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Suamsany. — The ** onee per year @' earthquake M is a4 more relable
measnre of seismicily than the constant « of the ¥ (W relation. The * once
per year 7 earthquake I is controlled by Lhe period of ohservation much
less than the constant «.  Seismicily derived from a sample of a short period
of observalion inadequate at the largest magnitudes may be al least half
as mueh smaller than that we gel from a sample complete over all shoeks
recorded in a long period of observation. The lower bending of the siraight
lines representing c¢urves of the forn log ¥ = ¢ — &7 is conditioned by the
detection threshold.  The maxinmune magnilude thresholdl is time dependent,
Bhocks associated with old, transverse deep-seated lineamentis in ihe areua
of Greece are relalively greater but less frequent than those genetically
connected with loneitudinal struclural features of the area.

Ruxssuxro, — La M ceelativa all™ once per year earthguake & ma
misura di sisieiti pin sieurn di quanto non lo sia la coslanie « della re.
lazione N{M). Ll M once per gear eorthgueke” & stata eontrollata
per nu periode di osservazione molto pin piceolo di quello usato per la co-
stanle a. Ta sismieiti dedotta da nn periodo campione i breve durala,
insnfficiente per le pin grandi magmitndo, pud essere pin piceola di almeno
la. meta i quella rienvala da un periodo vampione complelo, comprendente
tutte le scosse registrate durante nn lungo areo di tempo. La minore in-
clinazione delie linee retfe che rappreseulanc curve della forma log ¥
a— bW, & comdizionata dalla soglia di individuaziene di M. La seglia in
corrispondenzi del massimoe della magnitudo dipende dal tempo. Te scosse
asgocinte al lineamenti trasversali, imsediati in profonditd nella zona della
Grecia, sono relativamente pin grandi, ma meno frequenti +fi guells reneti
camente legute ai linenmenti struilurall longiludinali della zona slessa.

{*} Director of National Observatory of Athens. Beismological Tnstitate.
Athens (Greece).
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I XTrapUCTInN.

Tarthquake sequences arve well known to exhibit the relationship
log N = a« — bM, where N is the number of earthquakes with magni-
tude greater than or equal to M, & and b are constant for a particular
seguence.

The parameter ¢ depends on the level of the selsmic activity per
unit area and unit time and varies therefore [rom sequence to sequence
aceording to the size of the area involved and the period of
observation {7-8).

There is evidence that the parameter b depends luwrgely on the
steess, the strength and the homogeneity of fhe rocks in the foeal
aran (1521 or the average {oeal depth of the earthquakes consider-
ed (97, The reported values of & usually lie hetween 0.5 and 1.5(%),
but for a given geotectonie unit there is no muwrked change of & with
the time or the number of shocks (614,193,

The linear relationship expressed by the foresaid equation holds
[or every region, small or Lwrge, but for shocks of a certain magnitude
range.  The number of shoeks helow the minimum and over the maxi-
mum magnitude thireshold for a given aren is loss than expected from
extrapolating the logN versus M curve.

The minitium as well as the maximum magnitude  threslwold for
w given area is strongly related to the stress rate and the mechanical
properties of the medium in the foesl regions of the avea (). Thus,
the minimum and the maximum magnifude threshold fov a given area
might be a seismic feature of the area.

I most rvegions of the Eawrth the return periods of major earth-
gquakes are very long and the maximum magnitude threshold appeared
in relatively short periods of observation cannot he o feature of the
region.  Time samples of greater than 300 to TOMH) years are necessary
ta sstablish the upper limit (5).

On the contrary, the return periods of minor shocks are generally
short and the minimum magnitude threshold of & given region ob-
servied in relatively short periods of observation might be o fealure
of the region. 1 is, however, to be noted, that the minimum magnitude
threshold observed in a given area depends a great deal on the sensi-
tivity of the seismographs and the number of observing stations in
the arex.  Under these conditions it is hard to sav that the minimum
nusgnitude threslhiold observed in i given region is a seismic feature
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of the region, unless whatever increase in sensitivity of the seismo-
graphic stations does not result in lowering the level of the ohserved
limit.

In the present paper an attempt is made to lind out if the mininnun
magnitude threshold observed in the area of Atfien ix steady enongh
to be considered a feature of the aren. The return periods of major
carthguakes in the area of Attica arve too long (8) to allow a relinble
determination of the maximnm magnitude tlireshold that could he
another feature of the area.

IRGION AL GROLOGICAL SETTINU,

The aren under investigadion iz located on the northwest neegin
of the Attic-Cyeladic Massil.  The age of the crystalline rock series
ranges tfrom pre-Carboniferons to dliddle-Carboniferous (14), and oc-
cawionally up to Cretaceous (12). The crvstalline hasement is nneon-
formably overlain hy Upper Palaeozoic sedimentary rocks., The Meso-
zoi¢ sediments are represented by the Triassic system and lie nneon-
formably on the Pualaeozoic sedimaents {11).

The northern end of the Attic-Cyeladie dassif represents the
metamorphic continnation of the eastern Hellenie Zone (319, The
erystalling basement is the common hard core of all the sedimentary
series of eastern Greece.

The ecastern Ilellenic Zone, also known as Sebpelagonic Zone,
surronnds the Attie-Cyveladie Massif of the Pelagonic Zowe, The Sub-
pelagonie Zone, whiclh orderops in most of the environments, consists
of metamorphosed and unmetamorphosed sedimentary and volranic
rocks ranging in age [rom Permian to Cpper Cretaceons. Most of the
Zone is represented by o thick series of alternating schists, sandstones,
cherts and limestones interbedded with abundant ophiolithic elfussives,
and Upper (retaceons flysel.

The Zowe of Vardar is vepresented in o small purt of the aren
{Esland of Skyros) Dy Upper Jurassic ophiolites underlain by limestones
of Trinssic to Jurassic age.

Fig. 1 shows portions of three other sedimentary series et
partivipate in the fabric of the wrea:

) The Zene of Parnass with Upper Palacozoic sediments xnd
neritie limestones ranging in age from Triassic to Palacoceno,

B) The Zowe of Pindus with mostly abyssal sediments of Triassic
te Tocene age,
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¢) The Zowe of Tripofitza with neritic linestones of Trigssic to
Middle Focene overlain by ilyseh (Upper Eocene to ligoeene).

SEDIMENTARY SERIES
OF EASTERN GREECE

[ | R .

Subpelngenian lene

Rery of Parmmss

Zare af Tripelitre

——i Erpen Faults

etk Thrusts

40 Km

IPig. 1 — Sirnctural map of the major region of Attica,
alter J. Bornovas {1970)

Tolding il westward thrusting in eastern Greece began in Middle
Aesogoie to Late Cretaccons and continued to Miocene (12407.22) At
the end of Oligocene, ie. after the main Alpine orogeny, the topography
of the aran was greatly altered by vifting and subsidence.  The Gulf
of Corinth wml Argos, the Saronikos Gulf, tlhe cluonnels of Trikkerd.
Adalanti and Buripus, as well as the basing of Theves-IKopais, Adtien,
and Lemui-B Anna in Buboea Tsland were formed by Miocene il
post-Miocene disloeation.  Shallow purts of grabens, ritt valleys, fnlt-
homuled basing and elongade closed depressions thus formed were
il up by interchanging strate of mpely limestones and marls of
Miocene age ns well as sandstones and conglomerates of Pliocene and
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partly Pleistocene age.  Later Quaternary strata of red arsillaceous
bids interbedded with conglonerates weve deposited.  [n the loothills
of the mountains the Alluvinm consists of loose sand, pebbles and
dotrifus,

Quaternary voleanie rocks are predominantly exposed in the islands
of Aegita and Poros and in the Peninsula of Methans,  The Methana
Voleano was still active in 282 3o,

Consideralde development of vertical and strike-slip faulting for
aolistanee of 55 kilometers was observed in the arca of Atalanti Channel
during the Locris carthguake in 1894,

TraTa,

Do wsenl for the above ontlined study arve listed in two Tables.
Table 1T cousists of carthquake foci that have heen active sinee 1805
within o distance of 100 koo of Athens, Data covering the periml
1803 to 1950 were taken from a Table published by the autlor in
1963.  Tho data of the periml 1951 to 19464 were taken vom an -
published catalogue of shocks with J3f > 41/ ocewrred in Greeee sinee
1931, The earthoguake loei that have Dbeen active sinee 1965 wepe
compiled [rom tlie USCGH cards of preliminary letermnination  of
epicenters,

Table [11 consists of earthguakes located by fthe National Seis-
mological Btations Network within o distance of 100 ki of Atliens
over a J-year period, July 1965 through June 1964%. The data were
taken fro the moonthly preliminary bulletins of Athens. All magnitiles
in Table T1II were calenlated froan the maximuom trace amplitudes
recovdad by the standard Wood- Anderson instruments at Athens.

The data of Table T[T wore coanpleted by compiling: a) trom the
Wood-Anderson records all Jocal shoeks that were missed dwving the
routine procedurs, and b) from Benioll records all loeal shoceks that
were missed from the recorvdings of the Wood-Anderson instrumoents;
the magmitudes were caleulated from fhe maximunt trace amplitudes
of the Beniodt verfical instrumont vedueed to the response of fhe
Wood-Anderson instironents operated at the same location. The mag-
nitudes assigned from the traces of the Beniolt recorls are loss acenrate
atd the group of minor eprfhguakes may inelude some local quarry
hlasts.  For lack of room the ecatalogue of the supplemontary  data
is not published.
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SIATINTICON,

Dt prior to 1305 are sparse; therefore, statistics arve linited Lo
the period T803-1969.  During the 120-vear inferval, 1805-1869, there
were reloased From 5T focei; within a distance of 100 kin from Athens,
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Tir. 2 — Barihquake epicenter map of {he major region of Aflica for the
poriod 1805-1069.

17 shocks with M — 1.5-4.9, 27 shoeks with H-— 3.0-5.4, 18 with
M- A5-5.9, 8 with M= 6.0-6.4, 3 with W= 6.5-6.9, 2 with
M= 7.0-To0hand 1 with M= 7.5-T.9. In g tabular form we havo:

M s b Bz t iy T Wi
Nise 106 oYy az 14 [ 3 1
N (F B8 (h.492 0267 01146 0. 00 0.025 0. 008

log N1 —. 050 —0. 310 —0.574 —0.933 —1.301 —[.602 —2.078

where Nize and Ny s the number of shocks of magnitude M or greater
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in 120-year period aud per one yvear, respectively.  These values (i
rather closely to

log No — (3.05 £ 0.10) — (0,67 < 0.06) M . [1]
It we dvop the values for I < 51/, we lind;
log N1 = (3.53 £ 0.12) — (0.74 = 0.03) M , [2]

The filting is better, bul 1he ehange of & is within the limits of error.
If we lake into eonsideration only the shocks with M 2= 11/ oceurred
within a distance of 100 ki from Athens during the period 1930-1469,
we have 32 shocks with W= 1.5-1.9, 13 with M= 5.0-5.4, ¢ with
M= 5559 1 with W= 6.0-6.10 and 1 with W= 6.5-6.9. 1If
we denofe by Ny and Ny the nnmber of shocks of magnitude A or
greater in d0-yvear perfod and per one year, respectively, we have

M 11/, 5 51 i 61/
Nio 8] 2y 11 L 1

zN 110 (.60 (H.275 .00 0.02h
log & (h.11 —{) .22 —0 .50 - -1.30 1.6

The data for this period fit to

log N1= (4.80 4 0.18) — (1.00 4 0.08) I . [3]

There is now an appreciable change of b, bui the M for ¥ =1
is within the Hmits of error.

During the d-year period, July 18965 through Juue 1568, ihere
have been wetive 103 [focel within o distance of 100 ke of Athens;
these foed releagsed | shoeks with = 1.0-1.4, 10 with W= 1.5-1.9,
9 with M= 2.0-2.4, 71 with M=+ 2.5-2.9, 86 with M= 3.0-3.4,
32 with M= 3.5-3.9, § with W= [1.0-4.1, 2 with M= .1.5-1.9
and 1 with M= 5.0-H.1. Disearding the shocks with W < 21s
we luve:

M 2 s 31/y 4 A 3
Ny 197 126 10 ] 3 1
A 19.3 31.8 10 o 0.75 8.0
log &y 1.49 1.50 1.0 030 0125 0060

The valies (it to

Jog Ay = (130 £ 0 I8) — (.98 .| 0.08) W [4]
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If we take into aceount the sloeks missed during the routine procedurs
from July 1465 throngh June 1969, we have 310 shocks with

Moo 1041 4, 188 with A0 1.5-1.9, 208 with M- 2.0-2 .4,
221 with W— 2.5-2.%, 102 with W= 3.0-3.4, 34 with W= 3.5-3.4,
powith M= 4.0-4.4, 2 with Jf— £.5-4.9 and 1 with W — .-1.{1-.L-].
Disearding the shocks with 3f <2 2, wo have:

4 2 21y 3 31/ 4 11z h
Ny 613 465 144 12 8 3 1
&y 1885 H1.E g 10.5 2 073 0.25
log Noo 219 1,96 1.A6 1.02 0.30 —0.12 —0.60

Sample Period 1965, July 1 Through June 30,1969

23" 24

2.5€MZ5.0

]

5

hJ
-
— =
o -
2
O| @

Fig. 3 Earthgnake epicenter map of the major region of Alties
for the period 1965-1964.
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Tlie above values fit to
log Ay 0 (4.34 £ 0.16) — (0,98 4-0.09) W . (3]

The minitmim threshold of the N(H)-relation was loweread hy one
halt unit without change of the a and & constants.

Dhving the d-yoar perind, July 1965 througih June 1964, {here
have been active 31 foel within a distance of 30 km of Athens; these
foci veleased 4 shocks witlh W = (.0-1.1, 9 with ¥ = 1.5-1.9, 6§ with
Mo 20200, 17 with M = 2.5-2.9, 11 with ) = 3.0-3.4, § with
H = 3.5-3.9 wul 1T witlh M = 4.0-4.5.  Disearding the shocks with
M < 21/, we have

Y] 3y 3 Sl i
N, 34 17 {; L
Ay 8.50 4.25  1.50 (.25
log Ny .94 6% 017 —0.60

The values correspond to
log N = (3.6% 4 0.28) — (1.04 £ 0.10) W . [6]

Taking into account the shocky missed during the routine procedure
from July 1865 throwgh June 1969, we have 340 shoeks oceurred
within a distance of 50 km from Athens with M = {.0-1.4, 137 with
Moo= 1.5-1.9, 05 with M - 2.0-2 4, 34 with ) = 23.5-2.9, 11 with
M= 3.0-3. 4,05 with M = 3.5-3.9 and 1 with A = 1.0-4.4. Tiscanl-
inge the shoeks with M << 11y, we have:

i 1/ 2 93t 3 guis i
Na itetH 114 Bl 20 I} 1
Ny il.s 3.2 13.5 5] 1.50 0.25
log N, [.85 1.57  1.13 070 1% —0.60

The new values correspond fo
log Ny — (350 £ 0.20) — (0,96 - 0.11) M . [71

Now the minimum threshold of the N{MH)-relation was lowered by one
unit and the constants o wmd b remnined within the limits of crror,
without chiange ol ) for & =1,

In the ease of the loeatable shocks during the routine procedure
the ¥ for I == 0 is about |4 tinies creater within 100 ko than within
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50 km from Athens. It is surprising fhat in the case wo take info ac-
count the missing shoeks the Ny for I = 0 is about 7 times greater
within 100 km than within 30 km from Athens. The diserepaney is
removed if we drop the shocks with M < 2. In that ease we have:

low Ny = (3.75 £ 0.19) — (1.05 = 0.10) 3 . [%]

There is no marked change in the slope, but the ¥ for I - 0 is
now again about b times greater within 100 km than within 50 lkn
from Athens.

Taking into account the earthgquakes missed from tho recordings of
the Wood-Anderson ingtruments, the local shocks detectable at Athens
over the period July 1965 throngh June 1969 may be written in in-
crements of 0.5 M as follows:

Table T — LOCAL SHOCKS RECORDED BY TIE BENIOFF VERTICAL REISMOGRAPIL
AT ATIENS OVER THE PERIoD JULY 19063 Tarovan Juxe 1969,

i 2 =g 1o km D = 50 km
0.5-0.9 14 19
1.0- 1.4 177 477
1.5-1.9 210 20164
2.00-2.4 303 124
2.5-2.0 252 43
3.0-3.4 106G 15
3.5-3.9 34 5
4.0 - 4.4 31 |
4.5 - 4.0 2 —
J.0-35.4 1 —

Diisearding the shoeks with W < 1.5 for 0 < 100 ki and with W <
1.0 for A = 50 km wo have, rospoctivaly:

M 11/a t 21 3 3ifs 4 11fa ]
Ny 913 703 {00 118 42 b 3 1
N d28 25 175,78 100 37 10.50 2 0.75 0.25

log Ny S il 2,00 1.57 1.02 0.30 ---0.12 .60



MINIMUNM AN MAXIMUM MAGKITUDE THRESHOLD, ET. 39

i 1 1Ys 2 21/ 3 31/ [
¥, 874 397 188 G4 21 6 1
Ni o 218.50  99.25 47 16 3.26 1.5 .25
log ¥y 2.34  1.99  1.67 1.2 0.72 017 —0.60

britog Wa(d 33 0181, [QSB QOGHM

N

Tig. 4 - Cumulative frequency versus magnitude for the earthquakes lo-
cated in the major region of Attica over the period: {n) 1850-1969; (b) 1965-
1969; (¢) in the minor region of Attica 1963-19G9.

The above vuluex correspond, respectively, o

log Ny == (3.99 2 0.2 — (0.89 L 0.11) A [9]
wnd
log Ny = (3.38 &£ 0.21)— (0,93 - 0.11) M . [14]

Thus, by adding the shocks missed from the recordings of the
Wood-Anderson ingtruments, the minimum threshold of the N(M)-
relation is lowered by another half unit. There is no change of M
for ¥ — 1, and the ehange of b is very small.  Discarding the shoeks
with ) < 2 for A = 106 km, as well as for 1 < 50 ki, we get, res-
pectively:

log Ny = (4.42 L 024y —(1.00 - 0. 11) M [11]
ad
log Ny — (3.82 £ 0.21) — (1.06 £ 0.11) I, [12]
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Now there is u little change in the slope, and for < 100 ki the M
for N1 = 1 remains almost the same.
INSCUSSION.

Straight lines vepresenting curves of the form log N =e—54M were
fitted to several sets of points over the range of magnitudes that ap-

peared not to be strongly aflfected by the detection threshold. The
data have been plotted in inerements of magnitude of 0.5,

apn | M4

b ipgHa'd LI CONE IO SR O

i [cl log N=id ?5:019)-I0SQ0MA

(o} jogha{2 BOOMRT-H0N: 00BN

i

Mg, 5 - Cumulalive frequency versus magnitwde: {(a) for the earthquakes

loeated in the major region of Altica over the period 1930-1969; (h) for all

locul shocks recorded hy (he stamdard Wood-Anderson instrumends (V7 =

28003 within a distance of 100 km from Athens; wnd (e} willina distanve
of 50 km.

The curve for o 40-vear perivd (L330-1969) and a magnitude
range of 1'/s to 62 has a slope of 1.0, The same slope shows the
ewrve for a -vear period (1965-1969) and » magnitude range of 2
to § {see Fig, 5). The two curves differ only in the constant «.  The
varinnee in the constant @ (4.80 — 4£.34 = 0.46) indieates that the
seismicity derived from o sample of a short period of observation,
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inadequate at the Lurgest magnitndes, may be about 3 times smaller
than that we get from a sample complete over all shoeks recorded
in @ long period of observation,

The enrve for a 120-vear period (1550-1969) and o magnitude
ange of 472 to T4z has a slope of 0.67 (see Fie, 1), The constant o
is very small (= 3.05), in comparison to that derived for a 1-vear
period (19465-14689) and a magnitude range of 2 to 5 (¢ = 4.34). The
two enrves show strong difference in both constants ¢ and b, bt the
MHofor ¥ =1 is 4.57 and 4.42, respectivelv, i.e. within the limits
of error of M.

The cnrve for o 120-yvear period (1850-1969) and @ magnitnde
range of 534 to 71, differs in the slope and the constant @ of the straight
line fitted between M = 4s and I = 6!fs for a J0-year period (1930-
1969), bub the M for N - 1 ix 4.77 and 1.80, respectively, i.e vie-
tually equal.

The curves for three sets of shoeks within a distance of 100 kmn
of Athens for a 4-year period (1963-196%) and a minimum threshold
200e, 2 and 1. — eqgs, [4], [8] and [9] — hawve an average slope of
0.953-4-0.06. The average value of the constant « I8 4.21-2L0.22, and
that of M for ¥ =1 15 1.4240.06,

The enrves for four sets of shocks within a distance of 50 lan
of Athens for o d-year period (1965-1969) and a minimnm threshold
2l 2ot and 1 — eqs. [6], [T), [8] and [10] — have an avernge
slope of 0. 994006, Tle average value of the constant ¢ is 3 .58 10.20,
and that of W for N =1 ix 3.57L0.07.

The seattering of the absolute valne of & and of the “once per
vear” earthquake M in the major and minor region of Attica is rel-
atively small and of the same order of magnitnde. The scattering
of the constant « is about three tines lwger. This indieates that the
“onee per vear M earthquake I is » more relinble measure of seis-
micity than the constant «.

Coniparing  the average valne of the constant o« for the major
atd minor region of Attiea (1.21 — 3.58 = (.63}, we could snrmixse
that tle seismicity of the major region is abont four times greater than
that of the minor region. Since the area of the major region is four
times larger than that of the minor region, the ewrthquake aetivity
per surface unit is nearly the same, ie. virtually unilorin over the
whole area. The active earthgquake foci in the minor rvegion during
the period 1963-1969 amount to 26.  The active earthquake foei in
the whole ares total 103.
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Table 1l -~ FARTHQUAKE FOCL THAT AVE BEEN ACTIVE OVER THE PERIOD
1805 to 19G9 wWiITiIX A DISTANCE oF 100 kv rroM ATIIENS,

Toeal  Magni- 3{‘::::1':\"
No Date Loeation Drepth  tude Cumula-
km  Adopted tive
1 1968, April 25 38.00XN, 22.60F, 14H) 417,
2 1962, Oct, 4 38.1 »N, 22.4i oK n hil,
3 1879, July 3 38.2 0N, 22.6°E n 3
+ 1063, June 13 8.2 0N, 22.7 0K n By
1066, Sept. | 1 Ll
1967, June 12 1 41/, 5/,
I 1876, June 26 378, uN, 228/, oK n 6/,
1929, Mareh 3 n By 61/,
o 1877, July 2 38.09X, 223/, ok n Bl
1962, Jan. 7 u £y By
7 1887, Oct. 3 381/, oX, 223/, o}, n 6/,
1804, Marell 26 n 421,
1926, July 2 n 43/, i,
8 1967, June 12 38.2 X, 22 8K n $/,
9 1966, May 21 37.7 N, 22.0°% 117 41/,
1 1954, April 17 37.90X, 22.9°F n a3l
11 1888, April 1 375 0N, 23.0°E n 1,
1898, Ang. 5 n 5
1922, Aug. 5 J7.3eN, 23.0°E n 5
Nov. 11 i 3/,
1924, Febr. 16 n 5, 6
12 19462, Aug. 28 37.7 9N, 23.09E 120 6%/,
13 1850, Jan. 13 5.0 8N, 23.010]] n 43/
18458, Febr. 2] n This
L8, Jan. 20 1 431,
1906, July @ I 4
1915, July 10 n 437,
1931, Jan. 4 1 Blf,
1962, Jan. 1n N 41,
1028, April 22 383.0°N, 24.0°L 1 i,
April 22 1 G3/,
April 24 1 H]
April 25 n 5/,
June 7 1 i
1953, Sept. 5 n 7 e
14 1941, July 28 38/, »N, 23.0 oK n t]
15 1M1, Thee. 13 38.5 oN, 23.0 0L 1 41y
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Tahle 11 {coni.)

No

16
17
18
19
20
21
22
23

a3

34

Focal| Magni- ‘\{_?1%1]:‘
Date Lueation Depth tude (1|1l1111f-1-
kni  Adopled live
1016, Sept. 27 383/, oN, 23.0 o1 n B\,
106G, Jan. 2 37.8 0N, 23.10°FK n 431,
1958, May 21 38.1eN, 23.1°E 1 41/,
1884, April 27 38.7 °N, 23.1<E n T
1968, July + 37.7°N, 23.2 oF n N
1928, April 20 8.0 0N, 23,2k n iy
1894, April 20 38.6 ON, 23.2 oK n 0/,
1947, April 14 38.8 0N, 23.20T% n atl,
1952, Oct. 13 1 5'/s 5y
1922, Ang, 8 37.5°N, 23/, oL i b/,
1873, July 25 373/, °N, 23/, °E n 6y,
1930, April 17 1 5%
Sept. 12 n 5,
sept. 12 n l
Rept. 12 n 5
Sept. 15 n h/, i,
1964, July 12 38.5 0N, 23%, 9K n 2/,
19G1, Max 19 343, oN, 231, oR n 44,
1968, June 17 37.8¢eN, 23.3 ¢l 1510) 44
1952, Sept. 12 38.4 oN, 234 vF n 4/,
1837, Mareh 20 * 37.5 0N, 23.5¢E 0 6
1843, Nov. 14 38.0 0N, 23.5°FK n 97,
1926, Oct. 30 n 43/,
1853, Aug. I8 381/, N, 235 oK n 7
1803, May 23 n G
1914, Det. 17 n i
{et. L7 n 1
Tdec. 2 | By
1917, Bept. 23 n B,
1962, Oct. 6 n 4, Thig
18G4, July |7 38.5 0N, 23.5°E n 8,
1867, Jan. 2 n 5t/
1868, Dec. 28 n i
1874, Mareh 18 n 5/,
1902, April 11 1 £/
May 1 n ., ',
1885, _{'\‘llg. 22 383;4 oN. 237E.5 n ;',I:r‘

NOTE: Asterisk denoles slock not used in statistios (see N° JU-10),
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3
37

ah

40
141
42
43
L
N
40
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1831, Sept. 11

Sept, 11

Sepl. 13
1964, July 17
1961, Sepl. 5
1957, May 29
1964, Rept. 28

1874, Jan, 17
Jan, 22

1889,
1934, Jan. 2
1938, July 20

July 27
1957, ee. 13

1962, Jan. 4
1957, Apr. 2
1954, Mareh 13
1966, Mareh 27
1956, April 13
1955, Febr, O
1919, et 13
1961, Marveh 8
19458, Jan. 13
1805, Nov., 1517+
1938, June 10

NG54, Oel. 27
1968, April |

Jan. 12

IHIT, Augr. 28

1900,

1065, March 9
1801, May 11
1956, Jan. 18
1%58, April 17
118, Jan. 7
1883, Ane, o

Tineation

e aN | 235 0R

38,05 °N, 23.6 ok
38.6 0N, 23.6 0K
37.1 N, 23.7 K
38.0 0N, 23.7 K
381/, 0N, 233/, o}

38.5 0N,
3837, 0N, 2330, o]
37.30N. 23.8 oK
37.9 0N, 23.8 L.
38.2 N, 23.8°]
38.3 0N, 23.00K
38.4 eN, 23.0 0L
38027°N, 23°57'K
37.65oN, 240 e)d
38.0 00X 24.0) 0K

38.4 oN, 24.0 9K

38.5 oN, 24.0 vF,
3%.5 0N, 24.001

383/, oX, 24,0 o1
38.3 °N. 24.1 ok
38.8 0N, 24.1 o1
37.5 0N, 241/, oF
373/, 0N, 241/, o},
38,7 0N, 24.4 o1,
371/, oN, 24.5 o}

37.0 0N, 24.5°R

233!, ol

TFoeal
Trepth

km

il
1
1]

153

Magni.
tude
Adopted

Magni-
itnde
Cummnla-
live

a
6l

=t
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Comparing now the average vdues ol the ** once per vear ™5 earth-
aquadke M for the major and minor rvegion of Attien (4.42—3 .57
0.85), we conld draw the conelusion that the seismicity of the major
region is about 7T times greater than thot of the minor region, i.e. the
carthiquake activity per surface unit in the outer region is two times
higher than that in the inner vegion.  The conclusion holds for shocks
with M == 2140 ie Lor sampling equally complete fuor hoth regions:
it is, therefure, mueh more close to the troth. The data points that
estublish the cwrves for the major sl minor region of Atties (s. Fig. 6)
reinain on the lineg down to M = 1.5 and H = 1.0, respectively.
This means that the lower hending of the curves is conditioned by
the detection threshold.  The ditference in the detection thresholil for
the major and minor region does not affect the comparison of the
individual levels of seismicity.

Tig. 6 — Cummnlative frequency versus magnitude for all local shocks re-
gorded hy the Benioff vertical instrument {(F = 12.500); (i) within a distanee
of 100 km {rom Athens; () within a distanee of 50 km.

The upper bending of the curves ix cowditioned by the perioil of
observation, i.e, is time dependent. ‘The muximum magnitude ol-
serverl in o region cannot he taken us feature or another measure of
seisnuicity of the region. Tt may De logical to assume that in the
regions of wenler seismicity a hreak-ofl of the earthrquake recurrence
curve oeewrs at siudler Mmae values (200 however, Uhis s not always
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Table 111 -- EARTHQUARES LOUATED BY THE NATIONAL NEISMOLOGICAL
RTATIONS NETWOHK OVER A $-VEAR PERIOD, JULY 1965 rirouGH Juse
1964, WITIIN A DISTANCE 0F 1M g0 FROM ATHENS,

Dute Origin Loceation ])l‘;\,t""“' ¢ “'”’:-;}':mk'
1965, Tnly 16 13:54:28 | 38.50N. 234, R 70 3.3
17 145:0)2:22 380 0N, 22';'4 o] 85 3.9
Ang, 17 11:38 15 3.1
w20 02:45 90 3.0
9&}!1’. 1 06:4) al 2.6
Oct. 21 18:29:03 38Y/, oN, 200K GO 2.6
Nov. 5  23:01:00 373/, °N, 231/, ol 55 3.3
» 10 20:26:08 38,5 °N, 281/, °E 70 3.)
Dec. | 14:53:58 28.3 oN, 23.4vE 35 a4
" 4 O4:08:40 38.1 oN, 23.7°L 13 2.9
» 13 11:10:51 38.0 oN, 24.0 0K 25 225
a4 O1:00:54 38.4 oN, 228K 85 3.0
1966, Jan. 2 20:56:346 37.5 0N, 23.0°FE 65 3.9
» 2 21:30 [i5] 2.4
» 2 22:19 {33} 2.5
» 2 23:03 60 2.5
" 2 22:12:17 37.8°N, 23.1¢E Ga 4.7
March 8 13:32:27 38.5 0N, 23.9 0K 7 3.4
0 29 DL :d9:12 37.9eN, 23.8 08 15 3.8
May 14 13:45 20 1.4
» 14 13:58 20 1.4
" 14 15:02 10 t.J
» i+ 15:08 10 1.3
" 21 22:14:25 37.7°N, 22.0°F 20 3.4
June 4 07:51:41 20 2.5
W 16 18:14:54 38,4 oN, 238 oK 43 3.3
W 29 18:18:37 25 1.8
July 8 01k ] 4% A8.5 0N, 23.6°F GO 3.0
» o 18:02:17 380 eN, 220/ o a0 3.1
» 21 (51 1:08 38.5 eN, 23.1 oK 610) 3.0
Rept. 1 12:35:20 38.2 0N, 22,7 ok G0 3.4
» 1 13:10:13 38.8°N, 22,8 o 3y 3.1
» 2 06:47:48 38.5oN. 23 vji-0) 8i) 3.1
" 3 09:48:40 37.2 9N, 24.1°E 3 2.9
» 4 21:21:33 37.8 N, 22,701 us 2.8
" T 00:23:06 38.2 N, 23.5 ¢l 35 3:5
i 7 ;54 :058 38.2 0N, 23,5F 35 3.0
0 15 22:11:15 38.1 oN, 2297 o 45 3.3
" 15 22:32:28 38.3 N, 22.7 ol 05 3.8
Hdept. 28 21:14:08 38.5oN, 24.1 ol b1t 2.0
et 12 01:11:26 38.3 oN, 22,9 oF 80 3.0
n it 05:47% 10 1.6
» L7 00:51 ia 1.6
3 2y 23:41:22 37.46 °N, 23.0 0L 100 2.8
Nov, 1] 0%:52:12 37.29N, 23,40 10 2.0
Dec. 14 2():29:42 490 a4
i 28 2030817 39,1 N, 239K 20 2.4
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Table [TI (cont)

Trale Origin Location U"‘]i';ll'l" 4 M""‘}}t”de
1067, Jan, 10 10:35:24 38.4 oN, 23.000 80 3.0
March3o 09:5%:35 3R/, oN, 23.0 0k it 3.0
April 8 13:116 15 1.7
i 140 14:26G 14 1.5
w1 LD 94.12.23 38.46 9N, 23.00L 70 3.4
May 26 13:15:38  38.0°N, 23.5°L 15 1.7
P 26 13:22 J y 10 1.5
June 7 07:53:31 333 eN, 22.8¢K 06 3.7
7 8 00:03:16 38,2 N, 22,7 o 106 3.7
b 5 (H1:25:35 a8ty oN, 223/, o1 1060 &5
i 5 13:07; 38.5 ON, 241/, o} GO 3.1
i 8 19:5 38.0 0N, 22.7 01 85 2.9
L 0535 38.9 oN. 22.7 ol 05 7.4
W ik 10:00:19 38.0 oN, 233/, ol 100 Z.9
v 11 10:04:16 38.1 X, 23, § o1 85 3.2
s ad 13:31:15 38.5 o, 223/, oTi 45 3.1
W 11 22.50: 14 38.1 0N, 22,5010 e10; 3.3
» 12 61:29:05 38,2 oN, 22.7 ok a0 1.0
12 (H2:51:02 35.2 ON, 22.8°K i 4.4
w12 11:00:14 38.1 N, 22.8 8 85 g1
w12 29:51:34 38.2eN, 22,71 05 3.4
» 15 13:23:37 37.4eN, 22.89E 100 2.9
15 19:34:06 38.0 0N, 223/, o} (85) 2.8
» 16 17:46:30 38Lf, f’\T 24.0e I 10 2.1
» 18 73:37:14 38” nN, 224/, o] 100 2.7
Tuly 3 13:17:13 381, eN, 228, olF 03 2.4
v 27 15:5%:50 38.0'0K, 22.8'0F 80 2.8
Ange, 23 00:053:28 55 2.9
» 25 13:15: 38.5 oN, 23000 85 3.1
B 28 02:33:4¢ 38.3 eN, 24,00k 1) 2.0
v 28 03:30:01 38.3 eN, 241 ol 53 37
w28 (13:43:11 38.3 0N, 23.9°1 +0 2.5
n a8 s 45 2.0
Oct. 10 17:3: 37.7 °N, 22.8 oI a4 2.7
» 25 05:35:25 35.4 DN, 23.0 0] 20 2.9
Nov, 3 09:46:01 35.40N, 22,90} 80 2.8
1968, Jan. 16 08:32:5¢ 38.0 0N, 223/, ol i 2.0
w17 21:01; 3801 oN, 24,3 0T 55 3.1
» 1% 23:22:0: 37.8 9N, 24,5010 a5 2.8
21 13:58:3 48,4 0N, 23,208 70 3.7
24 22.10;15 37.5 9N, 23.0°L 83 2.8
‘il‘llnhz'} 15:31:20 38.0 0N, 231/ ol 25 25
" 30 L1 5000 38.8 0N, 23.5v]) 104 3.3
April 1 06:27: 35,5 9N, 24,01 5 4.4
» 6 12:26: 38.2 0N, 24,5 0lf 05 3.5
" { 19:20: 48.7 oN, 24.50l0 104 3.3
o i 23:34:26 383 0N, 24.0 oL 10} 3.0
7 03:41:5 38.7 0N, 24,401 1000) 1.2
n i 03435 358.7 N, 2450l 1060 3.5
% 19 14:48:54 38.6 0N, 23.0 91 65 3.3
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Origin

10
a8
0
13
11
21
22
23
23
23:
00
02
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o4
11
14:
15

15:

13404
13604

18:12

:52:04
:16:38
:47:01

H42:04
04:30
128:27

33:23

3750

12:30

2648
245
4438

657

45

14:56

15:10:50
157:490:23
20:12:20
21:05:15
22:25:52
LU I

05:%

08:

16:25:

R

19;
21:
22
3,

(40!

01
003
08:

10:03::

[ 6]

22:29.
07:15:
14:32

16G:
{3;

i
1G:

21:30G::
23298

035:5
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Loeation Tistance
et km

38.0eN, 224010 a0
38.4 9N, 23.6 0L 50
38,4 N, 241K 65

37.5 oN, 234, °& 80
37.8 0N, 23.3 o12 50
37.7 0N, 23.20L ]
37.6 N, 23.1°L 65
37.7 oN, 23.2 o} 60
37.7 N, 23.00°12 65
37.7 oK, 23.1 oK 60
37.7 N, 23.3 0L 60
37.7°N, 23.2F G0
37.8 0N, 23.20[3 55
AT.6eN, 23,2910 G0
A7.6 0N, 23.2 010 65
37.7 0N, 23.3 L2 Gl
37.7 oN, 23.2 oL I
37.7 0N, 23.3 oL GO
37.8 0N, 23.10°) G0
37.6 0N, 23.3 018 34
37.8oN, 23.1°L 60
7.7 oN, 23.2 oL o

37.6 N, 234 ok o
37.6 0N, 23.3 ok 60
37.6 ".\_, 23.3 °K 410
37.6 0N, 23.3 0k 60
7.6 eN, 23 30l G0
38,2 0N, 22,6 ¢F 85
37.6 °N, 23.3 12 60

35.7 oN, GO
37.4 N, 60
37.7 oN, & G0
7.7 0N, & 60
37.7 oN, G0
37.7 oN, G5

87.5 0N, 28
37.8 oN,
37.8 oN, 3

GO
Go
a0

37.6 0N, (15
37.80N, 2 Gy
37.8 v, G0
37.7eN, 23.2°L G0
37.8 N, 23.1 =2 G0
37.7 oN, 23.2 o]} 3
37.8 0N, 23,1 ¢IX G0
37.7 0N, 23,2010 GO
37.8 oN, 23,2 012 a5
37.6 0N, 23.2 01 iy

37.80XN, 231 okX (171]
37.8 0N, 23,1 o1 55
37.8 0N, 23,1} 61)
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Date

196G, July

1869, Jin.

o

13
14
14
L6
16
21
242
14
1o
22
23
244
206
3
]

Origin

149

16
233
Hik Y
43
44
=k
44
i AE
16
:21
18:
24
59
i
30:7
14:
I15:
14:27:
0
00:5
43
17::
a3
1420
027
AL
sl
547 B
(08
14815

18
{0
22
14
i
08
01
22
12

0o
a9

P

14

11}
07 :
14:

15

14

14

08

a6

{5

22
04
15

14
0l

20

n2

(g

1y

138
101

26

L7

2:20):

AT
(34
03
124
27
1543k
15381
13847

05

20

g
43
135
27

12
306

15

128
136
134

20

134

— e o=
A He £ =]

ot

TT LD
-0 =

L
=

17:3¢

40
MGz
13:
3:3+:
03:

35

R
19:

Hill

13
23
37

48

:29

2

111
128

T.ocalion

37.7 N,
37.6 N,
370N,
38.7 °N,
A7.6 9N,
38.5 oN,
37.16i eN,
37.8 oN,
38.4 uN,
37.7 0N,
37.7 N,
37.5 0N,
37.7 °N,
37.7 oN,
37.5 oN,
7.5 oN,
37.8 0N,
38.4 oN,
38,3 oN,
37:5}!_‘ ulT’
37.8 uN,
38,4+ oN,
37.7 oN,
33.8 aX,
37.5 0N,
37.4 0N,
37.7 uN,
37.7 oN,
37.7 oN,
37.0 N,
381/, oN,
37.7ToN,
37.5 oN,
37.650N,
38.1 «N,
388, oN,
37.6 oN,
37.65 0N,
37.6 0N,
38.1 oN,
38.0 0N,
37.6 0N,
338.5 eX,
381.’r.l UN!
38.5 oN,
37.8 0N,
38.5 oN,
37.5 oN,
38.1 *X,

38.7 °N,
3%.7 oN,

23.3 vk
73.3 o
23.2 o1
23.5 ¢
23.3 1.
23.7 15
23.4 vl
23.1 oL
2+.0 0K
23,401
23.2 o}
23.4 ¢S
23.3 ¢
23.2vE
23.2 o)X
23.2 o}
23.2 ol
23.G 0L
23.7E
233/, oI}
23.1 910
23.5 ol
23.1 L
23.9 2L
23.3 L
23.5 0l
23.3 oK
23.3 ol
23.4 0|5
23.2 ol
24.5 oL
23,4 0L
23,1 ai
23.3 004
24.0 1%
231/, ol
23.2 oIf
23,41
23.3 °LL
24.3 oKX
24.5 K
23.2 vl]
23.4 eL8
24.5 o1
23.0°F
23.7 oK
23.4 o2
23,40l
23.0 01

23.6 o
23.2 oI2

Dristance
Ik

Sl
14
a5
(5
a0
#0
50
B
A
50
#h
65
510
60
Bl
G
Hu
15
40
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Go
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85
63
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30
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8h
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Talle IIL {(eont,)

le Origin Lioeation 1)1-‘]:-;';:10(-. }]a}_’,“;}li.llfi(!
19649, Jan. 18 17:32:10 38,7 oN, 23.1 °Li 1100y 3.7
0 23 O0:48:04 38.8 9N, 23,10k 90 2.4
n 4 3 : Bl 80 2.9
n 25 R (] 3.1
n 4] IR al) 2.4
Felr. 11 24,0 ¢F (1151 3T
u 17 il O 30 2.1
» 18 23.7 oLi 30 2.1
n 1% 23.7 old 30 1.9
» 23 3501 Rl 2.8
» Bl i 2] 20l al 2.4
" 26 1G:065:28 38.0 0N, 23.0 1 G 3.4
Marveh |1 124800 38.7 oN, 23.8 oK 80 3.1
» 24 06 5430 37.3 N, 23.4 ¢ 80 2.9
" 20 09:23 044 373/, 0N, 23.0 1% 85 2.4
11 25 H2:413:21 38.6 XN, 23.0°1 a0 2.9
v 23 03:21:06 383/, oN, 231 ok 90 2,7
» a5 : 38.5 vN, 23.0vlL 95 2.7
April 8 386 vN, 23.0 L0 85 3.3
b 13 38.1 N, 24.1 712 35 3.9
May 4 38.7 o, 23.1 71 5 3.2
30 37.7oN, 23,402 Hl 2.5
n 3 37.9 8N, 23,1 L At 2.0
June 7 37.8 0N, 22 9ol 0 2.8
» 21 38.7eXN, 23.5°1 sl 34
n 25 (143:06:20 38.1 N, 23.7 o 15 2.5
" i 1R8:25:20) 38.4 0N, 241 ok At 203

obsarved.  Gread cartlygmakes are indead commonest where the general
level of seismivity is high Il ocensionally they occeur in other regions
where the general level of seismicity is pretty low (38). The Lishon
curthiguake of November 1, 1755, with 2 > 8 15, the New Mulrid
(Missonri} corthaquekes on December 18, 1811, January 23 and Fel-
runry 7, 1812, and the Charleston (South Caroling) earthgquake  of
Augnst 31, 1886, withh W = 80 illnsteate fairly well the case.

The largest of the crustal slocks observed in the aren ol Greece
(0 = T, luul their seat in the velatively stable, geismically poor,
rigicd crystalline mass, in the interior of the mobile Alpine orogenie
Belt (180, April 00 110N, 23 101 1912, August 9, L0La0N, 27015,
1oan, July b 36.79N, 25.53005; 1O6s, Febrary Tih 30 30N, 25.0005).
No slallow shocle witlhh instrunental magnitnde M > 71 has ever
vgaticred in the seismically very aetive acea of Alpine folding.
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It is worth noting that the major shallow earthouakes in the
Aegoean Bea (1956, July 9 amil 1968, February 19) were hoth associated
with very olongated, well delineaded aftershock zones having a trend
transverse to the Alpine belt,  In general, shoeks associateld with old,
transverse deep-seated linemnents in tle area of Greece arve relatively
ereater bub less Drequent than those genetically connected with lonei-
tudinal structural features of the area.

CONCTURIONS.

I'roan the above disenssion andd the comparison of the stroctural
map with the ecrthoguake epicenter map of the major region ol Attica
one might be allowed to draw the lollowing conelusions:

(1) The reading of shoeks within o distance of 30 ki ol Athens
is essentfinlly complele down 1o magnitude 1.5; average number of
expectel and observed shoels with W Z 1. per year 127 and 99,
respectively.

{2} The flreshold ol relinble detection within o distancee of
L ke of Alhens ix about M= 2.0; average number of expected
s observed shoels with 2 2= 2.0 per yoar 206 and 176, respeelively.

(3) The lower benlding of the straight lines representing curves
of the form logN = a~—b M is conditioned by the detection threshold.
The maximum magnitude theeshold is time dependent.

(1) The “once per vear?” earthquake I is o more relinble
medsure of seismicity than the constant ¢ of the ¥(H)-relation.  The
once per vear ' eartivgpnale M ois controlled by the period ol
observation much less than the constant «.

() Seismicity derived Drom asample of a short period ol observa-
tion Dnadequate at the Lhwgest magnitwiles may be ot least hall as
nueh snudler than that we get from o saanple complete over all sloeks
recorided in o long peviod ol observation.

() The maximom magnitude enrthguake within o distance of
HO sl 100 ke of Athens per hondred yenrs derived from o saauple
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perind of 4 years is, respeetively, S.6-400.2 and 642202, The maxi-
mum magnitide earthguake within 2 distance of 100 km from Athens
per hundred years derived from a sample period: (a) of 120 years
is 6.6 01, and (hy of 40 vears 6.8 -=0. 2,

{7) The active earthquake foel per surfnee unit in the Sub-
pelagonian Zone and the other yvounger structural units appearcd in
the major region of Attiea ontnumber those appearcd in the Pela-

gonian Zonuae.

(%) The distribution o earthquake foci in fhe Subpelagonian
Zone and the other younger structural nnits of Attica is nearly uniform
atul reluctant to the surface dislocation.

{9 The active carthouake foci in the fanlt-Dounded basin ol
Attien tend to clustor at the northern and southern ontlets ot the hasin,
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search Projects Agency’s Project Vela Unilorm.
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