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MEASUREMENTS OF GEOELECTRIC FIELD CHANGES IN
THESSALY AND THEIR RELATION TO EARTHQUAKES

G. Vlrgmzis*, G. Tsokas” and B. Papazachos™

ABSTRACT

Continuous measurements of the geocelectric and the geomagnetic field is
performed in Southern Thessalia (Central Greece) with the purpose of identi-
fying any anomalous change of the geocelectric field related to earthquakes.
Observations were made on the residual telluric field, after removing the
‘effect of the magnetic field, and 18 anomalous changes were observed during
‘March and April 1993. The duration of these changes vary between 14 minutes and
5 hours. An attempt is made to correlate these signals with small local or
‘larger regional earthquakes which occurred during this time period. The
_ available data do not permit any conclusion for a causative relation between
. the geoelectric signals and the earthquakes. If, however, such relation
‘exists, then, the electric signals are probably precursory phenomena of
earthquakes and the precursory time varies between 1 and 70 hours.

LYNOWH

ZUVEXNC KaTaypapl] TOU YEWNAEKTIPLKOU XHL TOU YEOUOYVNTLKOU nediov vhonoleitol
oy neproxn Ing NOTiag Brocoahiag, HE OTOXO 10V EVIONLONO ovidpaAwy PETafordv
10U YeEWNAexTpLKOU nediov nov pnopoliv v GUCXET LOTOUV PE CELOPOUS. Ol NupoinproeLg
EVIVOV OTO UMOAELINOHEVO YEWNAEKIPLKS medio, apoU apuipflnkav ol enidpdociLq
- Tov npokoAoUvial and 11g PETaRBOAEC Tou poyvnTikoU nediov. 18 avidpakeg peTafohéc
- napatnpfifnkov Katd Tnv didprera MoapTiou-Anpiiiou 1993, H &i1dpre Lo Twv pETaBOAOV
. aqutdv molkiAeL and 14 Aentd péxpl 5 dpeg. O PETUBOAEC QUIES CUOKETLOTNKAY HE

PLKPOUC TOMLKOUG, KXl HEYXAUTEPOUC HOKpPLVOUC OfLOUOUC mou Eyivav of auin 11

neplodo. To dlaBéona Sedopéva Sdev enétpefav tnv efayuyr gupnep&opatog nov B

aPOPOUCE CLTLATH OXEO0n HETHEY YEWNAEKTIPLKOV ONuU&Twv Kal ofigudv., Edv nop’ dAo
- autd unidpy el TETOoLw OXE0N, T YEWNRAEXTPLKG ofpota £livol miBavdtepo vo BrwpnBoly
gav npddpopa PUIVOUEVE OfLOpdv, HE YpOVO EPPAVLIONG NpLy omd TOUg Of LOHoUg
petafU 1 kot 70 wpdv.

: INTRODUCTION
Observations on the geoelectrical anomalies related to earthquakes were
reported since the last decades of the 19th century (Yamazaki, 1977). One of
the earlier but very interesting such research was that of Nagata (1944), who
reported that earthquake swarms were observed after anomalous variations,
- showing a duration of several minutes up to several hours.
| Since then, the behaviour of electric signals as earthquake precursors has
been intensively studied (Fedotov et al, 1969; Myachkin et al., 1972; Sobolev,
1975; Raleigh et al., 1977; Ralchovsky and Komarcv, 1988, 1989, 1993; Uyeshima
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gt al, 1989 Bariegt ef al,,| 1993§ Kawase et al., 1993; Arvidsson and Kulhanek;
: 1993 . 4 .
JRel duant researéh, in Gresceshas beenycartied out during the last two decades
(Gifris et al., 19829 papazachos ef al. /1988; Chouliaras and Rasmussen, 1988;
Antonoponlos ef al., 1993; Hadjioannou et al, 1993; Drakopoulos et al, 1993;
ThanaSsoulassand Tselentis, 1993J . The so called VAN group published a series
of papers|-in|this subjeedi{warcksds et al., 1982; Varotsos et al., 1983;
Varcgtsos and Alexopoulos,.1984a,b; Varcotsosg@t al., 1993 a,b, among others)
and u:l;j:;irﬁed thattall thrxee parameters of earthguakes (epicenter, time, magni-
tude) can be predicted by the use of such signals. However, the opinions of
other scientists for this claim vary very widely ( Mulargia and Gasperini,
1992; Maron et al., 1993; Hamada K., 1993). '
During the last two years, monitoring of the triaxial magnetic field and the
two perpendicular components of the electric field is carried out by the
Geophysical Laboratory of the Aristetle University of Thessaloniki, in the
southern-eastern margins of Thessaly basin. The induction effects caused by
the variaticn of the magnetic field were removed, using a custom built
software. An attempt is made in the present paper to examine the probable
correlation of the residual electric field with seismic events which occurred
during the specific time pericd when the measurements are referred (March
April 1993).

EQUIPMENT USED
The scuthern part of Thessaly is seismically one of the most active regions
in Greece and surrounding area (Papazaches and Papazachou, 1989). For this
reason, the area of the Village “"NERAIDA", near Farsala of southern Thessaly,
was chosen to install the magnetotelluric station (Fig. 1).In this area, '

TRIKALA
KARDHITSA
e
FARSALA
o} NER
PiR
N’I
Pt
-
- 4
THA . o
vou

THAVMAKO - YOUTI- SKOPIA - PETROTO - NARTHAKI

scale:1 100.000 | PERDHIKA - MAVROLOFOS - MIKROTHIVAI - NEOCHORAKI

mma

Fig. 1: Location map of the magnetotelluric station of “NERAIDA” in the soutl
margins of Thessaly basin. The station is named as NER. !

Ex. 1: X&ping tne f€ang 10V HOyVNIOTTAAQUPLKOU oSTiuBuoy 1ng Nepdidag, o
VOTLD THAMG T0g AERSVNC 1NC Srcooiiog. © oTofpdg £ivo. OMUE LWHEVOGD
10 &évoux MNER.
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F s I | specific site was selected to avoid
e red noises i.e. to avoid human
tivity and in particular any indus-
al interference.

fFﬂi X 1

. The equipment, which is used at the

U}wﬂgﬂu station, consists of a triaxial

S o " magne ter (Bartigton) and of a re-
T N I-I‘_‘Ll cor ystem, where the measurements
: = oféth lluric lines are also stored.
recording system was built by ILPRA

COMMAMKA SA (Electronic Realisations SA) after

T. DISPLAY & 3 | 3 T
the responsibility of the Electrician

| Engineer Dr George Sergiadis. Figure 2
" 2; Sketch showing the logical ghous the sketch diagram of the whole
- diagram of the monitoring sys-
tem installed te Neraida sta- SYymBLa. ; ; :
g eion Two palrs of non-polarised electrodes
2 Koyt kb B @voop e toy Cu-Cus04 have been used to measure the
i KXTayeog kol CUSTAuaioce nou tWo horizontal telluric components. The
f, EYKO1OO1&BNKE . first pair is along the North-South
: direction and the second one along the
c-West. The distance between the probes on each pair is 50 meters. The two
rs of electrodes and the magnetic sensor are buried at a distance of 150
rs away from the station in order to avoid influences on the measurements.
iéampling of the fields is with a freguency of 0.03 Hz and the records are
yred in a hard disk of a local PC in separate files every 3 hours. The data
related with earthguakes at this paper refer to the time period of March and
{} 1993. Totally 480 files approximately were interpreted.

OF INDUCED ELECTRIC FIELD
ﬁasides the man made effects on the telluric lines, the influence of the
normal changes of the magnetic field cause significant changes on the
;;txic field. Thus, these induced effects must be computed and removed from
‘electric measurements.
‘The impedance tensor elements from measured data are estimated using a
nputer program developed by the authors and based on Chouliaras and Rasmussen
987) . )
:initially, the linear trends are removed and then the time series are
urier transformed. The cross and auto spectra are calculated within each
nd of frequencies and then the impedance tensor elements are calculated from
band. The estimated impedance tensor elements are input data to a
outine which computes the differences AEx, AEy and AHz between the
': erved electric and vertical magnetic components and those predicted by the
orizontal magnetic field components. E and H are the telluric and the magnetic
nents, respectively, while the subscripts x and y denote the NS and EW
rections.
‘The computation of the residual field is performed using the relations:

AEx=Ex-ZxxHx-ZxyHy

AEy=Ey-ZyxHx-ZyyHy

AHz=Hz-AHx-BHy

These residuals were finally transformed into the time domain and plotted
versus time. Figure 3 shows three examples of raw and reduced data.
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Potential (mV/m)

Pobenial jrmvmj)

ELECTRIC SIGNALS OB-
SERVED

The recognition of
anomalous changes of the
electric field has been
made on the residual field
plots. During March and
April 1993, the detecting
instruments were in opera-
tion for the time period

am 1.3.93-25.3.93 and 9.4.93~

oo 30.4.93. During these pe-

ax riods, eighteen (18)

“"9 Gy anomalous changes of the

o — L l " electric field were ob-

uﬁm = served. The records of
a — an .

] : L three .suc‘h signals are

i s shown in figures where the

a2 an original records (raw data)

as B B M T [ and the residual field are

2 . presented. The character-

istics of these 18 sig-

— nals are described in ta-
; orth-South) 9 Aprl 1993 ble (I).
o e o etk It is observed that the
o i o s i amplitude of the electric
”_W 43 signals wvaries between
14
kg

a — 0.01 and 0.17 mV/m and its
a2 — 2 duration between 14 min-
*“3 :: utes and about 5 hours.
Q4

EARTHQUAKES IN GREECE
g T fhoun) DURING THE PERIOD OF ELEC-
TRIC SIGNAL DETECTION
Earthquakes of several
Fig. 3: Raw and interpreted data, showing three magnitudes occurred in the
telluric anomalies. area of Greece (34° N-
Ex. 3: Kotaypougéc (enefepyoopéveg xar un), omou 429N, 199E-27°E) during the
ONUELGVOVIOL TPELG YEWNAERIDLKED OVWHAALEGD. period of the electric sig-
nal detection in Neraida. Many of these earthguakes are very small or are
located in a relatively large distance from Neraida and therefore cannot
probably cause any detectable signal in Neraida. For this reason, only the
following earthquakes were considered in the present study.
A: Events with MS23.5 and 4<160 lm.
B: Events with M824.0 and A<330 km.
C: Events with MS24.7 in the area of Greece
where MS is the surface wave magnitude and 4 the distance from Neraida.
There are 31 such esarthguakes for which some characteristics are given on
table II.
This information is based on the monthly bulletin of the Geophysical Labora-
tory of the Aristotle University of Thessaloniki and on the preliminary listings
of the Seismological Institute of the National Observatory of Athens. Figure (4)
shows a map where the epicenters of these 31 earthgquakes are shown. Symbols of
Wneiakn BiBAoBRkn "@edppacTog” - Tunua MewAoyiag. A.M.0.
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Mm& “the e}.ectrxcxf 1d during the time period March-
; ¥ characteristi@s.

COMPONENT |  TIME MPLITUDE (mV/m) DURATION

1 /“ns 7| [ 06h14 0.07 00h 14°

N-5 20h 01" 0.08 02h 40°

N-8 17h 53" 0.07 0lh 17°

E-W 21h 27" 0.07 . 0Oh 21°

E-W 04h 34° 0.17 g5h 17"

E=W 05h 31' 0.08 11h 46"

E-W 07h 00" 0.07 02h 42°

E-W 16h 17° 0.07 02h 07'

N-S 09h 42° 0.11 02h 19

N-S 0lh 26" 0.07 02h 08"

16.04.93 E-W 07h 07" 0.06 0lh 46'

- 17.04.93 N-S 07h 54° 0.06 00h 37°

E 18.04.93 N-S 14h 13° 0.01 0lh 04"

o 19.04.93 E-W 21h 28 0.06 0lh 04'

i 21.04.93 N-S 18h 26" 0.02 00h 21

) 22.04.93 E-W 22h 58° 0.05 00h 41°

- 26.04.93 E-W 03h 44 0.03 00h 22'

5 27.04.93 E-W 12h 43" 0.09 03h 12"
:: ple II: List of earthquakes occurred during the recording period.
DATE LOCAL TIME LATITUDE LONGITUDE Ms
& 01/03/93 23:11 318.14 23.23 3.7
& 02/03/93 09:12 319.79 25.55 4.1
v 04/03/93 13:28 40.39 21.59 4.0
- 05/03/93 08:55 37.12 21.48 5.3
- 05/03/93 15:20 38.95 21.83 3.8
07/03/93 - 10:34 38.27 21.80 3.6
09/03/93 08:10 37.87 21.04 4.4
09/03/93 10:57 37.78 20.82 4.0
E 09/03/93 15:52 37.85 20.85 4.0
= 11/03/93 00:44 37.78 20.94 4.2
14/03/93 04:20 38.12 22.38 3.8
1 14/03/93 04:33 39.20 24.10 3.8
e 18/03/93 03:36 39.19 23.66 3.7
= 18/03/93 09:51 40.38 26.88 4.8
- 18/03/93 17:47 38.33 22.28 5.5
_ 24/03/93 16:44 37.78 21.09 3.9
" 25/03/93 07:44 37.58 21.35 4.5
" 26/03/93 13:45 37.57 21.40 4.9
07/04/93 14:15 34.27 25.25 4.8
- 11/04/93 15:25 38.54 23.84 3.7
12/04/93 03:23 37.91 20.91 4.1
12/04/93 17:58 37.66 21.16 4.2
13/04/93 23:51 39.20 22.18 3.6
23/04/93 02:52 35.39 25.89 4.8
23/04/93 07:22 37.63 22.16 4.1
n 24/04/93 08:20 38.77 23.57 3.9
26/04/93 20:54 37.57 20.51 4.1
- 27/04/93 21:22 38.28 23.99 4.2
3 29/04/93 09:54 37.69 21.41 4.8
, 30/04/93 00:12 38.74 22.58 4.2
; 30/04/93 07:50 39.03 21.40 3.8

Wneiakr BiBAoBRkn "@edppacTog” - Tunua MewAoyiag. A.M.0.
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Fig 5: Correlation petween electrical
anomalies and earthguakes, dur-

Fig.4: Location of rthe ing the time period of March-
epicenteres of the April 1993.
earthquakes oc- Ex. 5: EZugyetian VELUNAERTO LKAV
curred in the re- VLMoL (LY ROl OFLOMGY IO 10
cording time pe- xoovike ditdoctnga Moot iou=

riod. AupLAiau i3
Ey. 4: Awpo8Einay Tl
ENLKEVTIOWY TWw

OFLOMWY A0V EYLVOV  three gizes are used to denote three magnitude

K\'}\'Z-". 10 ‘_3'““51“_"‘:( sizes (3.5-3.9, 4.0-4.6, 4.7-5.5). The two circles

;zl::rfﬁ@m’ "“Y With center at the station in Neraida and radians
160 ¥m and 330 Km are also shown in this figure.

RELATION OF ELECTRICAL SIGMALS AND EARTHQUAEKES

Figure (5) shows the variation of the amplitudes of the elecrrical signal
(table I} and the magnitudes of the earthquakes {table 11) with respect to
their time of occurrence. We cannot decide from this plot whether the signals
pr‘écede or follow the earthguakes. For this reason we make both assumptions to
see the results.

I e

Number of events
TN TT
I

10 20 3o 40 50 60 70
Time (hours)

Fig. 6: Frequency diagram of lag times (signals preceding earthquakes).
Ex. 6: AiGyooupa ouxvolnlwy Twy Xodvwv uotéonong (CAuaio PETEG and A Lopoug)
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3 pq_ng B LP K an alec-tniac? ignal which occurred in the
"interval 'between two sarthquakes is related the second earthquake. If
. g _;gnaip &re between two eaxuvhquakes the one which is closer (in
_..t‘he seeomd nrart;&ug.xake is related to thisg earthquake.

e 'TTT givés information on thHese s;gnala and on the corresponding
i guakes-which follew these electric signals. ﬁhe last column of the table
i&atha lag'eime “Figurelis )t shows-the frequency diagram of this time lag.
¥.§#,°b991Véd that rhis.time.lag is rather rand&mly distributed between 1 and

ding ro_the second hypothesis,  an electric signal which occurred
leen two earthquakes is related to the flrst earthquake. If two or more
ls are between two earthquakes the one which is closer (in time) to the
t esarthquake is related to this earthguake. The same procedure was
llowed as in the first case and it was found again an almest random

able III: Correlation between electric anomalies and earthguakes, assuming
that the signal appears before an earthguake.

DATE TIME DATE TIME REGION LAG TIME
02.03.93 06:14 233873 09:12 East Limnos ~Q3h 08
03.03.93 20:01 04.03.93 13:-28 Amynteo ~17h 28°
05.03.93 1753 07.03.93 10:34 Nafpactas ~40h 41~
08.03.93 21k 27 9.3.93 08:10 Killini ~10h 43"
11.03.893 04:34 14,03,93 04:20 W. Kiato ~71h 46"

14.03.93 04:33 Sporades ~71h 59

17.03.93 5h 31" 18.3.33 03:36 N. Sporades ~-22h 05
18.3.93 17:47 Irea ~36h 16

22.03.93 07:00 24.03.93 16:44 Killini ~57h 44-
09.04.93 09:42 11.04.93 15:25 C. Evia ~59%h 43~
10.04.93 01:26 12.04.93 03:23 SW Kalavrita ~49h 57"
21.04.93 18:258 23.04.93 02:52 C Peloponesocs -32h 26°
22.04.93 22h 58" 23.4.93 07:22 N. Tripoli ~(d8h 24°
26.04.93 03h 44" 26.4.93 20:54 Zakinthos ~17h 10
27.04.93 12h 43" 27.4.93 21:22 C. Evia ~-08h 39

' distribution of the lag time but this time is distributed between 5 and 123
hours. Figure (7) shows the frequency diagrams of the lag times for this case.

Amplitudes and duration of the signals were plotted against magnitudes for
both cases but no significant correlation was observed.

DISCUSSION AND CONCLUSION

The hypothesis that the observed electric signals precede earthguakes and
that in this case the lag time is up to 70 hours is compatible with current
theories for a stage of physical preparation at the focal region of an
earthquake before its generation. On the contrary, it is difficult to have a
physical explanations for signals which occur up to 130 fours after earth-
 guakes and are related to the generation process of these earthquakes.

Therefore we can conclude that if the observed in the present study electric
signals (table I) are related to the earthguakes (table II), it is more
probable that these signals are precursory phenomena. The problem of causative
relation between these signals and the earthguakes cannot be solved by the
information available at present.

Simultaneous recording of such electric signals at different places can

Wneiokn BiBAI0Brkn "OcdppaocTog” - TuApa Mewloyiag. A.M.O.
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Fig. 7: Frequency diagram of lag times ({signal fallwaing earthguakes.
Ex. 7: ALGyQQuUUO CUXVOTATWY 1wy yxodvwy uotéonong (onpata pitd ond Of1GuoUg).

probably contribute to the solution of this problem. For this reason, the
establishment of staticns, similar to that of Neraida, in other places is
already in progres.
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