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Abstract 

The chemical and isotopic features of waters drained from coastal 

springs, through which ground waters of the Apulian karst, carbonate 

and coastal aquifer flow into the sea, turn out to be mostly affected 

by mixing Fhenomena between fresh and sea-water intrusion waters. 

Some chemical parameters allow intruding sea water to be differentiated 

in the areas considered, depending, above all, on the different 

residence time in the aquifer of seawater origin. 

Through the isotopic characteristics of mixed water with reference to 

the isotopic composition of sea origin ground water, one is able to go 

back to the original isotopic composition of feeding waters. 

From the whole of such information and further data likely to be used 

as environmental tracers, one is able to obtain more reliable data on 

the flow system of ground waters and intruding sea water at the 

basis of coastal discharge. 

l Evolution of chemical characteristics in 

underground sea water with reference to 

different residence time into the aquifer 

The coastal aquifer of Apulia, made up by mesozoic limestones and 
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Figure 1. Location of observation wells and springs under examination 

dolomitic limestones, generally permeable by fissuring and karst 

phenomena, stands for an all important pattern in the study of a series 

of phenomena connected with sea water intrusion /Cotecchia (1977)/. 

In the southern part of the region (Salento peninsula) a control 

network, made up by a series of observation wells (Figure 1), allows 

different depths sampling of groundwater, covering the whole range from 

fresh to salt waters. 

Chemical features in waters flowing into the aquifer result in the 

simple mixing in various proportions, between fresh ground water and 

intruding sea water found in the same observation well. 

Such a verification permits to estimate concentration values of single 

ionic species referring to the same salinity (40 g/1) for the different 

underground salt waters, thus allowing a more reliable comparison. 

The most remarkable differentiations in such waters can be ascribed to 

ca++ and Mg++ contents while the other main constituents prove to be 

little changed. 

The representing lines of fresh water-salt water mixing (Figures 2 and 

3), reconstruct ca++ and Mg++ concentration trend in function of the 

salinity for each observation-well. They allow also the determination of 

the r;vlg/rCa ratio value in fresh waters (ground waters), brackish waters 

(transition zone) and salt water (intruding· sea water) related to the 

same well (Figure 4). Underground salt waters, then, turn out to be 

characterized by ratio values ranging from 6 (SI3 well) to 2 (Ta well). 
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Figure 4. rMg/rCa ratio vs. TDS relationships 

The change in such a ratio is partly due to dolomitization phenomena of 

carbonate rocks, which degree may be bound to the different residence 

times of salt water into the aquifer /Tulipano and Fidelibus (1984)/. 

However, CaC03 dissolution and precipitation phenomena do bring about 

changes in rMg/rCa ratio as well, in relation to the increase or 

decrease in Ca++ concen'cration value /Hanshaw et al. ( 1971) 1. 

By analyzing minorconstituents, Sr++, with respect to the foresaid 

karst phenomena,may be thought of being a conservative ion in carbonate 

dissolution process /Harris and Matthews (1968)/. Such an ionic species 
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occurs in ground waters and brackish waters according to the mixing 

degree. 

However, its contents turn out to be very different in underground salt 

waters; concentration values of some 7 mg/1, which are alike to 

concentration in sea water, are found in SI3 well, while, in underground 

salt water of the observation-wells, concentrations become higher and 

higher up to the max-value of some 19 mg/1, peculiar to TA well. 

This ionic species, variably occurring in the carbonate rocky matrix, 

passes into solution together with Ca++ during dissolution steps, but 

the different concentrationsreached in underground sea waters, above 

all in those showing very close Ca++ concentrations, may lead to the 

conclusion that not only are they to be connected with the occurrence of 

steps of dissolution, but also of those of precipitation. These latter 

would preferably involve Ca++ ions keeping Sr++ ions into solution. 

This way underground waters of sea origin, undergoing numerous and 

alternate events relating to karst phenomena, may show their effects in 

the high Sr++ values,as a proof of steps of dissolution reaching a 

higher degree than that revealed by Ca++ contents,which undergoes 

precipitation too, as assumed. 

By such premises, the investigation of mutual variations in Mg++, Ca++ 

and Sr++ contents, represented for each underground salt water in 

Figure 5, is likely to give useful information on the evolution that 

intruding sea water has undergone in the different areas. The 

progressive decrease in Mg++ contents, starting from max.values 

peculiar to present or recently intruded sea waters (such as SI3 waters 

coming under an area of a tested salt water recycling) and the 

simultaneous increase in Ca++ contents
1
do show the going-on of 

dolomitization phenomena. 

However, the increase of Ca++ contents proves to be higher, in most 

cases, than dolomitization processes only would allow. The.degree of 

such Ca++ surplus against the increase by dolomitization only, appears 

irregularly variable, unless it is reviewed through the evaluation of 

its Sr++ content increase. For, once the value of contents in the 

parent rock has been known, the ratio between Sr++ contents increase 

and Ca++ surplus is able to supply an evaluation of Ca++ contents 

acquired during processes of dissolution and possibly lost by 

consecutive precipitations (Figure 6). 
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Figure 6. Variations of Ca++,Mg++ 

and· Sr++ contents in 

salt groundwaters referred 

to the sea water ones 

However, also from a qualitative standpoint it is possible to give an 

explanation of data: where, for instance,facing considerable increases 

in Sr++ contents, it seems there is nothing but ca++ quantity equal to 

the one resulting from dolomitization (LR well), conversely it may be 

asserted that dissolution processes have taken place, but the mighty 

precipitation phenomena have cancelled out the effect. 

In the light of what has been said, a hypothesis about intruding 

seawater underground circuits may be put forward. 

By considering the south-western area of the Salento Peninsula,a 

meaningful change of chemical features, which have been presented so 

far, can be noticed moving toward the Adriatic shoreline, starting from 

SI3 well, penetrating present intruding sea water. For, rMg/rCa value 

ratio becomes lower and lower in the area under study, reaching the 

minimum value in underground sea water at SR well, next to the Adriatic 

coast, where dolomitization action seems to have reached the maximum 

degree. 

Starting from the Ionian sea to the Adriatic sea, Sr++ contents indicate 

a progress of the dissolution processes degree as well, induced by 
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underground salt water. 

The permeability features along Ionian coast justify the fact that the 

areas considered are affected by present intrusion. 

Miocene formations, often impervious, outcropping along wide stretches 

of the Adriatic side, act as a barrier against sea water intrusion. 

Then, in view of such a hydrogeological knowledge and of salt content 

distribution in ground waters, what has been asserted so far should 

lead to assume that intruding sea waters, occurring thrcughout the 

middle area of Salento peninsula, undergo a slow recycling by sea water 

seeping through the mainland mostly from the Ionian side. 

Such a -recycling is indeed favoured by ground water pumping which, at 

present,drains remarkable quantities of waters con~ted by underground 

salt waters. 

2 Identification of the characteristics in 

underground salt water drained by mixing from 

coastal springs 

The discharge into the sea of ground waters throughout the area in 

question takes place by means of a series of coastal springs, generally 

draining brackish waters. These last ones stand for the result of fresh 

ground waters, being from recharge area, and underground salt waters 

mixing. 

The main springs, as far as flow rate Is concerned, are concentrated in 

type. 

Figure 1 planimetry shows the location of some of them, representing 

hydrogeologically different situations. Of the Adriatic coastal springs, 

all those emerging NW of Brindisi are directly fed by the main 

hydrogeological system made up by limestones of the Cretaceous, in which 

the only ground water floats on intruding sea water; ~hile,the one 

examined S of Brindisi (Idume spring) is fed by a shallow aquifer made 

up by Mio-Plio-Quaternary calcarenites with an impermeable marly 

calcarenite layer at the base,transgressive on the Cretaceous formation 

Sea water ingressio~moving from the Adriatic coast to the hinterland, 

affects only shallow aquifers, while, as previously said, salt water in 

the deep aquifer seems t0 have nothing to do with present sea waters. 
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Figure 7. Mg++ and Sr++ contents of brackish spring waters compared with 

the ones evaluated for mixed groundwater in the observation 

wells 

On the Ionian side, the Taranto spring group and the Chidro and Boraco 

springs stand for examples of conspicuous concentrated discharges fed by 

the Mesozoic aquifer. Such springs gush forth from discontinuities of 

the clayey Plio-Quaternary layer,transgressive on Cretaceous formation 

along the whole coastal strip stretching from Taranto to some 10 km 

East of the Chidro spring. 

By considering the fact that the main features in underground salt 

water, resulting from dolomitization and dissolution processes, are fully 

pointed out in Mg++ vs. Sr++ diagram, the salt water component of 

brackish water drained from each spring, may be easily related to one 

of the possible types of underground salt waters in the aquifer, by 

comparing their concentrations in the above mentioned ions with the 

trend of the mixing lines obtained from each observation-well. 

Figure 7 points out the fact that the Adriatic coastal springs generally 

show a salt water component which may be ascribed to quite a recent 

ingression; while the Ionian coastal ones seem to be mixed with sea 

waters having a more complex history. 

3 Provenance of fresh water component in the 

brackish coastal spring waters 

The considerations which have been carried out, gave the chance to put 
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Figure 8. Stable isotope contents of the waters sampled in observation 

wells and trend of mixing. 

forward some hypothesis about underground water history. Such waters 

proved to be differentiated, above all, owing to their different 

residence times into the aquifer. 

Absolute age evaluations by means of C-14 method, carried out on some 

previously examined intruding sea waters, do assert the differentiation 

which have been found /Cotecchia et al. (1977)/. Conversely, the stable 

isotope composition do not show the same efficacy, and that is why it 

becomes a reference point in tracing back to the primary isotopic 

features of the fresh water component, when underground waters are mixed 

with water of sea origin. 

The samples taken at different depths, in some previously considered 

observation-wells, show the mixing effect in their isotopic composition. 

The change in stable isotope contents in function of salinity, permits 

the extrapolation of isotopic characteristics of fresh groundwaters 

(0,3- 0,5 g/1). 

~ D - ~ 18 0 diagram in Figure 8 shows the isotopic characteristics of 

fresh water component deduced from values peculiar to samples of mix~d 

water which in fact have been taken in each observation well. 

So, the resulting values prove to be correlated to isotopic data 

concerning some fresh spring waters, absolutely not contaminated by the 

sea, which were sampled in the Salento. 

Obviously, this methodology is also useful for determining the 

provenance of fresh water components in the brackish coastal spring waters 
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Figure 9. Classification of spring waters on the basis of theoretical 

isotope composition of the relative fresh water components. 

The isotopic contents evaluation of such a fresh water component were 

carried out by assuming that the mixing process occurred with sea waters 

slightly differentiated isotopically speaking. 

The available information relate to isotopic differentiations which 

occur during feeding processes. 

By way of example, in Figure 9 diagram, isotopic characteristics of the 

fresh water component concerning the springs of the Salento, are 

compared with those pertaining to another spring group (Trani spring 

group in Murgia area) deriving its feeding from upper zones than the 

region under examination (Figure 1). 

In this way, the differentiation between the examined waters are fully 

pointed out. 

On the one hand, trends comparable to evaporation lines link ground 

waters to each other, thus connecting them to feeding areas, 

topographically similar in height, but with a different infiltration 

percent of feeding rains. On the other hand7 intercept values on the 

meteoric line, considered as the representative for the whole studied 

region, show different average characteristics of feeding rain waters: 

enriched values differentiate waters feeding the Salento as to the 

depleted ones of waters feeding the adjacent Murgia. 
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