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INTRODUCTION 

The River Flumendosa, the island’s second largest river, formed the Muravera coastal plain, in 
southeastern Sardinia, Italy. The economy of the area, which is also of major environmental interest, 
relies heavily on agriculture as well as tourism and aquaculture along the coast.  

The plain consists of Pleistocene and Holocene alluvium up to a few hundred meters thick, overlaying 
the metamorphic and granite Palaeozoic bedrock outcropping at the edges of the plain (Figure 1). At 
least two aquifers have been identified in the plain: the shallow phreatic aquifer, down to a few tens of 
meters deep, and a deep confined aquifer. The two aquifers are separated by a clay layer, from a few 
meters to several tens of meters thick. Minor aquifers are represented by series of fractures draining 
the bedrock. 

The natural hydrodynamic equilibrium between the ground- and surface-waters flowing into the River 
Flumendosa and some of its channels on the one hand, and the seawater on the other, has been 
deeply modified by man since the early fifties. The river and some of its main tributaries were dammed 
upstream, so that the natural recharge of the coastal aquifers has now decreased significantly, and the 
mouth channels, which once drained groundwater, now contain salt water coming directly from the 
sea. Furthermore, the phreatic and deep groundwaters are increasingly exploited through excavated 
and drilled wells to meet the ever-growing water demand for agriculture and domestic uses, mainly in 
summer. This situation is exacerbated by the recurrent drought that has afflicted Sardinia in latter 
years. 

Piezometric and groundwater quality monitoring periodically carried out over the last two decades 
(Barbieri et al., 1983; Barbieri and Barrocu, 1984; Barbieri et al., 1986; Ardau and Barbieri, 1994; 
Ardau, 1995; Ardau et al., 1996; Ardau et al., 2000) has indicated widespread and progressive 
saltwater encroachment. As a result, extensive tracts of farmland in the coastal plain have become 
unusable because of increasing groundwater and soil salinization. The main hydrogeological and 
geophysical studies carried out in the Muravera plain in the period 1983-2000, regarded: 

 Piezometric, chemical and physical monitoring on a 
 Network of 30 wells; 
 Surface water level and quality monitoring; 
 Exploratory drillings; 
 Conductivity well logs; 
 Vertical electrical soundings (Ardau et al.,2000; Balia et al., 2002); 
 Gravity survey (Ardau et al, 2000); 
 Reflection seismic surveys (Ardau et al, 2000; Balia et al., 2002). 
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Figure 1 Geological sketch map and cross-section of the Muravera plain.  
A) Quaternary: 1- beach-deposits; 2- eolian deposits; 3- recent alluvium; 4- talus; 5- ancient, terraced alluvium.  

B) Palaeozoic: 6- carbonaceous shales; 7- metacalcarenites and metalimestones; 8- metasandstones and 
metaconglomerates; 9- grey and white porphyritic rocks; 10- sandstones. (After Ardau and Barbieri, 2000, 

modified). 

RECENT DEVELOPMENTS 

Apart from the data acquisition and interpretation referred to in the previous papers concerning the 
Muravera plain, we recently performed the following work: 

 Reprocessing and new geophysical interpretation of apparent resistivity data; 
 Reprocessing and new geophysical interpretation of shallow reflection data; 
 Drilling of a calibration boreholes and combined interpretation of resistivity and seismic  
 Results in terms of hydrogeological information and salination status; 
 Re-sampling of the gravity anomaly along a seismic line and interpretation in terms of 2.5D  
 Mass distribution; 
 Combined geological interpretation of seismic and gravity results in terms of general 
 Geological background. 

Shallow conditions 

In order to perform an interpretation of geophysical data consistent with real geological and hydro-
geological conditions, we decided to drill a calibration borehole, which was located in correspondence 
of a seismic reflection profile and a geoelectrical section (Balia et al.,2002). A rather meaningful 
stratigraphy was obtained; it is shown in Figure 2 compared with the corresponding resistivity and 
seismic columns. As can be seen, there is a close correlation among the following discontinuities: 

 Transition from clayey layer to gravelly-sandy layer containing high pressure saltwater; 
 Transition from 22 ohm-m to 3 ohm-m; 
 Upper reflector. 



17th Salt Water Intrusion Meeting, Delft, The Netherlands, 6-10 May 2002 

 

458

As regards resistivity, apart from the above interface, the correlation with lithology is rather weak, as 
saltwater is the real dominant factor. 
In terms of the hydrogeological model and salination status, these results could be interpreted as 
follows. It is confirmed that there is a separation between the phreatic aquifer and the underlying 
confined aquifer and, also for this, very probably they have rather different histories. The former is 
actually affected by saltwater intrusion characterized by a present evolution depending on several 
factors, such as overexploitation, upstream dams, recent artificial channels that have been opened for 
fish-farming, and recurrent drought; while salination affecting the latter seems to be quite different and 
more likely to be related to vicissitudes that occurred in an ancient past when the seashore was 
situated several kilometres inland from its present position, as witnessed by geological studies (e.g. 
Barca et al., 1981). This interpretation is also supported by two factors. First, the salt-water 
encroachment in the deep aquifer is not justified, since this has not been exploited heavily up to recent 
years. Second, recent hydro-chemical investigations carried out by Ardau and Barbieri (2000) showed 
that while the groundwater in the shallow aquifer presents similar characteristics as for seawater that 
in the deep aquifer, under the clayey layer, diverges significantly. This could mean that the salt water 
of the confined aquifer does not correspond, or at least not exactly, to the present seawater. 
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Figure 2 Stratigraphic column of borehole BH1 (A) compared with the corresponding resistivity (B) and seismic 
columns (C). Legend for the stratigraphic column (A):silty-clayey soil; 2. fine-coarse sand with rare pebbles; 3. 
siliceous pebbles in a coarse-sandy matrix; 4. fine-coarse sand with micro conglomerates and rare pebbles; 5. 

polygenic pebbles in a silty-sandy matrix; 6. coarse sand; 7. polygenic pebbles in a silty-sandy matrix; 8. silt and 
clay with medium-coarse sand; 9. pebbles; 10. thick clay with minor coarse sand; 11. pebbles in a silty-sandy 

matrix. Legend for the resistivity column (B): a. 10-21 ohm-m; b. 5 ohm-m; c. 22 ohm-m; d. 3 ohm-m. 

Deeper conditions 

In order to combine geological and geophysical (seismic reflection and gravity) data, we 
acknowledged that at least two borehole were necessary. We placed the first (BH2 in Figures 3 and 4) 
in correspondence of one seismic section (Balia et al., 2002), so as to intercept the main reflectors 
with a drilling no more than 80-100 m deep, but we had to stop drilling at a depth of 42 m, where a 
layer made up of a gravelly alluvium cemented by a reddish clayey matrix was encountered. The layer 
was recognized as Pleistocene terraced alluvium, which was very useful information in any case. 
Thus, in the hope of intercepting the metamorphic basement without interfering with gravelly layers, 
we moved several hundred meters northwards along the same profile, where we placed a further 
drilling (BH3 in Figures 3 and 4). This drilling reached the metamorphic basement at a depth of 35.6 
m. Petrographic analyses on samples confirmed that these metamorphic rocks were fine-grained, 
siliceous metasandstones and metasiltstones corresponding to unit 10 in the legend of Figure 1. The 
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complete stratigraphic columns of BH2 and BH3 are shown in Figure 3. Moreover, we carried out 
density measurements on rock samples, obtaining the following average estimates: 

 granite (outcrops) 2.58 g/cm3 ; 
 siliceous metasandstones and metasiltstones (drill cores) 2.80 g/cm3 ; 
 Pleistocene terraced alluvium (outcrops) 2.00 g/cm3 ; 
 Holocene alluvium (outcrops) 1.90 g/cm3 ; 
 soil 1.60 g/ cm3  . 

Gravity anomaly was modelled using a semi-automatic inversion method for 2.5D density distribution. 
The raw model was prepared assuming the interfaces inferred from the seismic section and the 
density of granite as constraints, while retaining the density values of siliceous metasandstones and 
metasiltstones and of both ancient and recent alluvium as variables. Fitting between the computed 
and the experimental anomaly was obtained rather rapidly and only needed small variations of density 
values compared to those estimated by measurements on samples. Finally, from our geophysical 
results, as well as from boreholes BH2 and BH3, and the surface geology, it was possible to draw the 
geological section in Figure 4, which is not simply qualitative. At least in the southernmost part, where 
both gravity and seismic information are available, this section contains most of the information 
considered essential, such as the interface between Holocene and impermeable Pleistocene alluvium 
(which very likely corresponds to the lower boundary of the confined aquifer), thickness and 
distribution of Pleistocene alluvium, and structure and composition of the Palaeozoic basement. 
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Figure 3 Stratigraphic columns of boreholes BH2 and 
BH3.
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Figure 4 Quantitative geological section inferred from geophysical data: 1. Soil and Holocene deposits; 2. 

Pleistocene terraced alluvium; 3. Middle Cambrian-Lower Ordovician 
 metasandstones and metasiltstones; 4. Upper Carboniferous-Permian granite; 5. Fault. 



17th Salt Water Intrusion Meeting, Delft, The Netherlands, 6-10 May 2002 

 

460

CONCLUSIONS 

From our surveys in the Muravera coastal plain, it was possible to synthesize satisfactorily some 
important aspects concerning aquifer salination, thickness and layering of Pleistocene-Holocene 
sedimentary cover, and depth to Palaeozoic basement. Though these should be considered simply 
test surveys, they nonetheless provide reliable constraints for some of the mathematical modelling 
parameters, or at least a sound basis for further investigation. 

REFERENCES 

Ardau, F., 1995, Studio dei fenomeni di salinazione delle acque sotterranee nella piana di Muravera 
(Sardegna sud-orientale): Ph.D. thesis, Politecnico di Torino, Università degli studi di Cagliari, 214. 

Ardau, F., Balia, R., Barbieri, G., Barrocu, G., Gavaudò, E. , Ghiglieri, G., and Vernier, A., 2000, 
Geophysical and hydrogeological studies in a coastal plain affected by salt water intrusion: SAGEEP 
2000, Conference Proceedings, 223-231. 

Ardau, F., and Barbieri, G., 1994, Evolution of phenomena of salt water intrusion in the coastal plain of 
Muravera (South-Eastern Sardinia): 13th Salt Water Intrusion Meeting, Conference Proceedings, 305–
312. 

Ardau F., Barbieri G., Barrocu G., 1996. Idrogeologia della piana di Muravera (Sardegna sud - 
orientale). Note illustrative della carta geologica d'Italia alla scala 1:50.000, foglio 549, Muravera, 111-
116. 

Ardau, F., and Barbieri, G., 2000. Aquifer configuration and possible causes of salination in the 
Muravera plain (SE Sardinia, Italy): 16th Salt Water Intrusion Meeting, Conference Proceedings, 11-
18. 

Balia, R., Gavaudo’, E., Ardau, F., and Ghiglieri, G., 2002. Geophysical Approach to the 
Environmental Study of a Coastal Plain. Submitted to Geophysics. 

Barbieri, G., Barrocu, g., Poledrini, C., Uras, G., 1983. Salt intrusion phenomena in the South East 
coast of Sardinia. 8th Salt Water Intrusion Meeting, Conference Proceedings, 315-323. 

Barbieri, G. and Barrocu, G., 1984, Consequences of overexploiting coastal aquifers in areas of 
touristic development in South-Eastern Sardinia (Italy): Int. Conf. on Water Res. Plann. and Manag., 
Conference Proceedings, 1-12. 

Barbieri, G., Barrocu, G., Ranieri, G., 1986, Hydrogeological and geophysical investigation for 
evaluating salt intrusion phenomena in Sardinia: 9th Salt Water Intrusion Meeting, Conference 
Proceedings, 659-670. 

Barca, S., Di Gregorio, F., and Palmerini, V., 1981, Linea di costa pleistocenica nella piana di S. 
Priamo (Sarrabus - Sardegna Sud-Orientale): Boll. Soc. Geol. It., 100, 71-84. 


