequences oceur very rarve in Greece and this eirenm-
stance plus the postulated fact that the microearthquake activity is a
valuable tool in comparing the seismicity of many voleanic regions,
ilrew our attention for this investigation. The present stwly increases
the number of regions for which earthquake swarms are assoeinter
with areas ol historic or recent voleanism,

The activity of Melos (Greece) although belong to a small seale
earthquake sworm, manifested for five days with a sequence ol extre-
mely shallow microearthqnakes, may be attributed to magmatic aeti-
vity that failed to reach the surface or more probably to nonmagmatic
mechanism for producing eoncentrations or inhomogeneities in stress.

Binee from S—PF graphs it was concluded that the hypocenters
are extremely shallow and concentrate in limited areas, it is natural
that the amplitwles ol events attenuate remurkably aceording to the
epicentral distance as it is clear in the seismograms.

Magnitde determination was possible only for the 76 Iarger events.
There are strong indications that the real b—value of this swarm was
higher than 1.22 (value caleulafed from a limited sample of larger
events). So the true b—value plus the nature of the earthquakes imply
a mixture ol tectonic and voleanie shoeks in a highly heterogeneons
structnre with loeally coneentrated stresses.

Up and down initial motions ave distributed randomty.

The average rate per hour of events deteeted by the portable
seismograph wus 13, while the muximum observei rate was 89 events/
hour. TUnder simple natnral assumptions, it was found that the mini-
mum magnitude detected by the portable seismograph was M, == 0.4
and the avernge rate per hour in the whole duration of activity was
approximately 25.

It is also eoncluded that during the first 3 days the frequeney of
microshocks was mmeh higher than the frequency during the second
half of activity but all the events with 3. > 3.0 oceurred during the
second hall of the activity and so we may conehude that the valne of
b doesn’t remain constant with time.

The microaffershocks sometimes clustered but in other cases
didn’t elnster in time about the Inrger events. It was impossible hy
the present investigation o propose or to support strongly some hypo-
theses of swurm generation.
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