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ABSTRACT

This paper presents the preliminary results of a tectonomagnetic experiment
in the broader area of Aghialos (Eastern-Central Greece) as part of a multi-
,@ﬁ.‘sciplinary earthquake prediction program. The applicability of the
Etectonomagnetic phenomenon related to earthquake energy release is the main
‘target of this experiment at this initial phase. A network of 10 total field
magnetic stations, distributed along the almost E-W trending fault system, was
established in the area and remeasured few time since 1992. Simultaneous data
?ﬁecording was performed at the base and at the other stations of the network,
and magnetic differences were then possible to be established. A pattern of
significant amplitude of magnetic differences was observed at the western part
of the network, ranging between 20-180 nT, decreasing gradually to the east,
where the magnetic differences attain negative values of about -15 nT. The
strong amplitude of the observed magnetic change at the western distribution
 of the stations should rather be attributed to the abundant ophiclite outcrops,
which are expected to be connected at depth. It is difficult to interpret these
magnetic field changes in terms of the seismomagnetic effect and make any other
~ assessment related to earthquake prediction phenomena, without longer period
observations and detailed consideration of the local seismicity pattern, which
is at a very low level in the present stage.

INTRODUCTION

A possible relationship between a large magnitude earthquake and a local
geomagnetic change in the epicentral area of a seismogenic zone has long been
one of the important problems in solid geophysics (Nagata, 1972). Recently
interesting accounts on this subject were outlined: In Japan, the detection of
a 5 nT precursory and coseismic event was reported (Rikitake, 1968). 1In
California, several magnetic anomalies, which may be related to precursory
seismic events have been observed (Mueller et al.,1980). A possible interpretation
of these observations 1is that perturbations of the stress field in the
epicentral region may produce detectable variations in the magnetization of
~ rocks prior to and during the seismic event. In fact, existing laboratory data
show that magnetic susceptibility and remnant magnetization exhibit a pronounced
stress dependence.
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1 Forwtle debectionof magnetic field changes

In our study area, it seems appropriate to apéy the experimental procedures
related to precursory seismic
pheriomena [in a'regidn where'active tectonics exist and produce large magnitude
earthquakes. Besides the existence of ophioliric exposures, which usually
exhibit.strong intensity of magnetization, is favorable for detailed study and
application ldfi-seismomadghetiic experiments.
. of

BRIEF GEOTECTONIC ACCQUNT

Mgst of the study area is covered by Holocene alluvial deposits and clays
of Pleistocene age. However, the most interesting feature is the ophiolitic
exposures (Fig. 1), the presence of which play an important role in the applied
experiment, enhancing the signal of the seismomagnetic effect. Two theories
have been outlined relared to the origin of the ophioclites. One theory
considers the ophiolithic mass of the Pelagonian zone as autochthonous {Brunn,
1961) . However, more recent aspects adopt the idea that the Pelagonic ophiolites
are allochthonous; they have been transported from the east, from the Axios
Zone (Mercier, 1975; Vergely, 1976}, and have been depcsited over the pre-
Cretaceous basement of the Pelagonic or even the “sub-Pelagonic” Zone more to
the west. The overthrusting of the ophioclites took place during the Upper
Jurassic.

The ophiclitic mass is subsequently covered by the Middle-Upper Cretaceous

LAMIA

. Uphislite

Fig. 1: Distribution of the total field magnetometric station in the broader
area of Aghialos., together with the main faults and outcrops of
ophiolites.
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agonlc Zone occurs at a few places (Mountrakis, 1983).
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na th ENE- WSW direcrtignal stress, which was active during
ﬁ Eﬂte Miccene - Plin @'x tensional cne, acting in a NE-
ICL k S et ne structures of a NW-SE direction,
(iii) An active Mlddle Pleistocene - Holocene tensional one, having an almost
f_dlrect.mn, which created recent faults of almost E-W direction. These E-W
ctional active faults seem to attract the interest of the present research.

A AQUISITION
A network of 10 permanent total field magnetometric stations was installed
he broader area of Aghialos, in August 1992. The distribution of the
itions, together with the main faulting features, can be seen in figure 1.
‘main seismogenic faults have approximately an E-W direction. The stations
ve been distributed on both sides of the fault system, covering thus the
ole of the study area.
~ An aluminum pole of about two meter length inserted vertically in a
srmanent construction inteo the ground. The sensor of the magnetometer was
mly placed in a wooden base on top of the pole. In this manner, the sensor
; always at a standard height above the ground, and orientation with respect
N-S direction, for all recordings of the magnetic field, and all periods
the remeasurement of the network. The station at Neochoraki was permanently
10sen to be the station, that is all other station values are referred to for
formation of the magnetic differences. This is mainly because it is a few
lometers away from the faults of the study area, it is located on the flysch
of Pelagonic zone (which is not generally magnetic), and it seems to be
aracterized by a low anthropogenic noise.
The recording of the geomagnetic field was taking place simultaneously at
Jjeochoraki and at two or three other stations of the network, depending on the
number of magnetometers, which were available during each remeasurement. The
. recording was preferably taking place during the night period to avoid the day-
time variations of the geomagnetic field and the probable industrial interference.
The type of the instruments used is the total field magnetometer manufactured
by GEOMETRICS, model G-856 with digital memory, storage and clock. The digital
‘clocks of the magnetometers were set up to be perfectly synchronized and were
 tested before they start recording in order to succeed simultaneous recording
- at a 30 or 60 seconds time interval. The remeasurement of the network was
- planned to take place every 3-4 months, approximately .

DATA ANALYSIS

The geomagnetic field at any point of the Earth’'s surface is the sum of (i)
the Earth’'s magnetic field, (ii) the effects of the remnant magnetization,
(iii) the magnetic field arising directly from the magnetizing susceptibility
of the rocks, (iv) the effects of magnetic field generated by ionospheric and
magnetospheric currents, (v} the effects of magnetic fields generated by
telluric currents, and (vi) anthropogenic magnetic fields arising from industrial
~activity. Tectonomagnetic signals are expected to be'due to changes by the
effects of remnant magnetization and by the magnetic susceptibility of the
rocks. All the other effects should be considered as not being related to the
seismomagnetic effect and therefore should be removed.
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_ The mogs Btraightforwaird methiod to remové &\ese non-related effects is to

make differential measurements of the geomagnetic field between two locations
‘on t.h.t',-suffnco separated by afew kilometers. The base must be few kilometers
away from the.fault in order to avoid magnetic influence due to the crustal
stress ehanges. The differential measurements of the geomagnetic field is
calcllated {Lagios_et al., 198%) as:

OBps () = By (t) - Bg(t),

_where Bn(t) and Bglt) Bre the toral field-magnetic measurements at sites b
(base-station) and s (station), respectiveély. Then the detection of any
possible seismomagnetic effect is based on the evolution of Bys with time. The
method of simple differences of total geomagnetic field between base and
station reduce the magnetic disturbances about 95% (Davis et al., 1981). The
remaining 5% of the natural magnetic disturbance is due to electromagnetic
induction which, being dependent on the subsurface conducrivity distribution,
is generally dissimilar between any two locations and therefore out of phase.

We can introduce a further degree of improvemsnt to our results by minimizing the
random fluctuaticons generated by instrumental electronic noise and high localized
electromagnetic induction effects by applying various smoocthing techniques. Such an
attempt applied here was the removal of a linear trend, and then the application of
a Fast Furrier Transform to low-pass filter data. The linear trend is reinserted in
the original data set of the procedure (Press et al., 1986). The recordings of the
Magnetic station at Pendeli were used in order to have an indication of the probable
existence of magnetic storms or other magnetic phenomena which might be able to
influence the measurements in our network.

Anthropogenic noise can be a serious problem because of its irregular
characteristics. In order to minimize the probability of registering industrial
noise we have carefully cheosen the stations away from inhabited areas and
industrial activity. This is the reason for recording data only during the
night period.

RESULTS - DISCUSSION
The simultaneous recording at the base station and at other stations of the
network resulted in magnetic differences with respect to Neochoraki (base),
having estimated accuracies shown in Table 1. It can be seen that relatively
low standard deviation wvalues of the magnetic differences were achieved,
ranging from 1-5 nT for most of the stations. There were, however, three
stations, BZI, MVR,

Table 1: Magnetic differences* between base (Neochoraki) SKP, which
and station. exhibited standard
STATION 1992 1993 deviation values
ook | oo AUG JUNE AUG grl?ater than 10 nT.
This phencomenon,
TMK THAVMAKO 28.90:8.7 24 .6%6.2 §1.536.7 which is not
BZI BOUZI 64.6917.3 123.315.5 | 242.6%10.4 generally
PTR PETROTO - 47.220.5 28.914.2 desirable, does not
SKP SKOPIA 54 .30t6.1 104.5%+4 .9 167.2%+14.6 systematically
NRK NARTHAKI -316.20+6.3 |-274.745.0 | -278.0%7.3 happen, but only
NRD NERAIDA -200.10%2.7 -189.1+1.9 -192.6%1.0 once for each
PRD PERDIKA -135.0042.4 |-119.841.0 | -151.4%3.2 station.
MKT MIKROTHIVA | -101.86%4.0 -98.444.8 {-106.943.3 Considerable
MVR MAVROLOFOS | -73.30%X25.9 -77.5%4.9 -77.6%3.1 magne¢tie

differences, well

(*)ExpressedinnT (T standard deviation).
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above the standard deviation
level, are observed for most of
the stations. The most
significant changes take place
at the western part of the

network. Bouzi (BZI), Skopia
(SKP), Narthaki (NRK} and
Thavmako [ TMEK) show a

differential magnetic change of
about 180, 110, 35 and 20 nT,
respectively, for the period
August 1992 to August 1993 . This
is a positive magnetic
difference, which is an order
of magnitude larger than the
estimated standard deviation
level .

Stations at the eastern part
of the network do not show
differences of such a high
amplitude for the same time
period. Perdika (PRD) ,
Microthiva (MKT), Mavrolofos
{MVL) and Neraida (NRD) exhibit
almost a negligible change. It
is also noticed that the high
amplitude magnetic changes
observed at the western part of
the network, gradually decline
eastwards attaining non-
significant wvalues at the
eastern part.

Time wvariation diagrams of
the observed magnetic
differences to show the actual
change between 1992 and 1993,
were made and are presented in
figures 2, 3 and 4. The two
stations Skopia (SKP} and Bouzi
(BZI), which show the largest
amplitude of magnetic change,
present a steady positive
increase, while Narthaki (NRK}
and Thavmako (TMK) show a step-
like positive change. The rest
of the stations present a
picture, which approximately

Fig 2: Variation of the total
field magnetic differences
at stations Skopia (SKP),
Bouzi (BZI} and Thavmako
(TMK) .
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“fluctuates around the same
level.

It is rather difficult to
interpret these magnetic field
changes registered by the net-
work. Longer time period ob-
servations are required in or-
der to establish a clearer pic-
ture of longer term variations
8f the magnetic field, associ-
ated with the seismic energy
released in the area. The seis-
mic acrivity was at a very low
level during the first and last
measurement of the network. No
large magnitude earthquakes

took place in the area. hs a
conseguence, taking into ac-
count the low level of the

seismicity picture and the rela-
tively short time of observing
the local magnetic field {ap-
proximately one year), it is
not possible to confidently
express views about the ob-
served large amplitude magnetic
differences particularly at the
western part of the network.
It is very much interesting

though to <c¢ontinue the.
remeasurements of the network,
closely examine the local seis-
mic events, and correlate their
eplcenters and time of occur-
rence with distinct patterns
of observed magnetic differ-
ences probably registered by
the magnetic network.
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