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The Gulf of Corinth, in eastern Greece, is one
the most seismic regions in Europe. It is possi
the fastest continental rift in the world and provid
an ideal site for investigating in situ the physi
of earthquake sources and for developing effici
seismic hazard reduction procedures. But this requ
first a better understanding of the rifting process a
of the correlated fluid faults’ interactions. In fact, th
rift zone is also a live analogue of the conditions t
prevailed in the North Sea region some 20 milli
years ago and therefore provides means to be
understand today oil reservoirs of western Europe
has been chosen as a site for developing an in
laboratory, the Corinth Rift Laboratory (CRL).

The Corinth Rift (Fig. 1), which separates t
Peloponnesus from continental Greece, is a 110
long, N 110◦ E-oriented graben, bounded by syste
of very recent normal faults (less than 2 Myr old
It is located within the extension zone genera
by the counterclockwise rotation of the Anatolia
Aegean bloc to the south, and the clockwise rotat
of northern Greece to the north [24]. This structure
the site of continental break-up, with up to 1.5 cm yr−1

of north-south extension and more than 1 mm yr−1 of
uplift of the southern shore [5,7]. The high rates
tectonic faulting and uplift concur to the outcrop
very recent fault planes with large offsets.

The causes for this fast and intense tectonic acti
are multiple and their relative significance is s
being debated. Some of the forces at work come fr
gravitational instability of the north–south-orient
Hellenides belt and from crustal lithospheric thinni
in the back-arc region of the subduction margin so
and west of the Peloponnesus [14,18]. In addit
the Evvia and Corinth grabens may accommod
part of the deformation associated with the weste
1631-0713/$ – see front matter 2004 Académie des sciences. Publis
doi:10.1016/j.crte.2004.02.001
propagating southern branch of the North-Anatol
Fault [1].

At the location where they are intersected by
Corinth Rift, the Hellenides are constituted by a s
cession of nappes that result from an Alpine ea
west compression [27]. From east to west they incl
the Parnassos nappe, which is overthrust on the
dos nappe, itself thrust over the Gavrovo–Tripoli
nappe. Below these nappes, the HP–LT metamor
Phyllades nappe is likely to be encountered, altho
very little information is still available with this re
spect [15].

The progressive east–west opening and collap
of the Corinth graben is well recorded by facie
distribution, and thickness of the infilling sedimenta
sequence. It includes continental and shallow-w
lacustrine facies from Pliocene times followed by fi
marine sediments of Middle Pleistocene age [19].
present, the marine basin in the Corinth Gulf reac
water depths of 860 m in its easternmost part, wh
its sedimentary infill may reach up to 2.5 km [8]. B
the basin is only 65 m deep at its western end, nea
Rio-Antirio area [28].

This fast opening is associated with a shallow
northerly dipping seismic zone located at depths ra
ing from 6 to 12 km. Five events of magnitude larg
than 5.8 have been observed in this region wit
the last 40 years. But all the observed deformati
cannot be accounted for only by the observed s
mic activity. Yet the importance and mechanics
non-seismic deformation remain to be documente
seems very likely that fluids play a very significant p
in this deformation process. Earthquakes located u
the northern shore usually indicate extensional fail
along east–west planes dipping north 20–40◦. How-
ever, fault planes exposed at surface in the Aigion a
hed by Elsevier SAS. All rights reserved.
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uakes are
tude larger
Fig. 1. General sismo-tectonic context of the Corinth Rift. The CRL location is the green rectangle centred on Aigion. Recent earthq
indicated by their date and the approximate size of their seismic rupture. The European map shows all seismic events with magni
than 5, as observed from 1960 to 2001.
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are considerably steeper (e.g., the Helike fault dip
the range 55–70◦).

One of the key goals of the Laboratory is to u
derstand the geometric connections between outc
ping steeply dipping fault planes and the deeper
dipping seismogenic sources. Contrasting interpr
tions are feasible, as illustrated by the alternative
potheses: steeply dipping faults abutting against a l
angle, seismically active detachment [36], or list
faulting (progressive down dip curvature of the fa
planes into low-angle detachments [13,38]).

But the main objective of the Corinth Rift Labor
tory is to document, through direct in situ observatio
and experimentation, the mechanics of faulting fr
both the quasi-static and the dynamic point of view
Special attention is given to interactions between
culating fluids and fault mechanics, with particular f
cus on the hydro-thermo-mechanical coupling but a
with consideration on the role of healing and/or alt
ation. It includes observations at ground surface of
tonic features, including a subsurface seismic netw
the continuous monitoring of surface deformation
continuous GPS, tiltmetry and extensometry, the m
itoring of water level or flow rate variations of natur
springs and their changes in chemical composition
cluding rare gas content.

In addition, the Laboratory involves deep boreho
(presently two) for both, better characterization of
geological structure and in situ observation of flui
fault interactions. They are meant to provide in s
measurements for the determination of the regio
heat flux and of the regional stress field. They prov
information on the hydraulic properties of active fau
and their surrounding walls. They document, by dir
observations, the natural flow occurring through th
same faults before, during and after an earthqu
Finally, the boreholes instrumentation yields dire
in situ observation of site effects on seismic sign
because of the influence of superficial soft so
deposits.

The Corinth Rift Laboratory is located in th
vicinity of the city of Aigion, some 40 km east from
Patras. It covers an area about 30 km× 30 km,
extending across the gulf between Aigion on
southern shore and Eratini on the northern shore.
area was chosen for several reasons:
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– the local strain rate and the microseismicity
highest;

– the faults in this area have not been the site
any earthquake with magnitude larger than 5.5
more than a century;

– the site is at the western limit of the 199
magnitude 6.2 so-called Aigion earthquake [3];

– the gulf is fairly narrow there (less than 8 km
allowing mostly on-land access to instrumen
sites;

– the site is far enough from both ends of the
zone so that it is submitted to a pure extensio
deformation regime.

This site has been chosen after a workshop sp
sored by the International Drilling Program (ICD
and organized in Athens in 1997 [9]. Its objective w
to discuss the appropriateness of drilling an ultra d
borehole (8 to 10 km) in this area for a better und
standing of the physics of earthquakes by direct ob
vations within the seismogenic zone. The worksh
concluded on the necessity to conduct first an inv
tigation at shallower depth in order to ascertain so
hypothesis on the sismotectonics of the area. And
launched the CRL project.

The project has been supported mostly by the
ergy, Environment and Sustainable Development p
gram of the European Commission ‘5th Framew
Program’. Initially three projects were accepted
funding in 1999, namely CORSEIS, DGLab and 3
Corinth, which all have reached their end in 200
Presently, complementary projects have been acce
and are in their developing phase. In addition,
French and German research foundations (GD
Corinth of CNRS, GRECO from DFG) have both su
ported very efficiently scientific work from variou
teams as well as some local instrumentation (in p
ticular the CRL seismic network).

The present thematic issue presents the prelimin
results that have been obtained in the field since
launching of CRL in 1999. It will also help to ini
tiate a more elaborate interpretation of these mu
disciplinary data through the development of unifyi
models. It constitutes the base for defining the fut
of CRL and the appropriateness of drilling at grea
depth. In fact, it already outlines the decoupling t
exists between the deformation process in the sup
cial nappes and the physics at work within the seism
genic zone.

The following themes are discussed in this issue

– the regional structure;
– rifting velocity and time constraints;
– investigations of quasi-static and dynamic def

mation;
– hydro-geochemistry monitoring;
– results from the 1000 m deep AIG10 borehole.

1. The regional structure

Ghisetti and Vezzani [16] show how the Pli
Pleistocene sedimentation and fault segmentatio
the Gulf of Corinth are controlled by inherited stru
tural fabric.

Pi Alperin et al. [31] propose a seismic refracti
image of the southern Corinth Rift shoulder at Derv
(East of Aigion) that identifies the contact between
carbonates and the basement rock (identified by i
wave velocity equal to 6 km s−1). These results wer
obtained at the occasion of theR/V Maurice Ewing
seismic-reflection campaign shot in 2001, the res
of which have yet to be published.

LaTorre et al. [21] propose a new method f
detecting in seismograms converted phases betw
the P and S arrivals. The method provides mean
identify an interface at 3 km depth, in the Psarom
region, on the northern shore of the CRL site.

2. Rifting velocity and time constraints

Malartre et al. [26] analyse in detail the Gilbe
type delta system observed along the Vouraikos Ri
just east of the CRL site, on the southern shore of
rift. This analysis builds on the interactions betwe
faulting and sedimentation processes for a pre
description of the local geodynamic evolution.

Causse et al. [6] propose a kinematic descrip
of the rifting process during the last million year
from a joint analysis of calcite dating and syntecto
sedimentary characteristics.

Moretti et al. [28] present results from long pisto
coring obtained by the Marion Dufresne throu
Holocene sediments in the eastern part of the
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They conclude on sedimentation and subsidence r
for the last 13 kyr.

3. Quasi-static and dynamic deformation

Avallone et al. [2] discuss GPS results collect
during the last 11 years around the Corinth Gulf a
show how active deformation is localized in a narr
band located just south from the northern shore of
rift. Rotations on both sides of the rift are discusse

Bernard et al. [4] describe results from continuo
recording of strain and tilt on Trizonia Island, i.e.,
the location where GPS data suggest deformation
is the largest. An interesting slow transient strain ev
is described just before a magnitude-3.5 earthqu
located some 15 km away.

De Martini et al. [12] obtain estimates of the sl
rates of the Aigion and Eliki Faults from uplifte
terraces and come up with values in the order of 1
1.2 mm yr−1 for the footwall uplift of both faults.

Pantosti et al. [30] have conducted a palaeoseis
logical investigation of Aigion Fault. They conclud
that slip rates range from 1.6 to 4.3 mm yr−1 with a
360-year recurrence interval for major (magnitude
earthquakes.

Lyon-Caen et al. [25] present the first resu
obtained with the CRL seismic network, for the peri
April 2000 – December 2001. They confirm the lo
northerly-dipping seismogenic zone between 4.5
11 km. In addition, they discuss a seismic swa
that occurred south of Aigion on a reactivated alp
structure oriented SW–NE and dipping 40◦ to the west.

Pitilakis et al. [33] present the first results of the s
soil array, a set of accelerometers distributed at var
depths within soft sediments in the Aigion harbo
This array is meant to provide direct recording
seismic signals in soft soils. Results for a magnitu
Ms 3.5 earthquake are presented.

4. Hydro-geochemistry

Pizzino et al. [32] present results from the geoche
ical analysis of natural springs distributed through
the southern section of CRL, east and west of Aigi
More than 50 sites have been analysed. They conc
that all the waters that have been analysed are of
teoric origin, without any trace of volcanic, juvenile
magmatic element.

Leonardi and Gavrilenko [23] present results fro
the monitoring of water level and flow rate in tw
springs, respectively east and west of Aigion. B
show tide and barometric effects. These are take
advantage for characterising the hydraulic conduc
ity and the specific storativity of the correspondi
aquifer. This suggests that results from this moni
ing will be responsive to tectonic stress variations.

Labaume et al. [20] analyse water circulation with
the Pirgaki Fault, which is located south of CRL. Th
show how cathodoluminescence microscopy he
to identify phases of meteoritic percolation duri
and immediately after earthquakes and how clo
systems develop during interseismic periods. Fr
these observations, they propose preliminary qua
tive models of structural development and fluid flo
in active normal faults.

5. Results from the 1000 m-deep AIG10 well

Cornet et al. [10] summarize the results from t
1000 m-deep AIG10 well that intersects the Aigi
Fault at 760 m within the Mesozoic carbonat
below the Quaternary deposits. They observe that
60◦ dip of the fault is consistent with the frictio
characteristics measured in the lab. They also s
that the fault together with the radiolarite sequen
constitute an efficient hydraulic barrier below whi
a fast meteoric water circulation erases any effec
possible deeper upward flow. This raises the ques
on identifying methods for a better understanding
the regional water and heat flux at depth.

Naville et al. [29] present results from the seism
profiles that were run prior to drilling the well. The
results are integrated with vertical seismic profiles
in AIG10 well together with results from sonic logs f
identifying the fault offset within the basement rock

Rettenmaier et al. [35] describe the litholog
log derived from the drilling operation and discu
the results in the context of regional geology a
tectonics.

Lemeille et al. [22] analyse in detail the recent sy
rift deposits sampled in the hangingwall of the Aigi
Fault and discuss the correlative dating problem.
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Daniel et al. [11] propose a macroscopic structu
analysis of the Aigion Fault at its intersection wi
the well. It is based on the cores collected above
within the fault, together with geophysical imagin
logs run within the same depth interval.

Song et al. [37] report on laboratory results for p
meability measurements conducted on fault mate
as well as on intact limestone and Quaternary clay
posits encountered just before entering the basem
rock. They show that the clay core zone within the A
gion Fault results from the smearing of radiolarite a
is not a gouge.

Sulem et al. [39] report on the experimental ch
acterization of the thermo-poro-mechanical proper
of the clay that constitute the core of Aigion Fault
760 m. They show that a softening behaviour un
thermal loading is possible.

Giurgea et al. [17] present results from hydrau
tests run in AIG10, at various depths, during drillin
They propose a preliminary hydrogeological mo
containing flow parameters and flow paths.

Prioul et al. [34] present results from a dipo
sonic log that gives insight into local anisotrop
directions. These are discussed in terms of princ
stress directions. It is concluded that the maxim
horizontal principal stress direction is parallel to t
Aigion Fault direction.

This combination of surface and borehole obser
tions shows that the Aigion Fault is very probably n
listric and that it obeys the classical friction law. B
it also demonstrates that the system of normal fa
of the southern shore of the rift strongly influenc
the regional water flow, a feature that enhances
asymmetry of the rift structure. Producing a better
derstanding of the down-going flux within the Alpin
nappes becomes an important objective with partic
emphasis on the characterization of the interface
tween this descending flux and the likely up-flowi
fluids associated with the deeper crust thinning. T
demonstrates the need of a deep (5 km?) well to do
ment properly the decoupling that exists at the bas
the nappes. Whether this decoupling occurs abov
below the Phyllades nappe will have to be ascertai
and may be one of the important objectives of the n
drilling program.

We hope that this set of papers helps to in
ate cross-disciplinary discussions so as to prod
progressively, well-validated models of the vario
t

processes at work in the Corinth Rift. If this spec
issue becomes the base for such cross-disciplinary
cussions, we will have reached our goal. The con
sions will help to define the future of this Europe
Corinth Rift Laboratory that will include not only th
gathering of in situ data but also the development o
large database, including models, easily accessib
all concerned entities.

To conclude, we would like first to thank a
the persons from the various funding agencies
have helped to make the CRL project a reality. O
special thanks go to M. Yeroiani, G. Ollier, J. Garni
and J. Schupper, from the European Commiss
P. Vidal and P. Machetel from CNRS, M. Zoba
and R. Emermann from ICDP. We also wish
acknowledge the support in the Aigion area of b
public and private parties, with particular attention
the Koronakis family for the piece of land they ha
let us use for the deep drilling project.

We also would like to thank very sincerely J. De
court, editorial director ofComptes rendus Geoscience
for accepting to host this special publication.

Finally, our sincere thanks go to H. Paquet a
R. Raymond for making sure that all papers w
reviewed and received on time and were consis
with theComptes rendus Geoscience format.
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