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A B S T R ACT 

Detailed gravity observations and SP measurements were 
applied in the Hypati Hot Spring area, a region of geothermal 
interest, in the mid-southern part of the Sperchios River Basin. 
The purpose of these surveys was to investigate the major and 
minor faulting zones in the area and to examine whether these 
faults are geothermally active, that is if fluid circulation 
takes place in them. The interpretation of two gravity profiles 
suggests that a major normal fault extends under the position of 
the Hot Spring area, cutting the flysch formation. The total 
field electrode configuration was selected for the SP 
measurements made along eight profiles, with the electrode 
polarization being monitored by a bath with a reference electrode 
in a saturated solution of copper sulfate. A 3-D interpretational 
attempt based on Fitterman's approach, resulted in two minor 
faults and their associated parameters. It therefore appears that 
the hot mineral water is ascenting from larger depths through the 
major fault in the flysch reaching the surface through the two 
identified minor faults, forming thus the position of the present 
Hot Spring and the Old Hot Spring in a different place. The Old 
Hot Spring is inactive due to seismic activity. 

ANArNQPI~TIKEE rEQ~YEIKEE EPEYNEE TOY rEQ0EPMIKOY EY~THMATO~ 

rrEPIOXH~ ~OYTPQN ynATH~, hEKANH~ ~nEPXEIOY nOTAMOY 

A~oo,oAC~ouAo~,r. xal ~aYLo~,E. 

IT E P I ~ H '1' H 

H llESOOO~ ~UOLXOU 1'>.uvallLxOU (SP) XaL 'l ~apU'Lxrl llESooo~ 
E(val YEW~UOlXE~ llESoOOL ev'OTILOllOU P'l~lyevwv ~wvwv xaL EpEUVOUV 
av OL ~WVE~ aU'E~ E(val YEwSEPllLxa EVEPyE~. rLa ,0 AOYO au,o 
e~apllOOS'lXav o''lv ~epLOXrl ,wv ~ou,pwv YTIa,'l~. 

1'>.uo ~apu'lxa TIPO~(A EV,OTILOaV lle ''lv epll'lvE(a ,OU~ Eva 
xavovlxo PrlYlla oe lleyaAo ~aSo~ (700m) lle TIaxo~ lle,aTI,wo'l~ o,ov 
~AUOX'l 55 Om xa,w aTIc ''lV SE0'l ,wv ~ou,pwv YTIa,'l~. Me ''lv 
XP'l0Lllo~O('lO'l ''l~ llESoOOU OAlXOU ~eo(ou yLa ''lv avaTI,u~'l ,wv 
'lAEX,pOO[wv, EArl~S'loav llE'Prloel~ ~UOlXOU 1'>.uvalllxOU xa,a llrlXO~ 
OX,W TIPO~ [A. H TI6AWO'l ,wv 'lAeX,poo [wv lle,pa,a l oe oX EO'l lle 
'lAex,poo L0 ava~opa~ oe 1l0vwllEVO AOU,pO Ol aAulla,o~ Se dxou xaAxou. 
H 3-1'>. epll'lVe(a ,ou Xap,'l ~UOLXOU 1'>.uvallLxou, OTIW~ ' 'lv ~po,e[vEL 
o Fitterman (1984), o[vel OUO yewSEPlllxa p~Ylla,a. To yew8epllLx6 
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VEp6 EPX6~EVO ana LOU~ ~a8E(~ op(~OVLE~ eLa ~gOOU LOU p~y~aLo~ 
OLO cp:>"uaXll cp8ave:l aLllv e:nLcpave:la eLa ~gOOU LWV YEw8e:p~lXWV 

Plly~aLwv nou e:vLon(0811xav ~e: Lll ~g8oeo LOU ~uaLXou ~uva~lxou xal 
Olxalo:>"oye:( Ll~ 8g0e:l~ LWV TIa:>"alwv ~OULPWV xal LWV e:v e:ve:pye:(a 
~OULPWV YnaLll~. 

INTRODUCTION 

One of the interesting areas of the Sperchios River Basin 
is that of the Hypati Hot Spring. The study of the geothermal 
field is of great interest for the exploitation of the mineral 
waters by the Hellenic Tourist Organization and the local 
authorities. Extensive geological research has already been 
carried out in the area by (Marinos et ai, 1973). The purpose of 
the geophysical survey (SP and gravity measurements) was to 
investigate the major and minor faulting zones in the area and 
to examine whether these faults are geothermally active, that is 
if geothermal fluid circulation takes place in them. The latter 
is believed to be detected by the SP measurements and its 
associated interpretation. 

GENERAL GEOLOGY 

The area under investigation is in the southern part of the 
Sperchios River Valley, which is a tectonic graben detached from 
Oiti Mountain with a steplike faulting of direction WNW- ESE. The 
valley is filled by alluvial deposits (clay, sand, pebbles) 
intercepted by torrential deposits, while the bedrock consists 
of flysch. Surface exposures of limestone on hills in the 
southern part of the area represent intercepted masses. 
Travertine is being developed in depth in the sediments 
indicating the path of the ascending mineral hot water. 

GEOPHYSICAL STUDIES 

Two survey teams - one geophysical group and one surveyor's 
- were carried out gravity, SP and precise levelling measurements 
along specific survey lines (profiles). The SP profiles were in 
the vicinity of the Hot Spring (Fig. 1), while the gravity 
profiles covered a more extended area ("A" and "B" are shown in 
figure 1). Each profile had a length of more than 2000m. The 
gravity observations were taken at about 100m apart. 
Cons idering the SP data aquis i tion procedure, the SP meas u rements 
were made at a step of 50m with the total field electrode 
configuration. 

i. The Gravity Observations. 
The height control for each gravity station was ±lcm and the 

terrain corrections carried out at a radius of about 17krn around 
each gravity station. 

The estimated gravity anomalies were of high accuracy 
(estimated error ±O.5gu) due to the precise levelling 
measurements and the detailed terrain corrections. 
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The determination of the proper Bouguer density and its 
subsequent use in the estimation of the gravity formula yields 
the proper amplitude of the observed gravity anomaly, which may 
correspond to a geological feature (e.g. fault etc.). The density 
value of 2.2gr/cm was finally determined by fitting a 
third-degree trend surface to the gravity anomaly of the stations 
(Lagios 1979; Hipkin and Lagios, 1980). 

Deep electrical soundings have been done by the University 
of Hamburg for the Public Power Corporation, Department of 
Alternative Energy Resources, in the valley of Sperchios River 
and the results of the interpretation of some of them 
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Fig.1. Topographic map of the area of Hypati Hot Spring (scale 
l: 25000) with the SP profiles (straight lines) and the 
gravity profiles (dashed lines). 

(Apostolopoulos, 1993) which are in the area under investigation 
have been used in the 2-D interpretation of the gravity profiles 
"A" and "B", shown in figure 2. 

It has to be noted that density measurements on samples 
taken from the area gave (Apostolopoulos, 1993) for the flysch 
formations an average density of 2.655 gr/cm3 and for the 
underlying limestone a value of 2.716 gr/cm3 

• The density of the 
sendiments as mentioned above is 2.2 gr/cm3 and the layer of 
conglomerate and hot spring deposits is considered to have a 
density of 2.5 gr/cm3 

• 

The 2-D gravity interpretation (Fig. 2) gave a deep normal 
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fault cutting the flysch which is observed in a depth of about 
700m under the position of the Hot Spring (H.S.). The flysch is 
sinking to about 12S0m depth. 

ii. The SP Measurements. 
Self Potential (SP) anomalies are generated by flows of 

fluid, heat and ions in the Earth, so SP investigations have been 
used to help locate and delineate sources associated with such 
flows (Corwin and Hoover., 1979; Corwin et al., 1980; Corwin et a 1., 
1981; Thanasoulas, 1989). 

In the map of figure 1 the SP survey lines carried out on 
a relatively flat topography except of the "SP6" which starts on 
the top of a hill with limestone outcrops. The anomaly in the 
topography as well as the anomaly in the resistivity of the 
underground (in the whole area there are alluvial deposits and 
in this part limestone) can cause SP anomalies by themselves. 
This is the reason that in the proccessing these anomalies are 
taken out. 

The crossed directions of the survey lines are chosen in a 
way to be approximately vertical to the existing faults. Their 
total legth (= 2200m) is assumed to be adequate of having the 
whole SP anomaly created by each fault (Total length> Wavelength 
of the anomaly). The SOm electrode separation is enough for the 
detailed detection of the SP anomalies generated by the faults 
of the area. 

The total field electrode configuration is chosen due to the 
rough field conditions (intense agricultural cultivation) and due 
to the continuous potential measurement with respect to a fixed 
point which gives the advantage that small zero errors between 
the electrodes do not accumulate. 

The electrode polarization, for each of the working 
electrodes, was observed by measuring every two (2) hours the 
potential difference of the working electrode and a reference 
electrode in the saturated solution of copper sulfate in a bath, 
thermally isolated (Fig. 3). The SP measurements for each station 
was then corrected using the variation of electrode polarization 
with time. 

The measurement of the electrode contact resistance was an 
additional checking for the quality of the SP values. The 
telluric activity was being monitored using a strip-chart 
recorder connected across a stationary dipole (lOOOm length) in 
the survey area. The total field electrode configuration suffers 
by the telluric activity in large distances of the working 
electrodes. Nevertheless, the amplitudes of the electric 
potentials generated by telluric currents with periods shorter 
than four (4) hours did not exceed a few mVolts. 

The corrected field SP values were then subjected to a 
high-cut filter ("five point moving average") ,causing a smoothing 
on the observed SP estimated curves. The resultant SP anomalies, 
correlated between each other in the whole area, were used to 
make the Self Potential Anomaly Map (Fig. 4). 

Considering the Self Potential Anomaly Map of the area, the 
presence of dipole-like anomalies is detected in the area near 
the Hypati Hot Spring region, indicating the existence of a 
fault, in which, most probably, fluid circulation takes place. 
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Fig.2. Gravity profiles with their interpretation (The drawn body 
is the flysch which is above the limestone. The body with 
the black shade is a dense layer of conglomerate and hot 
spring deposits). 
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--

Fig. 3. The thermally isolated bath with the working and the 
reference electrodes in a saturated solution of copper 
sulfate. 
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Fig.4. The Self Potential Anomaly Map (scale 1:25000). 

These anomalies seem to have appreciable amplitude and such 
wavelengths, which can easily be interpreted following 
Fitterman' s (1984) mathematical analysis. According to this 
procedure, the theoretically "Synthetic Self Potential Anomaly 
Map" generated by a "patch model" (each fault in the model is 

-17 -16 
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represented by the parameters shown in figure 5), is fitted to 
the Self Potential Anomaly Map of the area. A computer program 
(Noutsis and Skianis, 1987) with an inversion scheme suggested 
by Marquart (1963) was used for the 3-D interpretation. 

The gridding for the construction of the Self Potential 
Anomaly Map acts as a high cut filter of the higher frequency 
electrokinetic SP anomalies of shallow origin. The remaining SP 
anomalies are of deep geothermal origin. This is the reason that 
the 3-D interpretation is chosen. The results of the 
interpretation are shown in Table 1. The position of the detected 
"geothermal" faults is shown in the map of figure 6. 

x 

x 
o 

z 

Fig.	 5. The parameters of the model suggested by Fitterman (1984) 
which represents a geothermally active fault. 
[F : polarization charge, L: strike length, T: dip extent, 
X and Y : cartesian coordinates of the center of the strike 
length, Z depth of burial, A: strike angle, D: dip 
angle] . 

CONCLUSIONS 

The combined interpretation of gravity and SP profiles 
proved particularly successful in determining those faulting 
features which are responcible for the existence of hot springs 
and other surface geothermal manifestations in the study area. 

It therefore appears that the hot mineral water of Loutra 
Hypatis Hot Spring is ascending from deeper horizons to shallower 
depths through the major fault determined by the gravity 
measurements. Subsequently, these fluids reach the surface 
through the more superficial faulting features, Fault 1 and Fault 
2 (Table 1), deter~ined by the SP measurements, forming thus the 
Present and Old Hot Spring places. The Old Hot Spring is inactive 
due to seismic activity. In detail, the hot mineral water passes 
through the fault in the flysch (found with the gravity 
interpretation) and then through the geothermal fault "1" (found 
with the SP interpretation) reaching the surface. The deep fault 
of the flysch "supply" with hot mineral water and the geothermal 
fault "2" giving the proof for the position of the Old Hot 
Spring. 
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Table 1. Parameters of the model which represent the geothermal 
faults in the area of Hypati Hot Spring, found with the 3-D 
interpretation (Fitterman, 1984) of the SP Anomaly Map 
(Fig. 4). The model gives the "Synthetic SF Anomaly Map" of 
Fig. 6. 

~;~==============================;~;==~=================;==~== ,..F X Y Z T L D 
0 0 0

"Fault" (mV) (m) (m) (m) 

( 1 ) -45 -16.9 16.5 50 1250 1500 61.5 0 136.8 
(2 ) -60 -16.4 15.5 195 1250 750 85.6 0 38.4 
(3 ) -447 -15.0 16 .5 455 1000 1170 83.4 0 84.3 
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Fig.6. Maps of scale 1:50000: a) The SP Anomaly Map, b) The Map
 
with the geothermal faults found with the 3-D interpreation
 
of the map (a) and c) The Synthetic SF Anomaly Map.
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In the gravity interpretation a surface layer of 
conglomerate and hot spring deposits was found forming so a layer 
of different resistivity than that of the environment. This 
change of resistivity creates a SP anomaly by itself. Therefore, 
the geothermal fault "3" is a "product" of that change. 

The use of the bath to record the electrode polarization of 
the working electrodes is an additional technique to improve the 
quality and reliability of the SP measurements. The gradient 
electrode configuration can be used in irregular topography or 
other places with rough topographic conditions without the 
disantvantage of the accumulation of small errors due to the 
electrode polarization, since the above technique has been proved 
remarkably successful in overcoming the latter problem (Lagios 
et al, 1992). 

The 3-D interpretation based on the values of the SP Anomaly 
Map is more reliable than the interpretation of a single SP 
profile since the gridding for the construction of the SP Anomaly 
Map acts as a high-cut filter on the higher frequencies, which 
correspond to electrokinetic SP anomalies of shallow structures. 
The remaining SP anomalies are thus of deeper geothermal origin. 
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