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Abstract

Significant variations in the absolute value of the geomagnetic field intensity related to tectonic
events, as earthquakes and volcanic eruptions, have been observed in several cases. To detect such a
tectonomagnetic effect related to seismic activity, a seismomagnetic network was installed by the Isti-
tuto Nazionale di Geofisica (ING) in the Abruzzi region (Central Italy), in July 1989. This area is be-
ing uplifting since the Pliocene. A logistic compromise between geophysical requirements and the
electrified railway system tracks distribution led to the installation of five total magnetic field intensity
data acquisition sites. From July 1989 to September 1992 geomagnetic intensity data were simultane-
ously recorded at all stations and compared to that recorded at the L’Aquila Observatory, located in
the same area. A variation of about 10 nT in the absolute level of the geomagnetic field was measured
at two stations located on the eastern side of the network. We suggest that the detected magnetic
anomaly could result from aseismic changes in crustal stress during this time.

Key words tectonomagnetism — seismomagnetic ascribed to stress induced variations in the
network — seismic activity — Central Italy magnetic susceptibility of rocks, ie. the
piezomagnetic hypothesis, and to electroki-

netic phenomena (Stacey and Johnston,

1. Introduction 1972; Mizutani et al., 1976; Fittermann,
1979; Guseva et al., 1984; Dobrovol’skiy et

The term tectonomagnetism has been al., 1989). Their experimental observations
proposed by Nagata (1969) for a research and theoretical models show that the ex-
field dealing with geomagnetic changes due pected amount of change for a tectonomag-
to stress variations (natural or not) in the  petic or seismomagnetic effect should be of

upper part of the Earth’s crust. In particu- the order of 10 nT at most and usually is
lar the term seismomagnetism is used when less than that, therefore a very high accu-
the observed geomagnetic changes are as- racy in the measurements is required.

sociated with the earthquake occurrence Only after the introduction of the first
(Stacey, 1963, 1964). Examples of geomag- reliable drift free instrument for the abso-
netic phenomena, possibly related to a seis- lute measurement of the Earth’s total mag-
momagnetic effect, are described in litera- netic field, i.e. the Proton Precession Mag-

ture, even in the early scientific researches  netometer (PPM), measurements were con-
in geomagnetism and seismology. Rikitake sidered accurate enough to detect absolute
(1976) reports an excellent review of  level changes of the geomagnetic field
magnetic measurements and theories in (Packard and Varian, 1954). Also optical
the field of historical seismomagnetic ef- pumping magnetometers based on the Zee-
fects. man effect (Parsons and Wiatr, 1982;

The seismomagnetic effect is generally  Usher et al., 1964) have been recently used
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Fig. 1. Structural sketch of Central Italy (after Carraro et al., 1981). 1: Quaternary volcanic deposits;
2: Plio-Quaternary extensional basins: L’Aquila (L), Fucino (F), Sulmona (S) and Rieti (R); 3: exten-
sional faults; 4: strike-slip faults; 5: thrust faults; 6: Apennine thrust front.

for reliable tectonomagnetic studies. Mod-  bations reported before the Sixties should
ern tectonomagnetism starts with the use of  be considered with great care.

such instruments. Following these consider- In the last decades networks of syn-
ations all correlation results between seis- chronous magnetometers were set up in
mic activity and geomagnetic field pertur- seismogenic areas in U.S.A., Japan and
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US.S.R. In order to detect local anoma-
lous magnetic field changes related to tec-
tonic or seismic activity, geomagnetic data
from neighbouring sites are differenced.
For recent results see for example: Smith
and Johnston, 1976; Johnston, 1978; Davis
et al, 1980; Sasai and Ishikawa, 1980;
Honkura, 1978; Shapiro and Abdul-
labekov, 1982; Sumimoto and Noritomi,
1986; Johnston and Mueller, 1987; Mueller
and Johnston, 1990.

A network for seismomagnetic studies
has been installed in Central Italy following
some successful methodologies used in
other countries. The very high artificial
electromagnetic noise level restricts the
choice of seismic areas for geomagnetic
measurements to only a few locations. The
Abruzzi region in Central Italy was found
to be a good compromise for the installa-
tion of the network. In this paper the real-
ization of the seismomagnetic network and
the results of three years and a half of geo-
magnetic field absolute level measurements
are discussed.

2. Tectonic evolution and seismic activity
in Central Italy

Italy and its surrounding regions have a
complex tectonic history that was accom-
plished mainly during the last 10 My. In
fact, during upper Miocene-lower Pliocene
time, extension leading to the accretion of
new oceanic crust gave rise to the present
Tyrrhenian basin, west of Italy, while a si-
multaneous shortening episode occurred
throughout the Italian peninsula and origi-
nated the Apennine thrust-and-fold belt.

The Lazio-Abruzzi Apennine, where the
study area is located, is the central section
of the Apennine chain. From the geomor-
phologic point of view this area is charac-
terized by NW-SE ridges in Meso-Cenozoic
carbonatic sequences, adjacent to valleys
excavated in Miocene clayey-arenaceous
flysch. The structural continuity of the car-
bonatic ridges is often interrupted by major
transversal structural elements or by topo-
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graphic depressions filled with Plio-Quater-
nary sediments; some are very large like
Fucino, Rieti, Sulmona and L’Aquila
plains. In fig. 1 the main structural features
of Central Italy based on the tectonic map
of Italy (Carraro et al., 1981) are drawn.

The Central Apennine is a tectonically
active area, characterized by nearly contin-
uous Pliocene and Quaternary uplift. Re-
gional-scale volumes of fractured rocks
have been widely recognized, suggesting
the prior occurrence of large stresses. A
post-middle Pliocene extension is indicated
by steeply-dipping normal faults and by
tilted blocks. The general orientation of the
tectonic features is NW-SE and many of
the large and destructive earthquakes oc-
curred in the region are due to slip on NW-
SE normal faults (Bosi, 1975). A seismo-
genic fault responsible for the surface wave
magnitude Mg = 6.9 earthquake in 1915 is
recognized along the eastern flank of the
Fucino plain (Ward and Valensise, 1989).

Moderate seismicity is common in the
Abruzzi region, most of the focal depths
ranging to a maximum of 30 km. In this
century three major earthquakes occurred:
the 1915 Avezzano (Fucino plain) earth-
quake, mentioned above, and the 1984 §.
Donato Val di Comino sequence main
shocks (Mg = 5.8 and 5.2); all involved
normal faulting. The L’Aquila plain is also
an important center of seismic activity both
for the intensity of historical earthquakes
(up to X degree of Mercalli-Cancani-
Sieberg scale) and for their frequent occur-
rence. Destructive events of 1349 (X), 1462
(X), 1703 (X) and 1762 (IX) occurred in
this area (Istituto Nazionale di Geofisica,
1992).

3. The seismomagnetic network

Many field data acquisition systems de-
voted to seismomagnetic effect studies con-
sist of an array of PPMs located in a seismi-
cally active area, a few or tens kilometers
distant from each other. The sensors simul-
taneously detect the total geomagnetic field
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intensity at a few minutes time sampling
rate. Comparison of time variations aver-
aged over long term, in order to exclude
rapid variations, is used as a key to detect
internal Earth effects.

Earth’s total magnetic field variations of
the order of a few nT should be detected in
order to reveal a seismomagnetic effect. In
some areas, especially in Italy, this ampli-
tude is smaller than the background noise
level due to artificial effects, i.e. electrified
railway lines (running on DC in Italy),
power lines, urbanization, traffic, etc. This
inconvenience restricts the possible areas for
the installation of seismomagnetic networks.

The Abruzzi-Molise region, in Central
Italy, is a seismically active area, that is
at the same time rather noise free for mag-
netic measurements. The main Italian
Geomagnetic L’Aquila Observatory (see
Meloni et al., 1984; Meloni and Palangio,
1990) is located here.

On the basis of the electrified railway
system tracks distribution, the most suit-
able area for the installation of 4 total field
monitoring stations is that encircling the
two areas north and south of the main east-
west railway line bordered by the Adriatic
Sea and the Rome-Florence Rome-Naples
lines. The minimum acceptable distance to
the line for the station installation inside the
two areas was considered to be 25 km.

In fig. 2 this century earthquakes with
local magnitude greater than 4.0 (Istitu-
to Nazionale di Geofisica, 1992) are plot-
ted. The PPM locations and the National
Geomagnetic Observatories of L’Aquila
(AQU) and Castel Tesino (CTS) are also
shown.

We use the Total Magnetic Field
Anomaly Map of Italy (Molina et al., 1994)
to determine the total field crustal magnetic
anomalies. The Abruzzi-Molise magnetic
anomaly level is rather low indicating low
average crustal magnetization. While larger
amplitude seismomagnetic effects are ex-
pected in high crustal magnetization areas,
a low electromagnetic artificial noise level
was considered of highest priority in order
to detect the unambiguous effects.
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Table I. Acronyms and geographic coordinates
of the Geomagnetic Observatories and seismo-
magnetic stations used in this work.

Acronym Station Lat. Lon.
AQU L’Aquila 42.38°N 13.32°E
CTS Castel Tesino 46.05°N 11.65°E
CVT Civitella Alfedena 41.78°N 13.88°E
LEO Leonessa 42.55°N 13.70°E
MDM Monte di Mezzo 41.76°N 13.08°E
RIT Rieti 42.34°N 12.92°E
TER Teramo 42.65°N 13.70°E

The chosen sites were tested on the basis
of preliminary background noise level mea-
surements, both in the higher frequency
band of recording and in the magnetometer
precession signal frequency band (1.8-2.3
kHz). Since 0.1 nT resolution was consid-
ered necessary, signal-to-noise ratio mea-
surements lower than 8 must be excluded;
for this reason a PPM offering the choice of
two time windows for the precession signal
measure was chosen and the lowest noisy
window was selected for this experiment.

Magnetic field spatial gradients in the
area must be lower than 1 nT/m since the
frequency dispersion introduced by spatial
gradients on total field measurements
would affect the measured frequency and
consequently the final value. A homogene-
ity test was done before installing all net-
work stations in order to exclude high gra-
dient areas and final location was selected
also on the basis of this test.

The final logistic compromise led to the
sites shown in fig. 2. The installation was
completed in the first half of 1989 and, in-
cluding L’Aquila Observatory, a number of
5 data acquisition sites have been working
(see table I).

4. Seismomagnetic data analysis

Variations in the difference fields as
recorded by single stations composing an
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Fig. 2. Epicenters distribution of this century earthquakes (M, > 4.0) from the ING Seismic Catalo-

gue. L’Aquila (AQU) and Castel Tesino
tes are shown.

array of magnetometers arise mainly from
four different sources:

a) magnetic field effects due to Earth
external electric currents;

b) induced fields in the Earth’s interior
from point (a) source;

c) rapid variations of the internal
Earth’s core electric currents (non uniform
secular variation);

d) changes in crustal magnetization due
to stress (e.g. seismomagnetic effect).
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(CTS) Geomagnetic Observatories and the magnetometer si-

To be sure to detect only the stress in-
duced magnetization anomaly, the first
three source effects must be eliminated
from the data.

Most of the external electric currents
noise can be removed if the data set is long
enough in time to average over long term
(a few to several days for example). If the
investigated area does not have a large spa-
tial extent and in particular if it lies at in-
termediate latitudes, iono-magnetospheric
currents and their induction effects can be
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largely eliminated, particularly if the time
scale of ionospheric and magnetospheric
currents is short compared to the tectonic
stress accumulation time (Rikitake, 1976).

Non uniform secular variation is proba-
bly one of the major problems to solve in
tectonomagnetic studies: observed values
reach at times 1 nT/yr per 100 km in latitude
or more, for example along the San An-
dreas fault (Johnston et al., 1985), with a
small dependence also in longitude. The
difference fields recorded by an array of
magnetometers related to this effect could
be confused with tectonomagnetic effects.
However the secular variation pattern is
generally rather regular and smooth and
can be, if necessary, predicted and re-

moved in order to determine the local ef-
fect for every station in the network.

5. Magnetic observations from
1989 to 1992

Starting from July 1989 four magne-
tometer stations were operational in the
Abruzzi region network so that more than
three years of geomagnetic total intensity
measurements were available for this
study.

Synchronously sampled (4 min) values
from each site (see table I for acronyms)
were collected and averaged on a daily ba-
sis. All-day (24 h data) and night-time
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Fig. 3. Daily mean values (nT) of the total magnetic field at the geomagnetic stations.
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Fig. 4. 5-days mean of simple differences of the total geomagnetic field between CVT, MDM, TER
stations and the AQU reference Observatory. The difference between TER and MDM is shown for
comparison. The magnetic planetary activity Ap index is also plotted. The arrows at the bottom of the

figure indicate the earthquakes occurrence.

mean values, centered at 02:00 UT, from
all stations of the network were computed.
In fig. 3 all-day mean values are reported
for all stations, for the whole recording pe-
riod.

Since very bad weather conditions arose
during the ’89-’90 winter, the stations lo-
cated at high elevations in the network
have some data missing during that time. A
few gaps in the data set are due to instru-
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ments not properly working, as in CVT, or
to a complete removal of the station, as in
the case of TER, moved to RIT for logistic
problems.

Figure 3 shows a regular steady secular
variation pattern for total field values in all
stations data with an average increase of
25 nT/year. The average spatial gradient of
this variation is less than 1 nT/year/100 km.
Many synchronous spikes are due to solar
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activity effects, mainly storms, which were
very frequent in these years. A quick look
at the data does not reveal much difference
in response between the stations.

In fig. 4, 5-day differences between
L’Aquila Observatory and the stations
CVT, MDM and TER are shown.

Starting in February 1990 an anomalous
variation of the absolute field level oc-
curred in both stations that are located on
the eastern side of the array, i.e. MDM and
TER. 02:00 UT averaged values, not
shown here, and all-day mean differences
between AQU and MDM and between
AQU and TER show similar changes: an
increasing trend starts around the end of
1989 and goes through 1990 for about two
months; the normal field level seems to be
recovered in a few months. The amount of
the anomalous change detected is of about
10 nT.

In order to exclude L’Aquila Observa-
tory data, TER and MDM were also differ-
enced and plotted. Unfortunately the move
of TER station for logistic problems does
not allow to follow the effect after June
1990 for this station. Looking at the AQU-
MDM differences, however, a clear return
to the 1989 level appears for MDM station.
At the bottom of fig. 4 the geomagnetic
planetary activity, i.e. the Ap index, and
the earthquakes occurrence (M; = 4.0) are
shown.

There was no evidence of any artificial
disturbances at all stations, since the sen-
sors and the magnetometers hardware have
been regularly inspected by specialized
technicians.

6. Conclusions

The Abruzzi region is characterized by
active faulting and rather intense seismic-
ity: several destructive earthquakes oc-
curred in the L’Aquila basin and surround-
ing areas (Istituto Nazionale di Geofisica,
1992).

In order to investigate the possible cor-
relation between the detected anomalous
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changes in the geomagnetic intensity and
the seismic activity, the earthquakes occur-
rence in the 1989-1992 period was exam-
ined. Three earthquakes with M; = 4.0 and
several with M; ranging 3.0 to 4.0 occurred
in Central Italy in this period: in January-
February 1990 a seismic sequence with a
M,; = 4.0 main shock occurred in the Tre-
miti Islands area (Adriatic Sea), about 100
km ESE of the study area. Since the two
stations detecting the geomagnetic anoma-
lous variation are both on the eastern
(Adriatic) side of the network, the anoma-
lous change in the total geomagnetic field
intensity could have been the result of per-
turbations in crustal stress, following the
Tremiti Islands event. On the other hand it
is more likely that since the Tremiti Islands
event is rather small and distant, the
anomalous magnetic event in the Abruzzi
region, ie. the MDM and TER changes,
were caused solely by a tectonomagnetic
aseismic effect. Unfortunately there are no
evidences of enhancement of tectonic
stresses in the Abruzzi region at the time of
this anomalous variation, since no geodetic
or other geodynamic data are available at
the present time to support this study.
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