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Chemical and isotopical methodologies in the studies on origin 
and evolution of groundwaters flowing in the coastal 

carbonate and karst aquifer of Apulia (southern Italy) 

ABSTRACT 

R. ALAIMO* 
A. AURELI GRIFEO** 
M.D. FIDELIBUS*** 
L. TULIPANO**** 

The Murgia and Salento regions constitute two adjacent and important hydrogeological units in Apulia. 

Both aquifers are of the coastal type and have formed in carbonate rocks of the Mesozoic age. 

The hydrogeological distinction between the two units is due to the overall difference in permeability, 
which is lower in Murgia compared with Salento. 

A considerable outflow of the Murgian groundwaters feeds the Salento region in addition to the local 
supply due to precipitations. 

The determination of the hydrogeological setting of Salento is of special importance for a better under
standing of the salt-water contamination processes caused by over-exploitation of the aquifer. The iden
tification of the origin of fresh waters drained from springs, which mix with salt waters, provides an 
important contribution in achieving this aim. 

The study of the isotope contents and data on chemistry of groundwaters have been used to reconstruct 
their flow pattern from the morphologically and topographically different supply areas. A comparison of 
the isotope characteristics of these groundwaters with those of the fresh-water component of the springs 
allows us to also define the flow pattern of fresh waters from the various major supply areas. 

l. INTRODUCTION 

Most of the groundwater resources in Apulia are 
located in two adjacent hydrogeological units : 
Murgia and Salento. In both units the geological 
basement is built up by Mesozoic limestones and 
dolomitic limestones which are permeable due to 

* 

fracturing and karst processes; dolomitic lime
stones predominate in the Murgia region. 

The Murgia unit is characterized by a higher 
degree of anisotropy compared with the Salento 
one (GRASSI & TULIPANO, 1983). The two units 
are closely related because there is a strong 
outpouring of groundwater from Murgia to Salen-
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to; this influences, among other things, the 
relationships existing between fresh and salt 
waters in a large part of the Salento unit. 

Murgia groundwaters feed a series of coastal 
springs, mostly of subaerial and concentrated 
type. On the other hand, all the Salento waters 
are drained by subaerial and subaqueous coastal 
springs, mainly of diffused type. However there 
are also examples of large subaerial, concentra
ted-type springs in Salento (TADOLINI et al., 
1971; COTECCHIA et al., 1973; BRONDI et al., 
1983, and TADOLINI et al., 1983}. 

All the springs represent excellent areas for 
studies concerning problems related to salt-water 
intrusion. 

It is from them that we can obtain information on 
the origin and the pathways of both fresh waters 
and intruding sea water. 

Previous studies focused on the origin and on the 
probable pathways of salt groundwaters in the 
two hydrogeological units (FIDELIBUS &: TULIPA
NO, 1986). 

This last paper illustrates some results of the 
studies on the hydrogeological circuits followed by 
groundwaters from the feeding areas to the 
coastal springs, using their isotopic and chemical 
characteristics as natural tracers. 

For this purpose samples of fresh and brackish 
water from numerous drilled wells and from the 
most important coastal springs of Murgia and 
Salento have been taken. 

The distribution of sampling points is shown in 
fig. 2. The sampling was carried out in the 
winter season, during which groundwaters are not 
drawn intensively and the aquifer is "recharged". 

2. ENVIRONMENTAL ISOTOPE INVESTIGATIONS 

Groundwaters and spring waters have been ana
lysed for olBo and oD contents according to 
well-know procedures (EPSTEIN & MAYEDA, 1953; 
COLEMAN et al., 1982). 

The isotope composition of all analysed waters is 
shown in the classic diagram of fig. 1 with refe
rence to the world and Mediterranean meteoric 
lines (CRAIG, 1961). 

R. ALAIMO eta!. 

The isotope composition of brackish spring waters 
has to be considered as the result of mixing 
processes between fresh and salt ground waters. 
Previous studies defined the isotopic and salinity 
characteristics of a "conventional" salt groundwa
ter as a reference point for mixing. This allows 
the extrapolation of the isotopic composition for 
the fresh-water component of each spring (FIDE
LIBUS &: TULIPANO, 1985). 

On the diagram the isotopic values of each bra
ckish spring water are linked with the extrapo
lated ones related to the fresh-water component, 
having a salinity of 0,5 g/1. This procedure 
represents a means of relating the outflow to the 
groundwater circuits. 

Observing the distribution of isotopic data related 
to the entire Murgia area in relation to the altime
trical features of the zones (fig. 2), it appears 
that the strong anisotropy of the aquifer deter
mines the patterns of underground flow. 

In the northwestern part of this hydrogeological 
unit, the more depleted isotopic values can be 
found in wells closer to the coastal zone than 
others which, located inland, show isotopic values 
which are relatively more enriched. It means that 
waters clearly coming from feeding areas certainly 
located over 500 m a.s.l., flow through preferen
tial levels, without mixing with waters originating 
from feeding areas of lower elevation. 

As an example it is useful to compare the isotopic 
values of well no. 17 with those of well no. 16. 
Both are located between 300 and 400 m a.s.l., 
but they intercept isotopically different waters. 

The same considerations can be used to justify 
the appreciably depleted values that characterize 
the fresh-water component of the 81 and 82 
springs of the Trani group. It is plausible to 
assume that these springs discharge a higher 
percentage of water coming from the highest 
feeding areas; these waters mix, during their 
underground flow, with small amounts of waters 
infiltrating at lower elevations. 

Going towards the coast and towards Salento, the 
gradual enrichment in oD and o IBo values of the 
water sampled in the Murgia area, reflects the 
progressive lowering of the average elevation of 
the feeding areas. 

The isotopic values of the fresh-water component 
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Fig. 1. Isotope composition of sampled waters : for the springs the real isotopic values 
(triangles) are linked to the extrapolated ones related to the fresh-water components 

(circles). Groundwaters (dots) are divided according to the geographical distribution. 

for the Torre Canne group of springs confirm the 
strong anisotropy of the aquifer and the comple
xity of hydrogeological pathways in the Murgia 
area. The five sampled springs, among which 
no. 4 and 6 have the highest discharges (about 
400 and 600 1/s respectively), can be classified in 
two groups, having different average isotopic 
values. 

Looking over the whole of isotopic values of 
inland ground waters, it can be noticed that 
springs no. 8 and 4 may be linked to a feeding 
area approximatively bordered by the 400 m 
contour line, while the other springs might collect 
waters infiltrating in feeding areas located in the 
south, characterized by elevation .ranging from 
200 to 300m a. s .1. • 

A similar situation exists for the Taranto group of 
springs, where the largest spring (no. 13) shows 
that the fresh drained water comes from feeding 
areas located at a higher elevation than those 
supplying the other springs of the group. 

An important hypothesis about the influence of 
groundwater circulation of Murgia on the hydro
geology of the near 8alento can be put forward 
on the basis of isotopic data. 

Ground waters of this system, besides feeding the 
big springs geographically belonging to it, flow 
towards the Salento; a large amount of this flow 
may in fact be recognized in the Chidro and 
Boraco springs discharge (89 and 810, Jonian 
side), and in that of the ldume spring, (817, 
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Fig. 2. Location of sampling points (for the symbols see fig. 3) and elevation contour 
lines (m a. s.l.). For each sampled water, isotopic and salinity values are shown : 
for the springs the pair of isotopic values refers respectively to the spring-water 
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Fig. 3. Langelier-Ludwig representation for all sampled waters. 
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Fig. 4. Projection of the AA' alignment of fig. 3 in relation to the salt content (meq/1) . 
For the symbols see fig. 3. 
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Adriatic side), geographically belonging to the 
Salento. 

The Salentine area, fed only by local precipita
tions, is characterized by the most enriched 
isotopic values, which reflect not only the mor
phology of the territory, having elevations close 
to sea level, but also the effect on feeding waters 
of evaporation processes at ground level. 

The other sampled springs, geographically belon
ging to Salento, are easily related to the hydro
geological system of this unit. They have low 
discharge : the main characteristic of the hydro
geological system of Salento is that discharge into 
the sea occurs through large diffuse fronts 
(TULIPANO, 1976). 

3. HYDROCHEMICAL INVESTIGATION 
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All water samples have been analysed for major Fig. 
and minor ions. The diagram in fig. 3 (LANGE-

5. Langelier-Ludwig diagram (modified). 
For the symbols see fig. 3. 

LIER II LUDWIG, 1942), shows that the waters 
follow an evolutionary trend from the bicarbo
nate-alkali earth type to the chloride-sulphate-
alkali one. 

Examining the projection of the alignment AA' of 
fig. 3 and also introducing, besides the seven 
variables considered, also the variable salinity 
(fig. 4), it can be observed that in the range 
100-600 meq/1 (triangle a) the coastal-springs 
result was in accordance with the increase of 
salinity. 

in the reaction values (fig. 5). Now three evo
lutionary trends occur 

1) a nearly vertical trend due to Mg ++ coming 
from the water/rock interaction in a dolomitic 
setting : most of the Murgia waters belong 
to this trend group; 

The coastal springs of lower salinity and all 2) 

groundwaters of the studied area lie in the range 
a trend reflecting mixing with waters of sea 
ongm, a category into which all brackish 
springs fall; 0-70 meq/1 (triangle b). This second triangle 

displays how some groundwaters, from Salento 
region, are in accordance with the general trend 3) 

of the spring waters. These groundwaters have 
salinity values between 10 and 30 meq/1. 

a trend showing an evolution from "medium
type" waters of the Murgia system towards 
waters approaching sea-water composition. 

So, a meaningful trend, pointing out a continuous 
mixing of two extreme terms, carbonate and salt 
waters, is obtained. 

As for the Murgia ground waters, they follow a 
different trend, that, in accordance with the 
considerations explained later, depends essentially 
on water/rock interaction processes. 

The single alignment on the composition diagram 
of fig. 3, changes when Mg is added to (Na + K) 

. + ++ . 
The relation between Na and Mg contents (f1g. 
6) shows that for some groundwaters, and in 
particular for those of thf+ Murgia system, the 
increasing content in Mg is independent of 
mixing processes with waters of sea origin. 

The alignment of spring water in relation to the 
increasing salt content leads to the recognition of 
a fresh-water component that has the characteris
tic~+of a Murgia groundwater of medium content of 
Mg 
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(meq/1) of sampled waters. 

For symbols see fig. 3. 

12 

. h h' h ++ Waters w1th t e 1g est contents of Mg do not 
seem to contribute to the spring discharge. 

Concerning the waters not affected by mixing 
with water of sea origin, the relation between 

++ ++ Mg and Ca contents (fig. 7) stress the pre-
valence of dolomitic lithotypes in the Murgia 
aquifer in comparison with the predominant pre
sence of calcareous lithotypes in the Salento one. 

On the same diagram the different composition of 
underground salt water drained in the mixing of 
different springs can be recognized. The diffe
rent Mg/Ca ratios of these underground salt 
waters in relation to their residence times in the 
aquifer have been already stated by previous 
studies (TULIPANO II FIDELIBUS, 1984; FIDELI
BUS l TULIPANO, 1986). 
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Fi 8 ++ ++ -g. • Plot of (Mg + Ca ) versus HCO 
contents (meq/1) for sampled waters. 3 

For symbols see fig. 3. 

++ ++ 
In the plot of fig. 8 the (Mg + Ca ) contents 
of Murgia-system groundwaters are clearly due to 
water/rock interaction, maintaining a trend cor
responding to Mg+Ca/ HC0

3 
=1; the deviation from 

this trend towards an excess of (Mg+Ca), points 
to, for almost all the Salento groundwaters, the 
influence of mixing with waters of sea or1gm or, 
for very fresh waters, a prevalence of marine 
ions in the feeding waters. 

In this plot the springs are markedly different in 
relation to the bicarbonates, preserving the 
character of the fresh-water component which 
feeds them, at least in the less brackish ones. 
The stage evolution degree of fresh waters in the 
carbonate and karst aquifer of tlf~ Apulia region 
can be estimated through their Sr contents. 

++ ri" f High Sr contents o gtnate from cycles o disso-
lution of carbonate rocks and reprecipitati~ll of 
calcite, with a resulting enrichtment of Sr in 
groundwaters (HARRIS l MATTHEWS, 1968; 
PLUMMER et al., 1976) . 
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According +\.o these ++observations, the relation 
between Sr and Ca contents (fig. 9) allows a 
great part of the Murgia groundwaters to be 
defined as more evolved compared with those of 
Salento. 

In this case also, following the mnang trend of 
spring waters, the fresh-water component gene
rally displays the characteristic of a medium 
evolved water. 

R. ALAIMO et al. 

Among fresh groundwaters the different degree of 
evolution between Murgia and Salento waters ca~ 
be stressed by the relation between the Na 
content and the Sr/Ca ratio (fig. 10). 

For the Murgia waters the high values of th~ 

Sr/Ca ratio correspond to low values of Na 
contents testifying once more to an evolution 
within the aquifer independent from mixing pro
cesses with waters of sea origin • 

The relation between Sr/Ca vs Na/Mg ratios (fig. 
11) that summarizes all previous ones well, deli
mits the specific domains of Murgia and Salento 
ground waters. 
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Fig. 11. Plot of Sr/Ca versus Na/Mg ratio for 
sampled waters. For symbols see fig. 3. 

4. CONCLUSIONS 

This study consitutes only a stage in the re
search on the isotopical and geochemical charac
teristics of groundwaters flowing in two systems, 
similar from the geological point of view, but very 
different as far as the hydrogeological one is 
concerned. 

The investigations carried out, allow these main 
conclusions to be drawn : 

the springs geographically belonging to the 
Murgia system drain groundwaters which are 
characterized by a medium evolution degree : 
this fact corresponds to appreciable residen
ce times in the aquifer. At the same time 
the isotopic characteristics recognized for 
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the fresh-water components relate them to 
most inland feeding areas of medium-high 
elevation. 

So it is reasonable to assume that all big 
springs represent the outlet of wide karstic 
channels, which represent preferential ways 
of a rapid discharge; 

the same characteristic is also true of the 
only two big springs geographically belon
ging to the Salento system; furthermore, 
groundwaters feeding these springs surely 
come from the Murgia system; 

the anisotropy of the Murgia aquifer is so 
marked that often springs very close to each 
other belong to very different hydrogeologi
cal circuits; 

the most evolved groundwaters found in the 
Murgia system, flow towards Salento; they 
gradually lose the original characteristics 
while mixing with the Salento-system ground
waters; 

the high degree of permeability of the Salen
to aquifer, less anisotropic than the Murgia 
one, allows a fast flow of ground waters from 
the feeding areas to the sea; here discharge 
occurs practically along the entire coastal 
front. 

The short residence times allow groundwaters to 
maintain characteristics very close to those of 
feeding rain waters; the only change in chemical 
features is due to mixing phenomena with intru
ding sea water. 
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