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ABSTRACT: A GPS network was established and measured in Zakynthos Island during August 2005, to study the local surface deformation. The
network was remeasured in July 2006. Differential Interferometry (DInSAR) was also applied, in conjunction with the DGPS observations, for bet-
ter spatial coverage of the surface deformation on the island. Suitable interferometric pairs of SAR images were selected after searching the ESA data-
base, covering the period 2004-2006. The DGPS analysis shows an opening of about 24 mm along the E-W axis in southern Zakynthos, while strong
uplift has taken place, reaching more than 60 mm, in the SE part of the peninsula. This pattern of deformation can be attributed to the intense seis-
mic sequence that occurred in the area during the time span of the measurements, from April 2006 until May 2006. The northern part though did not
exhibit systematic deformation, as the horizontal trajectories varied in magnitude and direction. However, subsidence has been observed in almost
all the northern sites, reaching 38 mm. The latter, is confirmed by the DInSAR analysis that exhibits similar deformational behaviour and amplitude
with the DGPS measurements. The different deformation pattern between the northern and the southern part can be related to a possible large exten-
sional deformation that is taken place along a N-S striking axis crossing the island.

Key-words: Satellite geodesy, DGPS, DInSAR, crustal deformation.

HNEPIAHYH: Zmyv mapodca epyacio peAetnOnke 1 Topapdppmon tov gAooH 6t Vo Zakuvho pe v cuvovaotik xprion Atactnpkov Texvi-
kov. H épeuva emkevipodnke oe Atopopikég petpnoeig GPS (DGPS) yio onpetokég kot peyding akpifelag mopatnpnoels, 6 cuvovacud e Ata-
eopwn ZupBoropetpia Pavtdp (DInSAR) ya yopikr pedém g nopapodpeocnc. To yemdartiko diktvo GPS eykatactddnke ot viico Kot petprinke
Yo Tp@OT Popd Tov Abyovsto 2005, evd emavapetpndnke Evav xpovo apyodtepa, tov lodito 2006. H avdivon tov dtapopikdv petpicemv GPS avé-
detée devpuvon tov Koimov Aayavd g tdéems tov 24 mm oty dievbuven A—A. Tavtdypova, To TUAHR 0VTO TG VGOV Tapovatdlet vtovn avo-
yoon, 1o pnéyebog g onolag Eemepvd ta 60 mm oty Xepodvnco Xkomov, 6to NA dxpo g ZakvvOov. H gkovo avtn TG £00pIkng aviyoaong
dvvator vo arodobei oty dpdon g cetopkng axorovbiog Arpikiov-Maiov 2006 1 omoia TapatnpiOnKe GToV BOAIGGLO YOPO GE HKPT AmdoTOOT
oo T1g VOTLEG 0KTES TNG ZakbvOov. e avtifeon e To voto Tupo g Zakiviou, 1o fopeto dev eppavice KATOL GLGTNUATIKOTNTA 6TV 0pLlovTio
£dapkn mapapdpewon amod Tig petpricels GPS, apov ta avocpata petatomiong speavifovy mowkiteg dtevbvvoeic. [lopdra ovtd, kabilnon napotn-
pNOnke 6to GVVOALO TV onueiev pEtpnong tov fopetov Tupatog ™G Zakvvhov, 1 onoio avépyetal ota 38 mm 6to PopeldTEPO GNUEID TOL SIKTVLOV,
kGt Tov emPefardOnke ko amd v Atapopikn Zvpforopetpio. Avti 1 SPOPETIKT CLUTEPIPOPE TOV VOTIOV artd To POpELo TUNpO TG ZakvvOov,
POVEPMVEL LI EVTOVT EPELKVOTIKT TOPOUOPPOGCT TNG VGOV KOTA UKog NG dtevbvuveng B-N.

AgEarc-kherdnd: diaotuixn yewooaio, DGPS, DInSAR, wapoudppwon plotod.

INTRODUCTION

Zakynthos Island is located in Western Greece, a seismotec-
tonically complex area of rapid and intense deformation,
which is one of the areas that play an important role in the
kinematic processes of the Eastern Mediterranean. Particu-
larly, the region of the Central Ionian Islands (Zakynthos,
Cephalonia, Lefkas) comprises a multiple junction, where all
types of plate boundaries (collision, subduction and trans-
form) connect at a distance of 150 km. This region exhibits
some of the largest observed rates of continental crustal de-
formation accompanied by very high seismic activity. Nu-
merous regional studies have been carried out to assess the
geodynamics of this area from neotectonic and seismological

points of view (e.g. BROOKS et al., 1988; HATZFELD et al.,
1990; KOKINOU et al., 2005).

The aim of this work is to provide detailed information
concerning regional surface deformation and kinematics of
Zakynthos Island throughout repeat Differential Global Po-
sitioning System (DGPS) measurements and Differential In-
terferometric SAR (DInSAR) analysis. Nowadays it is
widely accepted that the GPS technique can be successfully
used to detect crustal deformation at various scale dimen-
sions (HOLLENSTEIN et al., 2006; LAGIOS et al., 2007; CHOU-
SIANITIS, 2009), while DInSAR has already proved its
capability of providing images of surface deformation
(WRIGHT et al., 2004).

We present a deformation field using information on the

* Melét edapikig mopapdpewons Nioov Zakvviov Bdoet dtopopikdv petpioewv GPS kot Atagpopikig Zvpforopetpiog Paveap
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motion of a number of points of a dense local GPS network
covering entirely Zakynthos Island during the 2005-2006
time interval, with respect to a common reference frame.
Moreover, to further constrain the deformation pattern re-
vealed by the DGPS results, we also formed interferograms
of surface deformation derived by DInSAR analysis, using
radar images of the ENVISAT satellite. A GIS database for
Zakynthos Island was organized containing various kinds of
data (geological, tectonic, topographical, geomorphological
and seismological), which can constantly be updated with
new data, depending on the current needs.

GEODYNAMICS

Western Greece is a case study of interaction between the
African and the Eurasian lithospheres. Eastern Mediterranean
lithosphere, which is the front part of the oceanic-like African
lithosphere, is subducted beneath the Aegean continental lith-
osphere, which is the front part of the Eurasian lithosphere,
along the Hellenic Arc — Trench system (LE PICHON & AN-
GELIER, 1979). Zakynthos Island is found at the northwestern
end of this subduction zone, which terminates against a major
strike-slip fault, the Cephalonia Transform Fault (Fig. 1).
This fault plays a key role in the above mentioned geody-
namic complexity as it joins the subduction boundary with
the continental collision between the Apulian microplate and
the Hellenic foreland further north (SACHPAZI et al., 2000).
Seismological data for this fault indicate right-lateral strike—
slip focal mechanisms (SCORDILIS et al., 1985; ANDERSON
& JACKSON, 1987; PAPADIMITRIOU, 1988; KOKINOU et al.,
2000), in agreement with geodetic data which clearly show
that the slip motion has a NNE-SSW direction (LAGIOS et
al., 2007; CHOUSIANITIS, 2009). The Hellenic subduction is
clearly evidenced by its seismicity which results in high shal-
low and intermediate-depth seismicity that forms a well de-
fined Benioff zone. Large earthquakes on the Hellenic Arc —
Trench system near Zakynthos Island show pure thrust focal
mechanisms on a shallow-dipping plane with SW-NE slip
vectors. A minor or considerable strike—slip component is
present in some of these events, being more clearly from the
west to the east (PAPAZACHOS et al., 1991).

The high level of seismic activity in the central Ionian
Sea is the effect of the neotectonic activity and the intense
crustal deformation in the broader area, which leads to the
occurrence of both strong events and microseismic activity.
The first ones help in the understanding of the relative mo-
tions of the tectonic plates, while the latter assists in gaining
knowledge about their internal deformation. Several strong
earthquakes (M>6.0) have occurred in the vicinity. Some of
the most recent events include the November 18, 1997
(Mw=6.5) earthquake, SW of Zakynthos Island, which is
known as the “Strofades Earthquake”, the December 2, 2002
(Mw=5.5), earthquake which struck Zakynthos and Western
Peloponnese and is known as the “Vartholomio earthquake”
(ROUMELIOTI ef al., 2004), the June 8, 2008 (Mw= 6.4) at
SW Achaia (Western Peloponnese) (GANAS et al., 2009) and

a sequence of earthquakes on October 2005 (Mw=5.6) and
April 2006 (Mw=5.5-5.7) south of Zakynthos. The activity
of the latter sequence began on April 4, 2006 with a moder-
ate earthquake of magnitude Mw=5.3 that was followed on
April 11 and 12 by the strongest events with magnitudes
Mw=5.6, Mw=5.6 and Mw=5.7 respectively (ZAHRADNIK et
al., 2008; CHOUSIANITIS, 2009; SERPETSIDAKI et al., 2010).
In total at least 10 events occurred in the activated area with
moment magnitudes larger than 4.0, followed by an impor-
tant number of microearthquakes with magnitudes between
1.5<Mw<4.0. The depth distribution of the entire sequence
ranges between 10 and 25 km (CHOUSIANITIS, 2009; SER-
PETSIDAKI ef al., 2010). Since then, no other events of com-
parable significance have occurred although a great number
of smaller events (4.0<Mw<5.0) have been recorded and at
least one event of Mw=5.0 is expected in the broader region
every year.

The evolution of Central Ionian Islands could be de-
scribed in continuation of the Alpine orogenic evolution as a
foreland-propagating fold and thrust belt of the Hellenides
(UNDERHILL, 1989; HATZFELD et al., 1990). This evolution
has been summarized from numerous investigations in geol-
ogy (BROOKS et al., 1988; UNDERHILL, 1989), in paleomag-
netism (LAJ ef al., 1982; HORNER & FREEMAN, 1983; KISSEL
& LAJ, 1988), and in seismotectonics (HATZFELD et al., 1990;
MAROUKIAN et al., 2000). During the Plio-Quaternary, the
broader area of Zakynthos underwent a continuous clockwise
paleomagnetic rotation of 22° (KISSEL & LAJ, 1988; DUER-
MEIER et al., 1999). This clockwise rotation of Zakynthos
can be linked to Late Pleistocene uplift in mainland Greece,
related to rebound processes resulting from African slab de-
tachment underneath the Tonian Islands (DUERMEIJER et al.,
2000).

GPS NETWORK

A GPS network for monitoring the present-day kinematics
of Zakynthos Island was established in 2005 in order to study
the tectonic deformation triggered either by motions along
major faults or expected pre- and post-seismic activity. The
selection of each site location was made after geological in-
vestigation and according to the main structural units and ac-
tive faults that could be recognized on the island (Fig. 2). The
geological structure of Zakynthos, which is characterized by
complex structural and stratigraphic features, consists of
rocks of Pre-Apulian and Ionian Zones, ranging in age from
Cretaceous to Pleistocene (AUBOUIN & DERCOURT, 1962;
SOREL, 1976; UNDERHILL, 1989). These geotectonic zones
are defined on the basis of different sedimentary facies of ex-
posed Mesozoic and Cenozoic rocks and different tectonic
styles. Compressive tectonism related to Alpine-age defor-
mation and major recurrent movement of evaporite succes-
sions during both Mesozoic and Cenozoic times have
produced complicated folding and different styles of faulting
(SOREL, 1976; UNDERHILL, 1989). The Pre-Apulian Zone
forms the major part of the Island, whereas the lonian Zone,
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Fig. 1. Tectonic setting of Central lonian Islands (after IGME 1983 and LEkKAS et al., 2001).

which is dominated by compressional tectonics, is exposed
on a small area of SE Zakynthos. The boundary of these two
zones is defined by the Ionian Thrust, which is generally con-
sidered to represent the most external structure of the Hel-
lenides. The Ionian Thrust is not well exposed in Zakynthos,
because the occurrence of a thick Pliocene cover makes the
boundary between these zones difficult to define, but the
western limit of evaporite diapirism in SE Zakynthos Island
is considered to mark the limit of the Ionian Zone (UNDER-
HILL, 1988).

Five major tectonic blocks were distinguished with con-
firmed neotectonic activity based on lithology, on similar
structural features and on a common evolution during upper

Quaternary (Fig. 3). These blocks are: I. Northern Zakynthos
block, II. Central Zakynthos block, I11. Keri peninsula block
(south-western part of the island), IV. Southern Zakynthos
block (south of Keri peninsula block) and V. Skopos penin-
sula block (south-eastern part of the island). The southern
boundary of the Northern Zakynthos block is defined by a
zone of semicircular shape consisting of four consecutive ac-
tive faults with tectonic activity during Holocene (LEKKAS,
1996). The major Central Zakynthos block is divided into
two subordinate blocks, Ila and IIb, separated by a major
probably active thrust fault that runs the Central part of the is-
land from North to South. This division was made because
these two subordinate blocks have distinct geological fea-
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Fig. 2. Geological map of Zakynthos Island (after LEKKAS, 1996).

=
agQ

tures, on account of their difference in geological evolution,
since Ila block is mountainous dominated by Alpine forma-
tions, contrary to the plain IIb block, which is dominated by
Neogene sediments. The southern boundary of the Ila block
is a main active fault of E-W direction, which demarcates the
northern limit of the Keri peninsula block. The southern
boundary of this block is another main active fault with sim-
ilar direction but with adverse dip, resulting in the character-
ization of the Keri peninsula block as a tectonic graben
(LEKKAS, 1996). On the contrary, the Southern Zakynthos
block forms a tectonic horst with southern limit the under
tectonic control sheer coast of the island. Finally, the IIb
block and the Skopos peninsula block are separated by the
Ionian Thrust, which is partially covered by alluvial deposits
and not entirely distinguishable. The tectonic evolution of the
Skopos peninsula block has been controlled by diapiric
processes of the Triassic gypsum and evaporites of the lon-
ian Zone.

Eventually, a network of 14 sites was established in Au-
gust 2005 providing spatial coverage throughout the island
with baselines between GPS sites from about 2.5 km to 30
km long, a distance which is suitable for detailed monitoring
of local tectonic movements. The network was entirely re-
measured at the end of July 2006, almost one year after its es-

T
210000

T T
220000 230000

tablishment, with primary objective the calculation of a
crustal displacement field of high spatial resolution. During
that year, the seismic activity in the broader area was signif-
icant, since an earthquake Mw=5.6 occurred offshore a few
kilometres south of the island on October 18, 2005 and al-
most six months later, a significant seismic sequence of at
least four earthquakes with magnitudes Mw from 5.5 to 5.7
occurred in the same region during April to May 2006.

GPS DATA ANALYSIS

The stations of Zakynthos GPS network were occupied by
eight dual-frequency geodetic receivers (WILD type: SR299,
SR399 and AX1200Pro). After a preparation step consisting
of reformatting the raw data to RINEX, the processing was
performed using the Bernese GPS Software 4.2 of the Astro-
nomical Institute of the University of Berne (BEUTLER et
al., 2000). The ionosphere free linear combination L3 was
used as the basic observable. We followed the recommended
Bernese strategies estimating the troposphere delay parame-
ters every 2 h with respect to the Saastamoinen standard
model (no meteorological data were used). The ambiguity
resolution was performed following the Quasi lonosphere
Free (QIF) strategy. Other characteristic parameters of the
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analysis include the use of precise IGS ephemeris data, ion-
osphere models for each day and an elevation cut-off angle of
10°. Satellite clock corrections, antenna height phase centre
variations and other general files provided by CODE (Cen-
ter of Orbit Determination in Europe) of Bern University
were included in the computation. The aim of the processing
of the GPS data was reliable and consistent site coordinates
with accuracies at the sub-centimetre level. In order to ob-
tain this goal, an important feature of the data processing is
the reference frame, since site coordinates and velocities as
well as satellite orbits used for the processing must be in the
same reference frame. For that reason, all the data were re-
ferred to ITRF2000, which appears to be the most accurate
and extensive ITRF version ever developed (ALTAMINI &
BOUCHER, 2001).

Station RLS (Riolos) at the northwestern part of Pelo-
ponesse established on a very local visible outcrop of lime-
stone in a broader area of sandstone was used as local
reference station (Fig. 4). This selection is based on neotec-

tonic considerations, since it was difficult to find a relatively
stable reference site on the island due to the complicated
multi-directional faulting and the widespread distribution of
neogene sediments, along with consideration of the road net-
work during the campaign planning. This station was oper-
ating continuously (time sampling 1 sec) during both
campaigns. Two additional measuring periods (January 2005
and January 2006) were included in the analysis of station
RLS along with the measuring periods of the entire GPS net-
work of Zakynthos, for a better estimation of its coordinates.
The variation of the absolute coordinates (ITRF2000) for the
local reference station is given in Table 2. Additionally, to il-
lustrate the behaviour of the station positions, we computed
its temporal trend as time-series with the corresponding rms
error, decomposed into the north, east and up components
(Fig. 5). This figure also shows the weighted best-fit straight
line for each component.

For that period of relatively 1.5 years, station RLS had
moved to the SE with velocity components of ve=14.2+4.5
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Fig. 3. Neotectonic Blocks along with site locations of Zakynthos network (CHOUSIANITIS, 2009).
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Fig. 4. Local reference station RLS at the northwestern part of Peloponnese.

mm/yr and vn=—18.5+3.9 mm/yr, along with subsidence of
vu=-5.446.0 mm/yr. The vertical component is almost com-
parable to the rate of motion showing a general trend for the
motion of the reference station, although future remeasure-
ments providing more data, will enhance the picture of the
rate of motion. With respect to the Eurasian reference frame,
the velocity components are ve=—9.5+4.5 mm/yr and
vn=-30.4£3.9 mm/yr. These values are in good agreement
with the results which were obtained from repeated GPS
measurements for the nearest stations of regional networks,
namely No. 61 (CLARKE et al., 1998) and ZAHA (COCARD
etal., 1999).

Furthermore, in order to improve the stability of the net-
work, four continuous sites of the IGS network, namely
GRAZ (Austria), MATE (Italy), WTZR (Germany) and SOFI
(Bulgaria) and one site DION (Dionysos) in Greece, were in-
cluded in the data processing. This allows connecting and
constraining the solution to the ITRF2000 reference frame,
since coordinates and velocities of these sites are known with
a high accuracy at the mean epoch of each campaign with re-
spect to ITRF2000.

We processed each session independently. For each daily
session, one station was selected as a “connecting station” in
the centre of the “roving” stations and was tied to the local

TABLE 1
Site distribution of the Zakynthos GPS network with regard to neotectonic blocks and corresponding lithology.

Site Block Lithology Geotectonic Zone Foundation
60 1la Limestone Pre-Apulian Benchmark
61 1 Limestone Pre-Apulian Benchmark
62 1 Marly Limestone Pre-Apulian Benchmark
63 1la Limestone Pre-Apulian Benchmark
64 1la Limestone Pre-Apulian Benchmark
65 1la Limestone Pre-Apulian Benchmark
66 11 Marly Limestone Pre-Apulian Benchmark
67 v Marly Limestone Pre-Apulian Benchmark
68 11 Limestone Pre-Apulian Benchmark
69 1Ib Marl Pre-Apulian Benchmark
70 \ Limestone lonian Benchmark
71 \Y Marl Pre-Apulian Benchmark
72 1Ib Sandstone Pliocenic sediments Benchmark
73 1Ib Sandstone Pliocenic sediments Benchmark
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TABLE 2
Component displacements of RLS with respect to ITRF2000 for all
Measuring Periods.

North | RMSy | East | RMSg Up RMSy,

(mm) | (mm) | (mm) | (mm) | (mm) | (mm)
Mar.2005 - Aug.2005 | -15.2 2.7 1.7 24 23 4.8
-Feb.2006 [ -17.3 3.0 9.7 2.7 6.2 5.5
-July2006 | -30.0 3.7 209 T 3.0 7.7 57
TABLE 3

Component displacements of GPS sites of the Zakynthos network re-
ferred to RLS (Riolos) for the measuring period August 2005 to July

2006.

Station N-§ RMSns | E-W | RMSgg Up RMSy,
no. (mm) (mm) (mm) (mm) (mm) (mm)
60 7.1 2.8 -9.4 3.2 11.6 6.7
61 15.3 4.8 -19.2 5.6 -38.5 7.4
62 -13.8 12.6 -8.4 8.6 0.7 8.5
63 5.9 2.8 -0.2 3.4 -12.5 7.1
64 -34 2.6 4.9 3.2 0.8 6.7
65 -4.2 2.8 -17.7 3.0 30.7 7.2
66 -0.3 3.2 -15.1 3.2 43.1 8.2
67 -2.9 3.0 20.3 3.6 16.7 7.8
68 3.9 3.0 18.9 3.2 1.6 7.8
69 6.8 2.6 11.0 2.8 12.0 6.2
70 26.4 3.0 4.3 3.0 63.4 7.6
72 -2.8 2.4 -3.5 3.2 29.9 7.1
73 16.7 2.4 -1.5 2.6 8.1 5.8

TABLE 4

ENVISAT Imaging pairs used for Interferometric calculations.

Area Date Orbit Frame Pass 'ZZZ‘:I Bp (m)
| 270ct.2004 | 13903 - e )
Zakynthos 16 Nov_ 2005 19414 2835 Descending 385 69
1 6 months overlapping
[ 25Muy 2005 | 16909 - e
Zakynthos T4 June 2006 2420 2835 ‘ Descending | 385 ‘ 44

reference station RLS. Each roving station was occupied at
least twice with a recording time ranging from 4 to 8 h with
a sampling rate of 15 sec. For each station, solutions for every
daily session were computed and compared to its “final” so-
lution in order to evaluate the scatter of the coordinates de-
duced from each session. The final station coordinates for
each campaign were obtained by combining the solutions of
all daily sessions. Regarding the accuracy of the final coor-
dinates, RMS errors of about 2—6 mm and 6-9 mm for the
horizontal and vertical components of displacement, respec-
tively, were achieved for the majority of the stations at a 95%
confidence level. In the following analysis, we present re-
sults in terms of displacement of a station instead of average
rate of displacement, since the second require additional re-
measurements of the GPS network. Only a complete analy-
sis of data from several remeasurements over a longer time
period will allow presenting average rates of displacements.
Furthermore, the interpreted mechanism causing movement
can vary at a station for different periods (e.g., carthquakes,
local effects, etc.), while presentation in terms of displace-
ment helps to better compare DGPS results with DInSAR
analysis.

In Table 3 the component displacements of the Zakyn-

thos GPS network referred to RLS (Riolos) are listed and il-
lustrated in Fig. 6. Overall, intense ground deformation has
been noticed in Zakynthos for this period. A consistent pat-
tern of deformation has been observed in the southern part
of the island, where it is evident that horizontal extension had
occurred in the area around Laganas Bay. Its western part
showed generally a westerly motion with magnitudes ranging
from 15 to 20 mm, while its eastern part revealed magnitudes
of about 26 mm towards the NNE. The central part of the is-
land appears to be stable, whereas the northern part did not
exhibit systematic deformation and the horizontal trajecto-
ries varied from 6 to 26 mm in different directions, with two
stations (No. 60 and 62) having directions to the SW, while
the most northerly ones, No. 61 and 63, had movement to the
NW and N with magnitudes of 24 mm and 5 mm, respec-
tively. The vertical deformation is expressed with strong up-
lift in the southern part bounding the area of Laganas Bay,
with values of 40 mm and 60 mm in the western and eastern
parts, respectively. More than 60 mm occurred at station No.
70. On the contrary, subsidence was observed in the extreme
northern part (No. 61 and 63), with values ranging from 12
up to 30 mm, while the section to its SE (No. 60 and 62) was
unchanged. This different behavior between the southern and
northern parts of the island was also noticed by HOLLENSTEIN
et al. (20006), implying large extensional deformation along
the N—S direction. Moreover, the occurrence of the seismic
sequence of April-May 2006 a few kilometres south of Za-
kynthos Island (Fig. 7) had affected its southern part where
the largest horizontal and vertical displacements were de-
tected by DGPS analysis, as it was demonstrated by CHOU-
SIANITIS (2009). However, only a complete analysis of GPS
data over a longer time period with additional remeasure-
ments of the entire network will allow explaining in the fu-
ture the percentage of deformation caused by tectonic and/or
non-tectonic effects.

DInSAR ANALYSIS

Interferometric analysis is an extra satellite-based technique
for crustal deformation measurements along with DGPS
analysis. The technique of DInSAR is used to form interfer-
ograms, which cover the investigated area of Zakynthos
using radar images of the ESA satellite ENVISAT. Overall,
two pairs of ASAR images were selected, fulfilling the crite-
rion of small baselines (Table 4). Two differential interfero-
grams were produced covering the GPS measuring period
August 2005 to July 2006 and May 2005 to June 2006.

For DInSAR analysis the “two-pass differential interfer-
ometric method” or “DEM-elimination method” was chosen
(MASSONNET et al., 1993). Coherence characterizes the qual-
ity of the interferogram. In the present application, the co-
herence for the larger part of the island resulted quite low,
leaving only selected areas with good coherence. Dense veg-
etation that covers most of the island and ground morphology
are mainly responsible for this effect and particularly, for the
plain part of the island the very poor coherence can be addi-
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Fig. 5. Time-series of N-S, E-W and Up components with respect to ITRF2000 for the local reference station RLS of the Zakynthos network. Error
bars indicate the rms error of each position. The weighted best-fit straight line for each component is also shown.

tionally attributed to a large scale construction taking place to
the island and to the geological features of the area, charac-
terized by loose formations and strong erosion. The areas of
good coherence therefore are limited to the west, north and
NW of the island.

The interferometric pair covering the period October
2004 — November 2005 is characterized by deformation
which is limited to the western part of the island consisting
of Alpine formations of the Pre-Apulian Zone, where at least
two fringes of deformation were noticed (see inset on Fig. 8
for location). For the rest of the island, either clear interfer-
ometric fringes can not be distinguished, or noise due to the
very poor coherence appears. The latter describes the whole
plain part of the island, along with the central and southern
Zakynthos. The part of the island where the two fringes are
observed is characterized by very good coherence.

200000 210000 220000
L N N

The interferometric pair covering the period May 2005
to July 2006, reveals fringes along the western and northern
parts of the island (Fig. 9). The first fringe is well formed and
is observed almost at the same area as in the previous inter-
ferometric pair of the period October 2004 — November
2005. The existence of this fringe indicates a total deforma-
tion of about 28 mm for the one year period covered by this
pair. Taking into consideration the sign of the phase-change
in both images, subsidence is inferred. The second fringe at
the northern part of the island is not well formed as previ-
ously described above, since the coherence is very poor in
the corresponding coherence image. Assuming that the fringe
is not noise, then the according to the sign of the phase-
change in both images, a subsidence of about 38 mm has
taken place. This conclusion is supported by the DGPS re-
sults of the period August 2005 — July 2006, according to
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Fig. 6. Map of GPS-derived horizontal and vertical displacements of Zakynthos Island referred to RLS station for the period August 2005 to July
2006. Errors at 95% confidence level (LAGIOS ef al., 2007; CHOUSIANITIS, 2009).
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which the northern part of the island was subducted with a
mean value of 40 mm. Although the time separation of the
images covers the seismic sequence of April-May 2006, DIn-
SAR analysis did not reveal any significant deformation,
mainly due to the poor coherence in the southern part of the
island.

DISCUSSION & CONCLUSIONS

The aim of the research is to determine geodynamic move-
ments of Zakynthos Island using DGPS and DInSAR analy-
ses. The methods and procedures applied have proved to be
suitable for obtaining high-quality results and have yielded
detailed information regarding local deformation. Zakynthos
Island can be separated into five blocks and two sub blocks.
These blocks comprised the basis of the deployment of the
GPS network consisting of 14 points covering entirely the is-
land.

The GPS results revealed intense ground deformation and
different patterns of motions for the period 2005 to 2006. Re-
garding the horizontal displacements, a consistent pattern of
deformation has been occurred only in the southern part of
the island, in the area around Laganas Bay, showing a dis-
tributed horizontal extension of about 24 mm along the E-W
axis, as it can be derived from the E — W horizontal compo-
nent displacements of the corresponding GPS sites. The

northern part of the island did not exhibit systematic defor-
mation, as the horizontal trajectories varied from 6 to 26 mm
in different directions. Regarding the vertical displacements,
intense uplift is manifested in the southern part bounding the
area of Laganas Bay, with values of 40 mm and 60 mm in
the western and eastern parts, respectively. Based on the hor-
izontal and vertical displacements of the southern part of Za-
kynthos Island, a hypothesis about a possible influence
between the occurrence of the sequence near Zakynthos dur-
ing the time span of the measurements and the observed de-
formation in the region can be made. The central part of the
island appears stable, while negative vertical displacements,
with values reaching more than 35 mm are predominant in
the extreme northern part, a result consistent with the DIn-
SAR analysis. However, an anti-correlation holds for two
points of the GPS network (60 and 64) whose GPS data in-
dicate uplift and negligible subsidence respectively, while
InSAR data indicate subsidence. This can be attributed to bad
data quality for the first case, where also the calculated by
the GPS processing uplift is not consistent with the rate of
motion of the rest points at the northern part of the network,
while in the second case the large rms error comparing to the
calculated displacement does not allow the extraction of a se-
cure conclusion. This is why the DInSAR results assist the
GPS results in these two cases. The different behaviour be-
tween the southern and northern parts of the island, which
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Fig. 7. Epicentral map of the April-May 2006 seismic sequence using data from the national broad-band seismographic network along with a regional
network deployed in the broader area by Earthquake Planning & Protection Organization (E.P.P.O.) (CHOUSIANITIS, 2009).
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imply large extensional deformation along the N—S direction tained constrain the complicated tectonic model of Zakyn-
and is derived from visual inspection of the vectors, was also thos Island and reveal a dominant local north-south exten-
noticed by other researchers. It appears that the results ob- sional regime in the island. Taking into consideration the
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character of the present research work these results must be
treated as preliminary, as they provide a basis for further re-
search, and the presented conclusions need verification dur-
ing subsequent stages of investigations.
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