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Abstract

The 1000 m-deep AIG10 borehole intersects the Aigion Fault within the limestone of the Pindos nappe at 760 m
demonstrated that the fault is dipping 60◦ with respect to horizontal, an angle consistent with the strength characteristics
fault material as determined in the laboratory. It does not seem to be listric, as suggested by the location of superficial m
mic events. The fault is about 7 m thick, with a 50 cm core of clay derived from smeared radiolarite formation. The faul
the basement rock by 150± 20 m and constitutes a hydraulic barrier that sustains a 0.5 MPa differential pressure. Be
fault, a strongly karstified limestone has been encountered down to 1000 m. It is the site of a 0.9 MPa overpressure an
no temperature gradient. Water geochemistry demonstrates the continental origin of this significant flow, which oblite
regional heat flux. The present monitoring of downhole pressure yields data on tidal variations with a resolution of 1/500 as
well as pressure variations induced by teleseisms. Given preliminary results from14C dating, the age of the fault is about 50 k
and the mean slip rate equal about 3.5 mm yr−1. To cite this article: F.H. Cornet et al., C. R. Geoscience 336 (2004).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Forage au travers de la faille active d’Aigion : l’observatoire constitué par le puits AIG10. Le forage AIG10 recoupe la
faille d’Aigion au niveau des carbonates de la nappe du Pinde, à 760 m de profondeur. Il a démontré que la faille pré
pendage de 60◦, valeur conforme aux mesures de laboratoire quant au coefficient de frottement des matériaux prélevé
faille. Celle-ci ne semble pas listrique, d’après la localisation d’événements microsismiques dans le prolongement à
profondeur du plan de faille. Son épaisseur atteint 7 m, avec un cœur argileux de 50 cm d’épaisseur provenant de l’étir
radiolarites, qui lui confère une certaine étanchéité. Celle-ci se manifeste par un différentiel de pression interstitielle de
Sous la faille, le forage recoupe un calcaire fortement karstifié, supportant une surpression interstitielle de 0,9 MPa p
à la valeur hydrostatique. L’analyse géochimique de l’eau démontre son origine continentale. L’absence de gradient t
dans le karst, sous la faille, témoigne de l’existence d’un flux important, qui ne permet pas l’observation directe du flux
leur profond. Le rejet total de la faille est de 150±20 m, avec un taux de glissement moyen de 3,5 mm a−1 pour un âge d’environ
50 ka, selon les premiers résultats de datation au14C. Pour citer cet article : F.H. Cornet et al., C. R. Geoscience 336 (2004).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

Il y une quinzaine d’années, le forage de Ca
Pass, à proximité de la faille de San Andrea,
Californie, a permis de confirmer l’absence de flux
chaleur anormal au voisinage de cette faille, alors
les lois de frottement obtenues au laboratoire laissa
penser le contraire [13,23]. Une des raisons invoqu
serait une augmentation de pression interstitielle
du processus de rupture. Depuis, un certain nombr
forages a été réalisé juste après certains séismes
déterminer le profil thermique local et préciser ai
les lois de comportement hydromécanique des fail

L’objectif du forage AIG10, sur la faille d’Aigion
dans le golfe de Corinthe, est précisément de mes
en continu la pression interstitielle sous, dans, et
dessus de cette faille active, avant, pendant et aprè
séisme. Il est aussi de préciser la morphologie et
caractéristiques hydromécaniques de cette faille. I
enfin d’établir son rôle sur les écoulements régiona
afin de déterminer si la faille joue le rôle de drain o
au contraire, de barrière hydraulique.

2. Structure géologique locale

Tant les profils sismiques de reconnaissance
tiale que les résultats du forage (analyse descuttings
et des 80 m de carottes obtenus dans et au voisi
de la faille, diagraphies d’imagerie électrique et ult
sonore, diagraphie sonique et profiles sismiques
ticaux) permettent de préciser la structure géologi
locale [6,15,18,20]. Après les sédiments argileux
cents des 150 premiers mètres, le forage reco
successivement des conglomérats indurés de 1
388 m, puis des dépôts argileux jaunâtres de 38
496 m, profondeur du contact avec les radiolarites
la nappe du Pinde. À 696 m, le forage pénètre dan
calcaires en plaquettes caractéristiques du somm
la série du Pinde, avant de recouper la faille d’Aigio
758 m. De 780 à 1001 m, le forage recoupe un calc
homogène localement karstifié (Fig. 1).
r

Il apparaît ainsi que la faille présente un pend
de 60◦, qu’elle semble conserver jusqu’à son enra
nement dans la zone sismogénique profonde (6–8
si l’on en juge par la localisation d’événements mic
sismiques observés vers 4 km de profondeur. Son
a été évalué à 150± 20 m, grâce aux diagraphies s
niques, aux profils sismiques verticaux et aux pro
sismiques de reconnaissance, qui permettent de
évaluer le rejet des calcaires (vitesse de 5 kms−1) et du
toit des radiolarites (vitesse de 3600 m s−1). L’âge de
la faille serait d’environ 50 ka d’après le rejet entre
niveau daté à 35 ka et identifié à 103 m de profond
dans le compartiment nord et une terrasse caract
tique du niveau de la mer il y a 38 ka, identifiée
30 m au-dessus du niveau de la mer actuel dan
compartiment sud [14,15]. Cet âge impliquerait do
une vitesse de glissement moyen de 3,7 mman−1, en
bon accord avec les estimations faites à partir des
ciennes terrasses marines [7]. Toutefois, la datatio
la terrasse aurait été récemment remise en cau
l’âge reste donc encore à confirmer.

3. Morphologie de la faille et caractéristiques
hydromécaniques

La faille telle qu’elle a été recoupée par le fora
de 756 à 772,5 m est constituée d’une brèche calc
de 772,5 à 762,5 m, puis d’une couche argileuse
1 m d’épaisseur, elle-même surmontée d’une brè
calcaire de 761,5 à 756 m. Ainsi, du fait de s
pendage de 60◦, la faille présente une épaisseur tot
de 7 m, dont 50 cm d’argile dont la compositi
siliceuse démontre qu’elle provient de la déformat
d’un niveau de radiolarite. Les mesures de laborat
[21,22] montrent que le coefficient de frottement da
l’argile est de 28 à 29◦ et celui des surfaces d
glissement dans la brèche de 32◦. Ces valeurs son
donc tout à fait homogènes avec l’orientation moye
de la faille, mais l’orientation des plans de glissem
interne montre que les mécanismes de déforma
à l’intérieur de la faille sont plus complexes qu’u
simple glissement plan (Fig. 2). Il a été montré que
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perméabilité de l’argile varie entre 1 et 20×10−19 m2,
selon la contrainte moyenne appliquée.

L’analyse géochimique de l’eau dans les div
aquifères montre une influence marine forte dans
terrains quaternaires jusqu’à 388 m de profond
mais les eaux prélevées à partir de 700 m de
fondeur sont d’origine continentale, sans aucune
fluence marine. L’observation d’une pression de 5
dans les calcaires au-dessus de la faille et de 8,5
dans le karst profond démontre, d’une part, le rôle
barrière hydraulique de la faille, mais aussi l’influen
de la couverture de radiolarite et des argiles ancien
de la base du Quaternaire quant à l’hydrogéologie
gionale. Par ailleurs, l’absence de gradient thermi
(température de 31,5◦C de 750 à 995 m, Fig. 3) dan
les calcaires karstiques profonds témoigne d’une
culation rapide qu’il reste à préciser. En revanche,
l’existence d’un gradient thermique continu que les
gures de cristallisation calcique démontrent l’abse
de circulation rapide dans les calcaires au-dessus
faille.

4. Résultats préliminaires quant aux variations de
pression interstitielle sous la faille

Des premiers essais de production d’eau, ré
sés lorsque l’instrument de forage était encore
place, mais après la cimentation d’un cuvelage anc
708 m de profondeur dans le calcaire à plaquettes [
ont mis en évidence un débit de production d’e
viron 50 m3 h−1 dans les calcaires karstiques p
fonds. Mais, lors de la mise en place du maté
de surveillance permanent, alors que le forage é
entièrement libre, les débits de production se son
vélés supérieurs à 500 m3 h−1 et ont peut être attein
600 m3 h−1 d’après la vitesse de remplissage d’un
servoir tampon de 2000 m3 construit pour ces essai
Ces premières observations fournissent une valeu
nimum de l’ordre de 10−5 m s−1 pour la conductivité
hydraulique du karst. Ces valeurs seront précisé
partir de l’analyse des variations de pression indu
tant par les marées que par les téléséismes (Figs
and 6).

1. Introduction

Some fifteen years ago, the debate on the stress
flux paradox [13,23] illustrated the discrepancy th
r

t

still exists today between the mechanical behaviou
major faults as estimated from laboratory experime
and that derived from observations conducted in d
boreholes. The most conspicuous difference is
absence of abnormal heat flux close to the San And
Fault (California), while the shear strength deduc
from laboratory-derived friction laws implies larg
generation of heat. The Cajon Pass Scientific Drill
Project involved the drilling of a 3.5 km deep well th
provided various in situ observations, including t
confirmation of the absence of heat anomaly clos
the fault at depth. It also showed that, on this site,
principal stress directions are nearly perpendicular
parallel to the fault, so that the fault supports very lit
shear stress. This has led to the conclusion that the
Andreas Fault is ‘weak’ and various mechanisms h
been proposed to explain why faults may be ‘stron
i.e., basically follow Byerlee’s law, or may be wea
i.e., support very little shear stress.

A key parameter is the interstitial pore press
that exists within the fault during rupture, wheth
this rupturing process is slow (creeping) or of se
mic nature. But no data are yet available on the p
pressure conditions that exist in faults at depth
various deep borehole projects have been undert
to provide a better understanding of these pres
conditions. Most of them involve drilling through sei
mogenic faults, just after an earthquake has occur
This provides means to evaluate the local thermal
stress conditions associated with the failure proc
One of the objectives of the Aigion drilling project
to provide data on the pore pressure conditions
exist before, during, and after an earthquake wit
the active Aigion Fault. Indeed, the Aigion Fault w
slightly reactivated during the magnitude-6.2 Aigi
earthquake that occurred in 1995 on a low dipping
shore fault [3,12]. Investigating the present-day fl
flow and temperature conditions on this fault will brin
information on the healing process that might aff
the fault.

A second objective of the Aigion Fault drillin
project is to determine the role of Aigion Fault
the regional hydro-geological flow conditions. Indee
faults may act either as fluid conduits or as flo
inhibitors. For example, in the Monterrey Basin
in California, faults are efficient conduits in low
permeability siliceous rocks [8], but retard fluid flo
in high-permeability sandstones [1]. So-called sea
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faults have drastic influences on the pressure
tribution in hydrocarbon reservoir [11] and a bet
understanding on the role of clay on the hydromech
ical behaviour of faults, in particular the clay-smear
effect within carbonate rocks, is of great importan
for the oil industry [2].

The AIG10 borehole has been designed to prov
data on the Aigion Fault morphology and its hydr
mechanical properties at depths where it intersects
Mesozoic formation below the Quaternary depos
It is also meant to provide means for continuou
monitoring both the deformation process and the v
ious fluid fault interactions, including hydro–therm
mechanical coupling effects and also physicochem
interactions on sealing effects.

This paper summarizes results obtained by
drilling of the AIG10 well. They concern the region
geological structure, including the dip and offset
Aigion Fault, as well as the fault morphology and
influence on regional flow. Finally, preliminary resu
on the monitoring of pore pressure below the fault
presented. More detailed information on these vari
results may be found in the corresponding pap
presented in this special issue.

2. The local geological structure

Before drilling the AIG10 well, a preliminary
seismic reconnaissance was undertaken for a pre
site selection [18]. Then, during drilling, cuttings we
collected every 2 m, except from 708 to 787 m, wh
continuous coring was undertaken in order to obt
a petrographic characterisation of the fault mate
within the Pindos unit (a sedimentary formation ma
up of intercalations of carbonate rocks and radiola
[9]). In addition, geophysical logs, including boreho
imaging and sonic logs as well as vertical seism
profiles, were completed. This has provided mate
for a detailed lithological and structural investigati
of the formations intersected by the well [6,18,2
Results are summarized in Fig. 1.

On the vertical seismic profiles, the top of the lim
stone (5 kms−1 P-wave velocity) is outlined in th
southern footwall by a strong diffraction [18]. Th
transition from the basal Quaternary clay to the t
tonised Pindos unit is identified at 496 m from t
lithological log, but the top of basement rocks is ide
tified only at 520 m from sonic and VSP logs. Th
means that the upper layers of the Pindos unit in
sected by the well cannot be identified by their veloc
contrast. Only the limestone layers some 25 m low
than the interface have a velocity contrast of sign
icance that can be identified in the seismic profi
These limestone layers are identified at a 420 m de
some 1.5 km to the south of the fault surface tra
on the seismic profile run during the initial seism
reconnaissance along a north–south direction pas
through the well site. This depth is determined fro
the refraction analysis with velocity values for the u
per Quaternary formation taken equal to the val
identified by the VSP run in AIG10. Hence, if on
assumes a 4◦ dip toward the south for this interfac
this yields a depth of 370 m for these limestone l
ers at their intersection with the fault, in the south
footwall. This implies a 350 m depth for the interfa
between the basal Quaternary clay and the radiola
in the footwall. Such a value would then fit with th
150 m offset derived from the offset of the platy lim
stone encountered at 696 m in the northern hang
wall of the fault. Thus, the vertical offset of the fau
is well constrained by the displacement of the ba
formation and is found to be equal to 150± 20 m. In
the Quaternary formation, the top of the stiff conglo
erates is identified at 153 m by Lemeille et al. [1
from the lithological log, but at 127 m from the VS
velocity profile. This implies that the top of the st
conglomerates, on the southern footwall, is enco
tered below present-day sea level, and therefore do
contribute to the present-day local geomorphology

The mean dip of the fault is also very well co
strained by the fault outcrop near the railway track a
the fault intersection with the well at 760 m depth. I
terestingly, this dip is consistent with the location
a few micrsoseismic events observed between 3.5
4 km [4]. It is found to be equal to 61± 2◦, so that the
fault total slip is about 173 m. Given that the fault e
tension is in the order of 10 km [19], the total fault s
over fault length ratio is equal to about 0.017, a va
very consistent with those obtained by Manighett
al. [16] in the Afar Rift for a collection of 255 faults
Hence, this work suggests that the fault dip rema
constant at depth, till the fault reaches the low dipp
regional seismic zone between 4 and 8 km. These
servations therefore suggest that the Aigion Fault m
not be listric.



F.H. Cornet et al. / C. R. Geoscience 336 (2004) 395–406 399

m seismic
art of the
ata. Note
ish layer
rrespond to
below the

partir des
ées sur la

l’analyse des
spond à un
e la faille a
Fig. 1. Schematic structural cross section through Aigion Fault, in the Aigion harbour. On the left, depths have been estimated fro
refraction data [18], while on the right depths correspond to cuttings and core analysis [15,20]. Velocities indicated on the right p
figure correspond to P wave arrivals from sonic logs, while on the left part velocities are those estimated from seismic refracted d
the slow velocity within the calcareous clays (calcilutite) below the conglomerates. The red layer corresponds to a radiolarite clay
smeared through the fault, as explained in Section 3. Its thickness and lateral extension is unknown. The pore pressure values co
measurements obtained during the drilling phase for the platy limestone and after drilling operation for the limestone encountered
fault. The fault offset is determined from the offset of the platy limestone (layer withVp velocity equal to 5 km s−1) and from that of the
radiolarite–Quaternary clay interface.

Fig. 1. Schéma structural de la faille d’Aigion, au niveau du port d’Aigion. À gauche de la figure, les profondeurs sont estimées à
données sismiques [18], tandis qu’à droite, elles résultent d’observations lithologiques dans le forage [15,20]. Les vitesses indiqu
partie droite de la figure concernent les ondes P des diagraphies soniques, tandis que les valeurs sur la gauche proviennent de
données de sismique réfraction. On remarquera la couche lente entre les conglomérats et les radiolarites. Le niveau rouge corre
niveau de radiolarites à l’origine des argiles au cœur de la faille, son épaisseur et son extension latérale étant inconnues. Le rejet d
été déterminé à partir des données sismiques concernant le toit des radiolarites et surtout le calcaire (Vp = 5 km s−1).
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Cuttings from a well located midway betwee
AIG10 and the fault outcrop show no tilting of th
Quaternary sediments in the northern hangingw
This absence of tilt is confirmed by correlation b
tween the cuttings from various nearby boreholes
cated some 2 to 3 km from AIG10 [15]. But Mesozo
basement rocks have been strongly deformed
ing the Hellenides compression, so that the Mesoz
structures are not horizontal any longer. The struct
data retrieved from borehole images [6] indicate t
sedimentary layers in the platy limestone above 74
are dipping 45◦ toward the east, while they are plun
ing 45◦ to the southeast, between 744 m and Aig
Fault. Hence, the subhorizontal contact that is deri
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from the seismic profiles corresponds solely to
interface between basement rocks and Early Qua
nary deposits. This work does not resolve the struc
within the basement rock at a scale larger than tha
AIG10 well because of the strong heterogeneity in
deformation.

The dating of the fault is provided by the offset
Quaternary formations. A terrace dated 38 kyr fro
14C dating is identified 30 m above sea level (a.s
on the southern footwall [14], while sediments da
35 kyr also by14C dating are encountered at 103
depth (b.s.l.), on the northern hangingwall [15]. Giv
the fact that the sea was not deeper than 5 to 1
when this formation was deposited, this would sugg
that the fault vertical offset generated since 35 ky
close to 120 m and therefore that the mean vertical
rate, for this period, is in the order of 3 mmyr−1, or a
mean total slip rate of 3.5 mmyr−1, a value quite con
sistent with that determined from palaeoseismolog
investigations [19]. Given the usual assumption of 1/3
up and 2/3 down for motion on normal faults wit
60◦ dip angle, this would result in an uplift rate o
the southern footwall of Aigion Fault equal to abo
1 mmyr−1. This result is also in agreement with e
timates from uplifted terraces analysis [7]. It may
mentioned however that recent observations (Leme
personal communication), would seem to indicate t
the 14C age proposed for the terrace observed 30
a.s.l. is erroneous and that the fault may be ol
Pending further published results on the dating of
races and Quaternary layers, it is concluded here
the Aigion Fault is at least 50 kyr old, but possib
older.

3. The Aigion Fault morphology and its role as
hydraulic barrier

At its intersection with the Aigion Fault, the we
AIG10 is vertical (3◦ inclination with respect to ver
tical). The fault material, as seen from cores a
geophysical logs, consists of 9 m of brecciated lim
stone surmounted by 1 m of clay, itself surmounted
3 m of heavily brecciated limestone [6]. Hence giv
its 60◦ dip, the fault is found to be about 7 m thic
with a 50 cm core of clay. The particle size distrib
tion for the fault clay material shows a large range
particle sizes [22]. It consists mostly of siliceous m
Fig. 2. Core retrieved from the clay zone, at 760 m in well AIG
Note the inclination of the slip plane between red and grey c
zones with respect to that of the contact between the clay zone
the breccias.

Fig. 2. Carotte prélevée dans l’agile qui constitue le coeur
la faille, à 760 m de profondeur. On remarquera la différe
d’inclinaison du contact entre l’argile et la brèche, d’une part, e
le contact séparant l’argile noire de l’argile rouge, d’autre part.
dernier plan présentait des stries très marquées.

terial [21]. Hence the presence of clay results mo
from the smearing of the radiolarite formation rath
than from the wearing of the carbonate fault walls.

The clay zone makes an angle of 31◦ with re-
spect to the borehole axis. Inside the clay zone
shearing surface with marked slip lines is visible
a plane that makes a 68◦ angle with respect to th
core axis (Fig. 2). In addition, within the calcitic bre
ciated zone, slip zones with clear slip lines are a
visible. This shows that slip occurs within both t
clay zone and the calcitic breccia. Both the mech
ical and hydraulic properties of these materials h
been investigated in the laboratory [21,22]. The p
meability of the clay is found to vary with stress a
ranges from 0.1 to 2× 10−18 m2. The friction angle of
the clay is equal to 28◦ at room temperature (22◦C),
but increases to 29◦ when the temperature increas
to 73◦C. The clay has been shown to exhibit a co
tractant volumetric behaviour, when heated. The jo
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Fig. 3. Temperature profile in well AIG10. The continuous profile was obtained 9 months after the well had been drilled, when it w
with heavy mud. The thermistance was too light to reach deeper than 200 m. The measurement at 749 m was also obtained 9 mon
end of drilling by optic cable (courtesy of A. Forster, GFZ). The measurement at the bottom of the well was obtained three days afte
of drilling and therefore likely yields a slight underestimate.

Fig. 3. Profil thermique dans le forage AIG10. Le profil continu, jusqu’à 200 m de profondeur, a été obtenu 9 mois après la réalisation
Le trop faible poids de la thermistance ne lui a pas permis de descendre plus profondément, étant donné la densité de la boue de
utilisée pour stabiliser la pression interstitielle en dessous de 760 m. La mesure à 749 m a été obtenue par GFZ-Potsdam, à l’aide
optique, onze mois après la fin du forage, alors que ce dernier était encore stabilisé par la boue (A. Forster, GFZ, communication pe
La mesure au fond du forage a été obtenue par la société Schlumberger, une semaine après la fin du forage. Elle ne devrait pas ê
de façon très significative par l’opération de forage, étant donné qu’elle a été effectuée au fond du forage.
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between the carbonate zone and the cataclastic b
oriented 112◦ with respect to the core axis, shows
residual friction angle equal to about 32◦, i.e., only
slightly larger than that of the clay. Hence, at a la
scale, the observed 60◦ dip angle for the Aigion Faul
is completely consistent with the measured friction
gle for the clay and the interface between catacla
zone and intact rock, if the vertical direction is t
maximum principal stress direction. Yet, the orien
tions of observed slipping surfaces within the fa
suggest a more complex deformation mechanism
the meter scale.

Water-geochemistry analysis [10] shows that wh
the water in the Quaternary conglomerates exhibi
strong marine component, that present in the carbo
formation, below the radiolarite, is of meteoritic o
gin. It has been recharged in regions south of Aigi
,Below the radiolarite formations, the fault separa
two different aquifers. In the upper one, a 0.5 M
over hydrostatic pressure was measured during
drilling operation, while below the fault the ove
pressure reaches 0.85 MPa, as monitored during
months in fall 2003. Hence the fault is found to
a strong hydraulic barrier. A pumping test conduc
between 708 and 744.8 m in the upper platy lim
stone formation yields a hydraulic conductivity equ
to about 1× 10−7 m s−1 [10], if one assumes that flow
occurs in the fracture network, as suggested by la
ratory permeability measurements for the intact pl
limestone [21]. But flow conditions below the fau
are completely different. First, imaging logs have
vealed the existence of numerous karstified fractu
with open sections as large as 1 m. Second, var
temperature measurements and thermal log yiel
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Fig. 4. Signal recorded by the pressure transducer in AIG10 borehole during fall 2003 and showing tidal pressure variations

Fig. 4. Variations de pression en dessous de 700 m, dans le forage AIG10. Le forage est rempli d’eau et les deux compartiments
d’autre de la faille sont en communication. La mesure correspond à la pression dans le karst profond, du fait de la forte impédance h
des calcaires au-dessus de la faille.
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23◦/1000 m gradient from 120 m down to the fau
but a uniform temperature below the fault, down to
bottom of the well (Fig. 3). The absence of therm
gradient below the fault testifies for an active flow th
remains to be properly characterized.

Whether the karstification process is still active
whether it occurred prior to the opening of the r
remains also to be determined. In the latter case,
would imply a downward displacement of the Aigio
footwall limestones larger than 1000 m and theref
a total cumulated differential vertical offset larger th
1500 m for the whole rifting process. Interesting
Quaternary conglomerates are identified at altitu
larger than 700 m at Fteri, some 8 km south
Aigion. Hence, at this point, it is not clear wheth
the karst developed in unsaturated conditions, w
the formation was above sea level or whether i
still developing under water saturated conditions. T
important conclusion is that today, the Aigion Fa
together with the tectonized radiolarites of the Pind
unit prevent water infiltrated in the mountainous ran
south of Aigion from reaching ground surface. Th
regional flow dominates the regional thermal gradi
and pre-empts direct regional heat flux measureme

4. Preliminary results from the downhole
pore-pressure monitoring

A still pending critical question is the characteriz
tion of the flow within the karstified limestone belo
the fault. A first test of water production was und
taken at the end of drilling, when the drill rig was st
on site but after a tube had been cemented dow
711 m into the platy limestone above the fault. T
flow-rate measured during the three days of the tes
cillated around 50 m3 h−1 with no noticeable decreas
of flow, but the flow carried a significant proportio
of cuttings. It was found later that in fact the flo
was obstructed by these cuttings accumulated nea
drill bit left in the well. Indeed, after the well sit
had been equipped with a water evacuation system
mensioned to accommodate the expected 50 m3 h−1

flow-rate, the well was left open to flow freely. Th
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i-diurnes.
Fig. 5. Spectral analysis of the pressure signal of Fig. 4. Semi-diurnal waves are predominant over diurnal waves.

Fig. 5. Analyse spectrale des variations de pression enregistrées sous la faille. On relève le caractère prédominant des ondes sem
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production flow increased progressively and reac
values larger than 500 m3 h−1 after two days and go
possibly as high as 600 m3 h−1. This was measured b
the time required to fill up a temporary 2000 m3 stor-
age pond constructed for this purpose. If one assu
an equivalent porous material over a 250 m height w
a 500 m influence radius for the well, this would res
in a hydraulic conductivity equal to 1.1× 10−5 m s−1

(1.5 × 10−5 m s−1 for a 10 000 m influence radius
according to Dupuit equation for stationary flow
confined aquifers (see, e.g., [17]). This value is clea
an underestimate, given the existence of a few lo
ized karstified fractures. This shows that the hydra
conductivity below the fault is nearly two orders
magnitude larger than that of the platy limestone ab
the fault, and possibly more.

Unfortunately, this very high production flow ra
prevented the installation of packers at the pro
depths in the well so that the pressure prese
monitored when the wellhead is closed yields
downhole pressure. This monitoring is conduc
with various sensors. The most sensitive of th
records absolute pressure at the rate of 0.125
with a resolution of 5 Pa. Fig. 4 displays the da
recorded during fall 2003. A complementary press
transducer yields the same variations, but with a m
coarser resolution.

The long-term trend and tidal variations are sho
in Fig. 4. Given the contrast in transmissivity of t
upper and lower compartments on both sides of
fault, pressure variations are dominated by those
the lower karstic zone. Tidal waves are visible w
a resolution of 1/500. A spectrum analysis over on
month of recorded data is sufficient to distingu
between M2 (12.42 h) and S2 (12 h) semi-diur
waves, as presented in Fig. 5. Diurnal waves are
identified but with lower intensity. The high amplitud
of the tides (∼25 mbar) shows the sensitivity o
the aquifer to the marine tides in the Corinth Gu
The response of the aquifer to tidal and barome
loading is currently under investigation, to determ
the hydraulic characteristics of the aquifer.

The high sensitivity of the pressure transducer a
enables it to record seismic waves. During Septem
and November 2003, two major earthquakes occu
in Hokkaido and the Aleutian Islands, with magn
tudes larger than 8. The Aleutian Islands signa
displayed in Fig. 6 together with the theoretical tim
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nt indiqués.
Fig. 6. Teleseismic signal recorded with the pressure transducer in AIG10 on 17 November 2003, near 7 AM, UTC time. The ea
occurred in the Aleutian isles at 6 h 43. Theoretical arrival times of P, S and the first major arc Rayleigh waves (R2) are indicated.
drop in pressure concomitant with S waves arrival.

Fig. 6. Signal téléséismique enregistré avec le capteur de pression de AIG10, le 17 novembre 2003, vers 7 h 00 du matin (temps d
séisme intervenu dans les îles Aléoutiennes : 6 h 43). Les temps d’arrivée théorique des ondes P, S et de l’onde R2 de Rayleigh so
On remarquera la chute de pression concomitante à l’arrivée des ondes S.
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of arrival for volume waves and Rayleigh wave (t
most rapid of surface waves). P waves are not not
able, whereas S waves are clearly identified. This m
appear surprising, since pressure changes are c
lated to variation in rock pore volume and are theref
more sensitive to compressional waves. But in fact,
low sampling rate of the sensor filters out the high f
quency P waves and detects S waves because o
S-to-P conversion at the surface near the borehole.
sensor is strongly responsive to surface waves wh
periods (50–200 s) are best sampled by the sen
Also, surface waves travelling around the globe
also visible 8000 s after the event. The drop in press
simultaneous with the S wave arrival needs to be be
documented. Indeed, similar effects of surface wa
on quasistatic water-level variations have already b
described at other sites [5]. In the present example
abrupt character of the drop does not seem comp
ble with resonances of gulf water induced by win
weather. Indeed, the periods of these oscillations
-

.

known to range from 8 to 40 min, and therefore se
to be out of the frequency domain of the observed p
turbation. Ongoing work is being conducted to be
understand this possible correlation.

5. Conclusion

Preliminary seismic reconnaissance, together w
results from the drilling of the 1000 m-deep AIG1
well, has provided data that constrain the geom
and morphology of Aigion Fault. The fault is dippin
60◦ with respect to horizontal, an angle consist
with the strength characteristics determined in
laboratory, and does not seem to become listric
depth. It offsets the Mesozoic formation by abo
150 m, with an average slip rate in the order
3.5 mmyr−1.

The fault, together with the radiolarite formatio
has been shown to be a strong hydraulic barrier
cause of radiolarite clay smearing. Below the fa
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encountered at 760 m, AIG10 intersects a well de
oped karst, which is the site of a 0.9 MPa overpress
resulting from infiltration in the mountain range mo
than 10 km south of Aigion. This downward flow com
pletely obliterates any anomalous deep regional h
flux effects. Present monitoring of the pore press
shows daily variations in the order of 2 kPa, whi
are generated by tides. This monitoring also provi
an opportunity to investigate pore-pressure variati
induced by both teleseismic and local earthqua
These data will be taken advantage of for charac
izing the hydraulic characteristics of the karst.
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