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deposits, tidal channels, and aeolian sand sheets, each of them playing a hydrological role. In this paper,
we describe the hydrological processes in the Samborombén Bay coastal plain using hydrochemical and
isotopical data to provide evidence of salinization processes. Specific ionic relationships for surface and
ground water samples from each formation are differ from those of sea water. Isotopic data also reveal
infrequent participation of sea water in the coastal area water samples, showing an evaporation trend
in both surface and ground water. We conclude that salinization has its origin in the occurrence of gyp-
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Hydrochemistry sum and halite, as well as other chlorides, from the coastal plain deposits. Rainfall recharge, continental
Isotopes water inputs, evaporation and long residence times define the hydrochemical and isotopical features of
Argentina ground water, which shows no signs of present sea water contribution. Sand sheets constitute local aqui-

fers with lower salinity content. Continental surface waters, as well as rainfall drainage via tidal channels,
have a dominant effect on surface water hydrochemistry notwithstanding tidal oscillations. Exploitation
of water resources is thus limited to regionally extended aeolian sand sheet formations and to surface
waters, specifically those related to contributions of freshwater discharge from inland areas.
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Introduction ues, as well as economic development, depend on fresh water
availability in a saline dominated environment. Existing water sup-

The eastern and north-eastern coasts of the province of Buenos ply systems and economic activity, mainly cattle rearing, rely on
Aires (Argentina) possess a wide coastal plain where ecological val-  traditional methods of ground water exploitation with no thorough
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Fig. 2. Location of the different selected sites within the Samborombén Bay coastal plain. Surface and ground water sampling points are represented by dots.
Geomorphological features of each site are also mapped as follows; PC: coastal plain, PI: intertidal coastal plain, ACM: ancient tidal channels, and MA: aeolian sand sheets.
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Fig. 3. Hydrological scheme of the Samborombdén Bay coastal plain.

evaluation of hydrological possibilities. Intensive development
may lead, therefore, to unnecessary alterations in the fragile hydro-
morphological and ecological balance.

The coastal plain of Samborombdén Bay was developed over sev-
eral transgressive periods during the Quaternary. Its morphology
reveals the joint influence of tidal dynamics upon sediment input
from mainland rivers and coastal transport. Sedimentary features
determine the hydrogeological as well as hydrochemical processes
in these areas, which have been poorly investigated as they are
periodically flooded over long time spans. Such hydrological pro-
cesses play a significant role in the equilibrium of regional ecosys-
tems. In particular, most of these areas are defined as natural
reserves whose future preservation and management largely de-
pends on appropriate knowledge of their specific hydrological
features.

These coastal wetlands and plains are thus complex hydrogeo-
logical areas, with the usual occurrence of shallow saline ground
water. Salinity can be attributed to many origins, such as marine
contribution (Groen et al., 2000; Jorgensen, 2002; Kim et al.,
2003), the dissolution of secondary minerals within the sedimen-
tary formations (Howard and Lloyd, 1983), evaporation of sea
water (Robinson and Gunatilaka, 1991), transpiration by mangrove
vegetation (Fass etal., 2007), flow of saline water from the adjacent
aquifer, return flow from irrigation water, anthropogenic contam-
ination, or most often, a combination of some of these processes
(Kamel et al., 2005; Marimuthu et al., 2005; Park et al., 2005;
Ghabayen et al., 2006; Djabri et al., 2008; El Mandour et al., 2008).

The particular hydrogeology of the province of Buenos Aires
coastal plains has been studied from a regional perspective by Sala
et al. (1978), Ainchil et al. (2004), Kruse et al. (2005), Carol et al.
(2008); and from a more local one by Logan and Rudolph (1997),
Logan and Nicholson (1998) and Logan et al. (1999). These authors
demonstrate the hydrological characteristics of the coastal plains,
specifically their low hydraulic conductivity, and that ground
water usually shows a high salinity content.

The objective of the present work is to investigate the hydrolog-
ical dynamics of these coastal plain areas, and specifically those of
the southern part of Samborombén Bay, based on hydrochemical
and isotopical data. Our aim is to describe the salinization

Table 1

Hydrochemical data from surface and ground water. S1, S2, and S3 in the sample name refer to Sites #1, #2, and #3, respectively.
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processes that influence ground water quality and restrict it for hu-
man uses. Such knowledge will contribute to adequate land and
water planning strategies, as well as to preventing quantitative
and qualitative alteration of the environmental conditions.

Geographical and geological setting

Samborombén Bay is located in the east of the province Buenos
Aires, Argentina. The southern coast of the bay consists of a transi-
tional area between the furthest zone influenced by the Rio de la
Plata, and the Atlantic Ocean. Coastal mixing processes determine
the environmental characteristics of the bay. We pay particular
attention to a large coastal plain (ca. 3000 km?) that was formed
during the Pleistocene and Holocene under similar geomorpholog-
ical conditions as today. Its origin is related to the northward
migration by littoral drift of a large sandy spit, 70 km long and
9 km wide, from Punta Médanos to Punta Rasa. This beach and
dune formation, jointly with the tidal dynamics of the Atlantic
Ocean, provided adequate conditions for the growth of an exten-
sive marsh and tidal coast plain on the western side of the bay
(Violante and Parker, 2000; Violante et al., 2001). The study area
lies in the southern sector, along a 25 km coastline, with a width
of 30 km (Fig. 1).

The coastal plain has a regional slope of 10~> m/m towards the
north, with an average altitude of 1.6 m above sea level. Outcrop-
ping materials consist of silt and clay sediments related to marine
environments, in which interbedded layers with abundant shells or
gypsum are commonly found (Parker, 1979). Above the fine sedi-
ment formations, recent sandy sheets of aeolian origin form a
patch of relatively elevated (2.5m a.s.l.) mounds of reduced
dimensions.

E. Carol et al./Journal of Hydrology 365 (2009) 335-345

The regional climate is classified as subhumid-humid,
mesothermal, with scarce or even nil water deficiency (Thornthwa-
ite, 1948). Mean annual rainfall reaches 930 mm, and the average
temperature is 14.6 °C. Potential evapotranspiration is 770 mm
per year, according to the Thornthwaite and Mather (1955)
method.

Methodology

Sampling points for surface and ground water investigation
were based on geological and geomorphological information ob-
tained on the field, and a detailed observation of satellite images
and topographic maps.

Three distinct sites, each of them representative of the distinct
environments on the coastal plain (Fig. 2), were differentiated to
provide an integrated view of the hydrological processes in the
Samborombdén Bay coastal plain. Site 1 represents the influence
of estuarine water inputs through the Ajé River, a major tidal chan-
nel within the coastal plain; Site 2 investigates the effect of El
Palenque channel on the drainage of the coastal marshes; and fi-
nally, Site 3 was selected as being near to Channel 2, which artifi-
cially brings fresh surface water inputs inside the coastal plain. In
this paper, we deal with the data set collected on September 2005
(Carol, 2008).

Samples were obtained through manually drilled boreholes to
depths of 3 m. Physico-chemical parameters, such as electrical con-
ductivity (EC) and pH (both measured in the field), as well as major
ions (HCO;,C02",S0O%~,Cl",NO;,Ca**,Mg>*,Na*,K*), were ana-
lysed for surface and ground water samples. Environmental water
isotopes, like oxygen 18 and deuterium, were also measured.
Chemical analyses were conducted at the Laboratorio de Ingenieria

100 Grqundwater
Coastal plain Sand sheets
- 90 O site 1 0 site 1
o site 2 o site2
. @ site 3 m site 3

Surface water
QO El Palenque channel

A Channel 2
7% <& Aj6 River
K‘T 40
C N30
S bel— 20
@ b1 10
A
g 0

Fig. 4. Piper diagram of surface and ground water samples.
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Sanitaria, Facultad de Ingenieria, Universidad Nacional de La Plata.
Sample collection, preservation and analysis were performed in
accordance with the American Public Health Association (APHA,
1998). Ionic speciation, partial pressure of CO,, and saturation indi-
ces were estimated using PHREEQC 2.13 (Parkhurst and Appelo,
1999). Reference values for sea water are those by Stumm and
Morgan (1981).

Isotopical analysis of '®0 and 6D were conducted at the
Instituto de Geocronologia y Geologia Isotépica, Buenos Aires. Iso-
topical relations were measured in accordance with Coleman et al.
(1982) and Panarello and Paricia (1984), using a Finnigan MAT
Delta S mass-spectrometer with triple collector and multiple
induction system. Results, expressed as isotopic deviation
& (%o), were

Rs —Rp
Rp ~’

0 = 1000 -

where Rs is the isotopic relation (*H/'H, '80/'°0) of the simple and
Rp the isotopic relation of the international standard reference.
Standards used are the Vienna Standard Mean Ocean Water (V-
SMOW) ( Gonfiantini, 1978). Analytical uncertainties are of +0.2
for 6'%0, and #0.1 for &D.
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Results
Geomorphology

The coastal plain consists of two main geomorphological envi-
ronments of hydrological significance: firstly, the tidal coastal plain
with an occurrence of ancient and recent tidal channels; and sec-
ondly, occasional sand sheets of low elevation (Figs. 2 and 3).

The gentle-slope tidal coastal plain consists of silt and clay sed-
iments associated with type soils as natraquert and cromic sala-
quent (Soil Taxonomy, 1999). Those are poorly drained soils,
with low to moderate hydraulic conductitivy, alkaline, saline a
mottled pattern of colours related to the occurrence of iron and
manganese as a result of soils hydromorphics. It shows a transi-
tional boundary with the intertidal area, and also with surface
water stream channels, with levees 0.5 m high. Ancient tidal chan-
nels can be recognised in most of the continental areas that are
currently disconnected from tidal oscillation.

The intertidal plain is well developed along the margins of the Aj6é
River and El Palenque channel and other minor tidal channels, and is
daily flooded at high tide. Elevation in this area is below 1.10 m a.s.l.
and has almost no slope towards the channels. Terrains are mainly
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Fig. 5. Hydrochemical relationships between selected ions of surface and ground water samples and sea water mean composition, as given by Stumm and Morgan (1981).
Mixing line between sea water and surface water from Channel 2 at Site #3 is plotted for reference. Dots on the line represent mixing proportions of 10% increments.



340

constituted by silt and clay sediments, with type soils as natraquert
and undifferenced (Soil Taxonomy, 1999), being similar to those of
the coastal, yet they can be temporally flooded.

Aeolian sandy sheets are only found occasionally on the coastal
plain. They have distinct morphologies, normally a reduced area
(usually less than 0.1 km?), and elevations about 2.5 m above the
plain. Lithologically, the sand sheets are constituted by fine sand
with fragments of shells, forming well drained deposits. Soil types
are defined as thapto natric hapludoll and typic natraquert (Soil
Taxonomy, 1999), with very low salinity and no signs of hydromor-
phism. Each sand sheet stores a limited amount of ground water
with specific hydrodynamic and hydrochemical properties (Carol
et al., 2008).

Hydrology

Flow discharge in the area is towards Samborombén Bay, in the
Rio de la Plata, and mainly takes place through surface runoff. The
Ajé River flows into the Bay, with contributions from the EI Palen-
que channel and Channel 2 (Fig. 3).

Samborombén Bay has a microtidal regime, with a tidal ampli-
tude of less than 2 m. At high tide, water floods the coastal plain
through tidal channels and the Ajo6 River, affecting an area 20 km
wide as a result of the low topographic gradient of the plain. The
influence of high tide also reaches the El Palenque channel, but it
does not affect Channel 2 as a dam has been built to protect it from
tidal events.

Potentiometric data suggests that ground water flows in a
north-eastern direction; although a hydraulic gradient less than
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107> m/m and an expected low hydraulic conductivity in the coast-
al plain materials indicate that the overall continental subsurface
discharge to the bay is negligible. Main ground water discharge oc-
curs towards the tidal channels, specifically to the Aj6 River and re-
lated minor drains. Temporal variations in the flow direction have
been observed near these channels, related to the bank-storage
changes caused by tidal oscillations.

Rainfall events recharge the unconfined aquifer levels in the
coastal plain, and because of the proximity of the water table,
ponds are likely to appear all across the plain. In the water balance,
potential evapotranspiration occurs as the water table is located at
root depth. Potential evapotranspiration rates larger than 100 mm
per month are recorded between December and February, alto-
gether with a lowering of the water table. The lowest evapotrans-
piration values occur in the winter season, from June to August,
with values lower than 30 mm per month, and with water table
levels close to the soil surface. Aeolian sand sheets play, therefore
a distinct role in ground water dynamics based on their high
hydraulic conductivity, and its bounded geometry by less perme-
able lithologies. Nevertheless, their relative altitude above the
plain allows ground water storage and controls recharge flow rate
towards the plain.

Hydrochemistry

Ground water hydrochemistry

Ground water in the coastal plain presents sodium-chloride fa-
cies, with a high salinity content ranking from total dissolved solid
values of 3200-30 795 mg/L, with sulphate content similar to that
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Fig. 6. Evolution of some hydrochemical ratios with increasing salinity, and their correspondence to sea water. Legend and mixing line as in Fig. 5.
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of bicarbonate when given in meq/L. Distinctively, sand sheets may
present sodium-chloride facies, with salinity contents between
1670 and 18 430 mg/L depending on the interbedding with coastal
plain deposits (Table 1, Fig. 4). In sand sheets, alkalinity values, ex-
pressed as HCOj, are larger than those of sulphate (except for two
samples) as a sign of the distinct soil-mineral content of both sed-
imentary formations.

In particular, sodium increases linearly with chloride (Fig. 5a).
Most ground samples have a Na*/Cl™ ratio lower than 1.0, and close
to the sea water relationship of 0.858 (Fig. 6a), and they are mostly
in agreement with the mixing line between sea water and conti-
nental water contributions, the latest defined by the hydrochemi-
cal composition of Channel 2 at Site #3. The concurrence of the
sodium and chloride values with the mixing line is due to the high
solubility product of halite, which is considered as the main source
of both elements. Specific deviations from the sea water equilib-
rium value, however, could be attributed to water-soil interaction,
suggesting additional processes of chloride and sodium enrich-
ment or depletion. In particular, a sample from the coastal plain
at Site #2, and one sample from the sand sheet at Site #1
(Fig. 2), shows Na*/Cl™ ratios of 2.0 and 1.7, respectively (Fig. 6a).
These values also reflect an enrichment of sodium versus chloride,
but also a depletion of Ca* + Mg?* versus HCO; + SO%~, suggesting
a sodium-calcium exchange process in specific points of the sub-
surface, specifically those with a lesser influence of halite dissolu-
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(HCO; +S037) — (Ca®* + Mg*") > 0 indicate efficient sodium-calcium exchange
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magnesium in the water composition, as shown in the bottom graph. Legend as in
Fig. 5.

tion as indicated by the low chloride content of these samples
(Fig. 7).

Sulphate also increases with chloride (Fig. 5b). Nevertheless,
samples from all coastal plain monitoring wells, as well as those
from the sand sheets, show a SO /Cl™ ratio that differ from the
theoretical mixing line (Fig. 6b). In that way, sulphate enrichment
versus chloride is found in some samples from the coastal plain
and the sand sheet at Sites #2 and #3, whereas sulphate depletion
characterizes samples from sand sheets at Sites #1 and #2. Fur-
thermore, the Ca®"/SO%™ ratios of the ground water samples are
usually distinct from those of sea water (0.364) showing a higher
calcium concentration with respect to sulphate (Fig. 5c¢ and
Fig. 6¢). Larger calcium content than the expected from a theoret-
ical mixing line is found in most ground water samples, specifically
in those with a sulphate concentration larger than 15 meq/L. Above
this content, samples show a relationship between Ca®* and SOi’
that approaches a ratio equal or larger than 1.0. Such a high
Ca®*/S02™ ratio suggests underground gypsum dissolution, while
the enrichment of calcium observed in some samples denotes a
contribution from calcite dissolution.

Such hydrochemical composition, and the fact that the
SO2 /Cl— and Ca®'/SO3™ ratios are distinct of that of sea water,
suggest that interaction with soil minerals is a governing factor
that controls water salinity rather than a mixing process between
the two mentioned end-members: sea water and mainland surface
water as that from Channel 2.

Bicarbonate concentrations show a wide range of values, all of
them higher than that of sea water (2.327 meq/L) (Table 1). Cal-
cite saturation indexes are all above 0.0, showing oversaturation
ratios even higher than the sea water saturation index for calcite
(0.58) (Fig. 8a). Gypsum saturation indexes show a tendency to-
wards oversaturation as the sulphate concentration increases
(Fig. 8b). Such trend shows the usual distribution in fresh ground
water environments (Plummer et al., 1990), where mineral satu-
ration is gradually attained along the flow path as a function of
water residence time within the aquifer. The highest gypsum sat-
uration indexes in ground water samples mainly belong to most
inland located samples in coastal plain and sand sheets deposits
at Site #2 and #3. Halite saturation indexes are in general below
the sea water value (—2.54), and halite saturation also increases
proportionally to the chloride content (Fig. 8c). The evolution of
halite saturation indexes shows a similar trend whether plotted
against the chloride or the sulphate content (Fig. 8c and d). This
points out that the progress towards saturation in both minerals
depends on the hydrodynamic features of both deposits, in par-
ticular a large residence time due to the low hydraulic conductiv-
ity and hydraulic gradient in the underlying coastal plain
deposits.

Among the major elements in solution, magnesium can be ta-
ken as representative of sea water occurrence at the subsurface,
as it is seldom found with similar concentrations in ground water
(Hem, 1985). In the study area, all contents are far below those of
sea water (104.65 meq/L), ranging from 0.49 to 52.92 meq/L
(Fig. 5d). Mg?*/Cl~ ground water ratios are usually unrelated to
the mixing line; although two samples from coastal plain locations
at Site #2, and from sand sheet deposits at Site #3 show a ratio
close to that of sea water (Fig. 6d). Major divergences from this ra-
tio are due to the higher chloride content in samples from the
coastal plain at Sites #1 and #2. Additional contribution of halite
is, therefore, considered to be responsible for such high chloride
concentrations, rather than effective sea water mixing by tidal pro-
cesses that will provide a larger magnesium content in ground
water. Concentration of salt water by transpiration can also explain
the high concentrations in the residual soil water (Fass etal., 2007).
Moreover, selective uptake of magnesium by plant roots in flooded
saline areas is also known to create the necessary osmotic potential
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to attract water and to expel other ions, as sodium, out of the root.
This biological process will cause magnesium depletion and reduce
the Mg?*/Cl™ ratio.

Surface water hydrochemistry

In the study area, estuarine water from Rio de la Plata shows
salinity values of 15 g/L (Bazan and Arraga, 1993; Guerrero et al.,
1997). The Aj6 River presents chloride-sodium facies with varying
salinity (1345-4345 mg/L) as a function of the contributions from
the main tidal channel (El Palenque) and the inland freshwater
channel (Channel 2) as governed by tidal oscillation (Table 1). In
this way, surface water from the El Palenque tidal channel has
chloride-sodium facies with salinity values ranging from 1495 to
7080 mg/L, this last value corresponding to the isotope sampling
survey. Channel 2 waters vary in composition from chloride-so-
dium to bicarbonate-sodium facies, with low salinity values rang-
ing from 575 to 1345 mg/L (Fig. 4).

In general, all surface waters present lower salinity content
than most ground water samples (Table 1 and Fig. 5). Na*/Cl™ ratios
for the Ajé River and El Palenque channel waters are similar to that
of sea water, and they lay close to the mixing line with sea water
contributions estimated in less than 10% (Fig. 6a). Channel 2 pre-
sents a higher Na*/CI" ratio, with an average value of 1.3, as a mark
of the continental water characteristics. Furthermore, hydrochem-
ical ratios of all surface waters are less than the sea water ratios,
and they are mostly consistent with the mixing line indicating a
minor tidal effect on surface waters (Fig. 6b-d).

Calcite saturation indexes of surface water samples, between
0.15 and 0.50, are below those of most of the ground water sam-
ples and the sea water reference value, with the sole exception of

2.0
a
154
(€]
5 Ba s 2 o)
L =]
~
k= 1.0 4 ® o
c
S Bo 4
™ 054 g
e
£ o
8 - o
o 00
b —
o
[14]
O 05
1.0 } | !
0 20 40 60 80
SO,” (meqiL)
20
C
-2.54 fr
o | @
w301
g .
£ 351 e°
c
2 40
. &
2 454
@ (@)
® 50
e
©
T 75.5-§
6.0
N
6.5 ] , ! ‘ !
0 100 200 300 400 500 600
Cl (meg/L)

E. Carol et al./Journal of Hydrology 365 (2009) 335-345

a sample from Channel 2 (Fig. 8a). Similarly, all surface waters
show gypsum and halite saturation indexes lower than those of
sea water, and they all present a large degree of undersaturation
(Fig. 8b and Fig. 8c).

Isotopes

Ground water

Coastal plain ground water samples show 5'20 values between
—5.5 and —1.6%o., and 6D values between —34%. and —18%. (Table
2, and Fig. 9). They all lie in the area bounded by evaporation lines
with slopes of 4.0 and 5.2, corresponding to distinct values of
atmospheric humidity (Gonfiantini, 1986; Gat, 1996; Clark and
Fritz, 1997; Mazor, 1997). Evaporation line originates from aver-
aged local rainfall values of 6'80 = —6.3%, and oD = —40%o. (Pana-
rello and Albero, 1983; Dapefia and Panarello, 2004). Both
surface and ground water lay on an unique evaporation trend given
by a regression equation of slope —4.89 (i.e., 6D =-9.47-4.89
5'80). Moreover, samples do not show any tendency towards stan-
dard isotopic sea water values (0.0%0, 0.0%0; Fig. 9).

Isotopic values of ground water samples from the coastal plain
are related to the hydrological environments of the study sites. For
instance, samples from Sites #1 and #2 lay on a neat evaporation
line. Two of them show isotopical enrichment lower than that for
surface waters, and a specific sample from Site #2 shows isotopic
values close to those of the Ajé River. They denote distinct propor-
tions from continental water sources, whether surface waters,
coastal plain aquifer recharge, or local rainfall. A sample from the
coastal plain at Site #3, however, approaches the local averaged
rainfall isotopic value.
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Fig. 8. Saturation indices of surface and ground water samples with increasing selected anion concentration. Saturation indices for sea water as estimated by Parkhurst and

Appelo (1999). Legend as in Fig. 5.
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Table 2

Isotopical data from surface and ground water.
Sample 5'%0 %o (VSMOW) 8D %o (VSMOW)  d-Excess

Groundwater

Coastal plain CP1 S1 -3.9 -26 5.2
CP3 S2 -1.6 -18 —5.2
CP5 S2 -39 —28 3.2
CP6 S3 -5.5 -34 10.0

Sand sheet SS2 S1 -5.2 -39 2.6
SS3 S2 —-4.8 -35 3.4
SS5 S3 -5.2 -35 6.6

Surface water

Channel 2 C2 S2 HT -2.9 -21 2.2
C2S2 LT -2.8 —24 -1.6
C2S3 LT -2.6 -21 -0.2

El Palenque EP S2 HT -0.3 -12 -9.6

channel EP S2 LT -0.4 -11 -7.8

EP S3 LT -0.7 -14 -84

Ajb River R S1 HT -09 —-12 —-4.8
R S2 HT -1.7 -17 -34
RS2 LT -14 -19 -7.8

S1, S2, and S3 in the sample name refer to Sites #1, #2, and #3, respectively. HT and
LT indicate high tide and low tide.

Values of the d-excess factor (d-excess=8D—85'80) around
+5%o indicates that ground water has undergone evaporation prior
to infiltration (Fig. 9). In particular, samples from the coastal plain
indicate a larger evaporation than those of the sand sheets; never-
theless, mixing with evaporated surface water should also be con-
sidered in the isotopical content of water samples from the coastal
plain deposits.
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Fig. 9. Stable isotope relationship for surface and ground water samples and
suggested evaporation trends in the area; and d-excess factor values with respect to
5180, or to increasing evaporation rates. Legend as in Fig. 5.
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Fig. 10. Relationship between chloride content and isotopic signature of surface
and ground water samples as a means to differentiate hydrogeological processes in
the area.

Conversely, samples from the sand sheets show a lower level of
enrichment, with isotopical values of §'80 between —5.2% and
—4.8%0, and of 6D between —-39%. and —35%. (Table 2, and
Fig. 9). A low evaporation rate of the sand sheet ground water is
consistent with its hydrodynamics which is determined by a high
hydraulic conductivity, and therefore, faster infiltration rates, and
a minor exposure of water in flooded areas by tidal oscillations.
Moreover, the relationship between 6D and the chloride content
shows an increase in salinity at constant isotopical values of éD
lower than —35%. for the sand sheet ground water samples
(Fig. 10), and with a slight increase up to 6D < —25%o. for the coastal
plain samples. This relationship between chemical and isotopical
data is attributable to the contribution of gypsum and halite to
ground water hydrochemistry, providing evidence of the non-par-
ticipation of sea water as a significant source. The slight isotopic
enrichment shown by the most saline waters is related to early
evaporation processes (Gonfiantini and Araguas, 1988).

Surface water

Surface water samples are also located within the evaporation
line shown in Fig. 9. No significant variations are observed between
samples taken at high and low tides. The highest level of isotopical
enrichment is observed in El Palenque waters with §'20 values be-
tween —0.7% and —0.3%., and 6D values between —14%. and
—11%.. Additionally, samples from Channel 2 show lower values
than those of El Palenque channel (680 between —2.9%. and
—2.6%c, and 6D between —24%. and —21%.). Aj6 River water at
the junction between Channel 2 and El Palenque channels has an
isotopic composition of §'80 between —1.7%. and —1.4%o, and 5D
between —19%. and —17%., indicating a significant mixing of both
contributions. Aj6 River surface water closer to the estuarine area
shows an even heavier isotopical content of 480 = —0.9%., and
0D = —12%o (Table 2), but in line with evaporation trends and with
no clear indication of sea water influence (Figs. 9 and 10). Indeed,
surface waters, especially those of El Palenque channel related to
the draining of the coastal plain under tidal influences, point out
a large evaporation progress. In this case, surface waters show a
joint increase in their chloride and 6D contents, revealing the
occurrence of evaporation processes from waters originally low
in salinity (Fig. 10). These heavier isotopic values for surface water
samples, their stability independently of the tide wave, and their
relationship with isotopic ground water data, suggest a conceptual
model in which surface water in tidal channels and coastal plain
areas experience intense evaporation as reflected by their isotopi-
cal and chemical data.
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Conclusions

Geomorphic units in Samborombén Bay, namely the coastal
plain deposits and the aeolian sand sheets, play an important role
in water resource distribution and its hydrological dynamics.

Coastal plain formations, related to a former tidal environment,
present saline water of poor quality for human use. Nevertheless,
hydrological ratios and isotopic values indicate a negligible contri-
bution of sea water to these ground water resources. Rainfall re-
charge, jointly with an almost nil regional hydraulic gradient,
results in a long residence time of water in the coastal plain shal-
low aquifer layers. Dissolution of gypsum and halite, as well as
other chlorides, within the sedimentary formations and soil water
is thus responsible for ground water salinity. Biological processes
may influence metal concentration by transpiration and selective
ion uptake. Present sea water from the Atlantic Ocean can not be
considered as a true pole in the hydrological balance as water sam-
ples from tidal channels, specifically those from Ajé River, do not
show a significant isotopical trend towards a marine water isotopic
signature.

Ground water storage in the sand sheets constitutes the most
valuable regional water resource, although its salinity may repre-
sent a constraint on some uses. Hydraulic dynamics, as well as
salinity values, depend on the spatial variability of these aeolian
deposits and their interbedding with the coastal plain sediments.
Ground water resources in the sand sheets are restricted by the
fact they are not very thick (usually a few metres), and monthly
rainfall distribution and intensity.

The current water demand for human uses, including domestic,
agricultural and cattle rearing needs, is provided by Channel 2, and
ground water withdrawal from sand sheets. Evidence of ground
water salinization processes highlights the weaknesses of this
hydrological system. Therefore, further urban and/or industrial
development of the area, or tourist resorts, would require a balance
between water availability and human demand so that ecological
integrity could be guaranteed together with economic vitality in
a sustainable framework of water management.
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