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Temperature of groundwaters in coastal aquifers: 
some aspects concerning salt -water intrusion 
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ABSTRACT 

The temperature of groundwaters is mainly a function of their mobility in an aquifer. The more aniso
tropic the aquifer the more pronounced the thermal variations developing in it. 

In a coastal aquifer the presence of seawaters at the base of fresh groundwaters and miJang processes 
between these two types of waters are the additional factors which influence temperature distribution. 

In fact the residence times of salt waters are generally much longer than those of fresh waters. There
fore, in absence of significant perturbating processes, the thermal gradients of salt-water bodies are 
positive and higher than those found in fresh waters. 

The coastal aquifer of the Salento peninsula occurs in carbonate rocks which owe their permeability to 
fracturing and karst processes. Because of this the aquifer is strongly anisotropic. 

The trend of iso-geothermal surface has been reconstructed for this aquifer based on the correlation of 
temperature logs along horizontal and vertical sections. The temperature proved to be an excellent 
tracer in the recognition of the main hydrogeological pathways and their interconnections, as well as in 
the identification of factors which strongly influence the evolutionary processes of salt-water contami
nation of fresh groundwaters. 

1. INTRODUCTION 

Temperature measurement of groundwaters repre
sents a simple and quick method of obtaining sets 
of statistics even in a complex hydrogeological 
setting. 

In a given aquifer the spatial variation of tempe
rature depends mainly on all these factors which 
control the varying mobility of groundwaters. 

* 

In a strongly anisotropic aquifer the data on the 
temperature of groundwaters can help in the 
delineation of the predominant supply areas and 
identification of preferential flow pathways. If 
the aquifer is of coastal type, the temperature 
distribution will also reflect the evolution of the 
processes of salt-water intrusion and show, in 
particular, areas where fresh waters become 
contaminated by salt waters mobilized as a result 
of overexploitation. The above approach proved 
to be very useful in the study of the Salento 
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peninsula aquifer. In this region the processes 
of intrusion accelerated by intensive withdrawals, 
result in fact in drawings not only of sea-waters 
from coastal fronts but also of salt waters of old 
ingression directly from below. 

2. GEOLOGICAL AND HYDROGEOLOGICAL 
OUTLINE 

The Salento peninsula consists of a limestone and 
limestone-dolostone basement of Cretaceous age. 

The tectonic history of this region brought about 
the fragmentation of the basement into blocks 
dislocated by normal faults. This and the fact 
that the basement is also affected by folding, led 
to the spatial variability of transgressive proces
ses. 

In the present geologic setting the Mesozoic 
basement crops out in vast areas. In other areas 
the basement is covered by sediments deposited in 
different transgressive cycles, whose age ranges 
from the Miocene to the Quaternary. 

The carbonate rocks of the basement are general
ly very permeable due to fracturing and karst 
processes, and thus they are also characterized 
by a strong degree of horizontal and vertical 
anisotropy. In these rocks the main (deep) 
aquifer develops, whose groundwaters float over 
the top of sea-waters intruding into the land
mass. The groundwaters circulate in the deep 
aquifer having the sea level as their base level. 
They flow out into the sea through concentrated 
or diffused type springs. 

Due to the low piezometric heads (rarely ex
ceeding 3 m above sea level) of the groundwa
ters, sea-waters are found at shallow depths 
(COTECCHIA, 1977). 

The post-Cretaceous transgressive deposits are 
represented by clays, sands, and marly calcare
nites. Very often the clay or marly calcarenite 
levels constitute the base for the shallow aquifers 
which are developed in sandy or calcarenitic 
deposits, only scarcely permeable due to porosity 
and fracturing. 

Groundwaters circulate in these aquifers at low 
depths from the surface. Being of limited areal 
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extent, at least in the central portions of the 
Salento peninsula and its Ionian side, the shallow 
aquifers do not have an outflow to the sea. 

It is reasonable to think that their waters drain 
into the deep aquifer in the zones where the 
permeable rocks, in which the shallow aquifers 
develop, come into contact with the Mesozoic 
basement. Only on the Adriatic side is there a 
good shallow aquifer, which, partially fed by 
deep groundwaters, supplies the ldume group of 
springs (T ADO LIN I et al., 1971). 

3. FACTORS INFLUENCING TEMPERATURE 
DISTRIBUTION OF GROUNDWATERS 
IN THE SALENTO REGION 

The deep aquifer of the Salento peninsula is fed 
by part of the autumn/winter rainfall infiltrating 
into the ground. At the time of inf'lltration the 
waters are of a temperature equal to that of the 
atmosphere. While filtering they tend to acquire 
a thermal equilibrium with the rocks through 
which they pass. 

The groundwaters undergo further increases in 
temperature, which are directly proportional to 
their residence time in the aquifer and to the 
depths they reach ( COTECCHIA et al., 1978). 

The sea-waters intruding into the land mass are 
generally immobile, except for a limited coastal 
strip where they are renewed due to the cyclic 
flux and the variation of relative heads between 
ground- and sea-waters (COTECCHIA et al., 
197 4). Having reached equilibrium with the 
geothermal gradient, their temperature rapidly 
increases with depth (CARLIN et al., 1973). 

The observation of temperature logs for water 
columns in drilled wells, reveals that the tempe
rature of fresh waters increases slightly with 
depth. In some cases the temperature remains 
practically constant in long sections, where the 
aquifer is of a wide spread and rather homogene
ous permeability. 

Preferential water levels (TADOLINI & TULIPANO, 
1977) are normally marked by sharp decreases in 
temperature. At the transition zone the increase 
of temperature with depth is linked to the mixing 
of groundwaters with sea-water. 

When the salt-water level is reached, the tempe
rature tends to increase regularly in accordance 
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Fig. 1. Some examples of temperature logs from drilled wells. CH2 and MS are 
observation wells penetrating intruding sea-water. 

with the regional geothermal gradient. This 
gradient has been estimated to be about 
2,5 °C/100 m in a well drilled in clays, and not 
affected by underground water circulation, in an 
area bordering the Apulia region (CARLIN et al., 
1973). 

Fig. 1 shows some representative samples of 
temperature logs for drilled wells , two of which 
(CH2 and MS) are observation wells penetrating 
sea-water intruding into the land mass. The 
thermal stratigraphy observed in well MS is 
influenced by the anomalous expansion of the 
transition zone, caused by over-exploitation of 
the aquifer (COTECCHIA et al., 1986). 

4. TREND OF THE ISOGEOTHERMAL SURFACES 
IN RELATION TO THE PROBLEMS OF 
SALT-WATER INTRUSION 

In order to reconstruct the trend of the isogeo
thermal surfaces numerous temperature logs from 

all available wells drilled in the area of the Sa
lento peninsula have been considered. This 
reconstruction, considering vertical sections, 
involved the correlation of temperature data from 
the water columns in the wells, and reciprocal 
control between the sections. 

The lines of these vertical sections are marked on 
the horizontal section in fig . 2. This horizontal 
section shows the temperature distribution at sea 
level, interpolated on the basis of data obtained 
from the reconstruction of the vertical sections. 
Following the same method it is possible to recon
struct horizontal sections at different depths. 
This figure also shows the location of the wells. 

Fig. 3 shows the trend of the salt-content con
tour lines of the groundwaters sampled from 
numerous wells drilled for irrigation purposes 
generally of modest penetration depths; an appro
priate sampling was carried out during the first 
months of 1988. 

This representation is a very useful aid to the 
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Fig. 2. Temperature distribution ( °C) at sea level. Where the top of the deep aquifer 
is below sea level, isotherms are shown by hatched li,nes. The mixed line 

marks the thermal inversion. 

interpretation of the in depth trend of isothermal 
curves, allowing hypothesis to · develop about the 
nature of saline contamination at depths greater 
than those directly explored. 

In the vertical sections presented in figs 4a, 4b, 
4c white zones correspond to very fresh waters, 
whose salt content is less than 0. 7 g/1. Starting 
from this zone the salt content rapidly increases : 
the dotted zones practically indicate . the presence 
of a transition zone and underground sea-waters. 

It should be noted that such inferred values are 
in agreement with the real values obtained by the 
observation wells, in the areas where they are 
available. 

In the vertical sections it is now possible to 
observe how the various ways followed by natural 
recharge and the types of outflow. which differ 
from zone to zone, can influence vulnerability to 
salt-water contamination. 
Section DD' crosses an area in which the ground-
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Fig. 3. Salt-content contour lines (g/1). The hatched lines delimit a zone in which 
a clear up coning effect is in progress. 

waters are mostly contaminated. Only in a small 
zone is the groundwater salt content less than 0, 7 
g/1, due to the positive influence of a concentra
ted type supply, suggested by the minimum value 
of groundwater temperature and by the isotherm
lines trend. This type of infiltration occurs in 
outcropping limestones. 

Section CC', corresponding to practically the same 
hydrogeological setting, displays the spatial 
evolution of the previous fresh-water body. 

The section PP', shows the spatial trend of a 
fresh-water pocket which is also supplied by 
waters circulating in shallow aquifers. The part 
of the aquifer affected by this phenomenon is 
limited by thermal inversion. This thermal inver
sion occurs because waters reaching the deep 
aquifer, and coming from shallow ones, by circu
lating close to the field level, reach temperatures 
higher than those of direct infiltration. 

The advantage offered by this type of supply, 
also present in section LL', II', AA', is that it 
occurs throughout the whole year, including the 
summer period when there is no recharge in the 
deep aquifer and the highest withdrawals take 
place. This phenomenon appears to have been 
favoured in the last few years due to the proli
feration of drillings, seldom carried out without 
the necessary measures to isolate downwards the 
shallow aquifers. Critical lowering of the water 
levels in these aquifers is being observed. 
Nevertheless, this "delayed" supply now repre
sents an undoubted positive factor in relation to 
salt-water contamination; that, as long as waters 
circulate in shallow aquifers or remain free from 
anthropic pollution (TULIPANO & TADOLINI, 
1982). 

tn the same section the effect of a circulation 
through a preferential level is present, marked 
by a very low temperature, which contributes to 
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Figs 4a, b, c. Vertical temperatures profiles (°C) and trend of Mesozoic basement; 
post-Mesozoic covers are shown in grey. Numbers on a black background represent 

the salt content of ground waters from pumping wells (from fig. 3). 
The aquifer (limestones under sea level) is represented in white when very 

fresh water (< 0, 7 g/1) is present, in light dotted lines when waters are slightly 
contaminated and in heavy dotted lines when waters are strongly contaminated (> 1,5 g/1). 

Section lines are in fig. 2 • 
Vertical scale is 50 times the horizontal one. 

maintaining the waters fresh in a narrow zone at 
the boundary of which salinization is in progress. 

Furthermore groundwater temperature marks very 
well those zones in which strong processes of 
salinization take place due to salt-groundwater 
rise induced by over-exploitation. 

In the sections BB' and QQ' the wedges of brack
ish water can be observed exactly corresponding 
to the upward migration of the isothermal curves. 

In particular the section 00' shows the· effect of 
a big fault which favours salt contamination due 
to a local increase of permeability features of the 
rocks (GRASSI et al., 1975). 
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