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Α Β S Τ R Α C Τ 

Α high reso1ution, wide-band (128-0.04HZ) magnetotelluric 
survey comprising 22 soundings, was conducted to investigate the 
deep structure of the highly prospective Theiokhoma area, in 
Sousaki geotherma1 fie1d. High data qualify, in combination with 
the extensive range of investigated depths (50m-20km), a110w 
detai1ed de1ineation of shallow structures as we11 as deep seated 
features re1ated to the geotherma1 f1uid transportation system 
and apparent1y we11 correlated with contemporary regional 
tectonics. Emphasis is given in the findings pertinent to the 
deep structure (D>lkm), which comprises a comp1ex, 
three-dimensiona1 geoelectric domain of intersecting conductive 
zones {faults=f1uid circu1ation conduits} and resistive domains 
which may inc1ude igneous intrusions. Νο evidence of a deep 
geotherma1 reservoir was found. The primary deep norma1 fault 
zones align with the tectonic direction N-50o~W, consistently 
with the regional tectonics of the area as known from previous 
investigations. 

ΜΑΓΝΗΤΟΤΕΛΛΟΥΡΙΚΗ ΔΙΕΡΕΥΝΗΣΗ ΤΟΥ ΓΕΩΘΕΡΜΙΚΟΥ ΠΕΔΙΟΥ 

ΣΟΥΣΑΚΙΟΥ ΚΟΡΙΝΘΙΑΣ: ΤΑ ΠΡΩΤΑ ΑΠΟΤΕΛΕΣΜΑΤΑ 

Τζάνης,Α. και Λάγιος/Ε. 

Π Ε Ρ Ι Λ Η Ψ Η 

Μαγνητοτελλουρική διασκόnηση ευρέος φάσματος (128-0.04HZ) 
αnό 22 nυκνά διατεταγμένους σταθμούς, διενεργήθη nρος λεnτομερή 

διερεύνηση της nεριοχής μεγίστου γεωθερμικού ενδιαφέροντος του 

Ίτεδίου Σουσακίου (έμnροσθεν θέσης Θειόχωμα). Η υψηλή Ίτοιότητα των 

δεδομένων και το μεγάλο εύρος διασΚΟΊτηθέντων βαθών (50rn-20km), 
εΊτιτρέnει την αξιόnιστη και λεΊττομερή διερεύνηση της αβαθούς 

δομής, αλλά !1:αι την ανί χνευση βαθέων χαρακτήρωνr nL θανότατα 

συνδεομένων με το σύστημα !1:υκλοφορίας ρευστών !1:αι εμφανώς 

συσχετιζομένων με την nεριφερειακή ενεργό τεκτονΙ!1:ή. Εμφαση 

δίδεται στα nερί την βαθειά δομή (D>lkm) ευρήματα, τα ΟΊτοία 

αποκαλύπτουν τριδιάστατο γεωηλεκτρικό nεριβάλλον εκ συμnλέγματος 

διατεμνομένωναγωγίμων ζωνών (ρηγμάτων=ζωνώνκυκλοφορίας ρευστών) 

και αντιστατικών περιοχών πιθανώς περιλαμβανουσών και 

εκρηξιγενείς διεισδύσεις. Δεν υnάρχουν ενδείξεις υnάρξεως βαθέως 

γεωθερμΙ!1:0ύ ταμιευτήρα. Οι πρωτεύουσες ζώνες !1:ανονΙ!1:ών διαρρήξεων 

παρατάσσονται κατά την διεύθυνση Β-50 0 -Δ, σε αρμονία με τα 

υΊτάρχοντα στοιχεία nερί του τεκτονικού καθεστώτος της ευρύτερης 

ΠΕφ ι οχής. 

229 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



INTRODUCTION 

The area of Sousaki is located at the western end of the 
Hellenic Volcanic Arc (Figure 1) and comprises one of the most 
interesting geothermal prospects in Greece (fourth in terms of 
significance according to Marinelli, (1971). As such, it 
attracted considerable attention and has been subject to 
systematic and intensive exploration. 

42 U-\--\-Η-rτ 

34U20l-l=:hd:::?24;:r:=r.:::lμ 
Fig.1. The area of Sousaki is located at the centre of the shaded 

circle in the western end of the Hellenic Volcanic arc. 

The geological environment of Sousaki can be seen in Figure 
2,reproduced and simplified from Mettos et al (1982). The surface 
geology comprises a Mesozoic "basement" consisting of limestones 
and ophiolites, which is overlain by sediments of the Pliocene 
(terrestrial lacustrine or brackish water deposits) and 
Pleistocene (marls, sands, continental conglomerates etc}. 
Igneous extrusives and pyroclastic deposits of dacitic 
composition can be observed at places, representing lava outflows 
and explosive magmatic processes contemporaneous with the 
formation of the Pliocene basins (2.2-8 Ma, Fytikas et al., 1976; 
Fytikas et al., 1987). 

Sousaki is located between Korinthiakos and Saronikos gu1fs 
which comprise a very complex region of active tectonism. Its 
tectonic environment is characterized by two major normal faults 
systems striking E-W and NW-SE, which are responsible for the 
formation and evolution of Korithiakos gulf (e.g. Jackson et al., 
1982; King et al, 1985; McKenzie and Jackson, 1986). The E-W 
system appeared before the deposition of the Plio-Pleistocene 
sediments and was reactivated in the Holocene affecting younger 
sediments. It appears that the Pliocene extrusive magmatism is 
related to these major faulting features (Kavouridis and Fytikas, 
1988). The NW-SE system of faults is relatively younger, 
affecting the Plio- Pleistocene formations and being continuously 
active until the present era; it appears to comprise the most 
important active tectonic feature of the Korinthiakos Gulf area 
(eόg. McKenzie and Jackson, 1986). 

The area of Sousaki has experienced intense and extensive 
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hydrothermal activity which, according to Kavouridis and Fytikas 
(1988) may have been related to the P1iocene dacitic magmas. At 
present, hydrothermal activity is confined in the location 
Theiokhoma (at the middle north side of the rectangle in Figure 
2), with appearance of low temperature fumaroles (mofettes) and 
thermal waters with temperatures of 73°C measured inside 

SARONIKOS GULF 
SARONIKOS GULF 

~Holocene 
L-jformations Ι!:ιΨ:"1 Pleiocse:~:r~~~:tocene 1:~'~!~~!I'1!:;1 (~c~~~.~~:)s 

__----- Fault lίne
~Mesozoic OphioliLes - FaulL line 
~ limestones (serpenιines) _ - - (inferred)•Fig.2. Geological map of the region of Sousaki geothermal field. 
Reproduced and simplified from Mettos et al. (1982). The 
rectangle outlines the ΜΤ survey area. 

boreholes (Kavouridis and Fytikas, 1988). As also pointed out by 
Geotermica Italiana (1984), the absence of intense contemporary 
thermal phenomena and the re1ative1y old age and deep crustal 
origin of the dacitic magmatic processes preclude the existence 
of an igneous heat source at shallow crustal depths; the heat 
source rather appears to be located guite deep in the crust. 
Detailed geochemical analysis (Papastamataki and Leonis, 1982; 
Kavouridis and Fytikas, 1988), indicates that the thermal waters 
may originate in a deep reservoir, possibly within the Mesozoic 
limestones, with initial temperature of 130-150°C. According to 
Kavouridis and Fytikas (1988), they ascend towards the surface 
along the open conduits prepared by active faults, until they 
encounter permeable formations and spread laterally mixing with 
cold sea water and near surface sweet water aquifers. The gasses 
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exhaled at Theiokhorna appear to have the sarne deep origin but 
follow different paths and are allowed to escape only in that 
limited area. 

Geophysical investigations in Sousaki included DC 
resistivity, aerornagnetic and gravity surveys (Rocca, 1985 and 
references therein). The aerornagnetic and gravity surveys could 
not detect any kind of deep features related to a geotherrnal 
reservoir, nevertheless, they conf irrn the existence of large 
scale faults and structures striking NW-SE, SW-NE and E-W. The 
extensive DC resistivity (Schlurnberger) survey was perforrned with 
current electrode spacing AB=6000rn and a 1arge number of 
soundings distributed between Sousaki and Loutraki near Corinth, 
covering an area of approximately 130km2 • As it turned out, the 
effective penetration did not exceed 1500rn in rnost cases. The 
resul ts contain strong evidence of NW-SE and ΝΕ- SW trending 
faults and geoelectric structures. Νο evidence of a geotherrnal 
reservoir was found whatsoever. Near Sousaki however, there cou1d 
be observed a concentration of abnormally low resistivities at 
very shallow crustal depths «500m). This observation was also 
made by Thanassoulas (1982}ι who explored the vicinity of Sousaki 
and Theiokhoma with additional Sch1umberger soundingsj his 
reported results are confined to the first 500-600rn and confirm 
the existence of abnormally low resistivities (2-5Qrn). Kavouridis 
and Fytikas (1988) assess that this not a geothermal reservoir, 
but nevertheless may be related to the circulation of hot fluids. 

From the above becomes apparent that several important deep 
structural characteristics of the geothermal system of Sousaki 
are poorly understood or unknown. ΙΠ the most prospective area 
of the field (Theiokhoma), the structure deeper than 500m is 
practically unexplored, including the characteristics of the 
principal fluid circulation conduits. Moreover, a deep hot water 
reservoir may be assumed from geochernical analysis, but its 
existence and location has not as yet been confirmed. 

Ιπ this paper we present the first resu1ts of a 
Magnetotelluric (ΜΤ) survey conducted in order to resolve sorne 
of the above problems, by exploiting the deep penetration 
capability of the ΜΤ method and its capability to discriminate 
the spatial characteristics of the geoelectric structure. 
Specifically, given the deep origin of therrnal fluids, the 
purpose of the survey was to explore the interrnediate/deep 
structure and determine the configuration and depth extent of the 
most important fluid transportation conduits in the vicinity of 
Theiokhorna, which comprises the most prospective area of Sousaki 
geotherrnal field. 

The target area is indicated by the rectangle in Figure 2. 
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 Autornatic Magnetotelluric 
system (S. Ρ .Α.Μ. model Mkllb), designed and constructed in 
Edinburgh by Μτ. G.J.K. Dawes. The SUrvey cornprised a total of 
22 soundings in the norninal frequency bandwidth 128-0.04ΗΖ. The 
sounding locations are illustrated in Figure 3. 

232 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



ΟΑΤΑ ANALYSIS 

The Magnetotelluric (ΜΤ) method is based οη the phenomenon 
of natural (passive) electromagnetic induction, in which 
horizontal, plane polarized (sub)vertically propagating source 
magnetic fields generated by magnetospheric or ionospheric 
processes, enter the Earth and induce electric (telluric) 

σι 

<D 
L() 

ι--.. 

'" 
1.20 

-(km) f------------, 6
 
6


6 Δ',~-	 66 60.60 Δ , Δ ,	 6 , Δ	 Δ',6 

, 
Δ 

, Δ 

,, ,
SOUSAKI , 

6 Δ 

, , 
~ο 

t<) 

SITE LOCATlON ΜΑΡ 

THEIQKROMA 
,6 , ,tN	 ,, 

, 
6', 

6 

-"", ­

'" 
Ο +-1_--t-_--;-_.....-----τ-_---+_---+ __e--_e--_+__­

'" 1--­
Ο 0.40 0.80 (km)1.20 1.60 

t<) 

V< 
':! 
(J1 

m 

ιο 

V< 
':! 
(J1 
(J1 

V< 
Ο 

SCQle ιη km 
2Τ06'11"2Τ 04'37"	 (
 

ο
 

Fig.3. ΜΤ sounding locations in the survey area (enclosed in the 
rectangle of Fig.2). 

currents in a conducting Earth, free of sources or sinks of 
electromagnetic energy. The total horizontal magnetic and 
electric fields are obtained in the form of mutually orthogonal 
components in an orthonormal (cartesian) experimental frame of 
reference. Ιη the frequency domain, they are linearly related as 
Ε(ω)=Ι(ω)Η(ω), where Ζ(ω) is a cartesian tensor of rank 2, 
representing the electrical impedance of the subsurface and 
conveying information about the geoelectric structure in the 
vicinity of the recording station (details about the ΜΤ 
methodologies can be found in Rokityansky, 1982). 

The estimation of the experimental impedance tensor Ζ did 
not present particular problems and could be performed with 
standard rocedures, although the area of Sousaki is industrially 
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deve1oped. ,In three cases on1y, when the soundings had to be 
perforrned ~Ώ the irnrnediate vicinity of high vo1tage power 
transrnission 1ines, specia1ized estirnation techniques had to be 
irnp1ernented in order to suppress the effects of intense 
anthropogenic noise; the robust rnethodo1ogies of Tzanis and 
Bearnish (1989) and Tzanis (1988) were app1ied with success. 

The quantitative interpretation of ΜΤ data requires an 
adequate understanding of the geoe1ectric dirnensiona1ity of the 
structure, so as to irnp1ernent techniques cornpatib1e with the 
induction processes particu1ar to the dirnensiona1ity of the 
geoe1ectric structure under consideration. The necessary 
inforrnation is conveyed in Ζ. For srna11 penetration depths 
(f>lHz, 0<600-800rn), Kao and Orr's (1982) ana1ysis indicated a 
dorninant one-dimensiona1 (10) geoe1ectric structura1 cornponent 
with typica1 contribution in excess of 80% in the structure of 
the experimenta1 impedance tensors; for high penetration depths 
(f<lHz, 0>600- 800m), the sarne ana1ysis indicates 
rnu1 tidirnensiona1 structures wi th typica1 contribution 10- 20% and 
υρ to 30% at p1aces, whi1e the 10 cornponent drops to 
approxirnate1y 70%. 

At the outset, the geoe1ectric structure exhibits certain 
mu1tidirnensiona1 characteristics which render its forrna1 
interpretation difficu1t, inasmuch as 30 inversion rnethods do not 
exist and 3D mode11ing of cornp1ex structures is cumbersorne and 
tirne consurning. Note however, that given ΜΤ responses with 
mu1ti-dimensiona1 characteristics, it is sti11 considered 
acceptab1e to irnp1ernent 1-0 interpretation a1gorithms, provided 
that certain 1irnitations and constraints arising frorn theory and 
forward rnode1s are acknow1edged. For instance, in a thorough and 
as yet unsurpassed study, Berdichefsky and Drnitriev, (1976), 
suggest that 1D inversion of invariant impedance functions rnay 
yie1d representative images of the gross geoe1ectric structura1 
features in the vicinity of the rneasuring station. Ιη the present 
study, we imp1ement 10 ana1ytic inversions of the invariant 
impedance Ζ=0.5(2 -Ζ ), which comprises the ha1f- trace of the 
impedance tensor Y~nJY has the physica1 meaning of a spatia11y 
smoothed variation of resistivity with depth. The inversion was 
carried out with the a1gorithm of Constab1e et a1., (1987), which 
yie1ds mu1tip1e 1ayered models and is constructed to obey the 
princip1e of 1east comp1exity and maximum parsirnony (Occam's 
razor) ί this a1gori thrn guarantees that the rea1 geoe1ectric 
structure must be at 1east as rich in structure as the model 
found by the inversion, but never 1ess cornp1ex. A1though it rnay 
be acknow1edged that the resu1ts wi11 not be punctua11y accurate, 
the high lD geoe1ectric structura1 component indicated by Kao & 
Orr' s dirnensiona1i ty ana1ysis ensures that they wi11 yield a 
gross albeit representative irnage of the subsurface distribution 
of resistivity. 

The resistivity structure 
The results are shown in Figures 4 and 5. The adopted method 

of presentation comprises stacks of orthographic projections of 
horizonta1 resistivity sections at se1ected depths be10w mean sea 
1eve1, a1l viewed from the SE corner of the survey area. 

Figure 4 i11ustrates the resistivity distribution of the 
first 1000m and appears to confirrn the findings of Thanassoulas 
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(1982). The uniformly and highly conductive shallow structure of 
the first 500m indicates the abundant presence of electrolytes 
and/or clay minerals. Kavouridis and Fytikas (1988) interpreted 
this zone of shallow conductors as a result of (possibly hot) 
lateral fluid circulation and not as signature of a shallow 
reservoir. The electrical structure begins to change sharply for 
depths >500m, with appearance of a resistor which expands 
laterally with increasing depth. The top of this resistor was 
definitely detected by Thanasoulas (1982), who attributed it to 
the 'limestone basement' of the area. The eastern part of the 
survey area remains relatively conductive at the depth of lkm. 

~. 

O.25km 

O.50km 

O.?5km 

lkm 

χ 

1~IL~!~f1t1l~;~~ζ~;:-~:-~2;·'~~-
0.6 1.e e, 'Ί' 6.0 13.1 εθ 63 1:38 :}oe 66e 

Fig.4. Resistivity distribution for the depth interval Okm-lkm. 
(Occam inversion results). 

Ιη the vicinity of Theiokhoma the structure is highly conductive 
at shallow depths, but as the resistor expands northwards, it is 
squeezed to a limited space at the northernmost part of the 
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survey area; its resistivity rises from less than one, to more 
than 30Qm at the depth of lkm, signalling the diminishing 
presence of fluids with increasing depth in the vicinity of that 
location. 

Figure 5 illustrates the resistivity distribution for the 
depth interval 1-12krn, which is characterized by very sharp 
lateral contrasts. The resistor of Figure 4 can here be traced 
to depths exceeding 12krn. It comprises a uniform single body down 
to the depth of 4-5krn and begins to split υρ at approximately 
8krn, probably as a result of faulting. Its maximum resistivity 
according to Occam's inversion is nearly 10kQm and is most like1y 
overestimated. Α value of 2-3kQm established from the ΜΤ data by 
other means, appears to be closer to reality. At any rate, the 
body appears to be very compact and impermeable. Its nature is 

3.5km 

ekm 

8km 

61 142 180 

Ι 1,5km 

1θ25 4270 θθθ3.4.7' 11, ι 

Fig. 5. Resistivi ty structure for the depth interval 3krn-12Jαn 
(Occam inversion results). 
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not known, however the very narrow shape, great depth extent and 
very high resistivity point against interpreting it as a 
lirnestone block; if it was, it should be rnore conductive due to 
high secondary perrneability frorn extensive fracturing and 
karstification, which are known to affect the carbonatic rocks 
of the area. These characteristics together with the acknowledged 
existence of numerous dacitic extrusives nearby, appear to favour 
its interpretation as of rnagrnatic origin. 

The structure underneath the furnaroles of Theiokhorna 
exhibits high resistivity (:>700Qrn) for 2km<D<8km, which indicates 
a practically cornplete absence of fluids and implies that the 
fumarolic activity at Theiokhoma should be attributed to 
(intersection of) faults, which transport fluids and gases from 
elsewhere and allow them to escape at Theiokhoma only. 

within the same depth interval (2krn<D<8km), conductive zones 
can also be detected, with very low resistivity, (less than 10Qrn 
at places), which al ternate with resistive forrnations; this 
indicates the abundant presence of electrolytes at depth. 
However, the distribution of these zones is such, that the 
existence of an extensive reservoir underneath the survey area 
can be ruled out. Scrutiny reveals that the highly conducting 
formations (p<20Qrn) which possess the highest liquid fraction, 
have limited lateral extent. This in turn suggests that they 
probably represent the electrical signatures of open fluid 
circulation conduits (=faults) . With the 3Ο graphical 
presentation adopted here, i t is not easy to distinguish the 
exact location, strike and width of these conductive fault zones; 
their configuration will be investigated shortly, in detail. 

One irnportant observation is that at great depths, (D:>lOkm), 
the resistivity decreases cons iderably relative to the 
resistivity in the depth interval 1-8km. The change is more 
apparent at the northern and western flanks of the survey area; 
underneath the fumaroles of Theiokhoma the resistivity drops to 
below 220Qrn. The phenomenon can be traced at even greater depths, 
unfolding over the whole survey area. Owing to the very nature 
of electromagnetic induction processes, this depth of occurrence 
ascertains that it not a local effect, but extends underneath the 
broader area of Sousaki. 

The resistivity of these deep quasi-conducting forrnations 
rernains high enough, so as to preclude the existence of a very 
deep reservoir. Ιη general, rocks at great depths cannot have 
high porosity. Αη estimate for the effective porosity can be 
afforded however, οη the basis of Archie's law, ρ=ρ aφ-m, with Ρ 

being the bulk resistivity of the formation, Ρ the ~esistivity, 
of the pore fluids and φ the effective poroslty. Based οη the 
geochernical analysis, we presurne temperatures :>150°C at depths 
greater than a few krn and we can safely assurne pore fluids with 
salinity at least equal to that of sea water, the temperature 
dependence of which is p=(3+ToC/10)-l (Lee et al, 1993). with 
resistivities ranging in wthe interval 50-300Qm, the formation 
factor Ρ=ρ/ρ assumes values in excess of 1000, which is 
indicative ofWcrystalline rocks (e.g. Keller and Rapolla, 1974). 
Thu~, at D:>10km we can safely assume the existence of 
brine-saturated crystalline rocks with low, either intergranular 
or joint porosity; under these conditions a reasonable choice of 
the constants is a=l and m=2 (also see Brace and Orange, 1968). 
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Then, for Τ=150-300cC and ρ=50-300Ωrn we obtain φ=1-3%. If the 
resistivi ty had been overestimated by as much as 100%, t.he 
effective porosity would not exceed 6%. Furthermore, if we assume 
a petrology cornprising low porosity sedirnentary rocks, the 
results do not change by any significant proportion. It becomes 
c1ear that such rock properties do not faci1itate the formation 
of f1uid reservoirs. Thus, it appears possib1e that the decrease 
in resistivity is an effect of a lirnited 1iquid fraction combined 
with high temperatures at depth. Note however, that even with 
$uch 10w porosity there exists a 1arge net vo1ume of hot f1uids 
which find, eventually, their way upwards through the open active 
fau1ts and generate the lirnited therma1 phenornena at the surface. 

Spatial analysis of the irnpedance tensor 

Let (Χ,Υ,Ζ) denote the cartesian experirnenta1 coordinate 
systern and let (Χ,Υ,Ζ) denote a coordinate systern intrinsic to 
the geoe1ectric structure. Although the experirnenta1 Ζ is 
deterrnined in (Χ,Υ,Ζ), it incorporates all the inforrnation of the 
geoe1ectric structure in (Χ,Υ,Ζ) intact, since any cartesian 
coordinate system can be mapped onto another by isometric 
transformations. This information can be recovered from Ζ by 
inverse isometric transformations (namely rotations about the 
axes of (χ ι Υ; Ζ). Ιη this paper we imp1ement the 3ο rotation 
ana1ysis method of Tzanis (1988; 1992), which utilizes the 
symmetries of the 3ο pure rotation group SU(2), of 2χ2 unitary 
matrices and provides a theoretica1 framework for the treatment 
of ΜΤ data obtained over mu1ti-dimensional geoelectric 
structures. The 3ο rotation, resu1ts in the decomposition 
Ζ=Ε(ΘΕ'ΦΕ)ΗΗ+(Θlι'Φ which transforms the experimenta1 system intoΗ ) 
two cartesian (intrinsic) coordinate systems carrying the output 
e1ectric and the input magnetic fie1ds and are espective1y 
defined by the rotation angles ΘΕ'Φε and ΘΗ,ΦΗί Ε(ΘΕ,ΦΕ ) and 
Η(ΘΗ,ΦΗ } are SU(2} operators invo1vlng rotations about the 
vertica1 and one of the horizonta1 axes; + denotes the transposed 
comp1ex conjugate. Φ represents an azimuthal direction and Θ an 
inc1ination, a1so admitting an equivalent representation as the 
ellipticity of components in the horizonta1 plane (=tane). Μ is 
an antidiagonal matrix containing the characteristic (extrernal) 
~rnpedanc:es ~1 a~d μ2 (μι>μ2)' The electric and rnagnetic components 
ln the lntrlnslC systerns are related as Ε(ΘΕ'ΦΕ )=μι Η(ΘΗ ,Φ Η+nI2), 

and Ε(ΘΕ'ΦΕ+ττ/2)=μ2Η(ΘΗ,ΦΗ} and form the two characteristic states 
(3ο rnodes of propagation) of the ΕΜ field within the Earth. The 
terrn spatial analysis is used to define the process of rotation 
and mapping of the results. The configuration of the principal 
components of the observed impedance tensors can, then, be used 
to find the corresponding configuration of the geoelectric 
structure(s) producing thern and to delineate geoelectric 
structural blocks and lateral conductivity interfaces. 

It can easily be verified that in the case of 10 and 2D 
geoelectric structures ΦΕ=ΦΗ and ΘΕ=ΘΗ=Ο. Ιη 3ο structures 
however, one may observe ΦE~Φ~' For instance, the accumulation of 
surface charges οη the walls of conductors, flow around or 
channelling effects etc., may deflect the electric fields away 
from the true local strike of the geoelectric structure. This 
phenomenon, albeit of small rnagnitude, has been observed in the 
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reported survey affecting the soundings over the rnost conductive 
parts of the structure; the results will not be analyzed here for 
lack of space. The rnagnetic field cannot be deflected by static 
or quasi-static charges and rnay well be used for the spatial 
analY6is of ΜΤ data ίn place of the electric field. The technique 
presented here utilizes the adrnittance tensor A=z-l = Η(Θιt'Φ~)W 
E~(ΘE'ΦE) and specifically, the rnaxirnurn adrnittance and the 
rnagnetlc field cornponent of the rnaxirnurn state of Α, defined as 
Η(ΘΗ 'Φjl)=(μΖ)-ΙΕ (Θ ε ,Φ ε+π/2) . 

The rnaxirnurn aarni ttances frorn all si tes are presented ίn 

Figure 6, ίn the forrn of averages over the (skin) depth interval 
lkrn-8krn. As can be seen irnrnediately, the ellipticities (Θ angles) 
are very srnall, confirrning that the three-dirnensionality of the 
structure is weak; the area rather appears to respond ίn the 2-D 
rnode. 

Wi thout entering into details, we note that the maximum 
ddmittance function indicates the downhill direction of local 
geoelectric gradient, i.e. points towards the rnost conductive 
local structure. Moreover, the rnagnitude of the rnaxirnurn 
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Fig.6. Spatial analysis of the ΜΤ data based οη the rnaxirnurn state 
of the adrnittance tensor and the rnaxirnurn adrnittance. The 
lightly shaded areas represent the conductive domains. The 
heavily shaded areas represent the resistive domains. 
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admittance is proportiona1 to the conductivity of the geoe1ectric 
structure in the vicinity of the recording station. Thus, sma11 
admittances indicate a resistive domain and 1arge admittances a 
conductive one. There exists a we11 defined 1atera1 succession 
of intersecting conductive (light1y shaded) and resistive 
(heavi1y shaded) zones, striking at N-50"-W and Ν-50 0 -60 0 -Ε 
respective1y; these are the principa1 directions of the 
geoe1ectric structure, responsib1e for its weak three­
dimensiona1ity. 

The primary (most significant) conductors strike at N-50 o -W 
and can be direct1y identified frorn the apparent perpendicu1arity 
οί rnaxirnum admittances located over the resistive and conductive 
parts οί the survey area. They are a1so independent1y identified 
by the ana1ysis οί rnagnetic variations recorded sirnu1taneous1y 
with the ΜΤ data (e.g. Lagios, 1992). 

The secondary conductors strike at Ν-50 0 -60 0 -Ε. Ιπ rea1ity, 
on1y one such zone can be direct1y identified; it is defined by 
the 1arge rnagnitude of maximum admittances in the south and 
south-east extrernes οί the survey area and their perpendicu1arity 
to the prirnary conductors. This zone is a1so definite1y and 
independent1y confirrned by the ana1ysis of magnetic variations, 
(e.g. Lagios, 1992). 

The two conductive zones represent the principa1 f1uid 
convection paths of the Sousaki geotherma1 system, at 1east as 
identified within the survey area. Ιπ the geo1ogica1 and 
geotectonic setting of Sousaki, the convection paths are 
generated by active norrna1 fau1 ting which a110ws f1uids to 
circu1ate between the surface and the heat source. 

CONCLUSIONS 

The reported ΜΤ survey of the high1y prospective Theiokhoma 
area achieved deep penetration and provided new insight into the 
nature οί the geotherrna1 fie1d and systern οί Sousaki. It was 
shown that the system cornprises a sha110w (O<600-700rn) and a deep 
part. . 

The sha110w structure is characterized by abnorma11y low 
resistivities which can be interpreted as resu1 t of abundant 
water (brine), and/or c1ay rninera1s. Very sha110w (100-200rn) hot 
water (73°C) aquifers have been identified from exp1oration 
dri11ing (e.g. Kavouridis and Fytikas, 1988). The c1ay minera1s 
may have formed from the a1teration of the ophio1ites which are 
known to under1ie the surface of a 1arge part οί the survey area, 
with thicknesses as much as 400m. The existence of c1ay minera1s 
renders difficu1t, if not impossib1e, the estimation οί the 
1iquid fraction in the sha110w conductive formations. At any 
rate, the 1iquid fraction must be rather 1arge as is a1so 
attested by the exp1oration dri11ing data. The warm water from 
the may easi1y be used for intermediate and low entha1py 
app1ications of geotherma1 energy. 

A1though a deep hot water reservoir within the 1imestones 
was anticipated from the geochemica1 data, it was definite1y not 
found underneath the surveyed area and may even not exist in its 
vicinity. Likewise, we CQu1d not observe any characteristic 
traces of contemporary deep igneous processes (e.g. a magma 
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cha~ber}, the existence of which is anyhow doubtful for a variety 
of reasons (e.g. Geotermica Italiana, 1984). Instead we found 
strong evidence for the existence of wet hot rock at great depths 
(P>10km), as well as clear traces of open (active) fau1ts which 
facilitate the direct communication of the deep hot rock with the 
surface. The faul ts are clearly discernib1e from their very 
conductive signatures, which can be attributed to the abundant 
presence of saline f1uids (geotherma1 fluids). Thus, the 
geothermal system of Sousaki rather appears to function by 
convective transfer of excess heat from great depth to the 
surface, via the highly perrneable paths prepared by active 
extensional faulting. The heat source itse1f cou1d not be studied 
because of the limited area covered with ΜΤ soundings. It may be 
a residual of past (Pliocene ?) magrnatic processes; this 
interpretation has, in one way or another, been favoured by many 
previous workers. Additional ΜΤ measurements in the broader area 
of Sousaki may provide some more definite answers in the future. 

From the above discussion, it appears that the best way to 
exploit the geothermal potential of Sousaki, is to tap the 
geothermal fluids directly from the faults at some sufficient 
depth such, that they do not rise very close to the surface and 
lose much of their original high temperature. 

The results of the ΜΤ survey also provide usefu1 information 
about the contemporary tectonic regime and deformation processes 
affecting the broader area of Sousaki. The basis for such an 
assertion derives frorn the very nature of macroscopic ΕΜ 

induction processes. Α distinctive characteristic of deep ΜΤ 

sounding is its capabi1ity to penetrate and explore deep into the 
Earth's crust frorn point observations οη the surface. Ιη this 
survey we achieved penetration in excess of 15km for most 
soundings. It is apparent (and can be demonstrated in a variety 
of ways) , that features discernible at such great depths below 
the point of measurement, must have one horizonta1 dimension of, 
at least a few times the depth of detection; such features 
necessarily belong to structures with regiona1 extent. Ιη a 
tectonically controlled geothermal system such as is Sousaki, the 
conductive zones are generated by active norrna1 fau1ting which 
allows fluids to ascent from great depths. The primary tectonic 
direction defined by the ΜΤ data is N-50o-W; the secondary is 
Ν-50 0 -60 0 -Ε. Νο traces of important E-W faults were found within 
the survey area. 

The existence of tectonic lineaments paral1el to N-50o-W and 
Ν-50 0 -60 0 -Ε has been independently identified by other 
geophysical rnethods possessing the capability to register signals 
from very deep structures (gravity and aeromagnetic r e.g. Rocca, 
1985). Ιη fact, the NW-SE and NE-SW trending 1ineaments revealed 
from analysis of gravity data, (and interpreted by Rocca as 
'fau1ts'), are alrnost identical with the directions derived frorn 
the ΜΤ data. 

Tectonic lineaments with similar directions are confirmed 
over the broader area of southern Korinthiakos gulf from 
rnorphotectonic and seismotectonic observations (e.g. Jackson et 
al~ 1982; King et al~ 1985). Moreover, the faults which 
reactivated with co-seisrnic dislocations during the Korinthos 
earthquakes of 24-25 February 1981 ι exhibit general strikes of 
N-60 0 -W and Ν-60 0 

-70 0 
-Ε. The ΜΤ results indicate that these 
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conternporary active tectonic directions and their causative 
stress field persist ίη Sousaki, approxirnately 20km to the SE of 
the 1981 earthquake zone. 

The tectonic directions detected at Sousaki are not 
identical with those observed ίη the fau1ts of Korinthos 
earthquakes. The srnall differences of 10°-15° can be attributed, 
either to local structural effects registered in the ΜΤ data, or, 
to rninor differentiation in the stress field; the answer canhot 
be given until additional ΜΤ rneasurernents are performed in the 
broader area of southern Korinthiakos and northern Saronikos 
gulfs. 
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