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ABSTRACT

A wide band (128-0.04Hz) magnetotelluric survey comprising 14 stations was
conducted in order to investigate the deep structure, tectonic framework and
geothermal potential of Methana volcanic complex. Good data guality combined
with the extensive ranges of depths penetrated, (-200m-12km), allow cthe
delineation of shallow and deep conductive structures interpreted as signatures
of normal faulrs asscciated with the presence of fluids. All the regicnal
faulting features have been identified, but very significant appears to be a
N-20°-W fault possibly asscciated with transportation of geothermal fluids
through permeable links between the hot springs of Methana and Palaia Leoutra.
This intersects conductive enclosures at depths 1500-2500m beneath the centre
of the peninsula, possibly comprising zcones of fluid concentration.

ZYNOWH
Moyvnictekhougtirn Srocronnon supéoc pdopytog {(12B-0.04H2) SlevEpynNENKRE
MPOXE LHEVOU v EQFUNNAr L Tnv Bodid dounR, TERTOVIKD (210 Kot '-.‘F‘(.\J':lEﬁL_llKé SUvGuLKD

TOU NEMIOLE LOKCOU ¥OOoU ¥EpIowNToU Meddvwy. Ardopéva KOARC NOLOINIXC O OUvdunopd
HE 1o uryoho RBabBog S.ookénnong, (~200m-1Zkm), roéTpefon TNV oViyMEUan pnxov
Kol Boféwy oyvuyway IoU eppnveEUovIol @ cxvn enfuyevev Sopwv guvdEcuEvy UE
nopoucio PEUCTAV. UAEC O NEPLPERELGRED PRElyEvELD DOUEC OVayvWp I OTNKGY o1V
NEQLOYN KEAETNC, GAAG of loonpeintn paiveTol vo £ivol pAyLa mopdtowéne N-20°-w,
miBovoy oxeT 1 {OUEVDO HF PETQOPG YEWBDEQH KOV QPEUSTLUV JECW SlancpoTuv oddw
ouvdEoUowY TLC TMERLOYEC Beppwv nnyuv MeSovov kol [oioiav doutpav, To phyua
auTo BT EPVE L oywy Lpoug Bulakes or Bodn 1500-2500m und 1o péoco 1nC xEPIoOvVNoOU,
oL omoiol EpuUnveUoNTxl WG JOVEC CUYKEVIQWONG PEUSTOV.

INTRODUCTION

Methana peninsula is a small Quaternary wvolcanic complex, erected by
extrusion of basaltic-andesitic to dacitic material forming domes or lava
flows and lava beds. It is considered to comprise the westernmost surface
expression of the Hellenic Volcanic Arc and it has been active in historical
times. For an informative account of its volcanclogical characteristics refer
to Fytikas et al, (1987).

The gecleogic and tectonic environment of the peninsula is illustrated in
Figure 1, drawn on the basis of information from Papanikolacu et al, {198%) and
Fytikas et al (1984). Emphasis is given in presenting the details of the
regional tectonic framework, while the illustration of litholeogical formations
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1984,
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1s simplified, intending only to show the mode of emergence of the velcanic
rocks through the sedimentary carbonate rock formations (Triassic-Eocene
limestones) .

The regional neotectonic structure is controlled by three major normal
faulting zones of direction N-70°-W (zocne A), N-20°-W (zone B) and N-50°-E
{zone C)}, which also appear te bound the lateral development (expansion)cf the
volcanic complex. In the immediate wvicinity of the peninsula, the three
faulting zones appear with throws of the order of 350m. The apparently most
significant of the three zone A, frequently exhibits throws in excess of 400m-
500m and contributes fundamentally in the neatectonic svolution of the broader
area of Methana peninsula.

At first sight, the probability of abundant gecthermal energy accumulating
underneath Methana peninsula appears to be rather remote. According to Geotermica
Italiana, (1984), the geochemical and petrolegical characteristics of the
voleanic rocks indicate that magmatic differentiation processes leading to
their formation have taken place at great depths and not near the surface
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'I_ecifigal;y, near the base of the lower créist or at the crust- mantle
). Thus ke posgibility of & shallow magma chamber feeding a convective
S "l System dppears rather remote JAc¢cording to the same source nevertheless,
¥ the young age of the volcanic activity, (even at historic times), does not
pfeclude the existence~of.some . significant geothermal anomaly at accessible
d%pths bengach the surface of the perfinsula. The quest for the discovery of
this anomaly howewer | 'presénts considerable problems.

The dhterprevatien 'of "the geochemicalgganalysis of fluids from the hot
of Methanastownris rmade diffieule, andds even sometimes misguided by
the extensive mixing of geothermal fluids with sea water (Gectermica Italiana,
1984) . Some results however, do indicate that these fluids might have had an
initial temperature of 100-120°C, provided that before discharging, they
circulated in a substratum comprising carbonate rocks, or were stored in a
reservoir within carbonate rocks (Geotermica Italiana, 1384} . The same source
questions the existence of a gecthermal reservoir but it doces not preclude the
concentration of hot fluids within faulting structures at great depths.

Besides the above problems, Methana peninsula is gecgraphically restricted
and the topography of the volcanic edifice disaccessible (or inaccessible at
some points), inhibiting the realisation of multi-disciplinary gecphysical
investigations. There are no indications for the existence of structural
features (depressions, grabens) that might store fluids and be detectable with
gravity or magnetic methods. Seismic (refraction or reflection! methods
cannot be applied and the passive {selsmolecgical) investigations may not yield
results due to the absence of seismic noise and/or microearthguakes generated
by the geothermal system; it is possible however that some seismological
techniques (e.g. tomography), may be able to expleit signals from nearby
earthquakes, 1f and when they occur. The applicability of DC geocelectric
methods in deep exploration is drastically constrained, either due to rough
topography (Schumberger and Wenner}, or geographical restrictions (e.g. dipole-
dipeole or roving dipole). Thus, it is not peculiar that only geological and
geochemical studies have been conducted in the area, the geophysics being
limited to some applications of the Self Potential method only.

In this paper we present results from a Magnetotelluric (MT) survey conducted
in order to overcome some of the above problems hy exploiting the deep
penetration capability of the MT merhod and its faculty to distinguish the
spatial characteristics of the gecelectric structure. Specifically, given the
deep origin of thermal fluids, the purpose of the survey was to explore the
intermediate/deep structure and determine the configuration and depth extent
of the most important fluid transportation conduits, as well as the tectonic
framework accommodating them.

The fieldwork was conducted in cooperation with the Department of Geology
and Geophysics of the University of Edinburgh (Mr G.J.K. Dawes), using the
Short Period Automatic Magnetotelluric system (S.P.A.M. model MkIIb), designed
and constructed in Edinburgh by Mr G.J.K. Dawes. The survey comprised a total
of 23 soundings in the nominal frequency bandwidth 128Hz-40s. Only 14 soundings
are used in this presentation, the locations of which are shown in Figure 2.
Of the remaining 9,

Four (128B,R and 129B,R) are located outside the peninsula and are not
included herein.

One (126R) is redundant, being a test site positioned in the immediate
vicinity of 126B.

Three (121B,R and 132) can be considered lost to exceptionally intense
anthropogenic noise.
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The 1nte{pretatlon of the geochemical analysas of fluids from the hot
Mspitings of Methana Eown i ymade difficulr, ands 1s even sometimes misguided by
extermSive mixing 8f gebthermal fluids with Sea water (Geotermica Italiana,
84) . Some results however, do indicate that these fluids might have had an
initlal temperature of 100-120°C, provided that before discharging, they
circulated in a substratum comprising carbonate rocks, or were stored in a
reservoir within carbonate rocks (Geotermica Italiana, 1984). The same source
guestions the existence of a geothermal reservoir but it does not preclude the
concentration of hot fluids within faulting structures at great depths.

Besides the above problems, Methana peninsula is geographically restricted

- and the topography of the volcanic edifice disaccessible (or inaccessible at
some points), inhibiting the realisation of multi-disciplinary geophysical
investigations. There are no indications for the existence of structural
features {(depressions, grabens) that might store fluids and be detectable with
gravity or magnetic methods. Seismic {refraction or reflection) methods
cannot be applied and the passive {seismological) investigations may not vield
results due to the absence of seismic noise and/or microearthquakes generated
by the geothermal system; it is possible however that some seismological
technigues (e.g. tomography), may be able to exploit signals from nearby
earthquakes, if and when they occur. The applicability of DC geoelectric
methods in deep exploration is drastically constrained, either due to rough
topography (Schumberger and Wenner), or geographical restrictions (e.g. dipole-
dipole or roving dipole). Thus, it is not peculiar that only geological and
geochemical studies have been conducted in the area, the gecophysics being
limited to some applications of the Self Potential methoed only.

In this paper we present results from a Magnetotelluric (MT) survey conducted
in order to overcome some of the above problems by exploiting the deep
penetration capability of the MT method and its faculty to distinguish the
spatial characteristics of the geoelectric structure. Specifically, given the
deep origin of thermal fluids, the purpose of the survey was to explore the
intermediate/deep structure and determine the ceonfiguration and depth extent
of the most important fluid transportation conduits, as well as the tectonic
framework accommodating them.

The fieldwork was conducted in cooperation with the Department of Geology
and Geophysics of the University of Edinburgh (Mr G.J.K. Dawes), using the
Short Period Automatic Magnetotelluric system (S.P.A.M. model MkIIb), designed
and constructed in Edinburgh by Mr G.J.K. Dawes. The survey comprised a total
of 23 soundings in the nominal frequency bandwidth 128Hz-40s. Only 14 soundings
are used in this presentation, the locations of which are shown in Figure 2.
Of the remaining 9,

- Four (128B,R and 129B,R) are located outside the peninsula and are not
included herein.

- One (126R)} is redundant, being a test site positioned in the immediate
vicinity of 126B.

Thres (121B,R and 132) can be considered lost to excepticnally intense

anthropogenic noise.
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theé peninsula exhibits peculiar physics and
i€ not ingluded in the presentation.

} - One kzn, located at the far west of
g

DATA ANALYSIS AND RESULTS

The Magnetotelluric (MT) method is based
on the, p\i;enomenon of natural (passive)
elecgremagnetic induction, in which
hordizontal, plane polarised (sublvertically
propagating source magnetic fields generated
by magnetespheric or iconospheric processes,
enter and induce electraic (telluric) currents
in a conducting Earth, free of sources or
sinks of electromagnetic energy. The total
horizontal magnetic and electric fields are
N i obtained in the form of mutually ortheogonal
B e ey 37 34T componsnts in an orthoncrmal (cartesian)
experimental frame of reference. In the

¥ 0'00”
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i i The dispribution ot MT . I
g ey E frequency domain, they are linearly related
soundings on Methana e o . \
i s i as E(w)=2(w)H{uw), where Z{w) 1s a cartesian
peninsula. TI, T2, T3 are N i .
- + 4 = T+
CHE rasistivicy tensor of rank 2, representing the (input)
pseudosections of Figu- 1impedance of the Earth and conveying
res 4,5 and %a,b re- information about the gquantitative and
spectively. spatial characteristics of the gecelectric
£x 2: Fatovodn 1wy MT J3xEc-  structure in the vicinity of the recording
CROMNMNJEWY SOV  xXEIGOVNGO station.
Mzodvey., TI, T2 goit T3 . ;
X eus ) 5 Because the source field is plane and
ElLwol oL Yo ouEr £:LOx 5 3
S o horizontal, any vertical magnetic component
OUT LOLOTNT Ty SYOUOTw

that may appear will have to have been
generated within the Earth and will owe its
existence to secondary inductive phenomena at the interfaces of laterally
inhomogeneous geoelectric structures. The single site vertical field transfer
function or Magnetic Transfer Function (MTF) consists of two complex gquantities
Alw), B(w), mapping the horizontal components of the magnetic field cn to the
vertical, according to the relationship H, (@) =RA(w) "Hy (w)+B(w) 'Hy{m) . The MTF
conveys information about the configuration of laterally inhomogeneous structures
in the vicinity of the measurements.

Detailed accounts on the MT methods can be found in Rokityansky (1982) and
vozoff (1985), as well as in Karmis et al (1994).

The estimation of the experimental MT tensor impedance (MTTI) and the MTF
was based on fairly standard, least squares, frequency domain procedures,
(Sims &t al., 1971), supplemented with the robust methods of Tzanis and Beamish
(1989) and Tzanis (1988} in order tc suppress the effects of anthropogenic
noise and reduce the biasing effects of random and anthropogenic noise.

4,3 ko1 Ba,b aviigrtoiywg.

1. Spatial Analysis - The Tectonic Framework

The spatial analysis of the MT tensor impedance (MTTI) attempts to decode
information pertaining toc the configuration of EM inductive processes in
space. These, in turn, depend uniquely on the geometry and configuration of
lateral inhomogeneities in the geoelectric structure. In this case, spatial
analysis was performed using the generalised theory of Tzanis (1988, 1992),
which provides as a fuction of frequency, the magnitude, phase, azimuth and
inclination of the maximum and minimum characteristic states of the MTTI,
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! Fig. 3a: Sip.atiof draid
F}I,}- # : : analysis of the MT tensor
impedance. The Maximum
Characteristic State 1is
illustrated. Thick gray
lines indicate the detected
elongate conductive zones
interprertated as faulct
structures.
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(tem) Fig. 3b:Spatial analysis of
the real induction vectors.
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respectively described by the relationships:

E(m,BE,¢E)=u1(Q)H(M,BH,¢H+11/2), and E(m'eEf¢E+H/2)=u2(m)H(w'eH'¢’H)

where:

- E(w,8g,®g) and E(w,8g,Pp+n/2) represent the maximum and minimum electric
field at the angular frequency @, along the directions (8g,®g) and (&g, ®g+n/
2) respectively.

py(w) > psy(w) are the complex maximum and minimum impedances along the
directions {8g,®g) and (@g,®g+n/2} respectively, and comprise a quantitative
measure of the attenuation of the natural EM field at the angular fregquency 1,
as it propagates through the Earth.

H(w,8y,®y) and H{w, 8y, dy+n/2) respectively represent the maximum and
' minimum magnetic field at the angular frequency , along the directions
(er¢H) and (6H;¢H+ﬂ/2).

® represents the azimuthal direction of the electric/magnetic fields and
is associated with the local strike of the gecelectric structure.

© is the inclination of the electric/magnetic fields, alsc admitting an

equivalent representation as the ellipticity of elliptically polarised EM
WYnoeiakn BiBAIoBAkn "OedppaoTog” - Turua MewAoyiag. A.M.O.

19



field components in the horizontal plane (=tan@).

2 Trfcan easily jbe verified that in'the case of 1D and 2D geocelectric
structures $p=d, and @p=6y=0."In" JD.structures however, one should rather
cbgerve dprdy and Bg#8#HO.

The spatialypriopertiesnaf ithe~geoelectric structure as derived from the
adalysés of the MTTI are summarised in Figure 3a, presenting the Maximum
Chatacteristié St&tes/(MCS) in the form of averages over the skin depth
int&rval - 1-5km.” The' skin depths have been calculated from the average,
azimuthally invariant impedance function Ea(mJF(ZYK(u)—ny(QI)HZ, which comprises
the half-trace of the impedance tensor and has the physical meaning of a
spatially smoothed variation of resistivity with depth. The results indicate
that the geometry and dimensionality of the geoelectric structure cannoc be
higher than 2D, since the ellipticities ©&g,®y are very small and &p=dy.

Consider now thar by definition, the maximum electric field E(@g,®p) is
parallel to the local strike of maximum resistivity. Then, given the constraints
arising from Maxwell's equations, the spatial analysis of the MTTI is based on
the following simple rules (see also Swift, 1971):

On the conductive side of a lateral 2D interface, the maximum electric
field will be parallel te the strike of the interface and will represent the
Transverse Electric (TE} mode of EM field propagation.

On the resistive side of a lateral 2D interface, the maximum electric
field will be normal to the strike of the interface and will represent the
Transverse Magnetic (TM) mode of EM field propagation. :

Using these rules alone, one can define the correct configuration of a 2D
interface only if the lateral resistivity contrast is very high, so that the
TE and TM modes can be unequivocally distinguished. In the case of low
resistivity contrasts, such as Figure 3a indicates to be the case in a large
part of Methana, one can define the spatial preoperties of the interface
unigquely, only by using the information contained in the MTF.

The spatial analysis of the MTF is based on the common method of induction
vector (IV) representation. The IV comprises a magnitude and an azimuth that
defines the normal to the strike of a local geoelectric lateral gradient,
producing an anomalous concentration of current. Two such vectors are defined
for vertical fields responding in-phase (real) and out-phase (imaginary) with
the horizontal component with which the wvertical field exhibits maximum
correlation. The IV representation of the MTF admits a simple interpretation
when the structure is 2D; in such circumstances the real and imaginary IV will
be parallel or anti-parallel and perpendicular to the lateral conductivity
inhomogeneity (e.g. Rokityansky, 1982). In the case of 3D structures, the IV
define the normal to the local strike of the anomalous ceoncentration of current
which produces the anomalous magnetic field and are cblique to each other. In
this paper, and since the spatial characteristics of the MTTI do not indicate
the presence of appreciable 3D induction effects, we only make use of the real
IV for simplicity and brevity. The vector is drawn in the Parkinson convention,
so that it will be normal to the 2D interface and point towards current
concentrations (i.e. towards the conductive side of the inhomogeneous structure) .

The spatial properties of the geoelectric structure as derived from the
analysis of the MTF are summarised in Figure 3b, presenting the real IV in the
form of averages over the skin depth interwval 1-Skm. The skin depths have been
calculated as per Figure 3a, from the invariant impedance function Zj(w). An
element of caution should be applied when interpreting the IV of soundings 123,
124 and 126, because they contain indication that they may be influenced by the
curvature of the peninsula and/or distorted by induction processes in the
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|araa to the N and NE of the peninsula.
: ﬁ adbve discussion, the properties of the
ombi ding to the following simple rules for the
ﬁﬁﬁxg mﬁﬁifqﬁleld and the real IV are tangential, the MT
ite is Toc re51st1ve side of a 2D interface.

electric field d the real IV are normal, the MT
xBed on the cond: @ side of a ZD interface

) 2 culbessfacilitares the unigue determination of the
location and strike of linear conductive zones, which in Figures 3a,b are
illustrated with light grey shading. In a geotectonic environment and gecthermal
system controlled by extensiocnal tecrtonics, (such as the one of Methana is
belisved to be), deep elongate conductors usually represent faulting structures
associared with the presence (or circulation) of fluids - see Tzanis and
Lagios, (1%93) and Tzanis et al, (1994} for detailed explanarions.

1t is apparent that all the linear conductors detected by the survey are
: aligned parallel to the regional normal faulting zones & and B and, therefore,
can be attributed to them. Note however that the somewhat inadeguate horizental
distribution of MT soundings (resulting from insurmountable topographic
obstacles), only the southernmost zene A 1s constrained bilaterally, and again
only by the IV. Bl can located with certainty, but only from unilateral
observations, g0 that its width cannot be defined. Due to the aforementioned
reservations about the IV of sites 123,124 and 126, the existence and strike
of A2 1s determined by the MC5, with the IV serving only as auxiliary
indicators of itg rel  ive position. Faulting zone C does not appear on the
peninsula, art least i:. *he immediate vicinity of the sounding sites.

Farticular attention should probably be paid to the N-20°-W trending
conductor designacted as Bl in Figures 3. This feature can be positioned with
fair precision, because it is known to:

appear underneath sites 131B and 133B,

- pass betweensites 124B and 124R, as is clearly demonstrated by the marked
difference in the configuration of the Maximum Characteristic States of the
MTTI.

Thus constrained, the southward extension of Bl will have to pass through
Merhana town and its northward extension nearby the area of Palaia Loutra, both
of which are asscciated with the occurrence of rhermal springs. An cbvious
connotaricn is that Bl comprises a faulting structure associated with circulation
of geothermal fluids.

2. Quantitative Analysis - The Resistivity Structure

The quantitative interpretation of MT data requires an adequate understanding
of the geocelectric dimensionality of the structure, so as to implement
technigques compatible with the physical constraints arising from the different
modes of EM induction in media of different gecelectric structural dimensicnality.
The necessary information is conveyed in Z.

The spatial analysis clearly demonstrated the absence of discernible 3D
geoelectric structures. The Kac and Orr (1982) normalised dimensional indices
demonstrated a dominant 1D geoelectric structural component, (typically over
80% contribution in the composition of the MTTI). At freguencies f£>1Hz, the 1D
structural component exceeds 85-90% and only at f<lHz, it dreops to the level
of 80% or lower. The 2D structural component varies in the range 10-20%, with
the higher values appearing at the southernmost soundings 125B,R and 120B.R.
In a final step, the applicaticn of the fully analytic, non-linear inverse
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thegry of Parker (1980) has certified
thelubiquitous existence of analytic
solutions to the inverse problem in
ot land, therefore, provided the
necessary and sufficient ceonditions
far the existence of gecelectric
#trucrture sufficiently interpretable
wifh 1D analysis tools. The details
sEfsthe dimensionality analysis can be
studied in Lagios (1992).

In the present study, we implement
1D analytic inversions of the invariant
impedance Z,, carried out with the
fully analyric and non-linear method
of Parker {1980) and Parker and Whaler
(1981), referred to as c<* . The merhod
15 generically related te DY and vields
continucus conductivity versus depth
profiles. The detailed results are
also included in Lagics (19%2). Herein,
they are presented in the form of

Fig. 4: True resistiwvity

The

¥X £
along Traverse 1 (see Fig. 2.
.

conduccive) iz common in four true resistivity pseudosections

Figures 4.5 and € and is construcced by collation of LD cet

presented: i Eigouae: B inverse solurions (see Figure 2). A

Exe lyi"'-'i'_;' Rkl v He) L 5'_ natural (1:1) herizontal and vertical
I SHe o el B _ Turning first our attention to the

longest and most complete

ATHarAL siwat Kowwh Jf 0AT 10 pseudosection Tl, (Figure 4}, we note
Thfddwty &, kot 6, nmoou- that its scuthern half (from km 0-
gralfiar & J10 XU 3 4.4}, is covered with a satisfactory

density of soundings and can be easily

interpreted. One can easily distinguish the major faulting features Al and Bl
detected by the spatial analysis, as sub-vertical conductive (<200m) zones
descending to depths of Skm at least, with apparent dip angles compatikble with
tanose expected for normal faulrts. It is alsoc noteworthy thar the two faulting
zones appear to communicate at depths >7km. Particular attention should be
paid teo the conductive enclosure located approximately underneath the centre
of the peninsula, at depths 1000-2000m. It is very probable that it comprises
zone(s) where fluids concentrate and/or circulate laterally and vertically;
such a zone could well function as a geothermal reservoir. In the northern half
of T1, from km 4,5 to 7.3, the spacing of MT soundings 1is inadequate due to the
inaccessible terrain. There exist results only for the twe northernmost
soundings 123B and 123R, and as a conseguence the interpretation of the
geoelectric structure is rather difficult (if at all possible) in the interval
4.5-6.5 km, and quite problematic in the remaining part, up to the end of T1.
The resistivity structure aleng traverse T2 can be studied in Figure 5. As
is apparent, the spacing of MT soundings is rather wide, (only 3 over a
distance of 6km) and therefore, only the very gross geocelectric structural
characteristics may be seen. At depths <3000m the electrical structure is
stratified, with good, laterally coherent conducrors appsaring at sea level
(invasion by sea water) and at depth 1500-2000m. Still, the interpretation of
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Fig.6:
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the latter feature will remain
dubious due to the inadequate
spacing of the soundings and
therefore none shall be elaborated
herein. The traverse is presented
mainly for the purpcse of showing
the differences between the NE and
the SW-Central part of the peninsula.
The most apparent feature at depth
is a transversal change in
resistivity from conductive {(<150m)
to resistive (>1000m), ococurring at
depths >3000m, hetween kilcometres 3
and 6 along the traverse (betwsen
sites 131 and 126B at its NE end).
As a matter of fact, this kind of
lateral resistivity transition was
zxpected from the spatial analysis
of the MTTI and rthe MTF at site
126B. The deep structure at the SW
end of the traversze 1is very
conductive (2-120m) and may be
attributed to the abundant presence
of fluids. There is no indication
that the origin of these fluids is
geothermal, although the very low
resistivities indicate that they
certainly are saline. One plausible
hypothesis 1s that they comprise
sea water infiltrating to dgreat
depths through the major faulting
zone & and possibly mixing with other
saline fluids of geothermal crigin.

Traverse T3 has been designed to
show the differences in the geocelec-
tric structure hetween sites 124B
and 124R. Figure 6a illustrates the
vertical resistivity distribution
along the line joining sites 131B-
133B-124B, which is designated as
Traverse 3.1. Figure 6b is the same
for the line 131B-133B-124R and is
designated as Traverse 3.2. It is
immediately apparent that cthe
gecelectric structure underneath
site 124B 1is considerably more
resistive than the structure
underneath 124R, especially at depths
>2500m. This is more or less the
resistivity distribution expected
from the spatial analysis of the
MTTI and confirms that a conductive

ne crosses ethe area between sites

Wneiakn BiBAI0BAKn "OedppaaTog” Tpnpa st)\ovlag



O

Qf - 1aKn oculdo 1.;1
124E and t:e ho: evar that the magni of resistivity contrast between

J ‘the two K reted with caution, inasmuch as C2* tends to
' "_ exaggerate V rtlcal resistivity gradients. At pay rate, the resistivity contrast
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] ture $<1000m) has not been discussed in the
foreg01ng In all figures 4,5 and 6 however, it may be seen to comprise a
complex and sometimes laterally incoherent seguence of alternating resistors
and conductors. A low conductivity layver definitely exists at sea level. We
interpret these observations as resulting from laterally discontinuous stacks
of resistive lava beds, lava flows and pyroclastic formaticns, wrapped around
by anastomosing, water-scaked, electrically conducting zones which have been
formed by their alteration from sea and meteoric water infiltrating latteraly
between the bedding surfaces and interfaces. It may alsc be necred that the
gepelectric structure 1s cnly beginning te be explored from a depth of -200-
300m downwards, due to the very high resistivity of the near-surface volcanic
formations rendering them transparent to high fregquency EM fields.

The survey confirmed the existence and approximate location of major
faulting zones with particular reference to ar=as covered by young volcanic
rocks, where neither the surface geclogical reconnaissance, nor the remote
sensing techniques could distinguish any. In the MT data, these appear as
=longate or linear conductors because by spreading apart, normal faults
facilitate the infiltration of surface or near-surface waters and the circulation
of subterranean fluids. These faulting zones can be identified with the
regional, nermal faulting systems trending N-707-W {zone &) and N-20°-W (zone
B).

From a geothermal point of view, the survey confirmed Geotermica Italiana,
{(1984), which anticipated the circulation of fluids through faulting structures
at great depths. From this perspective, the most important zone appears to be
a N-20°-W striking structure designated as Bl in figures 3, which brings in
{direct) permeable communication the localiries of Methana town and Palaia
Loutra, both known for the surface thermal spring activity occurring in their
vicinity.

It is reasonable te suggest that Bl may be in direct permeable link with
the sea, since it bisects the peninsula from coast to coast. Moreover, the
deep resistivity data indicate that faulting zones Bl and Al (in Figure 3),
may communicate at great depths. Thus, it is also reasonable to suggest
that sea water infiltrates through these faulting structures to considerable
depths, possibly mixing with ascending geothermal fluids. These findings
are consconant with the geochemical analyses of surface thermal waters
reported in Geotermica Italiana (1984), which determined that prior to
discharging, the geothermal fluids have undergone extensive mixing with
cold sea water.

Bl also appears to intersect an extensive conductor located approximately
under the centre of the peninsula, at depths 1200-2500m. This is interpreted
to comprise a domain of active fluid circulation and concentration, functioning
as a geothermal reservoir.

The capacity of this reservoir can be estimated to a fair approximation.
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: geochemic analyses, (it is safe to) assume a liquid fraction

[ pf Sea water, having a temperature
° /10) t al, 1883). Considering that the bulk
reser ormations is, 3-5 Om, the formation

f 3 rles in the 1nterval 10.5-62 by assuming temperatures in

1 ; ‘hﬂ%ﬁﬂqnsures effective porosities of the order

-"1:135% 12% acc:ﬁlnht ﬁchle s law (see st Keller and Rapolla, 1974, for

L ;ﬁ: ‘detail

e i : 3 . ations hesting the ‘'reserveir’

aulic permea-i ity. Note however thar the higher the temperature

at depth, the lower the capacity of the ‘reservoir’' appears to be. The same
geochemical analyses have determined that the surface thermal fluids might

- have had initial temperatures of 100-120°C, provided thart before discharging,
they remained in a carbonate rock environment. The EM fields cannot, of course,
distinguish lithological wvariations at great depths and therefore, no answer
to such questions can be given at present.
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