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Abstract-In order to achieve a better definition of the geothermal potential in the area of tbe Campidano
graben (Sardinia, Italy), where there are some thermal springs, a rnulti-rnethodological geophysical
survey has been combined with recent surface and subsurface geological information. New gravity and
magnetic stations, distributed over the northern part of the area (Campidano of Oristano), have been
measured lO complement already published data for tbe central-southern part of the graben. Deep dipole-
dipole geoelectrical soundings have also been performed along two profiles perpendicular lO the strike of
the graben. The geological interpretation of the geophysical data allows us to conclude that no shallow.
exploitable geothermal reservoir exists in the survey area.

INTRODUCTION

The Campidano graben is an area of known geothermal interest in Italy. Detailed geophysical
investigations were promoted in the early 1980s by the Commission of the European Comrnuni-
ties and the Italian National Research Council, in order to gather inforrnation for a reliable
evaluation of its geothermal potential. The results of the fìrst gravity and magnetie surveys.
limited to the central-southern part of the graben, are reported in Balia et al. (1984) and
Ciminale et al. (1985), respectively.

In this paper we give an up-to-date geophysical interpretation by combining the results from
the completed gravity and magnetie maps with those from a new dipole-dipole geoeleetrical
survey. The specific goal was to achieve a detailed definition ofthe deep geologicallineaments of
the graben, with particular reference to the structures related to the most important thermal
springs.

GEOLOGICAL SETTING

The Campidano area is situated in the southern part of Sardinia, between the gulf of Oristano
and the gulf of Cagliari (Fig. 1).

From the structural point of view . the area is a narrow dee p graben extending in an
approximately NW-SE direction. It is limited by two Paleozoic granitic-metamorphic horsts

• Research carried out with a financial contribution from the Italian National Research Council [Co ntract No.
87.02233.59) and [rom the Commission of the European Communities [Contract EGA-2·053·I(s)].
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Fig.!. Schematic geologica I map of the Campidano area (Loddo et al., 1987). 1. Prevalently alluvial dcposits
(Ouaternary). 2. Basalt debris flow (Pliocene). 3. Rhyolites and trachytes of the MI. Arci and rhyodacites or Sardara
(Pliocene). 4. Prevalently marly or conglomeratic alluvial and lacustrine deposirs of the "Samassi Forrnation' (Middle-
Upper Pliocene). 5. Arenaceous-marly-calcareous marine sediments with some tuffaceous intercalations or andesitic
type and underiying continental conglomeratic sandstones (Miocene). 6. Pumice-ash ignimbrites and tuffs with
subordinate arenaceous levels (Oligocene-Miocene). 7. Andesitic lavas and breccias (Lower Oligocene-Lower
Miocene). 8. Prevalently violet-red COntinentai "Cixerri Sandstones" (Eocene). 9. Dolomites (Trias). IO. Granites
(Paleozoic). 11. Schists with subordinate Paleozoic limestones. 12. Reai or presurned faults. 13. Therrnul springs.l'l
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bounded by regional faults. On the basis of geological data, the centrai depression is estimated
lO be about 3000-5000 m deep.

Recent studies (Caboi et al., 1985; Fanfani et al., 1986) have shown that the Campidano
graben is a very young tectonic feature (Pliocene-Quaternary), superimposed on the larger.
older (Tertiary) N-S trending tectonic structure extending from the gulf of Asinara to the gulf of
Cagliari (O ligocene-Lower Miocene Sardinian rift).
The rift valley fill is made up of Hercynian pre-rift sediments, andesitic-ignimbritic syn-rift

volcanic structures and accumulations (Oligocene-Miocene) and subsequent marine and
continental sediments (Miocene-Quaternary). Recent basaltic lavas are intercalated among the
latter.
None of the exploratory wells forhydrocarbons located in the centre of the Campidano

graben reached the Paleozoic basement.
The main thermal manifestations present in the area are nearJy alilocated along the borders of

the graben. Two of them (s'Acquacotta and S.Maria de is Acquas) are characterized by a high
water fiow (501/s) and fairJy high temperatures (45-50°C). The heat fiow map of the area
(Loddo et al., 1982) also shows an anomalous high, which extends over the whole graben with a
mean value of 104.7mW/m2 (2.5,J.lcal/cm2s) and a maximum value of 188.4mW/m2

(4.5 flcal/cm2s) close to Sardara. According to Panichi et al. (1982), the temperatures predicted
at 2000 m depth are over 150°C in the centre of the graben.

•
I
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GRA VITY SURVEY AND BOUGUER MAP

The gravitysurvey includes 223 new stations, distributed in the northern part of the graben
(Campidano of Oristano), which integrate the previous 952 measurements reported in Balia et
al. (1984). The distribution was as uniform as possible and averaged 1 station every2 km2. The
whole surveywas carried out with the LaCoste & Romberg Mod.G No. 351 gravity meter (scale
constant k = 1.06 mgal/div). The mean instrumental drift was less than 0.05 mgal/day and the
estimated mean error of measurements was about 0.03 mgal,

Five points of the first gravity survey of Sardinia (Trudu, 1962) were selected as reference
stations. These stations had already been included in the International Gravity Standardization
Net, 1971 (Morelli et al., 1974) and hence in the First Order Italian Gravity Network (Marson
and Morelli, 1978).

The elevation of most stations was read on the topographic maps of the ltalian Istituto
Geografico Militare (scale 1: 25,000) and the technical maps of the province of Oristano (scale
1: 5000) at the site of a spot height, and were affected by an error of ± 1.0-1.5 m. In a few cases
the station was located at the site of a benchmark.

The 1980 International Gravity Formula (Moritz, 1984) was used to calculate the Bouguer
anomaly map. The estimated mean error of the Bouguer anomaly values was less than 0.5 mgal
for the Campidano of Oristano zone and less than 0.1 mgal for the centraI and southern
Campidano areas.

The Bouguer map (Fig. 2) is dominated by a large elongated low extending approximately
NW-SE from Oristano to Decimomannu, along the axis of the Campidano graben. Within the
low, three more or less pronounced gravity minima (Arborea, S.Gavino. Decimomannu) are
present.

Due to its global structure , this negative anomaly may be related to the Tertiary fili of the
graben , made up of Miocene-Pliocene sediments, and to the depth variations of the top of the
Paleozoic basement.

The contour lines along the western border of the graben are parallel to the axis of the graben.
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Fig. 2. Bouguer anomaly rnap of the Campidano area (contour interval: 2 rngal). * Therrnal springs.

Their strong horizontal gradients can be correlated with the border faults and the graben
morphology.
A nearly similar trend can also be observed along the eastern border of the graben. at lcast as

far as Sardara and the thermal springs of S.Maria de is Acquas. The horizontal gradicnt there
reaches a remarkably high value and the graben appears narrower.
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An extensive gravity low marks the Miocene sedimentarv basin ofMarmilla (Lunamatrona),
while the gravity high areas correspond predominantly to the outcropping Paleozoic basement
and to the Tertiary andesites, especially NW of Guspini.

REGIONAL GRA VITY ANOMALIES

In order to separate the different components of the gravity signal for a better definition ofthe
local shallow events from the deeper structural features, a two-dimensional filter was employed
(Fuller, 1967; Bozzi Zadro and Caputo, 1968; Bath, 1974).

By use ofthe MaximumEntropy Spectral Analysis performed on SW-NE profiles, the cut-off
wavelength of 40 km was deterrnined as the shortest wavelength that, on average, let the lower
wave-number variations pass through the filter with a minimum of distortion.

The regional gravity anomaly map, obtained by the above filtering method, is reported in
Fig. 3.

The western part of the map shows quite a regular trend of anomalies. The contour lines are
elongated in a direction parallel to the axis of the graben and form a positive gravity trend from
the centre of the graben towards the SW. Presumably, this trend is due to the progressive rise of
the Moho (Guerra, 1981; Egger et al., 1988).

The centrai part of the map is dominated by an extensive low. The two minima of Arborea and
Decimomannu, present in the Bouguer map of Fig. 2, have been completely filtered out. •

This gravity low extends towards the NE to include the wide Marmilla basino It suggests a
graduai crustal thickening towards the NE. These observations are supported by further
processing of the data (low-pass filtering with a cut-off wavelength greater than 40 krn), which
showed the persistence of the gravity low to the NE, corresponding to the Hercynian granitic
batholith of the eastern Sardinian horst.

l.

RESIDUAL GRA VITY ANOMALIES

The residual gravity anomaly map shown in Fig. 4 was obtained by filtering the Bouguer rnap
of Fig. 2 with a high-pass filter having a cut-off wavelength of 40 km.

Similarly to the originai Bouguer map, the residual map is characterized by a wide band of
gravity lows inside the Campidano graben from Oristano to Decimomannu. The three main
gravity lows of Arborea, S.Gavino and Decimomannu are clearly distinguished.

The band of negative anomalies is bordered on both sides by gravity highs connected to: (a)
andesitic rocks forrning a volcanic ridge along the eastern border, partially outcropping between
Monastir and Sanluri, and to the schistose basernent outcropping near Sardara; and (b)
andesites and local outcrops of Paleozoic schistose rocks on the western side.

Thegravity high north of Guspini is also well-defined and is related to the Oligocene-Miocene
andesitic formations outcropping south of Terralba. . .

The horizontal gradients clearly show the fault systems on both sides of the graben throughout
its entire length.

ELECTRICAL PROSPECTING
"

Eleven deep dipole soundings with the axial electrode array were carried out. They are
labelled with the abbreviation CM followed by the order number of execution. The centres of
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Fig. 3. Regional gravity anornaly map of the Carnpidano area (wavelengths greater than 40 km: contour interval:
l mgal). *Thermal springs.

"

the transmitting fixed dipole were located along two protìles, AA' and BB', both perpendicular
to the graben axis (Fig. 5).

In additio~. four shallow Schlumberget soundings, labellcd with the abbreviation CMP
followed again by the order number of execution, were performed in proxirnity to the mam
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Fig. 4. Residual gravity anornaly map of the Campidano area (wavelengths less than 40 krn: contour interval: l rngal).* Thermal springs.

thermal springs (S.M. de is Acquas and s'Acquacotta). where Paleozoic metamorphic schists
and Miocene c1ayey-arenaceous sediments outcrop. Figure 6 shows ali dipolar and Schlum-
berger apparent resistivity diagrams.

The quantitative interpretation of the Schlumberger probings allowed us to calibrate the
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Fig. 5. Location of the dipole and Schlumberger soundings and position of the geoelectrical (AA' and 88') and gravity

(CC' and DD') cross-sections,

resistivity of the above-mentioned outcropping rocks which, by geologic inferences, are
believed to exist in deeper parts within the graben area. The results were: 50-200 Dm for the
metamorphic schists (CMP 3), 4-7 Dm for the prevailingly clayey sediments (CMP 4) and 40-
200 Dm for the recent Quaternary deposits (CMP 1 and CMP 2).

The interpretation of the deep dipolar soundings was either performed by transformation into
the Schlumberger domain (Patella, 1974) or directly in the dipolar domain, also in terms of two-
.dimensional modelling (Patella and Tramacere, 1986). It is worth recalling that the transform-
ation procedure is very useful in the case of highly noise-corrupted originai dipolar diagrams,
since it automatically provides smooth Sehlumberger diagrams (Patella, 1984).

The quantitative analysis of the dipolar survey allowed us to construct the geoelcctrical cross-
seetions of Figs 7 and 8, eorresponding to the profiles AA' and BB', respectively.

The eorrelation in terms of resistivity between any two contiguous geoelectrostratigraphic
columns was carried out by taking into aecount both the tectonic features of the area and the
parametric Schlumberger soundings.

From the analysis of these sections tfie following electrical units can be distinguished:
(1) a very conductive shallow unit, with resistivity <10 flm and maximum thickness of 300 m
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in section AA' (CM 3) and about 1000 m in section BB' (CM 9), which can be related to the
Pliocene clayey sediments (Samassi formation) and to the Miocene marine and continental
deposits, which contain interstitial braekish water;

(2) a fairly conduetive unit with resistivity in the range lO to 15 flm (CM 2, CM 3, CM 4 and
CM 5 in section AA'; CM 6, CM 7 and CM lO in section BB'), which may be attributed to
Miocene-Pliocene sedimentary clayey-sandy formations and to Eocene arenaceous clays of the
Cixerri formation;

(3) a fairly resistive surficial unit with resistivity in the range 20-80 11m (CM 2 and CM 5 in
section AA'; CM 7, CM lO and CM 11 in section BB '), which can be related to silty marls and
more or less conglomeratic sandstones of Miocene age and to Quaternary-Pliocene clastic
alluvial deposits;

(4) a resistive and very thick unit, underlying the conductive layer. with resistivity between 60
and 460 Dm (CM 2, CM 3 and CM 4 in section AA'; CM 6, CM 7, CM 8, CM 9 and CM lO in
section BB'), which may be associated with both Oligocene-Miocene andesitic formations and
Paleozoic schists, since they very likely show the same electrical behaviour, as will be shown
later;

(5) a very resistive unit with resistivities higher than 460 11m, which can be related to the
Paleozoic granitic bedrock (CM 1, CM 4 and CM 5 in section AA'; CM 6 and CM 11 in section
BB').

The geoelectrical section AA' presents a narrow but deep tectonic depression in the S.Gavino
area, close to the soundings CM 2 and CM 3, which is bounded by two Paleozoic granitic horsts
along the lines Guspini-Vallermosa and Sardara-Sanluri, respectively.

The geoelectrical section BB' presents the same features as section AA', even though it
crosses a wider struetural depression in the area where soundings CM 7. CM 8, CM 9 and CM lO
have been located.

Geological inferences lead us to conclude that the deep, thick electrical unit with resistivity l,I
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Fig. 7. Geoelectrical section AA' (see Fig. 5 for location).

250-300 flm, which has been evidenced in the centraI part of the graben, should be attributed to
andesitic formations rather than Paleozoic metamorphic schists. Indeed, the latter rocks, which
overlie the Paleozoic granites, have undergone a notable tectonic collapse. Therefore , the
interface between andesites and metamorphic schists, if existing over the maximum probing
depth of the dipole soundings, cannot be distinguished because of vanishing resistivity contrasts

'"' along the entire section. Finally, the top of the granitic basement also cannot be recognized
there, probably because it lies far beyond the maximum probing depth.
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QUANTITATIVE INTERPRETATION OF THE GRAVITY DATA

The elongated structure of the Campidano graben and the regular parallel trend of the
contour lines justify a gravity interpretation in terms of two-dimensional (2-D) bodies (Talwani
et al., 1959).

The gravimetric model of the graben structure, which was formerly calculated by Balia et al.
(1984) using spectral analysis techniques, has been re-evaluated here on account of the results
obtained with the geoelectrical survey.

The study has been carried out along the two profiles CC' and DD' perpendicular to the axis
of the graben and located in proximity to the two geoelectrical profiles AA' and BB' (Fig. 5).

We have used the geoelectric model to constrain the geometry of the 2-D bodies, and chosen
the density values on the basis of both direct measurements on surface samples and empirical
correlations between density and resistivity.

The results of the new gravity modelling are shown in Figs 9, lO. where one readily observes
the measured and calculated anomalies, the cross-sections of the 2-D structures generating the
ancmaly and their density contrasts LlO (o = 2.67 g/crrr' is the reference mean crustal density).



160 R. Baliaetal.

I

··1

The surveyed area between 8°45' and 9°00'E of longitude is generalIy eharactcrized by low
amplitude and long wavelength signals. This suggests that the sedimentary overburden is fairly
thick in this area and/or the igneous rocks are weakly magnetized. The arrangcrnent of the
anomalies along the line passing through Monastir, Nuraminis and Sanluri follows the trend of
the eastern main fault system and is related to the sparse volcanic outcrops. The shape and
amplitude of the anomaIy stretching from s'Acquacotta towards Villacidro suggest the presenee
of a magnetized body, which couId have intruded through the fissures associated with the
western fault systern.

In the area approximateIy outlined by Terralba, Mogoro, S. Gavino and Guspini, the
anomalies are charaeterized by high amplitudes (up to 600 nT), strong horizontal gradients and
short waveIengths. They could be eorrelated with the andesitie and basai tic outcrops and with
shallow loealized magnetie bodies (Pala et al., 1982).

In the area around Oristano, where sedimentary rocks outcrop, the generai trend of the
contour lines would suggest that these rocks have a significant thickness only in thc area roughIy
south-west of Oristano, but towards the north and south-east they thin out to give room to the
Quaternary basalts and Tertiary andesites outeropping there.

In order to minimize near surfaee effects (short wavelengths) and to ernphasizc the centri-
butions of dee per crustai magnetic sourees (long wavelengths), the originai data have been
continued upwards to the altitude of 2500 m above sea level, aeeording to the method described
in Ciminale et al. (1985).

In the upward continued map of Fig. 12, a well-defined anomaIy of normal and reverse sign
with a N-S axis is located around Terralba. This is a typieal response of a thiek horizontal
prismatie structure magnetized in the direetion of the present magnetic field. The quantitative
interpretation estimates this body to be about 1 km thiek and 20 km long, with the bottom lying
at a depth of 2 km. It has been interpreted as a laccolithic strueture probably conneeted to the
andesitic voIcanic eomplex of Mt. Arcuentu (Ciminale et al., 1985).

The upward continued map also reveals that north of 39°50' of latitude as far as Oristano, the
contour lines have a regular trend with a weak horizontal gradient. This means that a magnetie
source is Iacking or buried under a thiek pile of sediments.

North of Oristano the anomalies appear more complex and are most likeIy related to the
thinning of the Miocene-Plioeene-Quaternary sediments and to the effeet of the southern
border of the great magnetic strueture centred aver the town of Macomer (outside the map) and
extending up to the southern limit of the Logudoro basin (Galdeano and Ciminalc. 1987).

In conclusion, the shallow magnetie body of Terralba ends a little south of Oristano. The
"body of Macomer" develops northwards from that limit, buried under progressively thinner
sedirnents.

Finally, the weak anomaly eentered in proximity to Serramanna suggests that under the
sedimentary overburden there is only one very extensive, regularly shaped and weakly
magnetized body.

GEOLOGICAL INTERPRETATION AND CONCLUSIONS

The structural sections reported in Fig. 13(a), (b) have been construeted along the two
profiles of Fig. 5 by taking advantage of ali geophysical results and the known surface and
subsurfaee geological data.

Figure 13(a) shows the northernmost çross-section, where the graben appears to be quite
homogeneous and can be identified with the basin of S. Gavino. It deepens, howcvcr . eastwards
at the foot of the horst of S.Maria de is Acquas, which is the site of thc hydrothermal
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Fig. 12. Upward continuation ofthe total intensity anornaly map of the magnetic field in the Campidano area (altitude
of continuation: 2500 m above sea level; contour interval: 10 nT). *Thermal springs.

manifestations of Sardara. East of Sardara, the Miocene sediments beeome gradually thicker as
the Paleozoie basement dips down to the east.

The cross-section of Fig. 3(b) shows the axial subdivision of the graben in two parallel basins
separated by a buried ridge of Paleozoic andesites and schists. The basins correspond to the
sectors of s'Acquacotta and of Serramanna-Serrenti, respectively. It can also be seen that the
s'Acquacotta spring is associated with the main fault along the western side of the s'Acquacotta
basin, which is the extreme extension of the S.Gavino basino The basin of the Campidano of
Cagliari to the south is also unitary and does not seem to be the continuation of the S. Gavino and
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