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ABSTRACT

As part of a seismotectonic study of the Gulf of Corinth,
we carried out two GPS campaigns in 1990 and 1991. We occupied
34 sites, including 22 pillars of the 1966-72 greek triangulation
network, in the Patras-Aigion region on both sides of the Gulf.
The network was designed to quantify the extension of the qulf
and give the possibility to measure the coseismic deformation in
case of large earthquake. Three software packages were used to
process the GPS data (GPPS-Ashtech, GAMIT, BERNESE). The average
repeatability of the baseline length using GAMIT is 3-4 mm,
almost independent of the baseline’s length. The average and
maximum scatter between GAMIT and BERNESE are 2 mm and 10 mm. The
accuracy of the triangulation previously estimated to be in the
5-10 cm range, is emphasized by the consistency of the two sets
of coordinates of points in the northern part of the Gulf
supposed to remain undeformed. A 30 cm average displacement is
found between points located on opposite sides of the Gulf. We
conclude that N-S extension 1is occuring across the Gulf of
Corinth at a rate of 1.5 +/- 0.5 cm/yr, over a width of at most
25 km. A GPS campaign is planned in 1993 to reoccupy some old
stations and extend the network eastward.

MEAETE: INAPAMOP®QIHE LTC AYTIKO TMHMA TOY KOPINOIAKCY KOAIIOY:
NPQRTA AINOTEAEZMATA AJI0 TIZ METPHIEIZ GPS,RKPIBEIA
KAT ZYI'KPIZH ME AEAOMENA TPITQNIZMOY
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OEPIAMHYH
H ceilopotextovin] Hel€tn tou KoplvBiamnol udAmou £€yLve uatd
Tnv Bidpueta 2 eTwv (1990-1991). Zav u€pog auTig Tng HUEAETNG

€yLvav HeTpnoeiLs GPS otnv mepLoxn. H perétn €yive oe 34 Oéoe.g,
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e Twv omolwv oTig 22 uvmhipxav evlewxTIxEg oTNAeg and To EAANViIKGS
S(ntvo (1966-1972) Tou CLOTHUATOG TPLYWVLIOHOL, Tdoo otnv IldTpa
So00 natr oto AlyLo, dni.xnal oTLg d%o mMAeLPEG Touv udATov. To HimTvo
€xeL oxediaobel yiLa va HeTpdel TNV eMEXTAON TOL MSAMoL uaL dive.
TV duvvaTtdTnTa va HETPATAL n CelLOpLxn Tapapdpewon oe Tep(TTwon
peydiouv oelopob. Tpia maxéta (GPPS-Ashtech, GAMIT,BERNESSE)
Tpoypappdtwy H/Y xpnolLpomoLribnmuav yia tnv emefepyacia TtTwv GPS
bedopévwv. H Hpéon esmavainPpLpdTnTa TOUL HAMovg Hudbe  yYpappig
(xpnoLuomoLl®dvTag to GAMIT) elvalL 3-4mm, oxeddv avefdptnTtn and to
CLUVOALKMS UNMOG TNG YPAHHNc. H péon mal n pEyLotn diaomopd peTafld
Tou GAMIT maL Tou BERNEST ei{var 2mm »alL 10mm avrioctoixa. H
axpiferta Tou TPpLywvLopod £(xe exTLunBe( TponyovpEvwg pHeTafly 5-
10cm, TovieTtalr and Tnv ovppwvia peTtafd Twv 2 ouddwv Twv
CLVTETAYUEVWY TWV ONUELWV O0TO BSpeLo TUHNX TOL USATOL LTIOBETOVTAG
SétL 8ev €xe. mapapopewbel To MHEpPOG auTd. Bpé€Bnue pLE pEarn

peTatdénion 30cm peTtafd onuel{wv-.mov BploxovtalL oTLg avtiBeTEG -

HEPLEG Tou MSATIOL. Suumepalvouvpe STL ovpBaivel YLd emMExTaON HE
S1Le06uvon B-N otov KopLvBLand udAmo pe puvbud 1.5(%0.5) cm/y oe
pLE mepLoyxr TAdToug Tmepimou 25 km. OL vEeg uetprioeig GPS B
gmavaingBolyv naL to 1993 apevdg maipvoviag UETPNOELG O HEPLUI
TAALE onuela xal ageTE€pou emenTelvovtag To SiuTLo avaToALundtepd.

INTRODUCTION

The Gulf of Corinth is an active deforming area which is

commonly described as an E-W half-graben structure. The present
active deformation of the gulf is demonstrated by the presence
of Holocene scarps along the fault traces and by quaternary
uplifted marine terraces in the Corinth-Xylokastro area. Few
large earthquakes occurred in this region during the last
century, e.g.: Helike in 1861 (M=6.6-6.7; Schmidt, 1881;
Papazacchos & Papazachou, 1989), Eratini in 1965 (M=6.4;
Ambraseys & Jackson, 1990), Corinth in 1981 (M:=6.7, 6.4, 6.4;
Jackson et al, 1982; King et al., 1985), Itea in 1992 (M=6.0,
Briole et al., same issue). The most active E-W trending normal
faults are located on the southern coast of the Gulf, the normal
faults on the northern coast being considered as antithetic
faults. A first estimation of the rate of extension across the
Gulf of about 1 cm/yr was deduced by Billiris et al., (1991) from
a comparison between old triangulation data (- 1890) and GPS
measurements carried out in 1988 at the scale of the entire
continental Greece.
, In order to have a more precise understanding of the
deformation mode of the Gulf of Corinth, we started a
multidisciplinary study in the Patras-Aigion area combining
seismological, tectonic and geodetic studies (see Rigo et al.,
same issue).

During two field campaigns in 1990 and 1991, we installed
a dense geodetic (GPS) network in this area (Fig. 1). This
network was designed to measure the extension rate and its
spatial gradients across the gulf. These data are fundamental to
assess the seismic and aseismic parts of the deformation during
the seismic cycle. In case of a large earthgquake, of course, the
same network will be used to measure the coseismic deformation
(horizontal and vertical displacements).
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During both GPS campaigns, we occupied 34 sites (7 in 1990
and 32 in 1991) using 3 receivers in 1990 and 8 in 1991, all
Ashtech dual-frequency codeless receivers. In this paper, we are
dealing only with the results of the 1991 campaign. During this
_campaign, we occupied each point 4 times, 6-7 hours, at night to
‘minimize the ionospheric and tropospheric pertrations. Among the
34 points, 5 are common to the 1988 GPS “Central Greece" campaign
(Billiris et al., 1991) and 22 are pillars of the 1966-1972 Greek
Triangulation Network. This link provides us with a first,
relatively good, determination of the displacements and the
crustal deformations across the Gulf of Corinth at the local
scale.

DATA ANALYSIS

Three software packages were used to process the GPS data:
-~ 1, GPPS (by Ashtech inc.) to have a quick look at the guality
of the data and a first set of coordinates.

- 2, GAMIT (developed at MIT, USA) as the main software.
~ 3, BERNESE (developed at the University of Berne-Switzerland),
to check the GAMIT solutions.

For each day, we processed all the possible combinations of
baselines (i.e. 28 for the B receivers operated simultaneously)
except with BERNESE (14 per day).

We made the tropospheric correction using the parameters
(temperature, humidity, pressure) measured in the field averaged
over the whole 6-7 h session. This approximation was possible due
to the very stable troposphere at night.

The GPPS processing was done in L1 mode (single-frequency).
This option is not accurate on long baselines because the
ionospheric delay is not taken into account as in the L.C
option, but it provides a good set of coordinates to start with
the other, more sophisticated softwares. Moreover, the processing
in L1 allows to check the ambiguities fixing and the residuals
give an interesting guick look at the quality of the data and at
the ionospheric fluctuations. This guality was found to be good
with small ionospheric perturbations. GPPS software fixed almost
all the ambiguities in the I, option, even for the longer
baselines (60-70 km long), or for the baselines with large
elevation differences (700-1400 m).

We then processed the data with GAMIT starting with the
coordinates given by GPPS. The GAMIT package includes an easy
interactive graphic data editor. We used this tool to correct the
data for cycle-slips and for some bad gquality data encountered
at low satellite elevations. Further, the same refined data files
were used as input to the final calculation of GAMIT and BERNESE.

For each baseline measured more than once, figure 2 shows
the rms scatter on the baseline versus its length. The average
of the rms scatters, i.e. the mean repeatability of the
baseline’s lengths, is about 3-4 mm. This 3-4 mm level is what
we estimate to be the global accuracy of our 1991 network. It
corresponds to a relative accuracy of 0.05 ppm. The absence of
increase of the rms scatter with increasing baseline length
suggests that part of the remaining errors may be due to local
errors in centering the antenna over the GPS marker.
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In figure 3 we compare the baseline’s lengths obtained with
GPPS and BERNESE versus those obtained with GAMIT. The
differences are also independent of the baseline’s length. The
average and maximum scatter are 7 mm and 15 mm between GAMIT and
GPPS (a relatively good result as GPPS was run in Ll option) and
2 mm and 10 mm between GAMIT and BERNESE.

There are at least two causes that can explain the remaining
small discrepancies between GAMIT and BERNESE: first, for the
GAMIT processing we used the P.G.G.A. orbits from Scripps/MIT
whereas for the BERNESE processing we used broadcast orbits;
second, during the inversion of the data, GAMIT estimated a
complementary tropospheric delay to be added to the one deduced
from field observations, although the BERNESE software used only
this last delay without additional estimated parameter (this
difference in the processing mode is important for vertical
determination but has little effect on distances).
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Fig.2. Repeatability of the baseline’s length calculated with the
GAMIT Software. The mean repeatability is around 3-4 mm.

COMPARISON WITH TRIANGULATION DATA
Bmong the 34 points of our network, 22 are pillars of the
Greek triangulation network (3th and 4th order). This network was

measured in 1967 for the southern part of the Gulf and in 1972

710
WYnoeiakA BiBAI0BAKN OgdppaoTos - TuAua MewAoyiag. A.lM.O.



m

differences in

for the northern part, both sides having been connected together
during both campaigns. The comparison of the two sets of
coordinates are plotted in figure 4. The accuracy of the
trianqulation data has been previously estimated to be of a few
centimeters + 107¢ ppm (Veis et al., 1992), i.e. 5-10 cm at the
scale of our network. This is strongly confirmed by the coherency
of the vectors found in the northern part of the Gulf. Not having
been able, for the moment, to reprocess the 1967-1972 data
together with the new ones, no other estimate of the errors is
available. The very clear feature in this map, is the
confirmation of the "N-S extension of the Gulf of Corinth. The
average displacement between points located on both sides of the
Gulf 1s 30 £ 10 cm for an average of 21 years. This indicates a
N-S extension rate of 1.5 * 0.5 cm/yr.
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Fig.3. Comparison of the GPPS and BERNESE baseline’s lengths
versus the GAMIT baseline’s lenths. :GPPS-0:BERNESE.

CONCLUSIONS

We compare in this paper the results and the accuracy
obtained using three different software packages for the same
measurement campaign in the Patras-Aigion region : GPPS, GAMIT
and BERNESE softwares. To obtain the best result, we used the
following procedure : GPPS was used to determine a set of "a
priori" point positions, GAMIT to more accurately refine the data
and to calculate the final solutions, and BERNESE to check the
GAMIT results. GAMIT and BERNESE give solutions consistent at an
average 2 mm level, whereas the average repeatability of the
baseline’'s lengths calculated by GAMIT is found to be 3-4 mm.
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The comparison between the GPS coordinates and the
coordinates of 22 pillars of the Greek Geodetic Network (from
triangulation data) in the Patras-Aigion region allows us to
quantify the extension rate of the Gulf at 1.5 * 0.5 cm/yr, a
value 50% larger than that obtained by Billiris et al., (1991)
at a larger scale. Moreover, our data show that the extension
across the Gulf of Corinth is localized over a width of at most
25 km.

Extension rates determined using moment tensor summation are
ranging between 4 and 7 mm/yr (Ambraseys and Jackson, 1990;
Papazachos and Kiratzi, 1992). Although a large. uncertainty
exists for this determination mainly due to the magnitude-moment
relation, there seems to be a significant discrepancy between
geodetic and seismic extension rates. This suggests, as already
proposed by Billiris et al., (1991) that some amount of aseismic
deformation occurs in the Gulf of Corinth. Alternatively, the
simple hypothesis that the observed deformation may be due to
elastic accumulation cannot be ruled out since no large
earthquake occured in the area after 1861 (Helikef M™7). In such
hypothesis, the observed strain rate (6 107"/yr) and the
estimated slip of 1-2 meters for the Helike earthquake (see
Schmidt, 1881) would suggest a recurrence time of 100-150 years.

The geodetic network installed since 1990 will allow to
discriminate between elastic strain accumulation and aseismic
deformation through the evaluation of gradients of deformation
across the area.
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