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SEIEMOAOTI'IA.— The Seismic Activity in the Cyprus Area, by 4. G.
Galanopoulos and N. D. Delibasis*. "Avexowvd)dm dmd 1o *Axadn-

naixot x. M. K. Mnroomovhov.

INTRODUCTION

Cyprus is a relatively small island situated in the northeast corner of the
Mediterranean, between the 34° and 36° Parallels and the 320 and 35° Meridi-
ans. The maximum dimensions of the island are 225 km east-west and
95 km north-south. The island is very close to Turkey, about 70 km at the
nearest point. Syria is about 100 km to the west and Egypt some 400 km to
the south of the island.

SURFACE GEOLOGY

The topography of the island is dominated by two ranges — the Kyrenia
range to the north and the Troodos mountains in the south — separated by
the central plain of Mesaoria.

The Kyrenia range — a part of the southernmost arc of the Tauric-
Dinaric Alps — consists of slices of limestones of mainly Jurassic age, ser.
pentines, Triassic red shales and basic igneous rocks. On the flanks of this
narrow mountainous belt are calcareous flysch deposits of Oligocene to Middle
Miocene age.

The southern Troodos range is an igneous massif of pre-Triassic age com-
posed of basic and ultrabasic rocks of plutonic and extrusive character.
The Troodos massif is partly surrounded by hills composed of calcareous sed-
iments of Upper Cretaceous to Middle Miocene age. In the northwest of the
island there are large exposures of rocks of Triassic to Lower Cretaceous age
of the Trypa group.

The broad plain of Mesaoria, which separates the two upland areas, is
formed by low-lying Pliocene, Pleistocene and recent sediments. Seismic
work in the Mesaoria indicates thicknesses of sediments of the order of 3.000
meters. These sediments are horizontally disposed and completely mask the
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contact between the tectonically deformed sediments of northern Cyprus and
the undeformed contemporaneous chalks on the flanks of the Troodos massif.
Sediments of the same age form a narrow strip running along almost the whole
coast of the island (see Fig. 1).

GEOLOGICAL STRUCTURE

From the north-south orientation of the intrusives it is thought that an
east-west tensional stress was dominant throughout the evolution of the
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Fig. 1. — The seismotectonic map of Cyprus. Fault lines and seismic zones after A. Sieberg,

1931, 1932, and W. v. Seidlitz, 1931; Lithological divisions after I. G. Gass and
D. Masson-Smith, 1963.

massif. There is no evidence that the Troodos massif has been deformed
since it evolved.

Regarding the general structural picture of Cyprus, it is believed that the
rocks of northern Cyprus were strongly compressed by southernly alpine
movements against the Troodos Igneous Massif which acted as a rigid block.
The horizontally disposed Pliocene-Recent sediments of the Mesaoria plain
and the undeformed extensive erosion surface formed during the Upper Mio-
cene marine regression indicate that the latest orogenic movement in Cyprus
was during the Lower and Middle Miocene.
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Fig. 2. — Diagrammatic representation of stages in the underthrusting of Cyprus by the
African shield, after 1.G. Gass and D. Masson-Smith, 1963.
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There is evidence that the summit of Troodos has been elevated by more
than 3.000 meters since Cretaceous times whilst the rest of the island has
risen only some 700 meters. This differential uplift, which is still in progress
and dominant in the area of Cyprus, is considered a result of isostatic adjust-
ment initiated by the underthrusting of the Eurasian hinterland by the African
foreland. Stages in the underthrusting of Cyprus by the edge of the African
shield are well depicted by Gass and Masson-Smith (1963) in Fig. 2.

GRAVITY ANOMALIES

Cyprus and the adjacent sea areas are covered by one of the largest
positive gravity anomalies found in the eastern Mediterranean (see Fig. 3).
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Fig. 3. — Shallow and intermediate shocks with M = 4 %/, occurred in tee Cyprus area
during the period 1911-1963. The Isostatic anomalies (Airy—Heiskanen System,
T = 30 km) and the zone of underthrusting after I.G. Gass and D. Masson-
Smith, 1963; the depth contours after P. Goncharof and B. Michailof, 1963.

The main positive anomaly which occupies the whole island is superimposed
on a regional negative anomaly. Upon the main anomaly are superimposed
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six smaller local anomalies. The over 4-200 mgal maximum Bouguer anom-
aly occurring in this area is confined over the northwestern part of the
Troodos massif.

After a thorough investigation of the Geology and Gravity Anomalies of
Cyprus Island, I. G. Gass and D. Masson-Smith (1963) were led to the con-
clusion that this strong anomaly is due «to an extensive slab of high-density
rock, at least 7 miles thick, which underlies the Cyprus area at shallow depthy.
There is evidence that «this slab was once part of the upper mantle underlying
an oceanic area between the African and Eurasian continentss. According
to 1. G. Gass and D. Masson-Smith «When the continental shields approached
each other during the Alpine orogeny this slab of mantle was underthrusted
by the edge of the African shield and thereby raised to its present level in the
upper part of the crusty.

The 50 mgal negative isostatic anomaly to the west of Cyprus is considered
the eastern margin of a more extensive arcuate zone of negative gravity anom-
aly in the eastern Mediterranean. This regional anomaly is well explained
by a ecrustal thickening in the zone of underthrusting.

For further information concerning the Geology and Gravity Anomalies
of Cyprus the reader is referred to Gass and Masson-Smith (1963); for further
referrences he should consult the publication of the above mentioned authors-

EARTHQUAKE HISTORY

The earthquake history of Cyprus compared to that of Greece is very
poor. It begins with a disastrous earthquake in 26 B.C. Since 26 B.C. to 1900
there are only 15 records of severe earthquakes with damaging or destructive
effects on the island. The maximum intensity allowed to be assigned to the
earthquake effects observed on Cyprus since 26 B.C. hardly exceeds the IX
degree of the Mercalli-Sieberg scale. The highest intensity of X degree may
have been reached only twice, in 76 A.D. and in 342. 1In all the other cases
the highest intensity remained close to, or well below the IX degree.

Two of the severe earthquakes observed during the 26 B.C. to 1900 in-
terval have been accompanied by tsunamis strong enough to cause damages
on the southern coast of the island. It seems that one of them in 26 B.C.
had a focus close to the southwestern coast of the island (34%/,°© N, 321/,0 E),

or very probably the same focus with the earthquake of 10 September 1953
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(34.9° N, 32.2° E). The same source released another earthquake in 15 B.C.
The shock in 342 A.D. had the same focus; there is allusion to a sea wave trig-
gered by this shock. Another shock on the southwestern coast of the island
in 1183 (34*/,° N, 32!/,0 E) had probably the same focus with the shock of
26 June 1937 (34.7° N, 32.7° E).

The second tsunami on May 1222 has been emanated from a source
situated close to the southern coast of the island (34'/,° N, 33° E). 'The same
source released twice swarms of earthquakes (1567, April 25, and 1577, January
28); some of them were strong enough to cause damage to Limassol and to
other localities of the island. There is reference that the A.D. 76 earthquake
on the southeastern coast of the island (35° N, 340 E) has been accompanied by
a tsunami, but this is open to question. The 332 or 333 earthquake had
the same origin. The same holds for the earthquake destruction in 1735.
The intermediate shock of 20 January, 1941, had the same focus. The source
of the shock of 29 June, 1896, probably situated off the southern coast of
Cyprus (34 '/,° N, 33° E). Three shocks in 1491, 1718 and 1900 had their
focus in Mesaoria plain close to the sourthern flanck of the Kyrenia mountains
354/ N, 33!/ E).

The data for the 367 A.D. earthquake do not allow any estimation, even
a gross one, of the location of the earthquake source. The large area over which
the shock was felt points out that probably the depth of the focus was greater
than normal. The same holds for the shock of June 29, 1896.

The existing data for the above mentioned shocks are given below in a
tabular form. The individual parameters of the shocks are given in accordance
with the principles applied in cataloguing the earthquakes of Greece (Gala-
nopoulos, 1963).

During the period 1911-1963 there are records of 18 earthquakes with
epicenters instrumentally located within a distance of 100 km from the nearest
coast of Cyprus. Six of the earthquakes occured in the 1911-1963 interval
had a magnitude 5.8 -6.5; all the others were smaller with a magnitude 4°*/,
to 5%/,. Six of the 18 instrumentally located foci were twice active and two
had a focal depth greater than normal. Tt is worthy to note that 17 of the
above foci are close to, or below the 350 parallel and only one is north of Cyprus,
but far from the north coast of the island, in the southern flank of the Taurus
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mountains.* The location of nearly all the earthquake foci in the zone of
underthrusting (see Fig. 3) suggests that the earthquake activity in the area
of Cyprus is closely related to the evolution and the deep-seated structure of
this zone.

EARTHQUAKE RISK

The earthquake history of Cyprus asserts a fact already well established
(Sieberg, 1932), that the plain of Mesaoria as well as the south, southwest
parts of the island are exposed to the risk of being damaged by severe earth-
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Fig. 4. — Strain release pattern in the Cyprus area derived from earthquake data over
the period 1911-1960.

* The epicenter of June 13, 1959, earthquake is mapped in Fig. 3 according to BCIS
(36.0° N, 32.7° E). A relocation of the epicenter made by I.S.S.after the mapping invalidated
the exception mentioned above. Thus all the active foci of Cyprus are situated in the
underthrusting zone. However, owing to the small magnitude of the relocated earthquake
a remapping of the strain energy release should not show a noticeable change in the pattern
of the strain release density map.
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quakes. It was stated that damages of VIII to IX degree of the Mercalli-
Sieberg scale have been repeatedly reported from these parts — particularly
from the regions of Paphos-Ktima, Limassol-Episkopi, Larnaca-Famagusta
and Nicosia — in the past (see Fig. 1).

The tectonic flux observed in the area of Cyprus over the period 1911-
1960 (see Fig. 4) culminates in the southeastern part of the island with one
earthquake of magnitude 6.8 per square degree per 100 years and falls gradually
to the west in one earthquake of magnitude 6.8 per square degree per 150
years. Thus, the earthquake expectancy in the region of Cyprus is very low
compared to the earthquake efficiency of the Ionian Islands Cephallenia-Zante
and the region of Kos-Rhodos (11-12 earthquakes of magnitude 6.8 per square
degree per 100 years) and almost equals to that found for the central part of
the northern Aegean Sea.

The seismic energy distribution map for the area of Cyprus over the period
1822-1963 given by N. Ambraseys (1965) shows a different pattern. This
might be due to the heterogeneity of data used. It is worth noting that
both maps do not favour the extension of Mesaoria graben to that of Marasch
in Syria assumed by A. Sieberg (1932) on the grounds of delineation of foci
in Fig. 26.

CONCLUDING REMARKS

Surface and intermediate earthquake activity seem to contribute almost
equally to the development of the centre of higher strain energy release that
appears in the southeastern part of Cyprus. The rugged relief of the sea bot-
tom off the southeastern coast might be indicative of the tectonic readjust-
ment going on in this area. The earthquake energy released in the southern
and southwestern parts comes from normal sources situated in the fault line
indicated by the steep slope of the sea-bottom close to the southwestern coast
of the island. The graben of the Mesaoria plain is the seat of a very active
focus and the energy radiated from it affects seriously Nicosia and the localities
situated at the borders of the plain.

The over 4100 mgal isostatic anomaly which covers nearly the whole
island makes Cyprus a unique area in the world. It is worth noting that there
is a fairly good correlation between the positive isostatic anomaly which oc-
cupies the island with the surrounding shelf, and the strain energy release

26
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occuring in the area (see Fig. 5, 6). Outside the Cyprus area the trend of the
strain energy release looks like mirage of the regional negative anomaly. Con-
sidering the differential uplift which is still in progress and dominant in the
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area of Cyprus and the concentration of the earthquake foci in the zone of
underthrusting, we may be allowed to say that the seismic activity in the area
is a result of isostatic adjustment initiated by the underthrusting of the
Eurasian hinterland by the African foreland.
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In view of the peculiar geological structure of Cyprus, the installation of
a seismic station on the island is strongly recommended for a seismic study
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of the Earth’s crust and Upper mantle structure in this matter of fact unique

area.
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OEPIAHYIX

Meta ohvropov ExBeotv g yewhoyixils xal Tewtovixig xatacwevic Tig
vioov Kimpou, d¢ xal tév elg iy meproyiy tadte Epgpavilopévey avepaiiiy
Baplmyrog wixpds %ol peyding xhbipaxog, Teprypdpetar ) cetowxd) totopla Tig vi-
oov, xal xabopiletar # ceiopixy dmxwduvérng Tadtne. Qg Qalveton &x TéY Ta-
patilepévay yapTév, clc T6 votloavaTohxdy TuRua THE vAcou @uhofeveiTan v
xévtpov EvtoveTépug celopIxilc dpdoewe, Opethbuevov Téoov clg celopods Emipa-
velag, 8oov xal elg oeopode évdiapéoon Bdbovg. To dvdpadov avdylvpov Tod
Oahaooion mubuévog EEwbey Tic votioavaTohixiic dxntic bmodeuewder &ti TBavédg
ouveyiletar dxdpn 7 tentovixy dvadikpbpwotg elg Ty meproydy Tadtyy. ‘H oet-
opyy evépyetx mob €heubepobron cig TO Vétiov xal voToduTidy TuRue Tig

Viooy TpopyeTat amd Emipavelaxds €otlag, al émotan Edpdlovrar émi THg pmEiye-
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volis yeappic mod Ymodnhobrar amd Ty dmbropov xAlow Tol Badacciov wuOué-
vog &yybs ThHe voToduTixc dxtiic THg vicov. ‘H Alav 2vepydg Eotia, % Gmola
purokeveltar elg T TexTovy Tdopoy The mediddog T Mesouplag, dxtivoPorel
oVyVa onuavtixny évépyetav, 7 Gmola TmpooBdAder cofupds TNV Asuxwolav xol
7ob¢ olutopods mobd xelvrar elc 1o xpdomeda Tig medrddoc.

‘H &ve tév 4100 mgals icoctatind) dveparie mod xardmrer oyeddy 6A6-
xhnpov THY vicov xabiord Ty Kdmpov povadixdy meproyiy elc 8hov tov xbopov.
Q¢ gabverar éx t@v mopatifepévey Towdy, Selotatal dpxodvrwg xody cuoyéTi-
owg petald 1ic Oetinic ioooTatindc dvepariag wod Eugpavileton dvebey tie vi-
oov xal THg frelpwTiis ®pNTidog TadTNe, xal THe ameievfepovpévng celouxic
évepyelag eig v meproyy THg vicov. "Efwlev tic meproyic T Kdmpov 10 oyé-
Stov Sravoudic Tie Exdvopévne celouxiic évepyetag alvetar G¢ xatomTexy elnmv
T GpvyTixiis Gvopeiog peydhne xhwaxog. AapBavopévov O’ 8w 8§ vijsog
amd Tolg ypdvous 10D Konmdixol Eyet Omooth #3n loyvpdyv Sxpopiniyv Ewpaty,
7) omolo ouveyiletar dxbpy, xal 8t Bhar ob &v dvepyely ceopuxal Eotion Tig
Kimpou ebploxovrar elg miv vy énwbiccws, émrpémetar v& Aeybf 6t 4 oer-
opun Spdoig eig v mepoyv Thc Kdmpov elvan dmotéhespa 1ig icootatueic
looatabpioswe, % omola foyioe uE v Endbnow —xatd Ty dAmuaY dpoyévesiv—
s Edpactatixiic dmebiag ydpag énl 1Hg dunpocbiog ydpac Tie *Appuxic.

"Ev &¢er g idialodone yewhoyixijc xataoxevi tic Kinpov cuvietditar 4
eyratdoTacts énl Tic vioov TAApous aeiporoyixol ortabuol Sk THv pehéryy
i Sopijc ol ynivou howod xal 7ol dvwtépov pmavdliov elc Tiv dmd yewloyuxig

ALl povadikny TadTy Teproydy Tob Kéopovu.



