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ABSTRACT 

The exploitation of the Mar del Plata aquifer has produced the intrusion of saltwater. The 
study of the potentiometric changes in the period 1948-1985 shows a depressed area of about 
120 km2, with draw downs up to 19m in 1985. In 1969 a battery of new wells were started in 
the northen area. The result has been a northward migration of the zero contour line up to 9 
km. The shutdown of salinized wells in the urban centre produced rising potentiometric levels, 
flooding the basement of several buildings and damaging their foundations and structures. 
Salt water intrusion in Mar del Plata coastal aquifer has been analyzed on the basis of the 
chemical evolution of groundwater. Two different salinization processes have been recognized: 
one downtown and the other in the port area. In the downtown area the salinization. 
process takes place as a result of seawater intrusion due to aquifer overexploitation. The 
rate of freshwater-saltwater interface advance was 150 m/year before 1972, The shutdown 
of the downtown salinized wells has brougth the interface advance down to 40 m/year. 
Ion composition in downtown well water has changed from sodium bicarbonate type to 
sodium chloride type. In the port area the water composition has changed from sodium 
bicarbonate type to sodium-no dominant anion type. This hydrochemical change and the 
hydrological features of the area support the hypothesis of rising salinization from miocene 
marine sediments. 

INTRODUCTION 

Mar del Plata, the main tourist center of Argentina, lies to the southeast of Buenos Aires 
Province on the Atlantic Ocean, at 38°S lat. and 57°35'W long. (fig. 1 ). Its permanent 
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Fig. 1.- Location map. 

population is of about 600,000 inhabitants, but it rises to 2,000,000 during the summer 
months as a consequence of the influx of turists. 

The city takes its drinking water supply from underground resources. The first exploitation 
wells (since the year 1913) were located in the downtown and port areas; after 1969 another 
well battery was enabled, 10 km to the north of the city, at the area of "Camet"· The 
change in the exploitation design was due to the salinization of the waters from downtown 
and port (harbour) wells, 34 of which had to be shut down. Current water demand is about 
100·106 m 3/year, and is supplied by means of 210 wells with an average pumping rate of 80 
m 3 /day /well. Water losses in the distribution system are high, especially in the old part of the 
town, and constitute an important source of recharge there, where land surface permeability 
has been largely decreased by urbanization. 

As Sala et al. (1980) point out, the possible salinization processes are three: 1) salinization 
due to normal flow, 2) lateral salinization by seawater intrusion, 3) rising salinization. 

HYDROGEOLOGICAL BACKGROUND 

The problems in relation to the aquifer exploitation in Mar del Plata have been studied 
since the early fifties. Groeber (1954) made a piezometric contour map and proposed the 
new abstraction area of Camet. By 1950, the Comisi6n de Investigaciones Cientificas de la 
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Provincia de Buenos Aires ( CIC, 1987) organized a hydrological meeting on the Mar del Plata 
aquifer. After that, Ruiz Huidobro (1971; 1975) and Ruiz Huidobro and T6falo (1975) worked 
on salt water intrusion. Sala et al. (1980) made a wide hydrological study. Bocanegra et al. 
(1985) studied the urban area. Fasano et al. (1989) and Hernandez et al. (1991) analyzed 
the hydrodynamic evolution by means of a numerical simulation model. 

The 1901-1987 average rainfall is 851 mm/year. The warm semester (October-March) is often 
a rainy season, with two rainfall peaks (December and March); the cold semester (April
September) is less rainy, with minimum values in July and August. Considering periods of 
20 years, the average rainfall (.P) shows the increasing trend shown below: 

Period 
P, mm/year 

1901-1920 
752 

1921-1940 
777 

1941-1960 
900 

1961-1980 
930 

The annual average temperature is 13.5 centigrades; minimun mean in July is 7°0; the average 
high for January is 19.2°C. 

The data collected during the 1901-1960 period indicate that the prevailing winds are from 
the northwest and the west; the average speed is about 20 km/h. 

According to Thornthwaite's method (Custodio and Llamas, 1976, Sec. VI), the potential 
evapotranspiration is 719 mm/year, without soil moisture deficit; the surplus between June 
and October is 132 mm/year (Figure 2). 
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Fig. 2.- Mean rainfall and potential evapotranspiration (ETP) in Mar del Plata for the 
period 1901-1987. 
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From a geological point of view, Mar del Plata is located in the northeastern side of Tandilia 
range, also called "Sierras Septentrionales de la Provincia de Buenos Aires". The Tandilia 
range is a block mountain system. The maximum altitude in Mar del Plata area is about 
of 40 meters above sea level. In this area, the range consists of lower Paleozoic quartzites, 
grouped under the name of Balcarce Formation (Dalla Salda and Iii:iguez, 1978). 

The old trock outcropping in the area are a quantzitic massif of the Lower Paleozoic. Three 
fault systems are recognized in the Paleozoic bedrock, with NW-SE, NE-SW and E-W trends 
to which three joint systems are associated (Teruggi and Kilmurray, 1980; Teruggi et al. 1974). 
These fault systems generate horsts ("Cabo Corrientes", "Punta Iglesia") and grabens ("Fosa 
del Casino", "Fosa del Barco"). The downtown graben extends to the sea, while the port 
area graben is closed to the east by a quartzitic barrier. 

The quartzites have a sedimentary cover of Upper Terciary and Quaternary deposits. In the 
grabens, Miocene clayey-sandy sediments are found at depth of 60 meters. Pleistocene eolian 
and fluvioeolian sediments overlie the Miocene. They consist of silt and silty-sand called 
"pampean sediments". They are the most important sequence from a hydrogeological point 
of view, with a thickness of 70 to 100 meters. 

The drainage network has low density, with the main streams showing a W-E trend. The 
only permanent stream is Arroyo La Tapera, which is effluent, but it becomes influent in the 
urban area, where the pumpage zone is located. 

The Mar del Plata aquifer is a Pleistocene sedimentary sequence (silt and silty-sands). Its 
permeability is of 10-15 meters/day, and its transmissivity is of about 700 m 2/day. The 
storage coefficient from pumping tests is 0.001, whereas Fasano et al. (1989) estimate a higher 
value (0.1); this is a suitable value owing to its long-term behaviour as a phreatic aquifer, 
although the presence of low permeability clay-silt layers produce short-term behaviour 
similar to a confined or semiconfined aquifer. The recharge of the system is through the 
phreatic level. The natural discharge is to the sea; the artificial discharge is due to the 
pump age. 

PIEZOMETRIC EVOLUTION (1948-1985) 

Using the available data (period 1948-1985), several piezometric contour maps were made. 
Finally, two maps were chosen; one map is for 1969 (the worst piezometric situation and 
when the pumping schemes changed); the other map in for 1985 (last available date). 

According to historical information, at the beginning of the century groundwater flow was 
seawards, with piezometric contours parallel to the coast. The exploitation of groundwater 
produced the intrusion of salt water in a wide belt of the downtown area and an important 
piezometric decline at the northern and the port zones. 

By 1950, an important pumping depression cone developed in the downtown. The depressed 
area (delimited by the 0 meter piezometric contour) comprised 15 km2, with maximun 
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Figure 3.- Zero contour behaviour (1950-1985) 
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drawdowns of -10 meters. In 1955 a second pumping depression cone was developed in 
the port zone and the depressed area was twice bigger. In 1962 it reached about 60 km2, 

with drawdowns near -15 meters. 

The extreme negative situation was reached in 1969, with a depressed area of 90 km2 and 
drawdowns up to -23 meters (Table 1). After 1969, the starting up of the battery of wells in 
Camet produced a migration of the 0 contour northwards, remaining about 7.5 km from the 

coast (Table 1 and Figure 3). 

Table 1.- Zero contour behaviour (1950-1985). 

YEAR 1950 
A 14.5 
B 4 
c -10 

1955 1959 1962 1966 1969 
31 50 59 77 89 
5.5 7.5 7.5 7.5 7.7 
-8 -10 -15 -20 -24 

A: Depressed area (km2) 

B: Maximum distance to coast (km) 
C: Maximum drawdown (meters) 

1973 1978 1981 1985 
90 92 118 120 
7.3 7.5 7.5 7.3 
-20 -20 -15 -15 

In figure 4 piezometric isovariation lines between 1969 and 1985 have been drawn. In Camet 
area the drawdown is up to -17 meters in wells localized near the axis ~f the exploitation, 
which started up in 1969/1970. Westwards, drawdowns about -5 to -10 meters are common 

because the wells started up later (1982-1983). On the contrary, in the downtown and port 
areas an important piezometric recovery is recorded due to the shut down of salined wells, 
jointly with the recharge with water imported from other areas and leaking from the town 
water distribution system (up to 30%). The increase in the average rainfall may have some 

role as well. That phenomenon, still in progress, is producing the flooding of basements in 
several downtown buildings, damaging their structures; most of them were built between 1960 
and 1970, in coincidence with the maximum water table drawdown. For example, well 15 
(Fig. 5) was shut down in 1960; it shows a current piezometric recovery of about 10 meters. 

By 1985 the piezometric surface morphology is radial, with flow lines that diverge from the 
urban center area, whereas twenty years before there was an opposite situation. 

At present, the Camet well battery and the majority of the urban wells are permanently 
operating. In summer, when the water demand is high, some wells located in the saltwater 
intrusion front zone became operational. 

SALTWATER INTRUSION 

Chemical background 
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Fig. 5.- Time evolution of groundwater head elevation for well15. 

The present work has been carried out using a data base including 2,500 chemical analyses 
of water from Mar del Plata's wells between 1948 and 1985, or until the shutdown date of 
each well. Usually there is at least one yearly chemical analysis per well, although sometimes 
they are incomplete. The chloride ion has been selected for the salinization study because 
of its conservative behavior, with the additional advantage of being determined in nearly all 
the analysis. 

Despite the fact that the wells are shut down when they reach the maximun admissible 
chloride content of 700 mg/1, the date corresponding to the inflexion point in the evolution 
curve of chloride contents has been considered as the salinization date of each well. That 
inflexion point usually agrees with a sudden increase of the initial chloride content (80-120 
mg/1) to values that commonly duplicate or triplicate those concentrations. Maximun chloride 
concentrations of 6,000 mg/1 have been reached. 

Fresh water-salt water front location 

According to the above mentioned criterion, the beginning of the salinization process in each 
well has been determined. The inflexion point is considered the front of the freshwater
saltwater mixing zone, to which most of the following dicussion refers. Five progressive 
salinization belts from E to W have been defined downtown on the basis of these salinization 
dates (fig. 6). 

The rate of fresh water-salt water front advance excedeed 150 m/year, locating it at a 
maximun distance from the coast of 3,300 m in 1972, or an aquifer contaminated area of 
about i5 km2• The change in the exploitation design with the starting up of the Camet well 
battery in the north of Mar del Plata city in 1969 stopped the rapid advance of the saline 
front, which was of 400 m in the following ten years. 

The E-W advance of the saline front is shown in the transect of the wells 7, 13, 12, 3 and 11 
(see fig. 6) by means of a chloride content vs. time plot (fig. 7). The salinization of the wells 
7 and 13 started in 1950, well 12 in 1954, well 3 in 1960 and finally the salinization of well 
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11 started in 1964. The end of each curve corresponds with the shutdown of each w~ll~ T:~ 
different slopes represent different chloride increase rates due to different hydrogeologrc a 
hydrodymamic conditions, reaching a maximun of 2000 mg/1/year. 

. linized. The 
In the port area only well 36 was shut down, and another srx wells were sa 'l Us 
salinization dates are: well 31 in 1953, well 51 in 1959, wells 41 and 53 in 1965, whr e we 
42 and 80 have shown a moderate saline increase since 1970. 
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Fig. 7.- Chloride content evolution in several wells. 

Changes in the ion composition 

1966 

, . , , , , . , 0 mposition 
Together wrth the sahmzatwn process there was a change m the orrgmal ro:n. c · ll 

7 
t 

(sodium bicarbonate type). The Piper's diagram for the waters of the downto-wn w~; ~ 
11 in 1956 (fig. 8) shows the difference between the ion composition of wells l. 1 a~ . 'rno 
salinized yet, and that of wells 12, 13 and 7 which are in an increasing order o£ salimza wnd 
The anion composition moves from bicarbonate type to chloride type, with a ten. dency to~ar. 

t · · b · h 1 1 h · Th . 't' 0 behavwr rs seawa er composrtwn, ut wrt a ow sup ate mcrease. e cation compos! 10 • d 
. 1 t . . th d' t b h . d calciUm an nregu ar, s aymg m e so mm ype corner, ut s owmg a ten ency to more 
magnesium dominated waters. 

The long term variation of the ion composition of a characteristic well (well ::1 2) sho~s, th~ 
same features pointed out above between its initial composition (year 1950) and the sa mze 
composition (year 1957) (fig. 9). 

salinization 
The changes in the ion composition of the port wells as a consequence of thei :C 
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Fig. 8.- Piper's diagram of chemical data from wells 7 to 11 in 1956. 
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Fig. 9.- Piper's diagram of the chemical evolution of wells 12 and 51. 
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are different from those of the downtown wells. While the cation composition changes are 
similar, with an increase in their calcium and magnesium percentages, the anion composition 
tend to no dominant anion type with high increases of sulphate and chloride. As an example 
the composition of well 51 before (year 1948) and after salinization (year 1967) is shown in 
the Piper's diagram (fig. 9). 

DISCUSSION 

Among the possible salinization processes enumerated, salinization due to the normal flow 
must be neglected, considering the features of the saline front advance, the short path-flow 
from the recharge areas and the sudden dissolved solids increase. 

The advance from the coast to the continent of the fresh water-salt water interface in 
the downtown area agrees with the seawater intrusion hypothesis. The seawater intrusion 
phenomenon occurs as a consequence of the piezometric level decline of the aquifer. The 
coincidence between the bringing down of the saline front advance with the starting up of 
the northern well battery and the shut down of the downtown wells is coherent with this 
hypothesis. 

The chloride trend in the anion composition supports the marine intrusion hypothesis too, 
but the global behavior of the ion composition must be analyzed carefully. On the basis 
of the seawater intrusion hypothesis and taking the chloride ion as a conservative one, the 
composition of the theoretical mixture between aquifer water and seawater for the well 12 
(Table 2) has been calculated. Note that the proportion of seawater in the mixture is of 
12.45 %. The difference between the theoretical mixture and the real saline water found are 
lower sodium, bicarbonate and sulphate concentrations, and higher calcium concentration in 
the latter. The calcium excess compensates most of the sodium deficit. This can be due to 
the cation exchange phenomenon in the clay minerals present in the pampean loess, mostly 
of the illite and smectite type (Camillon et al., 1990). There remains a sodium deficit that 
can be the consequence calcite precipitation, which also explain the bicarbonate deficit. The 
magnesium concentration in the salinized waters is closed to that predicted in the theoretical 
mixture. 

Table 2: Differences between observed composition and theoretical seawater mixture (TM) 
of welll2 (values in mg/L, except for the last row) 

Na++K+ Mg~+ CaH HC03 so4 Cl TDS * 
water m 1950 283.0 12.0 24.0 521.0 27.0 118.0 485.0 
water m 1957 953.0 170.0 420.0 322.0 65.0 2470.0 4400.0 

ditt. 1957-1950 670.0 158.0 396.0 -199.0 38.0 2352.0 3415.0 
theor. mixture (TM) 1604.2 178.7 72.1 473.0 360.0 2470.0 5158.7 

diff. 1957-TM -651.2 -8.7 347.9 -151.8 -295.0 0.0 -758.7 
1967-TM (meq/L) -29.5 -0.71 17.4 -2.49 -6.14 0.0 -

* Total dissolved solids 
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The sulphate defficiency is difficult to be explained. Thermodynamic conditions are not 
favorable for sulphate precipitation, and the nitrate content suggests oxidizing con~i~i~ns 
that invalidate the possibility of reducing processes except if the well mixes upper oXIdJzmg 
water with deep reducing waters. There is a remarkable compensation between the lack of 
meq of sodium ions remaining after calcium compensation, and the lack of sulphate a~d 
bicarbonate ions. In a future investigation stage it will be developed a geochemical model m 
order to solve these questions. 

Table 3: Differences between observed composition and theoretical seawater rni:x:ture (TM) 
of well 51 (values in mg/1, except for the last row) 

Na++K+ MgH ca<~+ HCO~ S04 Cl TDS* 

water m 1948 254.0 8.0 17.0 468.0 45.0 123.0 915.0 

water m 1967 647.0 55.0 84.0 566.0 450.0 560.0 2362.0 

diff. 1967-1948 393.0 47.0 67.0 98.0 405.0 437.0 1447.0 

the or. mixture ( TM) 520.0 39.1 26.1 460.4 106.5 560.0 1692.3 

diff. 1967-TM 146.8 15.9 57.9 105.6 343.5 0.0 669.7 

1967-TM (meq/L) 6.65 1.31 2.89 1.73 7.15 0.0 

* Total dissolved solids 

Likewise, a comparison between the theoretical aquifer/seawater mixture and the real sa~ne 
water found in a port well (well 51) was also carried out (Table 3). With the obvius except.wn 
of chloride, all ion contents in the salinized aquifer exceed the contents in the theoretical 
mixture. This fact proves the existence of a salt source different from seawater, thus leading 
to the consideration of the rising salinization from Miocene sediments hypothesis. The rising 
of waters from Miocene sediments has been mentioned in other areas of the Buenos Aires 
Province (Graeber, 1954). Moreover there are historical references about thermornineral 
waters springs in the port area. 

6.- CONCLUSION 

Partial results have been obtained so far in this investigation. They give a first a.proximation 
to the process of salt intrusion and lead to the elaboration of some hypothesis to be verified 
later on. 

Mar del Plata's aquifer salinization started before 1950. In downtown wells it is due to the 
intrusion of seawater as a consequence of the aquifer intense exploitation. As a. consequence 
34 wells have been shut down since 1950. Total drawdowns of up to 17m have been produced 
in the Camet area. The rate of the fresh water-salt water mixing front (the 1 g/ L contou~ ~ne) 
advance between 1952 and 1972 was 150 m/year in the downtown area. The total salimzed 
area was 15 km2• The change in the exploitation pattern after 1969 brougth do-wn this sudden 
advance to 40 m/year. Seawater intrusion leads the chloride concentration to maximun 
values of 6,000 mg/1, changing the anion composition from bicarbonate type to chloride type 
in downtown wells. A cation exchange process (uptake of sodium and calciu:rn release) is 
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proposed to explain the resulting composition of the salinized water. In the port area well 
salinization leads to a change in the groundwater composition from sodium bicarbonate to 
sodium no-dominant anion type, with a remarkable sulphate increase. The salinization of port 
wells may result from rising salinization coming from Miocene sediments. This hypothesis 
must be supported adding new data about the rising water process. 
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