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GEOPHYSICAL STUDY OF THE EPICENTRAL AREA OF 
ALKYONIDES ISLANDS EARTHQUAKES, CENTRAL GREECE

M. L. MYRIANTHIS*

During February and March 1981, three strong earthquakes accompanied by a sequence of 
shocks of lower magnitude occurred in the northeastern part of the Gulf of Corinth near the 
Alkyonides Islands in Central Greece. This study attempts an appreciation of the causes of earth
quakes in the epicentral region. In order to investigate the geotectonic conditions of the broader epi- 
central area two marine seismic profiles and a number of marine gravity records are examined and 
presented. Finally, a simplified model is proposed to explain the present morphology of the Gulf of 
Corinth graben.

Introduction

On 24 and 25 February 1981 a triggering of intense seismic activity occurred 
taking the form of series of earthquakes in the northeastern part of the Gulf of 
Corinth, in Central Greece. According to released data by the Geodynamical In
stitute of Athens Observatory, the first event initiated on 24 February at 
20: 53 ; 37 hours GMT, having epicentral coordinates 38° 13' 5" N, 23° 0.06' 00'' 
E and magnitude Ms = 6.6. The shock was strongly felt in Athens with intensity 
ranging between VI and VII on the Mercalli scale depending on the geomorpho- 
logical characteristics of the particular area. The main aftershock occurred at 
02: 35:36 hours on 25th February. The coordinates of the epicentre were 
38° 9' 0" N and 23° 8' 2" E. The magnitude of this shock was Ms = 6.2.

Furthermore, on 4th March a second set of earthquakes initiated at 21: 58 
hours with magnitude Ms= 6.2, followed the next day by an M s= 5.9 event. The 
first shock occurred approximately 20 km to the northeast of the main shock of 
24th February [ D r a k o p o u l o s  et al. 1981].

The Gulf of Corinth is a tectonically active area exhibiting considerable seis
micity. Earlier researchers have recognized the region as lying in an extensive 
tectonic environment with the area to the north and northeast and to the south 
and southwest continuing to be uplifted at a very high rate. The overall effect of 
this uplift is the formation of the Gulf of Corinth [ T il f o r d  et al. 1981] which is 
an asymmetric graben. This view is also supported from the bathymetric and 
topographic features of the area [ S a b o t  and M a r o u k ia n  1981].

In 1970 the Gulf of Corinth was for the first time the subject of systematic 
marine geophysical research designed as a reconnaissance survey for oil explo
ration purposes. Seismic reflection data of high quality were accordingly 
acquisitioned and digitally processed.
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Following the recent intense seismic activity it was thought to interpret two 
selected profiles passing close to the epicentres of the main shock and the after
shock. However, profile КО—105A southeast to northwest and profile 
КО—102 trending northeast to southwest were chosen; a longitudinal and 
transverse section with regard to the axis of symmetry of the Gulf of Corinth.

The present paper attempts to evaluate some of the information available 
concerning the seismicity and stress regime of the area in the light of the data 
from seismic reflection profiles.

This is hoped to lead to a better understanding of the prevailing geotectonie 
state and the processes which finally led to the major earthquakes.

Seismic data acquisition and processing

From 10th to 15th September 1979, on behalf of the Public Petroleum Cor
poration of Greece, the research vessel M/V WESTERN BEACH conducted an 
extensive geophysical exploration in the Gulf of Corinth. This survey comprised 
accurate radionavigation, seismic profiling, gravity recording and precise bathy
metry.

The MAXIPULSE system was used as the energy source for the entire sur
vey, at a rate of 40 shots per kilometre

The 2400 m buoyant oil filled streamer cable was used giving 96 x 25 m 
groups with 20 geophones per group.

During operations the cable was streamed at a depth of 11—13 m. A set of 
six pressure sensitive depth transducers was equally spaced down the cable. 
Eight cable “depth controllers” were spread down the cable to aid in maintaining 
the cable at the desired running depth. The distance from the Syledis navigation 
antenna to the centre of group 96 was 202.75 m and the distance from the Syiedis 
navigation antenna to the gun was 44.53 m. Data from the survey were recorded 
using an LRS 888 digital seismic recording system.

A minimum of 6.0 s of data was recorded at a 4 ms sampling rate. Input sig
nals to the A/D converter as well as the tape output were continuously moni
tored on an oscilloscope. An uncorrected 100% shipboard section was also 
recorded.

The recording filter settings used during this survey were the Low-Cut 6 Hz 
and the Hi-Cut 87.50 Hz.

Seismic data were processed at the London Data Processing Centre of Wes
tern Geophysical Company.

Initially, field data were demultiplexed from scan sequential order to trace 
sequential order. The bubble sequence, taken from channel 98 of each file, was 
searched for time-break and the file time adjusted to compensate for the varia
tion in digital start-to time-break inherent in the MAXIPULSE system. From 
time-break, the first 512 ms of the bubble sequence was used to design a 
Wiener—Levinson least squares error filter operator (992 ms long) which, when 
convolved with the bubble sequence, would produce a single sample negative 
spike. This operator was convolved with each input data trace to produce the
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output data trace. A unique operator was computed for each file. Input, compu
tation and output were in 32 bit floating point mode at a 4 ms sample rate.

A zero-phase bandpass filter of 6 Hz (12 dB/oct) low-cut was also applied 
before deconvolution.

A Wiener—Levinson least squares predictive deconvolution filter was com
puted from and applied to the data on a trace by trace basis. The filter operator 
was computed from the autocorrelation of the input trace and the specified mini
mum predictive lag.

The deconvolution parameters selected for the Gulf of Corinth area are pre
sented in Table I.

DEC O N VO LUTIO N PARAMETERS
Table I

MODE
OF

DECONVOLUTION

NUMBER OF 
WINDOWS

WINDOW
LENGTH

(ms)

LENGTH OF 
OPERATOR

(ms)

MINIMUM 
PREDICTIVE LAG 

(ms)

BEFORE STACK 2 2200 248 12

AFTER STACK 1 4000 220 40

A multiple attenuation filter (MAF) was applied to the deconvolved CDP 
output of the preprocessor program before running velocity analyses.

In the MAF, traces within a CDP were NMO corrected with a velocity of 
1550 m/s to align the strong, low velocity, multiple energy. A model trace was 
constructed by summing traces near to, but excluding, the trace to be filtered. 
From the time of the first water bottom multiple, the model trace was subtracted 
from the input trace and the process proceeded trace by trace continually within 
each CDP. Inverse NMO was then applied.

Velocity analyses were performed using the VELAN program on the output 
of the MAF program.

Stacking velocities were obtained from the interpretation of the VELAN.
Filter pass-bands as specified on each section were applied to the data at the 

times indicated. Pass-bands at intermediate times were linearly interpolated to 
give a smooth, gradual transition between specified filters. The time positions of 
the filters were varied according to structure.

Interpretation of seismic reflection profiles

The 21 km long profile KO— 102 runs generally northeast—southwest 
revealing a well defined asymmetric graben, as shown in Fig. 1. Seven kilometres 
from the northern end of the section in the same direction of shooting lies the 
epicentre of the main earthquake of 24th February 1981. This part of the profile is 
governed by a strong shallow reflector developed in some places on the sea bot
tom in water depths of approximately 330 m. The horizon in question is consi
dered as the basement and is attributed to the top of Mesozoic in general and 
most probably to Triassic. Lithologically it consists of limestone and dolomite.
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Fig. 1. Seismic reflection profile K O — 102 crossing the Gulf of Corinth asymmetrical graben. 
The lower left corner shows a rock mechanical analogy of a rod subject to tensile triaxiai stress. 
N ote that in Dreyer's experiment the relationship between the biaxial stress field <x2 =  <r3 and a ,

iS <T2 =  U3 >ffj
I. ábra. A Korinthoszi-öböl aszimmetrikus árkát keresztező K O — 102 szeizmikus reflexiós 

szelvény. A bal alsó sarokban háromtengelyű húzási feszültségnek kitett rúd kőzetmechanikai 
analógiája látható. Megjegyzendő, hogy a Dreyer-kísérletben a kéttengelyű feszültség-tér <r2 =  <r3 

és ctj közötti összefüggés: a 2 =  o 3> a 1
Фиг. I. Профиль сейсморазведки MOB KO-102, пересекающий асимметричный грабен 

Коринфского залива. В левом нижнем углу — схема механических деформаций стержня 
под воздействием трехосевого растяжения. Следует отметить, что в экспериментах 

Дрейера по двухосному растяжению имело место <т2 =  <хз><71-

This unit which is widespread in the area geotectonically belongs to the west side 
of the Peiagonic ridge. Overlying the basement there are some strong reflector 
seismic facies of limited extent and thickness which could be assigned to Parnas
sian flyschoid. They were recognized by C l e m e n t  [19771 in the southern Beotian 
zone where the northeastern end of profile КО—102 terminates near the little 
island of Phomas. The general basement structure is controlled by step-faulting. 
There is also evidence of toe slumping of the sediments overlying the basement* 
dipping to the southwest forming the acoustic basement of the sedimentary 
basin. In the southern flank of the graben there is little evidence of the basement 
which appears sporadically below chaotic depositional patterns. However, a 
basement reflection is recognizable at 1.3 s suggesting the existence of a large 
normal faulting system striking east—west and dipping to the northeast. The 
approximate throw of the fault is estimated to 1500 m. Onshore geological data 
from the Parachora area support the existence of parallel fault zones running 
east—west along the northern slope of the Gerania Mountains on the Peracho- 
ra—Alepochori axis, as shown in Fig. 2.

As can be seen from Figs. 1 and 2, there is little ambiguity that this large 
normal fault is the offshore extension of the long normal fault of the Perachora— 
Alepochori axis. It is interesting to realize that the same fault is considered as the 
cause of the main earthquake of 24th February 1981. Thus, P a p a z a c h o s  et al. 
[1981] argue that the first two earthquakes are due to a normal fault which dips 
to the north and strikes parallel to the Gulf of Alkyonides as illustrated in Fig. 2. 
Field geophysical data reported by D r a k o p o u l o s  et al. [1981] revealed two sur
face ruptures each of 9 to 12 km in length trending east—west. These features are 
also created by earthquakes which occurred in February 1981 near the 
Alkyonides Islands. Movement was down to the north on both traces and a total 
vertical offset of up to 1.5 m has been measured. The preliminary composite local 
mechanism solution indicates that most of the activity occurs along east—west 
normal faults.

Sesmic profile KO— 102 indicates the presence of another reflector overly
ing the basement. This horizon is clearly shown in the southern part of the 
graben. Geologically it is attributed toThe base of Plio—Quaternary. Land data 
in the area of Corinth and Kiato suggest the existence of sand, clay, marls, con
glomerates; rarely limestone, gypsum and lignites.

.. .study of the epicentral area of Alkyonides Islands earthquakes______  9

* A strong reflection package which is attributed to a carbonate surface.
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Fiy. 2. Above: A schematic section of the epicentral area of the February and March 1981 
earthquakes in the Alkyonides islands, Gulf of Corinth. (After Papazachos et al. 1981) 

Below: Generalized location map of the epicentral area. Marine seismic profiles are included as 
well as the inferred thrusted fault. (Modified from Papazachos et al. 1981)

2. ábra. Fent: az 1981. február—márciusi földrengések epicentrális területének vázlatos szelvénye
(Papazachos et al. 1981 után)

Lent: az epicentrális terület általánosított helyszínrajza, a tengeri szeizmikus vonalak és a 
javasolt feltolódási vonal feltüntetésével (módosítva Papazachos et al. 1981 után)

Фиг. 2. Вверху: схематический профиль зоны эпицентров землетрясений в феврале — марте 
1981. г. (по Papazachos et al., 1981). Внизу: обобщенный схематический план ситуации 
зоны эпицентров с обозначением линий морской сейсморазведки и предполагаемого 

взброса (по Papazachos et al., 1981., с изменениями).

These sediment are mostly freshwater but there also exist brackish and salt
water deposits all of Pliocene age. The seismic section reveals a noticeable, 
although gentle, relief on the base of Plio—Quaternary involved with diffraction 
patterns suggesting the presence of closely spaced minor normal faults emerging 
up to the sea bottom. This is an additional strong indication of active tectonism
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which is postulated for the said area from known past strong earthquakes of 
cumulative magnitudes in the range of 6.0 6.4.

The Plio—Quaternary reflector is not traceable above the basement in the 
centre of the elongated asymmetric basin. Structurally, this basin comprises 
acoustically well stratified laminated reflectors forming a gentle depression. The 
reflection profile indicates bending of these horizons but not fracturing. This is 
probably due to the age of the basin and the burial under deep sea conditions, i.e. 
water depth 800 m. Geometrical elements of the basin indicate a width of 
approximately 10 km and maximum sedimentary thickness of about one kilo
metre. Stratigraphy is not known because seismic profiles lack borehole calib
ration.

In the northeastern edge of the basin sedimentary sequences pinch-out 
against the basement while in the southern margin seismic records form an angu
lar unconformity with the base of the Plio—Quaternary. The structural dif
ference between the two walls of the graben and the existence at both sides of 
rather recent normal faulting subparallel to the trend of the basin indicate a dif
ferential uplift of these two blocks. The southern one is apparently more active 
and is undergoing deformation moving upwards with, probably, a higher rate 
than the northern block.

The 45 km long seismic profile KO—105A runs practically southeast to 
northwest. As illustrated in Fig. 3 the eastern end of the section is governed by a 
proximal onlap environment marking the lateral ending of depositional features. 
There is evidence of thinning westwards of the relevant seismic units against the 
reflector assumed to be the top of Mesozoic. Seismic depositional sequences of 
the area could be divided from the sea bottom to the reflector assigned as the 
base of the Plio—Quaternary, the second from the said reflector to the horizon 
representing the top of the Mesozoic. Where both horizons are present they 
generally run parallel. However, in the central and western part of the profile the 
Mesozoic basement crops out directly into the sea bottom forming a small sea 
mountain. The area to the east of this mountain is governed by intense normal 
faulting. Some normal faults extend deep into the Mesozoic sequence, but 
they do not continue into the Plio—Quaternary deposits above.

The most distinctive feature of the seismic profile KO—105A appears near 
the epicentre of the main earthquake of 24th February 1981. The tectonic frame 
of this area suggests thrust faulting passing virtually through the epicentre. Land 
geological mapping indicates an overthrust of the subpelagonic on the Par- 
nassos geotectonic zone.

Delineation of the overthrust in provided by various authors notably C l é 
m e n t  [1977]; this latter author suggests that the actual line passes in the north 
(Sterea Hellas) from the Elopia—Korombili axis in Beotia through the Gulf 
of Domvraina and between the Makronissi and the nearby small islands pro
bably continuing offshore east of Alkyonides Islands and finally terminating at 
the Gerania Mountains to the south (see Fig. 2).

The same delineation although on a considerably larger scale is adopted by 
T h ié b a u l t  [1977], while F l e u r y  [1980] accepts in principle the above picture 
arguing that the actual overthrust is between the subpelagonic and Beotian zone.
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The latter zone is thrusting against that of Parnassos. The existence of the in
ferred Beotian zone which according to C l é m e n t , op cit, appears in the southern 
part of Sterea Hellas as a flyshoid continuously overlying the Tertiary Parnassian 
flysch does not alter the main concept that the actual overthrust occurs between 
the subpelagonic and Parnassos zone. Apparently to the south a buffer zone exist 
which is the so-called Beotian zone.

Finally, referring to the seismic section shown in Fig. 3, it might be argued 
that the sea bottom differs morphologically on both sides of the sea mountain. 
The eastern side represents a relatively calm environment with rather flat bottom 
at 300 to 312 m water depth. The western side is displaced by a considerable nor
mal fault. Water depths in the eastern sector range between 500 and 800 m.

Gravity recording

Gravity recording was done concurrently with seismic operations. Measure
ments during the survey were carried out with a LaCoste and Romberg sea gra
vity meter. The compiled Bouguer anomaly map given in Fig. 4 provides a com
prehensive picture for the Gulf of Corinth area. Calculations are based on a den
sity value of 2.25 g/cm3.

The trend of the gravity contour lines is NW—SE parallel to the longitu
dinal axis of the Gulf of Corinth. The values are positive ranging from 
+ 80 mgal* in the western extreme of the gulf near the area of Egion in Pelopon- 
nese to +125 mgal* in the area of Perachora and the Alkyonides Islands. A rather 
characteristic feature of the gravity field is the rapid change of the gradient and 
the observed small local anomaly trending NNW—SSE, i.e. roughly from the 
area of Corinth to Mount Helicon. This trend is parallel to the main geological 
and morphological zones of Greece.

Evidently, the trend coincides with a major tectonic event delineating the in
ternal to external geotectonic zones of Greece. The latter zone is associated with 
the Alpine geosyncline, the westward limit of the internal zone coincides with the 
sub-Pelagonian zone. Higher values of Bouguer anomalies are expected in this 
zone due to the presence of ophiolites. M a k r is  [1977], in a detailed geophysical 
study of Greece, points out that both the mainland and the Peloponnese show 
negative Bouguer anomalies with maximum negative values of — 140 mgal con
fined to the Ionian and Gavrovo zones of the miogeosynclinal area of the wes
tern Hellenides. The gravity field rapidly changes to positive values at the Pela- 
gonian zone. This area has its maximum values at south Attica (+100 mgal). 
These findings are generally in agreement with the records along the Gulf of Cor
inth (see Fig. 4).

Additionally, it could be argued that the rapid increase eastwards of the gra
dient of the Bouguer anomalies may be attributed to the inferred overthrust of

* These values are valid as relative differences only because no tie to an accurately defined land gravity 
station was attempted before the initiation of the survey. However, it is believed that a systematic shift of +30 
mgal exists in all measurements. Accordingly the above values are modified to +50 and +95 mgal respectively.
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the sub-Pelagonic zone on the Parnassos one. As already shown, delineation of 
this overthrust was attempted by various authors while the seismic section 
КО—105A clearly indicates its existence.

S T E R E  A H E L L A S

P E L O P O N N  I S S O S I
G U L F  OF  S A R O N I  

-  K O S

Fiy. 4. Bouguer gravity map of the Gulf of Corinth area. The trend of gravity anomalies is 
N W —SE parallel to the longitudinal axis o f the gulf

4. ábra. A Korinthoszi-öböl Bouguer-anomália térképe. Az anomáliák trendje É N y— DK, 
párhuzamosan az öböl hosszanti tengelyével

Фиг. 4. Карта аномалий Буге Коринфского залива. Аномалии вытянуты в СЗ-ЮВ 
направлении параллельно продольной оси залива.
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Seismotectonic regime in the Gulf of Corinth

Bearing in mind the tensile stress regime existing in the Gulf of Corinth 
ascertained by various authors it might be argued that the Mesozoic formations, 
which are the basement of the graben shown in the seismic profile KO—102 (see 
Fig. 1), can be modelled by a rod subject to tensile triaxial state of stress. This is 
of course an oversimplification. D r e y e r  [1973] describes an axis symmetrical 
tension experiment where a biaxial stress state a2 = <r3 was superimposed on the 
tension a 1 which acted parallel to the rod axis as shown in the left part of Fig. 1. 
This was accomplished experimentally by means of a resin bond. Under uniaxial 
loading, fracture occurred across the small sample cross-section normal to 
Under multiaxial loading a higher tensile stress up to a maximum <rmax value is 
required to induce failure. In certain specially shaped samples, the fracture plane 
did not lie in the smallest cross-section but rather it moved towards the margin 
of the axis-symmetrically stressed region. The strength in the centre portion of 
the specimen has increased.

Comparison between the real state of stress and the one described in the 
mechanical model leads to the assumption that the direction of axis cr1, coincid
ing with the tensile axis T  minor principal stress component, is nearly horizontal 
and strikes north to south. The vertical stress component <r3 (<т3 = ег2><и) coin
cides with the vertical major principal stress component (axis P). As a result both 
flanks of the graben retain to some degree the original cross-section while the 
central part undergoes reduction in the cross-section combined with some degree 
of rock strengthening. Additionally, the observed ( Fig. 1 ) major normal faulting 
at both edges of the graben is consistent with experimentally derived results of 
the rod where the fracture plane did not lie in the smallest cross-section but 
where it moved towards the margin. The model also suggests that fracture planes 
(orthogonal faulting) are normal to the direction of a ̂  which is true as well for 
the actual case where normal faults strike east—west, normally to the horizontal 
tensile axis T. This axis has a north—south direction. As expected from the 
model there is apparently no rupture in the basement of the basin itself, i.e. in the 
assumed smallest cross-sectional area. This is inferred by the gentle folding of the 
overlying sediments which show no evidence of faulting. The argument is to 
some extent valid because the state of the sediments reflects the morphology and 
tectonics of the basement.

The analogy—although generalized—between the state of stress existing in 
the Corinth graben and the stress and deformational pattern experimentally 
developed in a rod under triaxial tension is remarkable. A different approach of 
the problem can be obtained by modern concepts of graben formation based on 
normal fault mechanisms. A fundamental prerequisite is again the crustal ten
sion.
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Conclusions

Seismic reflection profiles along and across the Gulf of the Corinth graben 
were studied together with marine gravity data. Using a knowledge of the areal 
geology the ages of the main reflectors are determined as accurately as possible, 
and the inferred stratigraphy of both seismic sections is interpreted. The 
obtained results support the already expressed view that the main shock of 
Ms=6.6 on the Richter scale was due to a large normal fault running east—west 
and dipping to the north. The first order aftershock of Ms= 6.2 was due to an 
antithetic normal fault running also east—west and dipping to the south. Both 
normal faults are related to the Corinth graben.

Various studies and seismic reflection results point to the fact that a ten- 
sional stress regime prevails in the area. A seismic section across the graben 
reveals an analogy—as far as stresses and deformations are concerned—to an 
experimental model consisting of a resin rod subject to tensile triaxial state of 
stress. However, the direction of the minor principal stress component coincides 
with the tensile axis Twhich is nearly horizontal and strikes north to south. The 
major principal stress which is the vertical stress component coincides with the 
compressional axis P.
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M. L. MYRIANTHIS

AZ ALKYONIDES-SZIGETEK (KÖZÉP-GÖRÖGORSZÁG) KÖRÜLI 
FÖLDRENGÉSEK EPICENTRÁLIS TERÜLETÉNEK GEOFIZIKAI

VIZSGÁLATA

1981 február— márciusában három erős földrengés volt, melyeket egy sorozat kisebb erősségű 
rengés kísért, a Korinthoszi-öböl ÉK-i részén, az Alkyonides-szigetek közelében. A tanulmány a 
földrengések kipattanásának okát vizsgálja az epicentrális területen. A tektonikai viszonyok tanul
mányozására két tengeri szeizmikus szelvényt és számos tengeri gravitációs felvételt vizsgáltak meg. 
Végeredményként egy egyszerűsített modellt javasol a Korinthoszi-öböl jelenlegi morfológiájának 
magyarázatára

M. Л. МИРИАНТИС

ГЕОФИЗИЧЕСКИЕ ИССЛЕДОВАНИЯ В ЗОНЕ ЭПИЦЕНТРА 
ЗЕМЛЕТРЯСЕНИЙ Б РАЙОНЕ АЛКИОНИДСКИХ ОСТРОВОВ 

(СРЕДНЯЯ ГРЕЦИЯ)

В феврале — марте 1981. г. в северо-восточной части Коринфского залива, вблизи Ал- 
кионидских островов было три сильных землетрясения, которые сопровождались серией 
толчков меньшей силы. В работе рассматриваются причины возникновения землетрясений в 
зоне эпицентров С целью исследования тектонических условий были изучены два морских 
сейсмических профиля и ряд материалов морской гравиразведки. В итоге предлагается 
упрощенная модель для объяснения современной морфологии Коринфского залива.




