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THE NEOTECTONICS OF NW PELOPONNESE
THE EARTHQUAKE OF OCT. 16, 1988

by
. MARIOLAKOS®, I. FOUNTOULIS®, E. LEKKAS'

INTRODUCTION

NW Peloponnese is one of the most seismicaly active areas of Greece due to the fact that it is close
to the Hellenic Trench, that represents the subduction of the African plate under the European one.
Consequently, a large number of seismicaly active neotectonic fault zones, cross the canal between Zakinthos
island and Killini peninsula.

A lot of destructive earthquakes have taken piace in the area since 399 B.C.
The major characteristics of the seismicity of NW Peioponnese are:

i) Al major earthquakes occured at a small depth (h < 20 km).

iy The large macroseismic intensity.

At October 16, 1988 the Killini earthquake occured, its magnitude was Ms=5.5 R, in a depth of 4 km,
and caused major damages at the Vartholomio and Killini areas. The intensity at these two areas (NW
Peloponnese) was VII-VIll mercalli while at the southeastern part of Zakinthos island the intensity was V-VI.

The epicenter is located in the canal between the Zakinthos island and Killini Peninsuta (Fig. 1).

According to the authorities the intensive damages were observed in an E-W direction, and more than
1500 buildings were destroyed, while 4.500 buildings were damaged.

GEOLOGY
At the major area of Killini peninsula the following alpine formations occur (Fig. 2):

a. Kastro evaporites: They consist mainly of anydrite of Triassic age they occur 500 m western
of Kastro village.

b. Kastro limestones: They are white thinbedded and locally bedded calcarenite cretaceans
limestones. They occur mainly at the area of Kastro village and northern of the Killini thermal
springs.

From the geotectonic point of view, both formation beiong to the lonian Unit.
The post-alpine formations can be distinguished to:
a) Pslil Rahl formations

This is the jower Post-alpine conglomeratic formation and consists of pebbles which mainly are
siliceous and secondly carbonatic. The conglomerates in many cases are characterized by graded
bedding. The age of the formation is Pliocene.

b) Llgla formation
The Ligia formation overlay the Psili Rahi conglomerates and consist of clays maris sands and
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Fig. 1. The geographical distribution of the earthquake epicenters at the Zakinthos - NW Peloponnese area for
the period September - November 1988. (89 events) (after N. VOULGARIS 1981).

sandstones. This formation occurs at the largest part of the area, and its age is Pliocene-Early
Pleistocene (CHRISTODOULOU 1969).

Glossa formation

The Glossa formation consists of calcitic porous sandstones. The thickness of the formation is
of some meters and it overlays the Ligia formation. The age of the formation, is probably, Late
Pleistocene.

Alluvial deposlts:
They are unconsolidated deposits which occur ali over the plain.
Coastal deposits:

They consist of unconsolidated fine and coarse materia which occur along the coast of the
Killini peninsula.

Beach rocks

They are cohesive sandstones and they occur very close to the coast.

Old and young scree.

They are old and young cohesive or unconsolidated scree which occur northern cof the Killini
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Fig. 2. Geological schema of the Kyllinl peninsula demostrating the percentage of the constructions of each
village which were not destroyed (A), had a iot of damages (B), were (otally destroyed (C).
(1. Dunes, 2. Talus, 3. Beach Rocks, 4. Coastal deposits, 5. Alluvial deposits, 6. Glossa sandsfones
formation, 7. Lygia formation, 8. Psili Rachi conglomerates formation, 9. Kastro /imestones, 10. Evaporites).
(After E. LEKKAS et al 1990).

thermal springs and around the Kastro village.
) Dunes:

They consist of unconsolidated sands and they occur along the largest part of southern and
nothern coast of the peninsula.

NEOTECTONIC MACROSTRUCTURES
The neofectonic structure of NW Peloponnese is characterized by the existence of grabens and horsts
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Fig. 3. The 1st order neotectonic macrostructures of NW Peloponnese (after E. LEKKAS et al. 1992).

which are bounded by fault zones which in some cases are visible and in some other cases are not (Fig.
3). The fault zones do not have a constant direction. Their strike varies from N-S to NE-SW or E-W. There
are also some fault zones of NW-SE direction.

The main characteristic neotectonic mega-structure is the Pyrgos graben which has filled in with post-alpine
sediments (Fig. 3). The neotectonic evolution of the Pyrgos graben, was not the same in all its extent. It
was differentiated due to the creation and evolution of some smaller tectonic blocks (second order
macrostructures) (Fig. 4 A, B, C, D, E, F). All these second order neotectonic macrostructures although
they have different kinematic evolution from the dynamic point of view they are considered to be the result
of the same stress field. Some of these second order structures are characterized by the presence of
evaporites and diapiric phenomena (e.qg. the area of Kastro).

SOME REMARKS ON THE MACROSEISMIC EFFECTS

The Kyllini earthquake caused severe destructions to the buildings as well as several other geodynamic
phenomena such as, reactivation of faults {(seismic faults), ground ruptures rock falls, shore lines displacement,
liquefection phenomena, sands waters shaking off etc. (Fig. 5).

1. Destructions

Conceming the geographical distribution (Fig. 2) of the destructions, the following observations could
be done:

a) The percentage of the buildings which suffered severe damages or characterized beyond repair for
each one of the villages of the Killini peninsula are not dependent on the geographical location of
each village.

b) The damages are not connected .

There is no big deviation at the percentage of the destructions in the oid and the new buildings
as well as there is no deviation at the percentages of the destructions in low and high buildings.

¢) The percentage of the buildings that suffered many damages or characterized beyond repair for
each village are dependent on the geological factors and more precisely by: the foundation
basement, the neotectoric deformation (faufts, fautt zones). In many cases, the building destructions
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Fig. 5. Synthetic map with the macroseismic observations at Kyllini peninsula. (1. Selsmic faults, 2. Ground
ruptures, 6. Rockfails, 3. Shoreline displacements, 4. Liquifaction phenomena, 5. Water's and Sand's
Shaking off).



are connected directly to seismic fractures or to fault reactivation.

d) The percentage of the buildings that suffered many damages or characterized beyond repair in
every village are depented on the geotechnical factors:

(i) The nature_of the foundation formations and their geomechanical values as f.e. the cohesion,
the dynamic and static stability, their resistance to tension and to compression, stc.

(i} The presence or not of the aquifer and its depth,
(i) The occurance of some formations which may cause gectechnical problems like liquefaction,

sinking etc.

2. Selsmic faults

During the earthquakes of October 16, 1988 some small faults which occur in a quarry south-southeastern
of Kastro village were reactivated. (Fig. 5)

More specifically, the followings wera observed:
a) Traces of recent movement on three fault surfaces with slickensides striking N-5.
b) Three fault surfaces with slickensides, which strike N-S traces of recent movement.

¢) The throw of thase reac-
tivated fault surfaces was
520 cm,

d) A light yellow mylonite

along these fauit sur-

faces.

e) Many rock falls along
these fau't surfaces. The
size of the rocks varies
from some cm® to 1m°>.

The N-S strike of the reactivated
faults is the same with the general
strike of the tectonic-neotectonic
structures of the major area which
have been already described.

3. Ground ruptures

Ground ruptures were observed
in several sites at the major area
of Kyllini peninsula (Fig. 5).

The most interesting ground rup-
tures have been observed and stu-
died at Bouka (MARIOLAKOS et al.,
1991}, at Trypito, Paleokastro and
Vytineika (E. LEKKAS et al., 1990).
(Fig. 5. A1, A2, A 3, Ad).

4. Uquefaction phenomena -
Sand water's shaking off

Liquefaction phenomena were
observed in areas very close to the
seashore (Fig. 5) in some cases
sand water's shaking off was ob-
served (Fig. 5. A1, Fig. 6).

Fig. 6.

T aver
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Soil fractures and sand water's shaking off map of the Bouka
(Vartholomio) area. 1: Soll fracture, 2: Soll fractures with wide
openning, 3: Soll fractures with vertical throw, 4: Soil fracture with
horizontal component of displacement, 5: Sand water’s shaking
off along soil fracture, 6: Crater, 7: Shallow drilling points.

41



REFERENCES

Aduiyo
VARMISO, R, LYON-CAEN, H., PAPANASTASIOU D. (1992). East-west extension and Holocene normal-fault
scarps in the Hellenic arc Geology, v. 20 p. 491-494,

ARUYIJO, R., LYON-CAEN, H., PAPANASTASSIOU D. (1991). A possible normal-fault rupture for the 464 B.C.
Sparta earthquare. Nature, v. 351 p. 137-139.

BOUKOUVALAS G. - SABATAKAKIS, N. 1987. Soil conditions and building damage in Kalamata from the
1986 earthquakes: Bull. of the publ. works res. cent., Vol. 4, Oct.-Dec. 1987, pag. 267-275 (In Greek).

CHRISTODOULOU, G., (1969). - Mewhoywdg xdpmg g EAAGSag KA. 1:50.000 ¢UAA0 “BapBoiod”, IMTME,
Agfva.

DEWEY, J.F. & SENGOR, C.A.M. {1979). Aegean and surrounding regions: complex multiplate and continunn
tectonics in a convergent zone. - Bull. geol. Joc. Amer. 90: 84-92: Boulder.

DRAKOPOULOS, J. & DELIBASIS N., 1982, The focal mechanism of earthquakes in the major area of
Greece for the period 1947-1981. Seismol. Lab. Univ. Athens. Publ. 2, 27p.

FOUNTOULIS, |. (1994) - Neotectonic evolution of Central - Western Peloponnesus Ph. D. Thesis Univ. of
Athens, Dept of Geology, 254. p.

FREYBERG, B.Y. (1973) - Geologie des Isthmus von Korinth. Frlanger geol. Abh. Heft 95; 183 Seiten.

GALANOPQULOS, A. 1972. Plate tectonics in the area of Greece, as reflected in the deep focus seismisity.
Bull. Geol. Soc. of Greece, IX, 2, 266-285,

GEORGADAS, D. & LAGIOS, E. (1982): Remeasurement of the National Gravity Base Network in Peloponnésus.
- Ann. geol. Pays hellen., 31: 136-145; Athenes.

HATZFELD, D., PEDOTTI, G., HATZIDIMITRIOU, P., MAKROPOULOS, K, (1990). The strain pattern in the
western Hellenic arc from a microearthquake survey. Geophys. J., vol. 101, 1, p. 181-202.

KELLETAT, D. & SCHRODER, B. (1975): Vertical displacement of Quatemary shopeline in the Pelcponnese
(Greece): - S..E.S.M., Rap. comm. int. Mec. Medit., 23/4a: 199-200.

KELLETAT, D., KOWALCZYK, F., SCHRODER, B., WINTER, K.P. (1978): Neotectonics in the Peloponnesian
Coastal Regions. In: CLOSS, H. et al. (Eds): Alps, Apeninnes, Hellenides: 512-518.

KOWALCZYK, G. & WINTER, K. (1979). - Outline of the Genozoic history of the Kylini peninsula, W.
Peloponnese. In: Symeonides, N. Papanikolaou D. and Dermitzakis, M. Field quide to the Necgene
of Megara - Peloponnesus - Zakynthos Department of Geology and Palaentology, S.A. No 34.

LAJ, G, JAMET, M., SOREL, D., & VALENTE, S.R,, 1982. First pale tomagnetic results from Miopliocene
series of the Hellenic sedimentary arc. Tectonophysics, 86, 45-67

LEKKAS, E., & DANAMOS, G., 1989. Impact of the geological conditions on the distribution of the damages
at Kastro village (Killini peninsula) caused by the earthquake of Oct. 16, 1988. Buil. of the Geol.
Soc. of Greece, XXIV, (in press) (In Greek).

LEKKAS, E., PAPANIKOLAOU, D., & FOLINTOULIS, J., 1992. Neotectonic map of Greece, Sheet “Pyrgos”
- “Tropaia” (scale 1:100.000). Project, University of Athens, Dynamic, Tectonic, Applied Geology Div.,
120p (in Greek).

LEKKAS, E., PAPANIKOLAOU, D., FOUNTOUUS, J., & DANAMOS, G., 1994. Tectonic analysis of fault at
the earthquake-stricken area of Pyrgos. Project, University of Athens, Dynamic, Tectonic, Applied
Geology Div., 90p. (in Greek).

LE PICHON, X, & ANGELIER, J. 1978. The Hellenic Arc and Trench system: a key to the neotectonic
evolution of the Eastern Mediterrenean area. Tectonophysics 60, 1-42,

LE PICHON ot al, 1979. From subduction to transform motion, A seabeam survey of the hellenic trench
system. Earth & Plan. Sc. Lst, 44, 441-450.

LE PICHON, X. & ANGELIER, J. 1981. The Aegean Sea Phil. Trans. R. Soc. London, A 300, 357-372.

MARIOLAKOS, I. (1974): Comparative geomorphological observations between the drainage patterns of
Erymanthos and Ladon (Peloponnesus, Greece). - Prakt. Acad. Athens, 49: 238-250.



MAPIOAAKOQZ, H., 1976. Ixéyelq xar andéypelg e optopévey npofAnudrov MG Mewhoylag kat Textovikic
™me flehortovwnhoou. Ann. Geol. Pays Helen., 27, 215-313.

MARIOLAKOS, |, LEKKAS, S. & PAPANIKOLAOU, D., (1976): Quantitative geomorphological analysis ot
drainage patterns in the Vth order basins of Alfios River (Peloponnesus, Greece. - Ann. geol. Pays
hellen., 30. 2: 441-454, Athenes.

MARIOLAKOS, |. & PAPANIKOLAQU, D. {1981a): The influence of the map scale on the results of the

quantitative geomorphological analysis exemplified by Alfios River (Peloponnesus, Greece - Ann. geol.
Pays hellen,, 30, 2: 441-454, Athenes.

MARIOLAKOS, |. & PAPANIKOLAOU, D. (1981b): The Neogene Basins of the Aegean Arc from the
paleogeographic and the gecdynamic point of view. - Proc. int. Symp. Hellenic Arc and Trench,
Athens 1981: 383-399.

MARIOLAKOS, I, SYMEONIDIS, N., LEKKAS, S., KAROTSIERIS, Z. & SIDERIS, CH. (1981): The deformation
of the area around the eastern Corinthian Gulf affected by the earthquakes of February to March
1981. - Proc. int. Symp., Hellenic Arc and Trench, Athens 1981: 400-420.

MARIOLAKOS, |, PAPANIKOLAQU, D. (1985): Deformation pattern and relation between deformation and
seismicity in the Hellenic arc. - Bull. Geol. Soc. Greece, XIX, p. 59-76 (In Greek).

MARIOLAKOS, |., PAPANIKOLAOU, D. & LAGIOS, E. (1985). A neotectonic geodynamic model of Pelopon-
nesus based on morphotectonics, repeated gravity measurements and seismicity. Geol. Jb., B-50,
3-17.

MARIOLAKOS, 1., SABOT, E., LOGOS, E., LOZIOS, S., MERTZANIS, A., FOUNTOULS, J. 1987a. The
Geographical distribution of the rockfalls caused by the earthquakes of Kalamata. Proceedings 1st
Geogr. Congr., Athens 1987, v.B, p. 119-133 (In Greek).

MARIOLAKOS, 1., SABOT, V., LOZIOS, S., LOGOS, E., FOUNTOULIS, J. 1987 Morphotectonic observations
at the graben of the Dimiova-Perivolakia area. Proceedings 1st Cong. of the Geogr. Soc. of Greece,
Athens 1987, v.B, p. 119-133 (In Greek).

MARIOLAKOS, |, LOGOS, E., LOZIOS, S., FOUNTOULIS, J. 1988 Neotectonic deformation of the Zimbeli
Fault surface (east of Kalamata town) town. Proceedings 4th Congr. of the Geol. Soc. of Greece.,
Athens May 1988, v. XXII/3, p. 241-258 (In Greek).

MARIOLAKQS, |, FOUNTOULIS, J., LOGOS, E., LOZIOS, S. 1989. Surface faulting caused by the Kalamata
- Greece earthquakes (13.9.86). Tectonophysics, Vol. 163, p. 197-203.

MARIOLAKOS |., LEKKAS, E., DANAMOS G., LOGOS, E., FOUNTOULIS I, ADAMOPOULOU, E. (1980) -
Neotectonic evolution of the Kyllini Peninsula (NW Peloponnssus). Proceedings of the 5th Congress,
Thessaloniki, May 1990, Bul. Geol., Soc. Greecs vol. XXV/3, p. 163-176, 1991 (In Greek).

MARIOLAKOS ., DANAMOS, G., FOUNTOULIS, |., LEKKAS E., LOGOS, E., (1991). Soil fractures and sand
water's shaking off observed during the eartquake of October 16th, 1988 at the region of Vartholomio
(W. Peloponnesus, Greece). In Proceedings of the European School of Climatology and Natural
Hazards Course—Editors: M.E. Almeida - Teixeira, R. Fantechi, R. Oliveira, A. Gomes Coelho), Com.
Europ. Commun. EUR 12918 EN, p. 257-265, Brussels.

MARIOLAKOS, (., FOUNTOUUS, I, LOGOS, E., LOZIOS, S., (1991) - Methods to study the forsional
neotectonic deformation: the case of Kalamata area (SW Peloponnesus, Greece). Proceedings of
IGCP project 250 Edit chen Qingxuan, Institute of Geomechanics, CAGS, v.3, p. 15-21, printed by
Seismological Press.

MARIOLAKOS, I, SCHNEIDER, H., FOUNTOULIS, I, VOULOUMANOS, N., 1992 - Paleogeography. Sedi-
mentation and neotectonic implications at the Kambos depression and Kitries day area {Messinia
Peloponnesus (Greece). Proceedings of the 6th Congress of the Geological Society of Greece. Athens,
May 1992 (in print).

MARIOLAKOS, |., BADEKAS, I, FOUNTOULIS, I, THEOCHARIS, D., (1994). Reconstruction of the Eacly
Pleistocene paleoshore and paleorelisf os SW Peloponnesus area. Proceedings of the 7th Congress
of Geol. Society of Greece. May 1994 (In print).

McKENZIE, D.P. 1970. Plate tectonics in the Mediterranean Region. Geoph. J.R. astr. soc., 30, 109-185.

79



McKENZIE, D.P. 1978. Active tectonics of the Alpine-Himalayan belt the Aegean sea and surrounding regions.
Geoph. J.R. astr. soc., 55 (1), 217-254.

MERCIER, J.L. 1979. Signification neotectonique de I' Arc Egeen. Une revue des idees. Rev. Geol. Dyn.
Geogr. Phys. 21, 1 5-15.

PAPANIKOLAQU, D. 1984. Introduction to the Geology of Greecs. IGCP Proj. No 5, Field mesting in Greece.
Sept. 17-23 1984, Field Guide, 3-35.

PAPANIKOLAOU, D. 1985. The three metamorphic beits of the Hsllenides: a review and a Kinematic
interpretation. The Geological evoiution of the Eastem Mediteranean. Publ. of the Geol. Soc., No 17,
Blackwell Scientific Publ.,, Oxford 848 pp.

PAPANIKOLAQU, D. 1986, Geology of Greece. University of Athens, 240 p. (in Greek).

PAPANIKOLAQU, D. & DERMITZAKIS, M. (1981): The Aegean Arc during Burdigalian and Messinian: a
comparison - Riv. ital. Paleont. 87, 1: 83-92, Milano.

PAPAZACHOS, B.C., KIRATZI, A.A., HATZIDIMITRIOU, P.M. & ROCCA, A.C. 1984. Seismic faults in the
Aegean area. Tectonophysics, 106, 71-85.

PAQUIN, C. FROIDEVEAUX, C., BLOYET, J., RICARD, Y. & ANGEIIDIS, C. 1982. Tectonic stresses on the
mainland of Greece: in-situ measurements by overcoring. Tectonophysics, 86.

POULIMENOS, G., ZELILIDIS A., KONTOPOULOS, N. and DOUTSOS Th. - 1993 - Geometry of trapezoidal
fan deltas and their relationship to extensional faulting along the southwestern active margins of the
Corinth rift, Greece. Basin Research 5, p. 172-192. -

PHILLIPSON, A. 1930. Beitrage zur Morphologie Griechelands. Geogr. Ab h. 3, 1-96. c

RITSEMA, A.R. 1974, The earthquake mechanisms of the Balkom region. Roy. Netheri. Meterol. Inst., De
Bilt, Scient. Rep., 74-4, 36p.

WHITCOMB, J.H. (1976): New Vertical Geodesy. - J. geophys. Res., 81: 4937-4944,

80





