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RL-\.;<~U~TO. I"no sciame di t.eTl'enloti ('ominl'iò impro\'\'isl1mente 
il 2(; Agosto 1071 nell'i~oll1 di -'lelos (3ml'ia) e (Iurò cil'cl1 cinquc giorIli. l,a 
llIl1ggiol' parte degli eventi avvcnne I1d una pro(oJl(Uti. (Ii poco l<lljlpriol'<) 
ai ii klll. La (1istrillllzione della frequcnza dci te!Tellioti in funzione dcg-li 
inteTvalii 8-P, indica alcuni piechi dI(' e\'idenziano l'at.tivit.;\ principale in 
alcune aree mu!io piccole. Il valon~ l! di quest.o sdame (1.2) st.a Ira qlH'llo 
Ilei teTl'l'moti tettnniei c Iluello dci t.c1'l'cllloH vulcanici, per l'ui l'at.t.iviti. 
osservata comprelHle una llIescolanza di Sl'osse vull'ani('hc c t.cttonielJC 
in una strnttllra molto etl'Togenea l'on solle('itazioni loealmcnt.e l'oncent.rnte. 
Qupsto tipo Ili sc,iame può CSSCl'C ilHlir.e (li proecssi magmaUd elle non sono 
riusciti a raggiungere la superfil'ie sott.o forma Ili ('ruzioni vulcaniche o di 
pl'o('essi ilhot.el'mid i quali lilwrano improvvise tensioni tet.toniehe, Il pre
sente studio aumenta il numcro (Iellc rpgioni per le quali gli sciami di ter
remoti vengono assol'iati lui aree di vuleanismo antÌl'o o Te('!'nte. I~ieerehe 

paTt.i!'oLueggiat.c sugli sdami di t.elTemoti dI[' avvcngono spedalmcnte in 
aree vuleanidw di vuJ('aniSlllo l'cc,ente, sono molto importanti (Ial punto 
di vista Ilella Sismolog-ia c della Vulcl1nologia, jlel'l'hé possono offrire un mezzo 
pel' rivelarp proccssi vlll('anid, illrolermici o llIl1gllll1t.ici. 

Su~nJAH1". - An carthquake swarm lll'okc out. at. thc 26 of Augnst. 
1971 in )lelos island (Gree('!') an(llasted Iol' ahout. tive da.Ys. 'l'hl' majoTit,y 
of cvents we]'() shallower than ,? km. 'l'hl' (l'equcnr,,y dist.l'ihution ()f nartll' 
lJuakcs as a fundion of S - l' inh~Tvals ÌlHlicates somc pl'aks and so t.hc 
main aet.ivìty in eertain very slllall areas is dea l'. Thn IJ-vltlue oi tllis 
swarlll (1.2) is interllledint,c bC(,\\'(Wll that of lcet.onÌ<' eart,hlJ1Hlkes alH! that. oi 
voll'ani!' oncs allli so the o])sel've(1 aetivity imply a mixture of tectonic 1111(1 
vo!el1nic sho('ks in Il highl,\'" hetcrogencous stl'uc,t.urc with locally (·onC(,(ltTat· 
cd sh·esses. Tilis t~'pe of swarlll may hl' indieative of magmatie prol'esses 

'" National Ohsel'vatory o( Atlll'ns. Thission. Ath('ns, Gl'cece. 
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that railet] lo rea eh tlw ~Ilrfat·p a8 vo]('allk crIlptions 01' of h;plrothprma! 
P1"O(>pSI,;('S t haI irig-w'r tct'toni(' sImili rdpa!;{'. 'l'hp presclIt StlH]y im'l'cnscs 
Ihp nllmh(·r of rpg-ious for whith carihqual,e swartlls I1l"1l assoeiated \Vith 
aren~ or hislorir of rel'Pllt vo]eallislii. lhltailcll l'cscar(')!(~s on carthqllakl' 
~wartlls p8pcdall.v illOsc O(~('1l1Tillg- in volrani(' areas of rp('plit YOkUIli8tll an' 
ver,\' illJporiant f!'Olil ihp sialll]poillt or ~eiStllo!og-y and YO!('l1l1ology, hp· 
eau~p ihcy ma)' oHpr a tlleaus of Ilptertillg- \'o]eallk, hydl'oilwl"lllal, or mag-
11ll1li(' pro('pssP~. 

1. - I:'\THODCCTW-:ç 

,"olcani(' ea,rthqna-kes are m,l'e event.'! in Grcccc w!HJHe thc generaI 
seismieity Ievcl is rather high. Tlus circmmtanee makcs the more 
interesting the oeeUl'1'cec or voleanie shoeks ili an)' area or the eountl'y 
given theil' mpability or eOlltributing i!ata rdeva.nt for ('ha,m,eteri~ing 
loeal featlll'es of t.lw vo}(oalli(' seismieity ill Greeec. It was this potcn
tiality whi{'h drew our attention to the swarm having started on thc 
2iith AUj...)"ust, .1971 in the }Ielos islani!. 

,\ supplementary impetus about this stlldy was givell by the fad. 
that two tla.,ys a.fter thc beginning of t.hc swarm a mobile station started 
to Ollel'ate 'leI')' close to the elJieenters. So it was possible to reeonl in 
three i!a-rs a. lal'gc munber of material even for the weaker tremors. 
Ilowever, aH the loeal instl'umental information while of rathel' good 
qllality (with exeeption of the magnitui!e determilU1tion of the main 
IJOrtion of micl'oshoek8) was eomillg onI)' from one statioll, exeellt the 
7li la,l'gel' evellts the (·())ltmnlllat.e(1 researeh was scverely limited, in 
parti{'ular by the la,ek of info11lmtion on the slJaee amI magnitude 
tli8tl'ib11tion of mieroevent8. ])espite this serions haJl(liea,p a,ntl the 
fa,et tlmt O('('U1'1'ed only very small evclltH, some useful reslIlts were 
obtaine!l ani! they are to be relJOrted in what. follows. 

l{.esearehes on eal'thquake swal'ms espeeia.]ly those OeCUl'illg in vol
('alli!' arcaH of rcccnt volca.nism a,rc very imllot-tant from the standpoint 
of Seismology amI Yolmnolog)' beeause they may Iead to some empirieal 
l'elatiolls in eonneetion with voleallie IJhenomena such as impeIHling 
erllptions or magmatic lll'occsses ill llrogl'ess beneath the volea,no alHI 
it~ vieillity. I~al'thqlla-ke swarms with slwllow hYlJOeenters often 
oceul' befol'e erliptiollS or may a!'{'ompany them; othel's ma)' be attl'ib
utei! to magmat.ie activity tlmt fa,iled to reacll thc surfaec. 

Swarms (sequeneeH of evellt.<; elosel)' gl'ollped in time amI slJaee 
bnt witllOut one outstalHling main-sho{'k) ha,ve oeeurl'ed aH forenw-
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nerH, Ior example to mo~t, oI the mnjOl' volc'ani(' Nlll)tiollH in 11)(' LO~~l'l' 
Antilles (l"). Some oI tllPm, were not. a.\,soeiated with 1'okani~m, hnt 
were aeeompaniml by increa~ed fieti1'ity of hot, springs ant! fllmaroII'~. 
Otlwrs like the famons MatHnHhiro s\\·arm of l!:Wi'i-l!1hi wm'e located 
near voleanoes that avparently have b(\('n dormant or extinef, for tl'n 
thousands of yearH or more ("). Thus althollgh many swnrms \)(,f'ur in 
voleanie re.!,rions and are assof'ia.t~,t! with voleanic f'rllv(·ion~, somp avpa
l'ently do noto A ('ansai relat.ionship lwtween swarms ami nmj:{matif', 
volcanic, or hydl'ot,hermal aet,ivit,y stilI l'emains llnrpsovm[ althollgh 
has been sllf!."gest.et! . 

. AnlOng thc scveral llossible mef'hanismH of swal'm W'nprat.ion 
thrce of the more apvcaling mechanisms are related fo vnlf'anislll. 
In one ease magmat.ic activity af'ts a.s a cOlH'.ent.l'at,ed SOl1l'(~e of stress (l") 
in t,he seeont!, voleanoes are t,Ile loci of heteroj:{encouH materials ("). 
In t,he thirt! likely mcehanism loealiwd sourses oI high fluid llre."sur('~ 

ma}' lo"·er the effective strength antl ad esscntial1y a~ f'onf'entrated 
sourses of ~t,ress (:\lckenzie personal commnnication). ::\lagmas or 
hydrothermaIlmwcsscs arc possiblc sonrf'es of high flnid pressurcH ncar 
yolcanoes. Such a mechanism undoubtedly was a causat.ive agent in 
t,he Denver series of eart,hqnakps (3) ami Illay lw in (·he l.Iatsllshiro 
swarm ("). 

It mnst bc added here that, t,he swarm of ::\lelos in l!:1n lwlong to 
a Hmall scale earthquake swann manifc~tct! for a few days with a 
HCCJ.uence of ext,remcly shallow miC'roearthf)uakes but. it "·as illd(,t'd 
a remarkablc event Ior the voleanic arc in Greeee. 

2. - VOLCA!SlCS 011 THE AEGEAl'I REGIO!\' At\ll GEOT.O<;'Y ()lo' ~mLOS 

::\lagnet,ic anonmlicH ocellr in the .Aegmln Sea ami t.hese are eauspt! 
by magnet.izet! rOl'kH that, luwe been intruded by 1'OICllniHm (lS). 

Spat.ial dist.l'ibution of volcanism in t,he Aej:{ean region i~ ('lo~ely 

related to the bount!aricH oI t,wo Hma.\l vIates - t,he Acgean and Tur
kish lliates - whose relat.ivc mot,ion Ims rel'entIy been e1\l('idat.ed by 
earthquake fault pIanc solut,iom (S). 

Yolcanic cent,res are Ioeated most abnndantly in the northcastern 
corner of t,he Aegean vlate. In the SOllthwest (hg. J) H-n important. 
feature is the clmin of centrcH stret,ching from Krommyonia 1'olcano, 
near Korint,h, t,o the Bodrum }leninsula oI southwestern 'l'nrkpy. This 
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l,'ig. l - })i~trihlltion of vo!canie l'Och of Tertinry [lnd Qntltcrnnry nge 
(soli<l 1Jlaek) within the Acgean regiOII (aftcl' l'araskevopolllos, 195(1). 

ehain of i~land yoleanoes, usua,lly tCl'mcd thc .~outh Aegcan voleanie 
are (11) diHplay.~ mali,}' of t,he featnres of typieal islallll arco 

Thc lavas oI the .~o\lth westerll Aegean are (J(orinthos to 1118108 
group) elo~ely resemble those oi Pa,eifie Islanci f\l'CS ami continental 
mal'glns in milleralogy ami major clcment ehemisll'y (lU). H is eharae
terized by the Ilcvclopment of hydl'oUS minerali>. Tn some cireum
Pfl,cific yoleanic arcs, correla,LionH havc heen made bet'\'een the com
po.~itioll of lf\vas ami the depth to the BcniofI ZOlle hemmth the 1'01-
canoes. 

Basaltie lavas are ve!',}' raTe amollg oi the south ·western Acgea,ll 
are amI Islands oI Northea,stcrn Aegean. V!'equency of ehemieal 



~Li PQr i t .. 

~OQClttrl 

l', -. v. -) Andens ittrs 

~CrU$tallin 
bost'ment 

Crtr ta e trOUl ·Eoeene r---l . 
limtrstontrl and marls ~ ".Iluvlum 

... Sallataras [=:J Valeonle 
Fumerol., 

El Hat spr lngs 

lcftino.~ 

--, . 
} -. .. 

o. 

" Epocenters 

tufl s • S Stat ia" 

o 
~DIOmO ' 

Fig. 2 _ Gcological m(lll of :\ldu!I in w11io11 positiulls of tlw ~olfat.lmU\ allii 
hWllHolc8 al'C all'IO indicntml. 'l'ho lucat.iull of thc l'cl'ol'di ng sito (lllbllllaR) 

U11(\ kn clliccntcl's or l.hc SWllrl1i (t.htl ll11mbcl's sliow Ilio t.ilIIC ·Ol'l! cr of tllll 
,~V\mt8 ) aTe pTe8Imt.~l l in t h is lllnp . 

~Ulld ~'sos c.i.ted b y l)aI~l$k(l"opoulos (195fi), sugl,.te6t,!j thaL t,IIC mlJi! t, 

a.l)nllllant, rock types of botll Itl(· ~tliLios fan withill thc l'~lIlge lIlHle~ i t,(l 

,];1('.11,0 alHI this may illlli caLc lI11l!esit,if' parent ma,!{lTU\S fili' thc two 

j:tI'OUP(\ of volralliC'i'l, 
.A /?,eo[o.l!ical lImI) of )[ehl~ is ll re~ellLcll in fig, :3 in whirh l)o~it.iollS 

or tllc (\olfa,tm'u.s anll fuma l'Ilio.'! al'l: al(\o indi(·at.ell, 'T'he g'ollcrul pietllre 
I)r the yojf'anic uet,iyiiy ili t l1a1 solfat.al'ie u·nd fum:Ho!i('. :tctivity is 
prO>tCut a t ~liIrcl'ent, plarclS mostly in the easl.crn l'art of )IQln:'l , 8111-
faLàra.~ a llli rnmaroicli \,' iMI some t.omllcm.tlll'CS e.!>co\lIc, [rom n1:\lI:r (' re
v icclS :md 0llellill~s n,mi murialel1 Iw L .'!J1ri llb'll are fUI1IHl iII some parts 

of t,he ) lclos (. ), 

· • , 
• 
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:~. - 1l1:,,~rOIty OF ~WAInl~ I!'O GItEECE 

.Althollgh thc g(!llCl'al scismicitr Icvd in Greere is l'Mhel' high, 1'01-
Cilllic cilol'lhquakcs arc l'a,I'C cvcnL.<;. .AIso t.c('tonic t"YPC swal'ms orenl' 
verr rare in Greece. From a systenmtic sttHly of 1·10 scqllences in 
Grc('('c, Drakoponlos (') cbssiliNl onlr ·1 cascs as swal'm-tYTIC. In tlw 
.i case;; the b-valuc W~1S highcr t.han 1.:!. Gencmlly it, i8 bclievetl in 
agl'eement with new dat,a, that thc numbcr of small l\('a,le swarms 
ocrl1lTell in Gl'eere-hoth tedonie and volcanie type-i~ higher, bu1, t,he 
lack of pOl'tablc scism()graph~ was the mnin fadol' f()J' not having detail
ed llata. Of ('OI1l'SC cal'thqllak(! S(!qIWIH'eS tlo noI, fall stl'icUy in thc thl'cC 
classes according 1,0 :\logi's ch1ssiliea,rion but, iwe grad:lotiona,1 bet,wcen 
them. 

l\Iinakami (fi) desE'rihes seveml t,ypes of swal'ms fIoSsoeiated with 
con1,incntal vol('anocs: tYIW Li cvent.<; with (Ic]lths of l to lO km; type 
11 very smaH cvents \\'it,h vcry shalhn\' focal tlcpths; ami (!xplosion 
eal'thquakes that have compres~iOlmI lir;;t lllotion at ali 8t,at.ions. 

Sinc(! UIlO another interesting earthquake swarm Ims becn gener
~1tcll in l\Iclos. In tahIe I, plll can see the felt shoeks during t,he ,",warm, 
in 1\lelos in HI18 bnt a,('('ol'ding to information frOlll loeal peopl(!, manr 
other shoeks \\'ere also felt, So if \\'1' comparc the ratlo of thc rccot'(le(1 
nUlllbel' to tlw fdt nllmher of shoeks lluring the reeent swal'm to the 
larger numbcr of felt shocks, highel' int,emiti(!s aIHI lal'gm' tlnration of 
adivity ohservell in 1918, we think tlmt nmy bc t,IlE' number of mieI'o
e:wthqnakcs (1lll'ing 1\118 wa~ of the order of some thomand;;. 

Since t,hl' swarm tlnring 1\118 ami 1,he eal'thqnake swal'm st,udiell 
in thi~ paper proba bly OC('nr on the oc(!an ftOOI', n01W of thc aetivit:., eOlllll 
be observell at. first han/l. Any",ay it is !'aLher cel't.ain that both 
swal'ms are of voleanic antl not of tectonir featul'e . 

.i, - T:NS'l'Hl.:ME!\'l'A'l'IO:-; 

The "Sperial Pnl'po~e Seismograph" :Model 15015 i8 a i\hort·Pcr
ir)(l, por1,ablc, Sclf-('ontai1wlI, single-('omponent sGÌsmogra.ph Hllitn.hle 
ior sl1l'vey or monitoring a,ppli(·ations. 

The sim allll weight of thc systmn is HIlCh that it CiMI be lmml car
l'ied trallSport.etl in Lhc tl'11nk of an alltmllobilc, 01' as haggage on il com
mcrci~l1 airlinm'. 'l'he maximulll magnilieat,ion at l CPS i;; lO' ami 



Date 'rime 
(~eog-r. Coordill. Inl<'ns. :'Ilr.gn. 

R(·lllark ~ X E [ .l[ , 

1 !!IS 
:'Ilar. 20 21 :IS 3(; 3·4 2·( I ·2 1\·· \" Fl·!t m l'lakll 

• 20 21 :2H • n ··\" , 
• 21 02:0ii , n-· \. , 
• 21 OH:12 • ,,-.\" , 

,Tun)' ; 22:30 • \"I·nl , 
• 7 22:31 • VI· \"J I , 
• 29 00:02 • ,- ,\lan\" Rltoek~ from 

Olih till 03h 
.July I 08:20 • n Fe]t m l'!aka 

• 16 14:35 • III ii felt ~ 1l<)('I,s 

• 16 20:04 3:;.9 2:;.2 n Felt in l'lakll, 

I 
IJI'mkliOlI. Hiempetnl, 
~("l"ipho8. 

8epL " 20:27 36.7 24.1 \' [ 3.8 Fdt in l'lakn, 
SipltlH1R, St"riplIOR. 

• Il 20:2S • IY .f.H Felt in ~n·a 
• " 2 I :03 • n 4.G I·'ell ill \ldos, ~iphnoH, 

Spriphos. 
, " 2 I :13 • ,- 3.!! J<\'lt. m ,\1t"!o8, Siphnos , 

, " 21 :50 • III 3.ii 
Seriphos. 

j<'(.]t in l'!lll,;ì P[(·J08) 
, " 22:06 • III 3.5 , 
, 12 02:40 , III 3.1 , 
, 12 OH:09 , III 3.1 , 
, 12 07 :23 , III 3.1 , 
, 12 l I :42 , VI U , 
, 12 15:5!! , III 3.:; , 
, 12 17:55 , III 4.2 , 
, 21) 00:40 , IY 4.G IOR, :'Ilclos 
, 30 03:30 , III 3.\) )Ielo~ 
, 30 04:33 , III 3.6 , 

101H 
Sept. 30 04:3+ , I I I 4.5 )ldoH 

, 30 07:2:3 , 111 3.' , 
, 30 07 :2S 31L7 24.1 l\" ~ll'!o.~ 

35.0 2.J..O(l~S} V·\"l ,;.2 ~le!Ol, 
, 1\- fil'1"ÌpIIOR, SipJlllOH 
, 111 Xaxos, S.na 
, 1l·111 Kythc\"a 

Sept. 30 08:20 , III )Tt"!Ol, 
, 30 08:27 , 111 3.5 , 
, 30 0\):12 , 111 , 
, 30 0\):32 , III , 
, 30 0\1:3,3 , III , 
, 30 OO:.J..J. , IV 4.3 ,\lc!os 
, 30 10:154 , 111 3.2 , 
, 30 Hi:26 , III 3.2 , 

Orto 2 07:27 , U , 
, 2 II :03 , 111 3.:; , 
, IO 22:13 , III , 
, Il 00:02 , 1\' 3.3 SCripllOS 
, " 20;30 , n- Siplll108 

Dee . 13 21 :04 , 1\- 3A Seripllos 

I 
, 

I 
III ~lclos. 
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('11P fn'I]II('IH'Y rcsponse i~ 0.01 t.o 1;) C'PA (dcpmuls 011 ~eislllollll:'tel' :md 
IiH('r). Tlle 1'(W01'dilig ti1lle h; 1~ IIOlll·.~, Dlll'ing tllI' Lime of rceonling 
minoearlhquakeH ili ~leJo~ the Ilrulll ~j)Pf'd was .'"i minut.I'~ pcr re"\'ol
lltion and Ihe sjleed on l"f'{'ol"(ls wa~ no n11l1/min, 

'l'11P portahle short.'pI'rioll Sf'i:-mlOmeter, mOllel 18300 Jms lwen 
([P~igncd for usc in ficld operations ,\'hcre a small JighL-wl'ighL, ~h01'L

pcriod seislllollletm' i.~ de~il·ed. Tlw ~eisillometm' dlll"ing t.hc fichi w()\"k 
ill:\leJo~ I\"a~ olll:'l'at,('d in Y('I·t,ieaJ llosilion hut il. ma~' 1Ic also o}lerat.cd 
in horizonLal positjon. !t·s pcriod i~ iuljllst.a.ble Irom 1.33 ro O.!l1 .~eeond 

(0.7;) t o l,l ('1'8). This seiHlIlometl'l' is a Yf'I'Y ~La hle inst.mmen(.. "-l1cn 

}lropcrly insLalled it. may hc expcct.ell Lo ollcratc wit.hollt rurther adjuHt.
mcnt. 

'l'he wJid-state .\Illplifiel· model ~;)~~O eon~istH of tlllWl hil~il' lliU-t.S: 
il 1l1"llild 1Ia11(1 (de to ~O KJ[;t;) low-noi~e 11l'I'alllllli!ie)" wiLh a fixcII gain 
of :1:!5, an ollf'raLional amplificr t.o flU"t.hcr ilH'l"eil,<;e Lhc gain of Lhe ovcrall 
amplificr in addition to shaping t.hc rrcquency \"{'sponsc eHl'ye, and 
de-to-de conTCltm' to pel"luit isohl,t.ioll or input, OUt.pllt and llOl\"f'l' 
gTOlll)(1s. 

In ilddiLion Lo greater sensit.i\'iLy, mif'rOCiH"thquakc rcc()\"lling 
sy~tcms are morc porLable and nced far lcss p<n\'cr thi),n st.a.ndH·l·d fieJd 
in.~tl·lImcntl;. Tllc rc.'mlting Il'cedom in site seJeetion WH-H Il.~cd in Mdos 
to redll('C epÌl'entml di~t.alH'es Lo il fel\" kiJolllet{,r~ 01' Jes~ whieh i~ a 
signifìeanL advant.age in lo{'ating ~1j(H'kH and in stmlying the sta.ti~t.ieal 

propert.ic~ or thc acLivit..v. 

5, - nATA, 

Thc firsL Ht.Cp in iHl:llysi~ or the rceord~ by portable seismogTH.ph 
WH·H the eli1llination from eOll.~ideJ·H.t.ion of ~omc intervills of t.inw when 
Llle noise h'v('J 1\",1 .. ., high. 

Thi~ stlllly cmphasized ~hoeks wiLh !'J'-.l' intel"va.ls lC~R than ahout. 
1.7 Hccond~ e01Te~ponding to hYllocpnt.nt.l distan('e~ lcss t.lm.n 10 km. 
In 1IIo~L ('w.,e~ Lhe distanee~ were 1II1I('h le~s. 'l'11\I.~ ,\'it.h onlr H· ~ingle 
vcrt.ica.l-{'om]lonf'nt scisnlOgl'iqlh, it is llOssihle Lo ~t.llIl.\' llliel·osei~mi('Ìt.y 

on il scale oJ: il, rp\\' km~. ()f e(.ml .. ~e t.here arc imlll'Oycll nwt.hOlIR for 
loeaLion hased Oli netwo1"l;:s, arrayR, lIlnJtieolllpolient seismog1"i\.phs, H·llti 
on va.rious (laLa-1H'o('ei\,~ing tectllliqlles; hl1t LIlP advandageH of tlwsP 
Illllst be weiglled agaiIlst tlw ext.l·enle sillllllidty of t.\lC singh'-('OmllOncnt. 
tephniqlle whieh l·(·dllee~ :malysis to Hwrc eOllllting oi cventH with snmll 
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')3:l)u 
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IlI,:,*O 
IlI,:"O 
l)(i:iin 
Oi: J 3 
lJi:I!l 
110:-1-:; 
0!l:,*1i 
on:,* i 
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11 ::;1, 
11 :"i 
I li: I i; 
20::! 1 
22;20 
22:20 
2:1 : 1/; 
23:2:1 
23:2,* 

tlll :21l 
IJI)::W 
U I :lJl, 

nal~ l'ime 

I!li l 
.-\ll~ :?!l ( II :Ir, 

• Il'' ::! !,! 
• u .. ::.a 

Ili :u2 
(Ii : 1:1 
(Ii : I ,1 
U!! : .. 2 
un : .. ,; 
(In:4 i 
OU:,iS 
10 : 21'1 
1(1 ::ji 

1 1 :;i!l 
• J J :bi 

Hli I 
c\lIg' 31) 1),; :4:", 

01; : 11'1 
(HI: :li 
I)";' ::1\) 
Ili :12 
Il";' :-IU 

• ni :-I 3 
• ni :U 
• ni :"(; 

lIi ::1(; 
I !Ii I 

~\lIg 31 Il :20 
• Il :34 

• Il ::J ' i 
• Il :3i 
• Il ::!''' 

12 :30 

;,,'- p i ll t.C l '\' ;l.J.~ IInd !ll'o\' ides iml1wdiah' !"t·~lll t:.." rol' !l]allllilll! tllC ~nh· 
scq1H'llt. Held jll'o).{nlll1 , 

,,!w in st,l'llllll'lll. WH~ llol· opcnltpd nt. [nl1 gain (dh) Oli lll'r'olllli (lI' 
n oi~e levBl. l'Ili) SI II(.j()]1 j';~ll~('ogl'alllli('nll~' (:·wo~~ ' ~~":\, :!.t":!ji· :H~·' E) 

IWHI' t.hc. tcntc!' o i tl w l')JjC:(·llt.('I'~ (Fig, :!). ,[,hi.~ site WHS r'!JoSI'!l fm' li va!'· 
icty ()r l'l'.H~I)ll ~ ill('l11ding: ]l l'Ox:illlil:~' lo [ault tn\r·('.~, lo the lal'g:e !l1l111hr>J' 
or 1l1'e\'io\ls1y ((.11 ()1l1'11Iq \ ll1 1,(·,~, ar'('e~sil)i lit',I' et('. ,\ \\irle , 'a.l'iety or !:ÌO)IW 

Hoi,,!.,. !:iO lll'C('S W;f>\ e ll l'.O\lllh~ l"ed . 

r0111Jl lexity l!r I!('ulug:il'a l ('OHd iti oH iH ) ldOl; aHd Ihe ! Oo.~(·lle)j.~ or 

/j llpcl'lkial 1:I.VlU'/j all'ctt \'l' l'," illud i t.ht' seriou ... dt'('a~' or h igh fre'lllI' nIT 
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T l.Io lJle IIl. - Snocns RECORD ED BY ·VA.\[ STATIO:>; WITII P-TO-P A)IPLITUIlE 

a> 2.5 

Daie 
I 

'l'ime JIL I Date I 'l'ime ]1 {, 

Hl71 Ang.21i 20;4\1 2.0 Hl71 Ang.28 02:27 2.1 
• 21 :41 2.1 , 02:4 7 2.D 
• 22:,;,; 2.1 • 03:19 2.3 
• 23:03 2.0 , 05:08 2.0 
• 23:0\1 2.0 • 05:53 2.4 , 23: I O 2.0 • 05:56 2.2 
• 23:12 2.2 • 06:40 2.0 
• 23:24 2.0 • 06:41 2.2 
• 23:4{; 2.0 • 06:53 2.2 
• 23: .5.5 2.2 , 07:00 2.1 

1971 Ang. 27 01 :45 2.0 • 13: I,; 2.0 
, O I :51 2.5 , 16:44 2.3 
• 02; 17 2.0 , 22:22 3.1 
• 02: 18 2.(; • 22:29 2.5 , 02: 1!l 2.!l , 23: ].'> 3.0 , 02:30 2.1 , 23:23 2.!l 
• 02;36 2.0 I • 23:27 2.0 
• 03;05 2 ... • 23:28 2.2 
• 03:10 2.2 , 23:29 2.0 , 03: 13 2.4 1971 AnI;. 2!l 00:35 2.1 , 03: l G 2.3 • 01 :08 2.4 , 03:19 2.4 , O 1;](; 2.6 
• 03:25 2.!l , O I; 18 2.3 
• 03:36 2.1 • 02:2 .. 2.0 
• 03;46 2.1 , 03:13 2.4 , 03:4-8 2.0 • 04:54 3.2 , 03: .. 2 2.9 , 05;03 , ' .. , 
• 04:2!l 2.2 • 07;15 2.1 
• 04:44 2.7 • 0\1;4 .. 3.2 , 06:08 2.5 • 0\1;46 ' ' .. , 
• 12:06 2.0 , IO;3R 2.1 , 16;59 2.1 1971 , 21 ;40 2.1 Aug. 30 05:59 2 ... 
• 22:44 2.4 • 07 :34 2.3 

1971 Au::;.28 00:20 2.0 • 20:01i 3.2 
• 00:24 2.1 • 20:07 2.4 
• 00:37 2.3 1!l71 
• 02:19 2.8 Aug. " 02:24 2.3 

• 14:31 2.2 
• 17:2D 2.0 

waves. 'l'he seismic frequcncy of these eart,hquakes depcnds also on 
thc naturo of geological formatiom OH which t,he seismomet,rical obser
vat,ions were placcd. 
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A se ri ru or a bout, lono en ... t,hqullkc.~ were recol"t lt',1 b~' thc »ol"t~lblc 

.~ei smt)graJlh ili which fnlt qU;l keiS a.lso wcre inellH1NI, ~ome of Owm 

beilll'; aeeompalliet! with l'\lmhlin~. 'l'Ile earthqllake F.warm la~tt'tl for 
ft ve dax~ a.IHI the dail.\' sei~mi(' fn'quener of felt en.rthqun kes in Ada mas 
tlllrillg the live élaYR wa.~ 17, 31, ~2, IO and 0, r('spectivcl.\" (t.able Il). 

'l'he main ]Jol"t.ioll of events \\'ail also Ielt. ili Z~lphrri a, 'l'hiorrchia, 
ILl h~mos, Voudia. i\pollollia et,('. ( ~bll . Jig. 2). 

'l' ho hOll rl r ('ount or miC'roshorks after j.J)(l ill.~talhltion oi the )101"

bbl(l ~d~mOR I~ I}lh i~ shown in Il,:r, 3. "\ il it is ob,' io ll>! frmn this Jiglll'e 
t.he I, ll-e of t he 'H'.tiv it,y C'hangll frolll O t.o 89 ('.Vtmtoli per hO\ll'. Some of 
t,he c\'cnts in t.he shal1) pel.lk~ of AlIgll .. ~t 28 alld :!9 Wt:! I"e pl"oh;lbJy after
s hol' k~ of t,wo ma.ill sllocks whi ch ocelll"l"ed at 22 li: :!:! mi]! . allii 1l·llI: 
5J mill, allli th cy lmd magnitmles 3. 1 alll i :t2 t'm·l·cspoélill).:"lr. '1'hi;-; 
iII HIl)!)!Ortetl from t.he ex])ommt.iallr deraying (Jig. 3) Il!\I~ Home t[t'tail

cli act.ivity }llots . 

• 0 

~ 

t 
.0 

" . 0 .. 
'0 

o 

Date 28-8-71 2!i1-8-71 30-8-72 31- 8-72 

Pi,{:. :1 _ 'l' ime fHgl riùut ion 01 lIlicrollrtcrsl lo('k ad IVit.\- ti uri li /.: t he 11181 3 dn.r!!. 

ft. waH evi(lent. frum the sei~mogram~ t.hat. tlte ~ma.]J hypoeenl.rl1.1 
tlepths h:H1l1unize we1! with tllS rcmarkable atteullation of nm lllitude 
lleco rtling to the e}liecll t m l IIi!'ltl~nco, 'l'he appare.nt rCI\t.UI·O of t he lar
gllr el.rtl lq llakes un t.he seislllogl"am or \,,\)1 du nnt ilim .. ' r flOOIIl t.hose 
of t,he to8('.tolli o o l"igill or e xt re mcl)' sl l:1l1ow dept.h rcc.orde,l frnm t1w ~ame 

(lpicenh~lI d ist{IIlCC, 



1-t2 

J~X('('pt or 70 eVl'llh; \l'ilh 1'-1' amplitll<[e in thc vCl'tieal eompon
l'ilI or Y,\:\I ~tatioll lal',!!.'(·]' l,han 01' eqnal to :.!.i'i Illlll the!'e l\"l'n' ncar1y 

17 eyelltf! I\"ilh 1'-1' amplitu1\eH in Y,\:\I lwt\l'eell 1.:") a,nd ~A hllt. wc 

didn't 11:';(' the:,;e to tll(' h-nllue dett'l'lIlinat.ioll l){'pall~e thel'p WPl'P 
douht:,; aboul' theil' ppil'etltl'al distan(·(·:,;. 

'l'II(' Tll'ol'ed1!l'e or the ('pieenter detel'lllitlation for thc lal',!!.'e~t, IO 

event.~ was workahlc u~itlg' ~OTlW ~tatiOIli! frolll the neLwol'k or Orppee. 

Un(' impol'tant allyall1:t,!!.'p of tlw epipent:.C'r~ m.!eu]atell in Lhii! i!t.ml,\' 
iH that, ali CYl'llt_>.: arf\ Vl'r,\' l'lose to t.he mobile :,;tatùm alld ali cyents were 

ve!'~- ~hallow. 'l'Imi! al1hou,!!.'h an,'" olle e]Jkelltl'!' Tnay be ill a HIWlll 
el']'or for a Yariety or J'('a~01lH (pOOl' station dist.rilmt,ion de.) tlw slIlall 

pattel'll deyelopell by t,he whok f!warlìl is i;ectoni('a.Jly i!i,!!.'llific:lnt, 

mainly beeause ali tllP pvetlt.~ IWI'III']'el! wiLllin a Ilistan('(' of .lO klll 

fl'olll tlw mohill' statiotl, 

'l'o eakulate the maf.!,'tlitudl' :\l'r. of e111·h shoek of tllC' HWal'm Ior 

whil'il all amp!itnlle A' wai! IlW:lf!1!l'{'d at tlH' f!tatiOIl of VA.\I tlw follow
ing l'('\a,tioll waH Ui!pd: 

~ l0" "li 
Jh' - log --1' + JI/, i- l 

" 
[ II 

whel'p :11/. is tlw Tnean value of the maf.!,'nitwles or ali f!l!o('k:,; of th(' 

seqllenl'e ]'('('Ol'ded hy LIH' \\'oolk\nde]'sotl Heismof.!,'ntph ('P O.H see, 

r ~,.''ÌOO) ill ~\UwllS. .ili alHI 1/ are tlw mnplit1!!!e nt y,\:'I1 1Hld t,he 
llllllliwr of t,he~e shock~ l'e~pcl't,iyely. Thi:,; method i~ relia.hle only 

whell the {'pi('entml di~t,an('e of t,hl' shoe]{H lloe~ tlot V1WY h1l'gely 1M is 

tlle e11f!e· here. SOIlI(' errors of courHe have l)('en intl'Olluecd but t,he 

generai eonl'i1!Sion,~ of the pl'eHl'llt stud,r al'e not alreet,ed lal'gel,r. Finally 
we haye fountl the eqnation: 

,11 r. CO" 1.57 + log A' [~J 

whel'e A' is the Ilollhle 11111pliLnde ai! Tnea~l11'Cd on t,he veltienl l'OlIlpOIl' 
ellt of V":\I f!eislìlo,!!.'rajJh (Spren,!!.'net.her Lype r .- H,OOO l' - 0.5 :,;ee.). 

'\Ye were snre :lhout t.Jw epieent,l'al lli~tanees only for shoeks l\"it,h 
P--!, alllplitudes fl'OBl YX:\l .il? ~ .. 5 ('iti vVl'nti!), So we pall'ulated 

magnitudl's olll.\" fol' the~e evetlt,s b,i-' ming the formula [2] (s(,l' t11hll' J Il), 



l:nd!'l' Lllei!p limif,at.iom LII(' Hm:lileHt magnitllde me(l Ior h-yahlP (k'tel'
miw\tion wa,f! ..lI,. = ::!,O (i!('!' HI.~O ahollt li-\'alm'). 

Tlw comlllllatioll oi' nmglli t llde Innll l'l'Conii! oi' llil' porlnhlp 
~C'iHnlOgl'aJlh ii! quite illll)(ls~ihle (ill(' tu it~ dl']JPlhlenee upon ,111 ,1l1lVli
t,nde VI'I'SllS dista,nee n'latioll, t,he diflù'llities oI ilMtl'l11lW11t ealihrnLion, 
tllC' (,[1:C'eL oI tlte fl'eqne11ey l'ei!poni!C' oI tlw inHtnullenLi! ll~ed 1I('l'p, t]w 

nHC' oI a vc'l't-ic,\1 (,olll])(Ill(mt, inHll'lllllent only plc, 

l, - h-V.n.l'T-: 

Tlie 8lope, or b-vnhlC', of tlle fl'l'ql1pne~--magnilu(le r('I:ltion~lIiJl: 

log N = .! - liJl [:11 

wllC'l'e.il anl[1! am e(m~tants w,]s dph'l'lllilWd. 'l'1ll' llllc(,I'Lainl.\' ill Udi! 
(leLerminatioll 'nl-s m'olllHI t,wo tenthH (O,::!), Hince tlie numlwl' of ealtli, 
qunkeH used '\'a~ 0111,\' ,O. 'l'hl' b-vahw a~ enklllnL(',(1 hy LII(' IPast Sqll,ll'(' 
met,hod nsi11g ol1l.y LIIC' lalW'1' ,O l'venti! wa~ L::!::! (lìg. -1-) whi('h i~ intel'
llwdi'l.tC' hC'tween Lhat oI lpc[:.onic eal'thqunkpH (li =_, O.H to 1.0) a,nd tha( 
oI \'olf',wi(' eal'LhqunkeH (I! _cc 1.8 to 2.G). 'l'lIis I;·-vaille pln~ (hp 1Ia(u]'(, 

" 
" 
" .. 
" 

1 " 
log ~ 

O. 

" 
O' 

., 

16 H \ ~ IO .0 " .. n " " lO " •• " ,o " " " 

Fig. -l _ Clllnn]ativc heqm'lIcy fUlIrtion of the lnngnitndc !lul'ing ihn 
activity of thc SWltl'lll. 
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of thc carthq lJa.ke~ observed im]ll)" )~ mix:tmc oI tcctonic a.mi volcanic 
shoe]{s in a high l.\" lwtcrog-cneollS st.nwt.ure wit.h locally ('oucentmted 
stl·esses. rl'hi~ valuc i.~ hi"dw1", but not neees~aril'y ~ignifi(·a.utl)" higllllr, 
thall tY]li('aI b-values Ior ea.rthquakes a·JI(I fO!" a.ft.ersho{'k~ in mauy a1"ca.~ 
of the world. 

Snzuki ('-1) showed that the /J-value is iJl(lc]lenùent. oI the SOU1"oe-
1"ccciver distance provided the )~ttml1mtion Iunction (!oes not dellClH! on 
mf~nit.ude, .As a l'eHult thc b- vl11nc ean be ca.Jculu.ted ,\"ithout know
ing the maguit.nde of thc cvents. 

U.~ing recordings oI 1 (I hours from tlw llortablc scifunog-ra]lh the 
Irc(juency versus amplitude relatùm was St.1Hlicd aIthough this procc
dure in its applieution wa~ llif!ì('ult. A log-Iog }lIot oI Irequcncy versus 
am]llitudc allllrm~chcs a straight line with an 111 value of 2...i (b = l...i) 

log N = Il - II! log A 

'''here N i~ thc llllmhc1" oI cart.hquakcs with tra.ee amplitude bet'\'een 
.. l anll A - d .. L 

The ]lrevious proeedm'e may intl'oll(l('c a bia~ t.O\nu-d a Iowcr 
/J-value. Immediat-ely followiug- t.hc Iarge shocks the probabIe u,Itm'
~hock uet.ivity ma.y ~a.tnmtc Uw seismogram, making a oom}llete eoullt 
oi thc smaller aItc1"shocks impossible. An umlerestimate of the nnmbc1" 
oI smaBer event.» ,\"ili biu,s the b towani a lower val ne. 'Vhen wc esti
mate m and b fl'om t.he ~amc sam]lle of llat.a it must be valid: 

l1"I=b·+-1 [5] 

The disa'I:,'1'eement whieh 'nlS founl] hm'e is llnc to thc dilIcrcllt raugc oI 
ma.g-nitude and dn1"ld.ioll of t1w sfim]llc in t.hc t,\'O 'nlys oI calculation 
mld t.o thc dill"crcnce iu thc samllle. Bui- this disa.g-reement }llus the 
}lrcvious indicatioll8 denote that the tl"Ue /J-value of this s\\"a·l"ln is 
Iargel' tha.n 1.22 whieh was fOlllHl nsing onl)" ~am]lle of t.hc largcr 
cvcuf·s, 

R. - S--I' TlISTH1BL'l·IO.r-; 

Fig. {j ~ho\\"s the frequency distribution oi earthquakes as a flllle
tion oi 0.1 scc <,,-p intcrvak Fot· thc jl1ll1)()SC of (:omlmring thc 
distributioll dU1"illg different pel"Ì()(!s, thc data ,\'01"C Ilivided into sue
oessivc not. cqua.1 ~aml)les a·nd the 8-P illtel·va.\ vel'SUS hequeney 
rela.t.ions Ior Iom dif[crcllt pCl'ioll~ arc illnstratcli (fig, ti), Only t.hc 



eYe ut.~ with tl'!lre amplit.lld es or 2 Illm 01' lal'ger WI'I '(', ~l,lt,('t ('d aud 1'0\1l1t.
ed in ol'del' t n (lliminate th e illf1llt'nC'c of the fl urt,ullt,ion in noi~ l' lcyt'l. 
From figul'es ij a ud !ì Wl' ob~el'''c that t,Ile ,..,' - t' int-Cl'yal I hH'tuah'~ 

between O. :i tAl 1.7 ilei'. 'l'ha t Il ll':lllS t.lmt: t hc COt'a l .h·(lth of a li 111 (, 
e:u,t.lHll1ake" j " l e~8 U. :~II ti k m , l t i8 ,liso ('0I)(' 1I14IC41 I·hat thc epi('('ll 
t rai II i81,,\. I1('('8 WC t'C smallc i' th:~n l O km_ )laill l1la Xinllllll i II f t"('4I1 t(: l1 t'Y 
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l<' ig. Il _ 'l'Ile frCj(plcncy diEtrihution 01 Nuthf\Uakes a.t 0.\ e~c .')- 1' int{lr
vul. '1116 d ntn a rt} divitletl into 4 ElicceMive (bu t llot c4 \u;)1) pC I"Ì (HIIi froltl 
(a) th l'uugh (d). ,l n!l i\'i llnnl groups of data indica te t hnt t.he obrM!r\'Ct\ (lnrth· 
' Iuakc tl.Ct ivìty 18 IOl'nlizetl in t i me a n d Sl HlCC-. 
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OCCUl' at S-P intel'val of O.li sec in ali cases. Other secondar~' nuximUlIl 
OCCUl'S f~t 1.0 sec. 

Thel'c is not any sllbstantiaI i'!)'stematie diifercnce in the dilTerent 
time-intervals such as to conelude any migra.t,ion of the cllicentcrs from 
the seismogmph either in the vertical or in the hOl'izontal direction. 
'Ve can just, sa)' Umt a largcr IICl'Centage of the shockfl dl1l'ing the Ja,~t 
day of the obscrvation were in nearest dist,ances to the station. The 
strong peaks at, 0.6 and 1.0 sec ilHLieate systematie short-tcrm increa.ses 
in seismieit,y in 1imited smalI arcas. H i" a180 concluded that scveral 
peaks in art,i,,··it,y are clear and are limited to eertain smalI area". 1'he 
peakcIL naturc of the S-P IListl'ibllt,ion can bc casiIy cxpbinmL by the 
existence of a non-unirorm distl'ibution of adivity within the zone. 

As t,he S-P int,erva.J increases the number of l'crordclL evcnts 
falIs oH: i'!hal'llly as the grolUuL amp1itlHLe ami hence detedability, de
creases with distance from thc source. In fact, the distl'iblltion folIows 
the amplitllde verSllS distance l'elation given hy Hiehtel' in his deHnit
ion of loeal eal't,hqllake magnitlldc. 

9. - DISCCSSIQè'< 

.AlI the earthquakes of the tabIe III re(,ol'lLed in VAM are between 
26 Aug. and 31 of Allg. (dumtion or 5 day,,). By ex~~mining tlte seis
mogmms of VAM before a,nel after t,!lCse (Latei'! wc didn't find any carth
IjlUtkes from this regimI. 

Rf\pOl'rls by the lJOrtable scismogl'aph start,ed at 18h of 28 of Aug. 
and the seismogmph wn..~ operatelL eontinllollsIy up to the evening of 
31 of Aug. (ILllmtion of its operation 7-J. hOur8). The avel'age ra.t,e ILuring 

9GO 
the reeording lleriod by the port,ab1e seismogrn.ph is -74 =13 shorksjhour 

while the maximum rate was 89 shocksjhour (lig. 3). So if we a-dopt 
t,lw.t, the activity of the swarm wn..~ at the same 1cvcl ILuring the 2li,27 
and 28 of Aug., wc may conrlude that in 5 days oecllrelL nearly 1,800 
volcanie miero and u1tramicroeart,hquakes in Mclos. 

If we ('onsider that the mte or Um shocks recorlLelL by the llortable 
seismograph to SIlOCks rccordelL by VAM station i8 approximat,e1y 
eon"tant, t,hat means Ulfl,t sho('ks of ditIerent magnitllde are mlllLomIy 
distributed in timc, we may write, 



I. C. DRAKOPOUr.OS - !<. D. DELIBASIS 

'Vhere 

P tot total number of shock.~ recorded by porto seismof:,rraph 

V'o, t,otal numbcr of .~hocks rccordcd by VAM sta,tion 

P~rt t.ot.a.J number of sltoek.~ reeorded by porto .~eislll. aft.er its in-
stallation. 

V.r, t.ot.al number of shoeks recorded by VAllI after tlte inst. of 
porto sei.~mogmplt. 

J<'rom t.he formula· [ti] we have 

P'ot 
I art 

Il ~ft 

Vart i.~ seen from fig. 7. 

t"o< = 
960 

x 75 2880 

So by this mcthod we may conclude that ncarly 3,000 voleanic 
micro anti nltl'amicroearthquakes occnrrcd in ÌlIclos from 2ti up to 
31 of Ang. 1971 amI this seems to be more probable. ff we adopt this 
11llmber (3,000) amI we take into considerat.ion that .... ve may ext.rapolate 
t.he rcbtion, 

log N = 4.22-1.22 III L [7] 

to vcry smalI magnitwIes, wc may find tllC minimum magnitude detee
ted by t,Ile portable seismograph nnder the conditions of its operation 
in Melos. H wn.s found .M Lmln = 0.4. 

If the above number of t,he oceurred shoeks is corrcet, t,he mean 
rate of occurrence pcr hour \Vas 25 evcnts and so by comparison to the 
mean rat.e of 13 events/hour valid for the 3 last, days of activity, we 
think t,lmt during the tirst 2 days the frequency of shocks was much 
higher. This eonclusion is aIso support.ed from t,Ile table of felt earth
quakes and from thc recorded events in VAM (fig. 7). 

Une signiticant observa·t,ion made in Mds figure is that, alI tlte four 
event.s wit,h ,lfr. ~ 3.0 of this activity occurrcd after the instalIation 
of the port,able seismograph e.g. in the second half of the a.ctivit,y. 
From the samc figure \Ve eltn see t,lw.t, t,he maximum magnitllde obser
ved per 6 hours is la.rger generalIy during thc sccolHI halfoft,hcactivit,y. 
Taking into eonsiderat,ion the above observa.tions, we may cOllf'luded 
that the valuc of b doe.~n't remain eonst,a.nt, with time a.s it has been 
coneluded for a.ft.ershock sequcnccs ("). 

ft is belicved th at if it was possible to calculate b-va.lues by 
using aB the data, thc b- value shoultl be 0.2-0 .. 3 higher t,han t,he 
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l'epol'tell 1.22 here :\S it. 'l'M fOlllul previollsly by Ul'l illJ,.\' recor{)s lrom the 
port..'lble seismograph. 

A flrst. illt.el'pl'etation or the illtel'mecliate b- valtle fol' this swltl'm 
is tlmt a mixt\ll'e of tectonic events allli B-tnle yolc!l.J\k eal't.hquakes 
have been l'ecol'clecl. Fllrthel' considera.t.ion sllggest~ the exi~tenee of a 
locally concentrat.ecl stress distl'ibution tha.t. may be {·.Hllsed both by 
the lleterogeneit.y of th e lllateriaL~ near the volcanic mnge ami b .... f~ 
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" 
" 

. " , 

." 

tll 
· 22 

" 2'/n ~7/a t a/ e "/o lo/a ),/a 

'F'i~ . i - H ilStogr:lI11 1SllO\\' i n~ thc n ll mbcr of rlll'onlc,1 cvcn t.s Iwt 6 Imurs 
in VA,n anll t he 1IlllxilllUIll Itla~nitullc ob.serv(',d per (ì hourI!. 

stress eoneent.ra.t.ion as a resnlt. of moyement of lllagma. :Mogi (1) 

in hi~ model experiment.s })ointed aut that the b-Yldue of the elastie 
shocks generat.ecI in ver}' }lOI'O\lS a·ml extremely hetel'ogeneous pumise 
i~ clearly lal'ger (1.2 to l.i ) tllan tbc b-valne for shockll in granit.e 
and lHldesitc spccimens (O.ti to .1 .0). 

1'0 i ll ve.~t-igat.e thc qucst.ian 01 the existellee of seeandary lIft.cl'I> hoek 
sericls, t he obseryed sciRmic aetivit.y wa.'i eXl\mill t!11 in tillle in ten-als 
or .10 minutes. One reprcsentat,ivc section oC a l'eeord wdu.cn on AlIgust 
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:W eonverted Lo activity plot in iig. 8. By slwh repI·e.o.entative iig11l'es 
we fla·w that in .o.ome eaflefl it. was clea.l' that. t.he generai levcl of mi
eroaftershoek aetivity is not. signilicantly intlueneed by t.he oeeurrencc 

.. 
" 
j 

• 

" .. 
T,m. l''MTI - ""''' .. -.-" 

Fig'. 8 - Dctailcd activity plot aB a ftlnction of lime. 

of 111 L ~ 3.0 shoek.~. But in mOflt ca,fle.o. (example fig. 8) the micro
a.ft.ershoeks cluster in tillle about the larger shoC'kfI and give st.rong evi
dence of triggering smaU afteI'shoek sequenees. In conrluflion we 
ean flay t.hat. of -! shocki; with JI/, greater than 01' equal to 3.0, 3 events 
gave strong evidence oi t.riggering a flecondary afteI'Hhoek Hequenee. 

'l'he initiallllot.ions of t.he explosion earthqua-kes anl muaHy elearly 
recorder! on the seismograms and their direet.ions are llllflh and "llpw[lI'd" 
Illotions withont excelltion in aH direct.ions from t.he sonree ('l). On 
aecount. of t.he loose materia,1 and other nmsons, t.he noise level in :'IIelos 
was generaHy very high and l)revent.ed us irom having ext.I'emely high 
magnilìcat.ion. 'l'hereiore we har! not lH'eeise knowledge abouL t.he 
dist.ribution of t,he initial mot.ion of smaU earthquakes although t.he 
epicentml distanees were very flmall, in other words, the inHial motions 
of .o.mall eaI,thquakes were in most. eases disturber! by ~lI'ollnd noise. 
The direct.ion of the init.ial Illotion wa..'l not. st.a,bIe in )Ielos dming the 
time of oeeunenee oi the shoeks. In ot.heI' worels in t.he portable 
seismogralJh t.he UI) and down inìtial motiolls are di.o.t.ribut.ed not. sys
t.emat.ieally. 
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Swn.I'm-type sequenecs oeeul' vcry l'are in Grcerc aml tllis rirrlllll
stanec }lhlH the }lofltulated I~}et that thc miel'oe:ll'thqunke adivit~- is a 
valuaole t.ool in f'omparing' tlle seifllllieit~- of nmny yoleanie rf'gions, 
drew 0111' attention for this invcstigation. Tlw prescnt sÌ1uly inrI'ea~es 
the nnllloer of l'egions for whif'll cart.hquake sWllrms are aflso('iat~~d 

with areas oI hi~t·orie 01' l'ccent volf'aniSIll. 
The activity oI ],Iclofl (Grceee) although l:>elong t.o a MnaIl sC'ale 

cal't.hquake sWllr111, manife~ted fol' Jive (1:tTs with n· sequencc oI cxtl'C
mdy flhallow mif'l'oeal't.llquakcs, may be at.t.l'iout('(l to magmatic" adi
vity that f~}ilell to l'eaeh the Hl11'fare 01' more })l'obaoly to nonmagmatir 
lllcchanism for }lrollueing coneentratioll8 01' inhomogcneities in streHs. 

Sinee from S~P graplls it was f'OlH'hHlell t,hat the h.rpof'ent,el'~ 

are extI'elllely flhallow and eoneentI'a.t.e in limit.ed areas, it is natural 
t,hat thc mn}llitulle~ oI e'vents attenuate remal'kably lH'f'orlling tu the 
cpicentral (1istanec as it is clcar in tllC scismog1'lIllIs. 

1IIlIgnit.ude detel'mination was]lOssiole only fol' tlw i(j lal'ger evcnts. 
Thel'e are fltl'ong indieationfl tlmt the rcal ù-vn.]uc oI this swal'm was 
highel' than ] .22 (valnc mleulatcd fl'om a limitw1 sample of la.l'gcl' 
cvcnts). So the true b-valuc plus the nature of the cartllquakes imply 
a mixture oI tcctonie ami voleanie shoeks in a highly Iwt~~rogl'lwoufl 
fltnH'ture with loeally conecntmted st.l'esses. 

Up al](l (lown initial motionfl ~}rc (listriouted randoml.Y. 
The average l'ate per hour oi eventfl Ileteete(l oy the }lortahle 

fleiflmograph wa~ 13, whilc the maximum 0])serv(;(1 rate wa~ SU event,sl 
houI'. Unller sim}lle natural aflsmnptiom, it wn·s Iound that. t.he mini
mum magnit.ude detef't.ell by the portaolc scismogra]lh wm; i1h c __ OA 
and the average rat.e pcr hom in the whole duratiOlI oI aetivity wafl 

approxilllatcly 25. 
[t is also eOlH·.1nded that (lul'ing the first 3 days thc fl'equelH'y of 

mieroshoeks wa.s mu('h lligher than the frequeney during the seconll 
half of lwt.ivit.y bnt alI the events with Jll • ;;,: 3.u oecUl'l'ed during' the 
flecond hnH of t.he aetivity llnll Su we may c.ond1Hle that the valnc or 
b doef\ll't l'emain eonstant wit.h timc. 

Thc miCl'oaftel'flhocks SOlllctimes clustel'['(l IHlt in otlwl' ('n-f;es 
(lilln't dnHtel' in time aoout tll(' lal'gcl' events. It wafl impoHsihle hy 
the prescnt investigation t.o propose or t,o SUPl)OI't strongly some hypo

the"es oi SWal'lll gencration. 
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