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SEIZSMOAOTIA. — Tectonoelectric zonation in the Hellenic Are, by M. Lazaridou-
Varotsou and D. Papanikolaou*, 8i& toU *Axadnuaixol x. Kaloapog *Adeto-

TovAou.

ABSTRACT

The electrical (apparent) resistivities (P) have been measured by means of the magnetotelluric effect at
twenty sites of Greece in two directions, EW and NS. In most of the sites PEW differs considerably from
PNg. These results allow the distinction of the following three zones: (1) an external zone along Western
Greece with Ppy> PNgs (2) an intermediate zone along the main mountain chain in Continental Greece
where PNg>Ppyw and (3) an internal zone in the Northern Aegean where Ppw> Png-

The above resistivity zons are compared to data of geotectonic, neotectonic, seismotectonic and in situ
stress measurements which all show a similar geometry of zonation almost parallel to the active Hellenic

Arc.

INTRODUCTION

Since March 1981 a systematic study of the variations of the electric field of the
earth has been carried out at various sites of Greece. The basic scope of this study was
the detection of transient variations of the electric field that precede earthquakes
(Varotsos et al 1982, Varotsos and Alexopoulos 1984). These variations (hereafter
called Seismic Electric Signals; SES) depend on the epicentral distance and the mag-
nitude of the impending event and are not accompanied by a detectable variation of
the magnetic field.

Varotsos and Alexopoulos (1984) mentioned that the so called magnetotelluric
variations (MT) i.e. variations of the electric field induced by disturbances of the
magnetic field, renders the identification of the SES more difficult especially during
periods of magnetic storms. However, when measuring the magnetotelluric response
function of each station (i.e. by estimating the corresponding impedance tensor ele-
ments) the subtraction of the magnetotelluric disturbances from the recordings of the
electrotelluric stations is straightforward (Varotsos and Alexopoulos 1984). One
should emphasize that the fundamental difference between SES and magnetotelluric
disturbances is that the latter appear (almost simultaneously) at all stations of the

network in contrast to the SES that are recorded only at a restricted number of sta-
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tions. This difference mainly arises from the so called «directivity effect» of the SES.

The study of magnetotelluric disturbances can lead to a good estimate of the
apparent resistivities (P) of each site. Twenty sites have been investigated and most of
them showed a large difference of their resistivities between the two measuring direc-
tions i.e. EW and NS. A detailed analysis of the p-variations versus frequency will
soon be published separately. The only scope of the present paper is to draw the
attention to the fact that sites exhibiting similar «electrical anisostropy», in the sense
that (Ppw/PNg) > 1 or (Ppw/PNs) <1, form zones that show a significant correla-

tion with tectonic data.

EXPERIMENTAL RESULTS AND DISCUSSION

Details of the experimental procedure can be found elsewhere (Lazaridou-Varo-
tsou 1986). An example of analog recordings is given in Fig. 1. The twenty sites at
which measurements have been carried out are depicted in Fig. 2. Note that since the
end of 1982 most of these sites are telemetrically connected to Athens through tele-
phone lines and electrotelluric data (sampling rate: 3 samples per sec) are continuously

collected up to date (Varotsos and Alexopoulos 1986, Varotsos et al 1986).

Approximate equality of the two resistivities PRy and PNg were found only for
the following four sites: Thiva, Patra, Komotini and Syros. For the other sites the
resistivity of the one direction is appreciably larger than the other. The phenomenon
is more intense for the following four sites: Astakos, Rentina, Anchialos and Gorgopo-
tamos. For the first three sites the value of Ppyw exceeds the corresponding Png
value by one order of magnitude or larger (the exact value of the ratio Ppyw/PNg
depends on the frequency under consideration). On the other hand for the case of
Gorgopotamos: PNg>>Pryy.

A more or less systematic distribution of the «electrical anisotropy» (in the sence
that PEyw# PNg) can be seen in Fig. 2. In this figure the NS-directed double arrow
(1) identifies cases where the predominant resistivity is in the NS-direction i.e.
PNS>pEw whereas the symbol () indicates that PEyy > PNg. For the four sites for
which Ppyw = PNg both symbols are used. An inspection of this figure indicates the
following «electrical resistivity zones» excluding the cases of islands: Kefalonia, Crete
and Syros (where the so-called «island effect» influences the measurements of the

electric field, Lazaridou-Varotsou 1986):
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zone I: in Western Greece comprising 4 sites (loannina, Astakos, Alfioussa, Ka-
lamata) with Ppyw > Png,

zone II: in the central zone of continental Greece comprising 6 sites (Veria, Gor-
gopotamos, Sigeritsa, Nafplio, Megara, Chalkida) with PNg > PRy,

zone III:  in northeastern Greece around the North Aegean comprising 4 sites (As-

siros, Rentina, Anchialos, Thisvi) with PEw > Pns.

The site of Patra (where Py = PNg) lies on the boundary between zones I and
IT, whereas the site of Thiva (where PRy = PNg) lies on the boundary between zones
IT and III. (Fig. 3).

It is known that resistivity structure is an ensemble of inhomogeneities at differ-
ent scales and that is some cases large structures may have comparable MT response
with small structures. However it seems that the observed zonation of the electrical
resistivity can not be attributed to small scale phenomena, e.g. influence by special
lithologies, because there is a great variety of rocks participating in each zone and the
composition of the upper crust in the similar zones I and III is very different. On the
contrary it is remarkable that the «electrical zonation» observed for areas of Continen-
tal Greece has almost a NS-direction, which is parallel to the geotectonic trend of the
Hellenides. Thus, a comparison of the electric zonation with the available data on
neotectonics, seismotectonics and in situ stress measurements may drive to conclu-

sions regarding tectonic stresses and electric resistivity.

Neotectonics and Seismotectonics. The neotectonic research on faults in Greece
activated during the last few million years (Mercier et al 1979, Angelier 1979, Lyberis
1984, Mariolakos et al 1985) can be summarized as follows: (a) in Western Greece
there is a compression in the ENE-WSW direction (maximum horizontal stress o}) as
indicated by thrust faults, (b) in continental Greece and the Southern Aegean there is
a predominance of normal faults with extension towards directions depending on the
analysed area. In northwestern Peloponnese and Sterea E-W faults with N-S extension
predominate whereas in southeastern Peloponnese, Attica, south Evia and Cyclades
NW-SE faults with NE-SW direction of extension (minimum principal horizontal
stress 63) and (c) in northeastern Greece and the northern Aegean there is a predomi-
nance of strike-slip faults both dextral and sinistral and also normal faults.

Seismotectonic research (Ritsema 1974, Mckenzie 1978, Nakamura and Uyeda
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1980, Drakopoulos and Delibasis 1982) has shown that in western Greece the domi-
nant shallow earthquake mechanisms show horizontal compression with the slip vector
trending in the ENE direction. The same focal mechanisms are observed for deep
earthquakes occuring below western and southern Greece along a Benioff zone reach-
ing 200 km south of Attica and Cyclades in the modern volcanic arc whereas the focal
mechanisms of shallow earthquakes are tensional in the same area. The existence of
strike-slip movements is also confirmed by fault plane solutions in the northern Ae-
gean sea, especially at the westward prolongations of the north Anatolian fault zone in
the Saros basin.

Thus, summarizing the neotectonic and seismotectonic data it is possible to dis-
tinguish three zones (a), (b), (c) across the Hellenic arc which can be correlated to
the previously distinguished electric zones [-III (Fig. 3).

The comparison of the neo- and seismo- tectonic zones of the Hellenic arc with
the electric zones shows the same geometry indicating not only that the general direc-
tion of the zonation is similar to the geotectonic structure, as was shown before but
also that each electric zone corresponds to a tectonic zone with special character as far
as the overall stressfield and the position of the principal axes 61, o4 and 63 are
concerned. Thus, a predominant resistivity in the EW-direction is observed where o]
is in the ENE direction (zones (a) and (c)) whereas predominant resistivity in the
NS-direction where o7 is vertical (zone (b)).

In situ stress measurements. Paquin et al (1982), presented the results of their
survey in Greece with the overcoring method in drillholes measuring the actual stres-
sfield and the directions in the horizontal plane of maximum and minimum horizontal
stress (compressive or extensive). Their data can be distinguished in four zones: (A),
(B), (C), and (D) each characterized by a compressional or extensional stressfield.
Three of them can be correlated to the electric zones I, II, III and also to the neo- and
seismo-tectonic zones a, b, ¢ (Fig. 4). «stress zone» D occurring in Thraki lies outside
the area investigated.

The comparison of the zonation of the in situ stress measurements with the elec-
tric zonation shows a remarkable similarity and verifies the result of the comparison
between the electric zonation and the neo- and seismo-tectonic zonation with PRy >
PNg where horizontal compression along the ENE or EW-direction occurs (zones A
and C) and with PNg > Ppw where horizontal extension along various directions

occurs (zone B).
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CONCLUSIVE REMARKS

The electric anisotropy of resistivity identified in Greece shows a systematic dis-
tribution which permits the distinétion of electric zones. The latter are compared to
data of geotectonic, neotectonic, seismotectonic and in situ stress measurements which
all show a similar geometry of zonation parallel to the active Hellenic arc. The main
three tectono-electric zones are (Fig. 5):

— an external zone (1) along western Greece, adjacent to the Hellenic trench
characterized by excess resistivity in the EW-direction; it is subparallel to the horizon-
tal «E to ENE compression» deduced from focal mechanisms of shallow earthquakes,
from in situ stress measurements and from neotectonic observations,

— an intermediate zone (2) along the main mountain chain of continental Greece
which is characterized by larger resistivity values in the NS-direction and extension in
various directions. In northern Peloponnese and central Sterea E-W normal faults
predominate with o3 in the N-S direction whereas in southeastern Peloponnese and
the south Aegean NW-SE faults predominate with o3 in the NE-SW direction,

— an internal zone (3) at the core of the Hellenic arc in the northern Aegean,
characterized by excess resistivity in the EW-direction, which is subparallel to the
horizontal compression deduced from in situ stress measurements and to the main
direction of strike-slip faulting.

Thus, the general result seems to be a parallel development of the electric excess
resistivity in the E-W or ENE-WSW horizontal axis of compression in the cases of the
external and internal tectonoelectric zones parallel to the direction of the plate move-
ment. In the intermediate tectonoelectric zone -where o] is vertical and extension

prevails in the horizontal plane- an excess resistivity is developed in the NS-direction.
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Fig. 1. Comparison of the two components (EW, NS) of the magnetotelluric disturbances at various
stations: a) Heraklion; b,c) Syros; d) Veria; ) Kefallinia; f) Joannina; g) Alfiousa; h) Halkida; ik)

various-tations.
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Fig. 2. Schematic representation of the results for T = 10 sec (mean skin depth of the order of 10

km): the north-south oriented double arrow corresponds to Pyg>Ppyw whereas the east-west

oriented to Ppyw>PNg: both arrows are used where PNg=PEw-
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100 km

Fig. 3. Summary of the neotectonic and seismotectonic data resulting in three zones a, b, ¢ (contin-
uous lines) which are compared to the electric zones I, II, IIT of Fig. 2 (broken lines).
1: Horizontal compression with thrust and reverse faults.
2: Horizontal extension with normal faults.
3: Vertical shear zones with strike-slip faults.
4: Area under compression with slip in the E-W to ENE-WSW direction deduced from the fault

plane solutions.
The extensive stress of south Peloponese has been observed only at superficial normal faults. The

seismotectonic analysis leads to compressive stress.
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¥

Fig. 4. The data of the in situ stress measurements (Paquin et al, 1982) distinguished in four zones A,
B, C, D (continuous lines) separating areas of actual compression and extension, compared to the

electric zones I, II, III of fig. 2 (broken lines).
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100km

Fig. 5. The tectonoelectric zonation of the Hellenic arc.

1

External zone with (dominance of) E-W direction of electric resistivity subparallel to the oq

direction of horizontal compression (o3 vertical).

: Intermediate zone with N-S direction of electric excess resistivity and horizontal extension (a4

vertical).

. Internal zone with E-W direction of electric excess resistivity subparallel to horizontal shear (a9

vertical). The black arrows indicate the direction of plate movement.
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Abyw T@v yewypapndy, Huepnotwy xal moyindy wetaBohdv T@Y YNVGY peu-
uaTwy, Té EEaydueva TGV ueTpNoewy 6t Stapbpou Témoug eivar cuyxpictua Ep6Coy
avapépovTal 6TOY adTOY Yebvo.

Ak vé pn xovpdow TO dxpoatrpro dev Emexteivopat 6t dAAeg TapaTNENGELS,
Ti¢ omoieg edyapioTtwe B& oulnrolon &dpybTepa pe Tovg cuyypageis, éav émtbupol-

ooy TOUTO.

‘0 ’Axadnuaixog x. Katoop *AAegdmovrog dravtd otov x. I'ahavémovdo g
eE¥jg:

‘H meprypag) tig pebodoroyiog (Eyratdotacy otabudy, Tpémoc Mbews petprn-
oewv ®.AT.) &V Hrav dmapaitnTy, StdTL Exet dnpootevbel ot oerpd &pbpwv el T
Mpoxtind tig "Axadnuiog "Abnvév xal eic eldind weprodina Tob EEmTepixol.

To dvrimpocwmevtind Bdboc Tév petphicewy EEaptatal &md Ty cuyvétyra. Of
ouyypapeic Eyovv dvahdoet poyvnTotedoupikes petaforig pé meptodov o 1 sec
€wc 1 min, ol 6moiec pOdvouy 676 Bdbog THe TdEewe Tdv 10 km xol elvor &oyeteg pé
TV dmboTacy TGY NhexTpodiwy.

‘H napoloa épyasia mpdxeitar v Snpocteubel ot cidind mepLodixd ol tEwre-

~ A € ’ (4 ~ ~ ~
puxob xai oladnmote xpion B& umopel ouvemde va yiver éxel petd v Snposicuo),.



NEPIAHYH
Textovoniextpunn Lwvwoy 61d EAANVIRO T6E0

¢ 20 neptmov meproyic T ‘EMN&Sag éyxatactabnray otabpol pérpnone tod
Nhextpnod medtov g yic. Ol wetphoeig Eyvay xata v mepiodo 1981-1985. *A-
vohOOnrav petafBoric tol NAextpuwol mediov mod émdyovrarl &mwd petaforic Tol
poyvnTinob medtov e Yig (payvnrotehovpixés Sratapayéc). Ol mepiodor TdY pe-
Taforév Tod dvarifnxav dvtioTouyoly ot évepyd Babog 10 Ewg 20 yrhtopétpmv.

AvamiotaBnxe 6t TOANEG TepLoyde éupavilouv Evtovy ypaupixy TéAworn ToL
Nhextpnod nediov. Oi meproyie adtég d&v xatavépwovtar Tuyaio 6TOV EAANVIXO Y &po
&M Takvopobvran 6t 3 Lavee. ‘H Ahextpuwd adth Ldvwon éupavilet Evrovy cuoyé-
TLOY pE TN YEWTEXTOVIXY LOVeon TGV ~AATxdy oynuationdy xal T {dvwor Tod

TEPLYPAPEL TNV EVTATIXY XATAOTAOY 6TOV EAANVLXG X @Bpo.



