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Abstract

The area located between Catania and Syracuse (Southeastern Sicily), characterized by the presence of the
Simeto-Scordia-Lentini graben, was affected in the past by a strong seismicity as proved by the occurrence of
seismic events strong enough to reach the XI degree of the MCS scale. In particular the January 11th, 1693
(I = XI MCS) earthquake with a magnitude over 7.5 (estimated), caused huge damage and a great loss of human
lives. Following the last seismic event which occurred on December 13th, 1990 (M, = 5.4) which caused heavy
damage and many victims in the Catania-Syracuse area, a geodetic Global Positioning System network (GPS)
was set up with the aim of monitoring ground movements in one of the Italian areas subjected to high seismic
risk. This space geodesy technique supplies high precision measurements and represents a powerful new tool
for investigating both regional stress fields and the evolution of local tectonic areas. The GPS network will al-
low the detection of ground movements with a centimetric accuracy through repeated surveys in time. The re-
sults obtained in two surveys carried out in 1991 and 1993, are described in this paper.
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deformations Berckhemer, 1982; Mulargia ez al., 1991), the

vertical component of the crustal deformations

in this area have been measured since 1970,

1. Introduction when a first order levelling survey was per-

formed along a levelling route of the National

In historical times Southeastern Sicily was Altimetric Network of the Istituto Geografico

striken by some of the most disastrous seismic Militare Italiano (IGMI); the measurements

events of the whole Mediterranean basin. The were repeated during 1983 and again in 1989

maximum intensity isoseismal maps of the (Mulargia er al., 1985, 1991). The levelling data

strongest events which occurred in the area revealed a continuous subsidence of the order of

(Barbano and Cosentino, 1981; PFG, 1985) in 3 mm/yr, allowing a crustal strain of 1075-107 to
1169 and 1693 (I = XI Mercalli scale) virtually be estimated (Mulargia er al., 1985, 1991).

coincide and suggest a common origin in the In order to confirm and explain the presence
extensional structure known as the Simeto- of active crustal dynamics, it appears necessary
Scordia-Lentini graben (fig. 1). After the last to monitor also the horizontal component of
destructive event (estimated M = 7.5) of Jan- ground deformation by means of terrestrial and
uary 11th, 1693, only a few moderate earth- space techniques such as GPS. In fact the mean
quakes occurred in the area. Although seismic deformation seems to be so large that the GPS
activity ceased almost completely from the be- observations will also contribute, after repeated
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Fig. 1. Main tectonic structures of Southeastern Sicily: 1) main thrust faults; 2) normal faults; 3) syncline
axes; 4) anticline axes. The mainshock epicenters from ING and ISC of December 13, 1990 (Amato et al., this
volume) and the XI degree intensity (MCS) isoseims of 1693 earthquake are also reported in the map.

surveys in time, to detect both the planimetric
and altimetric components of the slow crustal
deformations; in case of an important seismic
event within the surveyed area, the coseismic
displacement could be pointed out by the repe-
tition of the geodetic measurements on the net-
work. The geodetic network project, which at
first planned the use of both terrestrial geodetic
methodologies (EDM) and satellite geodetic
measurements (GPS) was started at the begin-
ning of 1991, after the occurrence of the De-
cember 13th, 1990 earthquake.
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2. Seismotectonic setting

The geological-structural setting of the in-
vestigated area must be considered in the
frame of the complex tectonic features of the
Mediterranean basin, which is dominated by
the compressive dynamics between the African
and the Euroasiatic continental plates. The Hy-
blean foreland, which is considered by most
authors as the northern margin of the African
continental crust, was weakly deformed during
alpine orogenesis and subjected until the pre-
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sent to moderate uplift and to overall exten-
sional tectonics (Mascle, 1974; Di Grande and
Grasso, 1977; Grasso et al., 1979). The area is
formed by horst with NE-SW alignment, de-
limited toward SE by the Ispica-Capo Passero
tectonic depression and toward NW by a nor-
mal fault system oriented NE-SW, which lower
the carbonatic series under the northern chain
nappes of which the Gela Nappe is the outer
front. This area is better known as the transi-
tion zone to the Gela-Catania foredeep. The
Hyblean plateau, together with the northern
chain, is one of the most important structural
elements of Sicilian orogenesis. A subdivision
of the area, founded on the structural charac-
ters and the tectonic-sedimentary evolution
during the time period Upper Miocene-Quater-
nary, distinguishes a western sector where the
tensional phenomena can be considered the
surface manifestations of an overall compres-
sive tectonics, and a eastern sector or Ionian
sector which is characterized by extensional
movements. Studies of this sector add to our
the knowledge of the Tonian basin which is be-
lieved to be one of the most important kine-
matic factors during the period when the
Africa-Europe interaction produced the great-
est Tertiary and Quaternary deformations (Car-
bone et al., 1982). According to a model pro-
posed by Ghisetti and Vezzani (1980), two ex-
tensional structures can be identified in this
area known as Simeto-Scordia-Lentini graben
and Sicilian Strait graben which are thought to
be linked by the Scicli-Ragusa-Monte Lauro
fault system, by a NNE-SSW alignment, along
which = right-lateral movements are shown
(fig. 1). This tectonic setting is attributed to an
overall compressive phase dated up to the Mid-
dle Miocene while the normal movements, that
affected all the main systems of the area, be-
long to a recent tectonic phase which lasted
until the present (Ghisetti and Vezzani, 1982).
This interpretation is the one that best fits the
historical seismicity of the area which appears
widely originated at the Simeto-Scordia-
Lentini graben, except for a few events of
moderate energy which occurred in the Syra-
cuse area (Mulargia et al., 1985). A high con-
centration of events can be observed also in the
intersection of the NNE-SSW system with the
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graben. The strongest events appear again to be
originated in the same structure, but much fur-
ther to the East, away from the coast, at the in-
tersection of the graben with the fault system
of the Hyblean-Maltese escarpment (Mulargia
et al., 1985). After the IX century, the main
earthquakes which occurred on February 4th
1169, December 10th 1542, October 3rd 1624
and January 11th 1693, originated intensities
higher than the MCS IX degree. In particular
the 1169 and 1693 events reached intensity as
high as the MCS XI degree and caused the de-
struction of many cities in Southeastern Sicily
(Baratta, 1900). The January 11th, 1693 earth-
quake was located in the Carlentini-Lentini-
Melilli area (Simeto-Scordia-Lentini graben)
and was certainly one of the strongest earth-
quakes to occur in Italy and in the whole
Mediterranean basin (Barbano and Cosentino,
1981) The analogies in the macroseismic field
distribution and the epicenter identification of
the 1169 and 1693 seismic events, imply the
same source mechanism (Mulargia et al.,
1985).

After a long period of seismic quiescence,
on December 13th, 1990 the area was struck
by a M, = 5.4 seismic event that caused heavy
damage and loss of human lives in a wide area
between Syracuse and Catania. The earthquake,
whose epicenter has been located offshore
(fig. 1) a few km away from the coastline (ING
location: 37°32’N, 15°25'E, depth = 22 km;
ISC location: 37°31’N, 15°43'E, depth = 10 km
fixed) and almost in coincidence with the
Ibleo-Maltese escarpment, displayed a right
lateral movement as shown by the focal mech-
anism of the main shock (Amato ez al., 1991;
De Rubeis et al., 1991; Giardini, 1991). This
solution could be in accordance with the main
structural and tectonic features of the area.

If such a rupture mechanism is characteris-
tic of this area and if the deformations pro-
duced by the seismogenetic structure after an
important earthquake are large enough to be
measured on the topographic surface within the
network, the repetition of geodetic surveys by
means of the GPS technique will provide im-
portant future information on eventual coseis-
mic displacement, the temporal evolution of
the deformation and the GPS site velocities.
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3. Geodynamics and Global Positioning
System

The NAVSTAR-GPS, whose acronym means
NAVigation Satellite Timing And Ranging-
Global Positioning System, was set up by the
Department of Defense of the United States of
America and was designed to provide an abso-
lute three-dimensional, real time navigation.
The same system can provide relative position
accuracies of two or more observers in the cen-
timeter range. A Space segment covers the en-
tire constellation of the NAVSTAR-GPS satel-
lites (21 operational plus 3 spare satellites), or-
biting in six orbital planes at almost circular
orbital paths. A Control segment that consists
of a Master station located in Colorado Springs
(U.S.A.) and several monitor stations dis-
tributed around the Earth compute the satellite
orbital data, control the clock’s synchronism
and the operational system.

The User segment is represented by the
users that install the GPS receivers and anten-
nas in the sites to be measured. The satellite
signal, produced by an atomic clock at the fun-
damental frequency of 10.23 MHz, is modu-
lated on two carriers L; (1575.42 MHz) and L,
(1227.60 MHz) and by the codes P and C/A.

A GPS receiver generates a signal like that
transmitted from each GPS satellite and identi-
fies for each satellite the codified sequence on
the carriers. The phase shift between the signal
coming from the satellite and that produced by
the receiver depends on the distance between
the receiver and the satellite, and than on the
receiver’s position in a geocentric reference
system. The use of a carrier phase data
recorded simultaneously by two receivers
yields baseline estimates with an accuracy of
1-0.1 ppm or better, using different linear com-
binations of the two frequencies L; and L,. The
utilization of different linear combinations of
the L, and L, carriers reduces the effect of
ionospheric refraction (L;), provides solutions
that are independent of the clocks and of the
geometry of the receivers (L,), and reduces any
unmodelled systematic errors (Ls) (Rotacher
et al., 1990).

The combination of the main characteristics
of the GPS system, such as accuracy, versatil-
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ity, low cost, has given rise to a wide variety
of applications in geodesy and geodynamics.
Surveys can be carried out easily at observa-
tion sites not visible to each other and even lo-
cated at long distances, without the limitations
of the terrestrial techniques, offering the oppor-
tunity for a conspicuous saving both of eco-
nomic and human resources during the setting
up and survey of geodetic networks. These fea-
tures improve the way of planning and setting
up geodetic networks, allowing accurate mea-
surement of relative position of observation
sites, in short time intervals (Achilli er al.,
1988; England, 1989, 1991; Anzidei et al.,
1990; Ashkenazi and Foulk Jones, 1990).

Geodetic GPS measurements performed on
local networks (baselines shorter than 50 km),
located in seismic areas characterized by fault
systems, can provide reliable, accurate and
rapid determination of crustal motion at centi-
metric level, in particular seismically induced
deformation. In fact the GPS technique is a
powerful new geodetic method capable to pro-
vide valuable information, not easily available
with other techniques, of the measurement of
the coseismic strain field, aspects of the rup-
ture mechanism and in general of the ground
movement evolution during seismic and inter-
seismic periods (Straub and Kahle, 1993;
Kahle et al., 1993; Bock et al., 1993; Blewitt
et al., 1993; Ruegg et al., 1993). GPS can also
be successfully employed for the observation
of other geological phenomena such as filling
and emptying processes of magma chambers in
volcanic areas, monitoring of sliding slopes,
subsidence, etc... (Gibbons, 1990; Achilli and
Baldi, 1991; Dixon, 1991). The accurate 3-D
vectors provided by the GPS networks also al-
low constraints for the detection of block rota-
tions, which is not possible with conventional
techniques (Davis et al., 1989).

4. The GPS network

The Southeastern Sicily GPS geodetic net-
work consists of 8 observation sites (fig. 2);
two of these coincide with the terrestrial
geodetic network of the International Institute
of Volcanology (I.I.V.) of Catania, which was
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GPS network: 1) Iazzotto; 2) S. Croce; 3) Pedagaggi; 4) Ranne; 5) S. Lio;
Giovannello. The terrestrial (EDM) geodetic network belonging to the Istituto

Internazionale di Vulcanologia and part of the levelling route of the Istituto Geografico Militare Italiano are

also reported in the map.

measured just after the December 13th, 1990
earthquake. The GPS site installation, carried
out at the beginning of January 1991, was per-
formed using stable reference markers made of
stainless steel nails set up directly on the rock.
The markers distribution was chosen both to
satisfy the planned network configuration and
the geophysical needs: they are located near
the epicentral area of the December 13th, 1990
earthquake, across the main tectonic structures
that belong to the Simeto-Scordia-Lentini
graben. The first epoch GPS survey was car-
ried out in January 1991, using four dual fre-
quency Wild Magnavox WMI102 receivers
(table I). During the measurement time win-
dows up to 4 satellites were simultaneously
tracked in the three sessions. As the GPS satel-
lite constellation improved after the first epoch
campaign, a new survey was required to
achieve a better determination of the network
parameters. In October 1993 a second epoch
survey was performed and all the sites of the

305

Table I. General features of the GPS surveys.

%

Campaign 01-1991 10-1993
Sites 8 8
Receivers (WM 102) 4 5
Session length (h) 2 4+4
Total satellites observed 6 15

-_— O

network were reoccupied using four or five
dual frequency WM-102 receivers during the
planned five session measurements when up to
6 satellites were simultaneously tracked.

5. GPS data analysis

The data analysis was carried out by means
of PoPS vers. 3.42 running on a MS/DOS Per-
sonal Computer. After careful screening of the
data, the baseline repeatabilities were analysed
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Table IL. Number, names and geographic coordinates (WGS84) of the network vertices.

No. Site Latitude (N) Longitude (E) H (m)
1 lazzotto (IAZ) 37°22/49.185” 15°02'52.328” 86.56
2 S. Croce (CRC) 37°14’28.786" 15°1520.300” 45.52
3 Pedagaggi (PGD) 37°11"34.360” 14°5622.604” 416.89
4 Ranne (RNE) 37°19'46.580” 14°54'33.085” 134.36
5 S. Lio (SLI) 37°18"29.496” 15°00°53.948” 61.769
6 Speronello (SPE) 37°1844.705” 15°03'18.239” 99.62
7 Gattone (GAT) 37°17'56.189” 15°06'16.376” 156.80
8 S. Giovannello (GIO) 37°16'17.697” 15°01749.773” 271.88

to detect poor observations. All the ambiguities
(integer number of carrier wavelengths) were
determined in the computation. Low quality
data were considered separately. Only observa-
tion of satellites with elevation angles greater
than 15° above the horizon were considered in
the analysis in order to reduce the tropospheric
noise. During the computation the broadcast
ephemeris received by the satellites of the
NAVSTAR-GPS constellation were used. To
achieve more precise results, data computation
was carried out using both L; and L, frequen-
cies and their linear combinations. This was
necessary to correct the noise due to the iono-
sphere (L) and to resolve the ambiguities (Ls).
A ionospheric correction was based also on a
single layer ionosphere model and was com-
puted as a function of the total electronic con-
tent estimated on the basis of the two GPS car-
riers, the elevation angle of the satellites and
the observation time (Rotacher, 1990; Dixon,
1991). The meteorological parameters were not
collected during the measurements, thus a local
correction for atmospheric. refraction was in-
cluded in the computation using a standard at-
mosphere model based on mean temperatures,
pressure values and humidity (Saastaimonen,
1973). Finally a solution taking into account all
the data collected throughout campaign was
calculated for the 1993 surveys. The daily re-
peatability was of about 107° 1077 for the base-
line vectors.

Due to a poorer satellite availability, the re-
sults related with the first campaign in some
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cases were not accurate enough and only a few
observations provided reliable data. Tables II
and III report the results of the surveys. Table II
indicates the number, GPS site labels and
their geographic coordinates as derived from
the network computation. The comparison of
some baselines between the 1991 and 1993
surveys are reported in table III (in meters).
The error ellipses of the network vertices mea-
sured in 1993 are shown in fig. 3 (network ad-
justment performed by Geolab software). The

Table III. Comparison of some baselines between
1991 and 1993 surveys (distances in meters). Data
computation was performed by PoPS software vers.
3.42.

Sites 1991 (m) 1993 (m)
CRC-GIO 20255.167 20255.145
CRC-GAT 14848.877 14848.890
RNE-GIO 12536.375 12536.357
RNE-IAZ 13514.870 13514.859
RNE-SLI 9674.105 9674.093
IAZ-SLI 8519.835 8519.849
GAT-GIO 7236.336 7236.347
PGD-SLI 14444.548 14444.563
PGD-RNE 15415.720 15415.723
PGD-IAZ 22915.245 22915.243
PGD-GAT 18783.232 18783.226
SPE-GIO 5004.100 5004.098
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Fig. 3. Error ellipses of the computed GPS network (1993 surveys).

sitt CRC is considered fixed in the computa-
tion. The comparison between the two cam-
paigns and the internal consistency the 1993
solution, confirms the reliability of the GPS
measurements which provide a data base for
the next surveys at centimetric accuracy level.
The residual error can be imputed to the not
well known electronic phase center of the receiy-
ing antennas and to troposphere refraction.

6. Conclusions

The pattern of crustal deformations may
provide essential indications on the state of
stress of a seismic area and on the different
phase of the seismic cycle; the dislocation on
the topographic surface associated with an
earthquake may lead to an improvement in in-
formation on seismic source mechanisms pro-
vided by seismic data. Geodetic space tech-
niques and in particular the GPS system, allow
the strain field of small and wide areas of the
earth surface to be investigated, with a preci-
sion of 107 or better.

In 1991 a GPS geodetic network was set up
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and measured in Southeastern Sicily, to moni-
tor the ground deformations of an area charac-
terized by a high seismic risk, where levelling
surveys performed since 1970, had already evi-
denced vertical motion at a rate of 3 mm/yr. In
case of an important seismic event within this
area, the immediate repetition of the measure-
ments of the network will allow the identifica-
tion of the superficial dislocation. The results
obtained from 1991 and 1993 surveys consti-
tute a first data base of a time series that will
provide the rate of change of relative station
coordinates by repeated surveys to be per-
formed at least every two years.
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