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ments \λ/aS 1ΟΟm (Kounis 1985), while a thickness of 50m is mentiοned by Tzouka (2003) at the
vicinity of Mt. Drakonera, based on interpretations of VES data. Nevertheless, and on the basis
of the gravity Survey reported herein, the thiοkness of the post-alpine depοsits is οonsiderably
larger, approaching 500m at the southernmost margin of the study area (see Seοtion 3). The al-
luvial deposits are fairly typical and indicate progressive withdrawal of the sea during the last
-60Ο0 years, at a mean rate of Ο.4-0.5 cm/a (Maroukian et a|. |993, Pavlopoulos et al.2ΟΟ6).
The flanks of the highland areas to the north (Patima area) and east (Sfakonaarea) stretches of
the P1ain are covered by undivided scree and talus οones of low-intermediate οohesiveness'

Figure Ι. Simplified geologicαl mαp of the study αreα (modifiedfrom Lozios Ι993 αnd HCMR
]9B9). Toponyms referred tο in the text αnd the trαces of the interpretiνe geοlogicαl cross sec-
tions of Figure 7 αre αlso mαrked.

The nearest - in terms of geography - outcrop of post-alpine sediments can be observed at the
Limikon area, north of the Plain. They are sandy marls and sandstones intercalated with con-
glomerates, possibly of Pleicone age (Katsikatsos 1990) and thickness possibly in excess οf
50m. Neogene - PleioQuaternary deposits are not observed at the surface, but they may well be
buried under the Quaternary sediments of the Plain, especially in areas where the geophysical
studies have determined large depths to the alpine basement (see Section 3).
The alpine basement comprises the formations of the autochthonous Αttica Unit. Loziοs (1993)
reports that the base of the stratigraphiο οolumn comprises the Ramnounta Schists (highly al-
tered οhloritic - feldspathic schists), the thickness of which is estimated by Katsikatsos (199Ο) to
be -40Οm. Αccording to Loziοs (1993), this formation is homologous to the ..Αno Souli - Ha-
gioi Theodoroi schists", or "Marathon schists" reported by Katsikatsos (1990). The schists are
overlain by the ,,LΙagia Marina marbles,, and the ..fΙagios Dimitrios - Terokoryfi marbles,,,
which Lozios (1993) considers homologous to the upper Cretaceous formations. Katsikatos
(1990) refers to these fotmations as the ..FΙagia Marina marbles,, and ..Marathon marbles,, re-
spectively' Their thickness is οonsiderable and may even exceed 800m.
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range between 0 and 6 mGal and exhibit a general NW-SE trend with significant fine structure
at the area of Kato Souli. The residual anomaly is generally plunging to SE and showing a step-
like change in the areas of Kato Souli and oinois River. Ιt is also apparent that the boundaries of
the Basin are quite well defined by the abrupt change of the gradient of the anomalous field
along the Alpine - Ρost Alpine boundary.
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Figure 3. 3D Model of the MαrαtΙιon Bαsin bαsement relief combinedννith the detαiled shαded
relief of the surrounding αreα topogrαphy. ΕGSΑ projection System.

The residual anomaly was inverted using an unpublished 3-D algorithm developed by S. Chailas
and based on the theory of Radhakrishna Murthy et al. (1990). Ιn this approach, any three-
dimensional geological object can be modelled with some configuration of adjacent vertical
polygonal laminae. Densitity contrasts between object and host Struοtures are kept constant and
the inversion proοedure iteratively adjusts the vertical extent of the model until it hοmes-in to a
solution. Ιn this implementation, the post-Αlpine formations of the Marathon Basin were
considered to be a single object with a density contrast of -Ο.5grlcmJ against the basement rocks.
The upper surface of the model (surface topography) was kept οonstant and the lower surface
(Alpine basement) was allowed to vary. The results (topography of the basement) are shown in
Figure 3, combined with a digital elevation model of the surrounding area.
The structure of the basin is well resolved and affords a first and very important observation: Ιt
has hitherto been aοοepted that the basement of the Marathοn basin comprises marbles located
at a depth of 40-55 m below surfaοe near the margins of the basin and up to 60 m at the central
parts (Melissaris and Stavropoulos 1999, Tzouka 2003, Μargonis 2ΟΟ6). This understanding
was mainly founded on inteφretations οf geoelectric (Sοhlumberger) data, particularly those by
Melissaris and Stavropoulos (1999). The existence of marbles at such depths has not been
verified by drilling; the deepest boreholes in the area do not exceed 20m (e.g. Margonis 2006).
our work has conclusively shοwn that the basement is loοated at definitely greater depths and
that its moφhology is intricate and tectonically contrοlled (see below). There,s no karstic
aquifer at depths of 50 - 6Ο m below the Marathon Basin and scrutiny will show that the
'shallow' basement assumption was based on misinterpretation of the Schlumberger data.
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The inteφretation was carried out with approximate inverse imaging after Svetov and Barsukov
(1984) and Barsukov et al. (2007) and, mainly, linearized l-D inversion with Levenberg-
Marquardt stabilization to layered earth models. Distοrted data were not used in the inversions.
Typical examples are also shown in Figures 5a,b (right). Given the geology of the study area,
(aquifers in layered sediments), the models wοuld normally satisff the observations with a rela-
tively small number of layers, 3-5 as a rule. The resulting simple layered models were subse-
quently coΙlated (see Figure 4) and inteφolated to produce the resistivity pseudosections pre-
sented in Figure 6. They were also inteφolated in three dimensiοns to produce the isosurface of
10Ωm, which delimits the zone(s) of intense salination _ volume(s) with resistivity lower than
10Ωm _ which is shown in Figure 7 together with the gravimetrically determined topography of
the alpine basement.
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Figure 5α. Typicαl exαmples of meαsured dαtα αnd their interpretαtion: Sounding S24. Left: The
discrete curνe (up triαngles) represents the lαte-time αppαrent resistiνity (in Ωm), αs αfunction
of time (in μs). The continuous blαck curνe represents the Ιαte-time response of the lαyered 1-D
model which interprets the meαsurements αnd is depicted in right-hαnd side grαph' Right: The
discrete curνe (triαngles) represents the αpproximαte inνerse imαge of the meαSurements to-
ιηαrds α resistiνity νs. depth profile. The continuous line represents the ]-D lαyered model thαt
optimαlly interprets the meαsurement αnd produces the lαte-time αppαrent resistiνity response
shoννn in the lefrhαnd side grαph'
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general terms, the salination horizon is thiοker at the south and east parts of the surveyed area,
with particular referenοe to the zοne defined by the lοcalities of Kato Souli, Patima Fouska,
Sfakona and Valtos where it extends frοm -30m to -80m and at plaοes up to -100m. The saline -
brackish water table is thinner to the N-NE, extending between -3Οm and .70m, albeit clearly
present and deteοtable up to the northern edge ofthe studied area.
The relatively high resistivity formations (> 100 Ωm) observable at elevations lower than -80m
to -10Οm in section T1 between sites S8 and S10, seοtion T2 between S21 and S1 and section
T3 between S29 and 39 do not correspond to the alpine basement, as is also evident from Fig-
ures 3 and 7: the basement there is tο be found at depths greater than 2ΟΟm. Given the lοw den-
sity of these resistive domains, it appears possible that they οomprise relatively impermeable
post-alpine depοsits such as marls' Conversely, the alpine basement is detected in section T1

7beneath sites S8 and S11, in section T2 at site S15 and in section T3 beneath 526 and S14. Ιn all
these cases it is characterizedby νery high resistivity (,:οο Ωm and up to 2 kΩm) indicating
the presenοe of οompact impermeable rock, possibly schists. The remarkable cοincidence in
basement depth determinations between the TEM and gravimetric methods is also noteworthy.

BEDRοCκ τοPοGRAΡHY AΝD SAL|ΝAτ|οΝ HοR|ZοΝS (εu<10ο.m1
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Figure 7. Three dimensionαl representαtion οf the Ι0Ωm isosurfαce ιηlhich delimits the zone of
intense sαlinαtion, together ννith the grανimetricαlly determined topogrαphy of the αlpine
bαsement. Top pαnel is α heαd-on νiew, bottom pαnel is from N αnd beΙow.
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Ιn concluding, it appears that tectonic activity may exercise a twofold influence on the hydrο-
geological conditions of the study area. First, the alpine folding deformation phases have cre-
ated inversions of the original stratigraphic οolumn and/or repetition οf formations, thus produc-
ing alternation of permeable and impermeable rocks. Secοnd, the brittle neotectonic deforma-
tion βoth older and younger faulting phases) have conΓrgured the moφhology of the alpine
basement and have created preferential water transportation pathways that facilitate the vertical
communiοation between permeable alpine formations.

$4Φ

$

"sθs

.1*lΗ)

pJλεi,:E
,:ll r gsr{*

]. }tgΦgξ:re

]*. ld**lξ$

ffi $*ttιαι*

fl*tiΦ*,,€d dfu*θ
* Φi $s'$Φatsl

1Λ7u*1Φ

Ψ sFrl*t

FrakΦπ€fa κar*ιinrbe{Φ s" ξvΦikΦf *. A

ft

]]:: ;: 9g*Φ rsιi!frciιθd *&ΦBe
.. .. 

: rueε.g*n* 
.{k lιJ.&*,ΨαιΦf

];*i Aiθl*Ιsr ^ 
l,,ξΙ,υεsn

:ι, g*1,$ι, 9 *psirq

Figure B. Ιnterpretiνe geologicαΙ cross sections (see Figure Ι)'

6. CοncΙusiοns
The hydrogeological conditions of the study area heavily depended on the litho-stratigraphic
οonfiguration and (past) tectonic deformation, as well as on the proximity of the sea, groundwa-
ter use (withdrawal rates) and natural or anthropogeniο pollution of the groundwater tables. The
geophysical investigations have shown that (a) the alpine basement is located much deeper than
had previously been estimated and, (b) that the sea water intrusion takes place both at near sea
level and at depth. The geological appraisal of these results, in terms of the litho-stratigraphy
and the tectonics of the area, facilitates an inteφretation of the geophysical observations.
The gravimetriοally determined depth and morphology of the alpine basement are believed to
have been fashiοned by fault tectonics and, specifiοally, by faults that either have not been
active during the Quaternary, or are buried under thick terrestrial and alluvial deposits. At least
two distinct groundwater horizons have been detected at different elevations, both of which
appear to suffer from sea water intrusion. This may be attributed to the network of
discontinuities formed by older and younger fauΙts and fault Zones, which facilitates the

Εds'  G, Migiros, G. Stαmαtis,  G. Stourncιrc ιS Αthens 2008' Ι:  399-4]0
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