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Abstract
The Quibas hydrogeological unit is located between the provinces of Murcia and Alicante (SE Spain). From
the hydrographical point of view it extends over the Júcar river basin (north-east area) and the Segura river
basin (south-west area). A remarkable unbalance exists in this unit between the net recharge of the system
(2.5 M/m3/year) and the abstractions (up to 20-25.5 M/m3/year in 1975), which has originated a sharp
decrease of groundwater levels and a progressive deterioration of groundwater quality. The main objective
of this investigation is to study the influence of groundwater exploitation on water quality. To accomplish
this, all the available chemical analyses have been compiled, analysed and represented by means of vertical
logarithmic columns. The contents and ionic ratios among the most significant major elements have been
studied and a preliminary hydrochemical characterisation has been made, thereby studying the spatial
distribution as well as the temporary evolution. Moreover, the main hydrochemical facies, as well as the
most important types of groundwater have been differentiated by studying the sulphate, calcium,
magnesium, chloride and sodium contents, the electrical conductivity (EC) and the ionic ratios rCl/rNa,
rSO4/rCa, rCa/rMg, rHCO3/rCa and rHCO3/rMg (r = meq/L). The results obtained show the existence of a
marked influence of groundwater exploitation on water quality, contributing to increasing water salinity
and changing from calcium and magnesium bicarbonate facies (characteristic of carbonated aquifers) to
sodium chloride facies. This influence increases with both the abstractions and the transmissivity of the
exploited aquifer level. Furthermore, the main hydrochemical processes experienced by groundwater have
been qualitatively identified, and complementary studies have been established to confirm or to discard
the proposed hypothesis. Finally, the possible implications of the results on the hydrogeological behaviour
of the aquifer have been analysed.
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Introducction
The Quibas hydrogeological unit is located between the provinces of Murcia and Alicante. From the
hydrographical point of view it extends over the Jucar river basin (north-east area) and the Segura river
basin (south-west area). From the onset of groundwater exploitation in 1971, the hydrodynamic behaviour
of the unit has changed, thereby giving rise to a significant decrease in the piezometric levels as well as
to the increase in groundwater salinity. The paper presents the geological and hydrogeological framework
of the unit, the evolution in the exploitation and its relationship with the piezometric levels, and analyses
the influence of the exploitation on groundwater chemical quality.

Geological and hydrogeological framework
Geological framework
The unit is made up of materials from the External Areas of the Betic Mountain ranges belonging both to
the Subbetic (allochthonous) and to the Prebetic (autochthonous) periods. Both structural units are
vertically superimposed so that the former is totally separated and thrusts over the latter. Therefore, vertical
tectonics, with diapirs and normal faults, coexists with tangential tectonics, which has given rise to the
superimposition of the two structural units. The anticline-syncline and normal fault structures are typical of
the Prebetic period, whilst the folds and overthrusts are typical of the Subbetic period. This structural
complexity significantly determines the hydrogeological behaviour and the creation of compartments that
has occurred throughout time as a result of the intense exploitation that the unit has been subject over
the last 30 years (ITGE, 1992,; ITGE, 1994) (Figure 1).

Hydrogeological framework
The main aquifer is made up of limestones from the Middle Eocene period, 200 m thick (Prebetic); the
thickness, however, varies between 100 and 300 m, given the parareefal character of the origin of the
deposits. The main unit may even disappear at the edges. These Middle Eocene limestones are
accompanied by Oligocene limestones, Miocene calcarenites and Liassic limestones and dolomites,
depending on the sectors. The mean low-permeability formations which determine the aquifer substratum
and roof, correspond to the Lower Eocene and to the Micocene periods, respectively (ITGE, 1994). In the
Umbria Mountain range (Umbria sector) the permeable thickness comprises around 250 m of Miocene
calcarenites, which are concurrently superimposed on about 200 m of Oligocene limestones plus about
200 m of Eocene limestones. In the Quibas Mountain range (Collado del Rey and Madara sectors), the
permeable thickness may even reach 800 m due to the fact that the lower Liassic limestones and dolomites
are directly superimposed over the Middle Eocene limestones. However, the Liassic materials are usually
not saturated because they generally occupy very high reliefs above the regional piezometric level (ITGE,
1994) (Figure 1).
In the western area, the northern limit, is formed by a normal fault, which laterally connects the
impermeable base with the main aquifer, while in the eastern sector, it is formed by the Triassic diapiric
outcrops of the Trias materials of Pinoso and Casas del Señor. The eastern limit is formed by the Triassic
diapir of Villena–Novelda. In addition, the southern, western and south-western limits are again defined
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by low permeability formations from the Lower Eocene and Triassic periods. To the south-east the limit is
controlled by the structure, and normal faults are observed, which laterally connect the limestones and
dolomites of the Liassic with the Triassic sub-outcrops (IGME-DPA, 1982; ITGE, 1989) (Figure 1).

Figure 1. Geological and hydrogeological map of the Quibas hydrogeological Unit (ITGE, 1994).

Rainwater is the main recharge source. The average annual rainfall for the 1942-1963 period was around
300 mm/year (IGME, 1978). The recharge during this period varied between 2.5 and 8.5 Mm3/year, with
an average value close to 2.5 Mm3/year (IGME, 1978). If a total recharge area of about 100 km2 is
calculated from the carbonate outcrops of the Eocene and Liassic periods, a mean recharge of about
25 mm/year results, which represents approximately 8 % of the average annual rainfall. The natural
discharge only occurs through the “El Chicamo” spring (2735-3-0001). This spring is located at the
southern end and its flow has changed over time, varying from approximately 80 L/s in 1952,
representative of the average flow rate in a non-influenced regime, to 48.5 L/s in 1987-88, with an average
of 28 L/s in the period from 1975 to 1981 (ITGE, 1990). Currently the flow rate has dropped to 12 L/s,
with represents an historical minimum (9 January 2003). The general decreasing trend of the flow-rate of
the spring for the period January´74 - January´04 is shown in Figure 3.

Evolution of groundwater exploitation and piezometric levels
The significant exploitation of groundwater began in 1971. The volumes of groundwater abstracted by
pumping increased from 1971 (15-20 Mm3/year) until 1975, when 20-25 Mm3/year were reached. After
that period, exploitation clearly declined and the volumes abstracted dropped to around 17 Mm3/year in
1977, 13 Mm3/year in 1981 (ITGE, 1988a), and it remained approximately the same in 1987, at around
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12 Mm3/year (ITGE, 1988b; 1990 and DGOHCA-ITGE, 1998). After 1987, only data corresponding to the
monitoring points 2734-7-0017 (2.27 Mm3/year in 1998) and 2734-6-0008 (0.15 Mm3/year in 1995) are
available. These data have been retrieved from the database of the Provincial Council of Alicante. During
the analysed period, groundwater exploitation has caused, on the one hand, a considerable drop of the
piezometric levels (several wells dried-up), and on the other hand, a progressive water quality decline, as
a result of the influence of the outcrops or sub-outcrops of the Lower Eocene and Triassic.
The piezometric evolution reflects the degree of exploitation that the unit has been subjected to over the
last 30 years (Figure 3). The water level map prepared in April 1973 (IGME, 1990; Figure 2) clearly shows
a generalised NE-SW regional groundwater flow. This is representative of the hydrodynamic behaviour, in
a regime only slightly influenced by the local extractions. From 1974 onwards, and as a result of the
continued exploitation, a generalised drawdown is observed as well as a possible compartimentation of
the unit, whereby it is hydraulically divided into two units, one to the north and the other to the south
(IGME-DPA, 1982). According to IGME-DPA (1982) and ITGE (1989), in 1979 the continued exploitation
seemed to cause new subdivisions, so
two new sectors were recognised in the
south, separated by the Pinoso-Algüeña
diapir alignment. In the central-eastern
sector
(Madara),
the
average
groundwater level is around 370 m
above sea level, while in the southwestern sector (Collado del ReyChicamo) a divide occurs, which
separates one area with intensive
exploitation to the north of the Quibas
Mountain range (Collado del Rey) from
another area to the south that discharges
through the Chicamo spring (Chicamo)
(ITGE, 1990). The approximate limits of
the two new sectors are presented on the
water level map of February 1988 (Figure
2), representative of how the system
operated from 1979 to 1992. These limits
were maintained until a geophysical
campaign (ITGE, 1992) and its later
interpretation (ITGE, 1994) were carried
out. They provided a better
understanding of the geometry of the
system and established the limits
between the aforementioned sectors in
greater detail. However, despite of the
geophysical studies carried out (VES),
there are still some doubts about the Figure 2. Piezometric evolution between April 1973 and February
existence and exact location of the limits
1988 in the Quibas hydrogeological unit (ITGE, 1990).
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between the Collado del Rey, Chicamo and Madara sectors. Considering now the present-day water levels
and the evolution at the IGME observation points 2734-4-0009, 2734-8-0007, 2734-6-0106 and 27352-0011 (Figure 3), a clear difference can be established between points 2734-4-0009 and 2734-8-0007
(Umbria and Madara sectors) and points 2734-6-0106 and 2735-2-0011 (Collado del Rey sector). In the
Umbria and Madara sectors there is a clear and continued decrease of piezometric levels over the past few
years, with a very significant decrease in the observation point 2734-8-0007 since 1999-2000. On the
contrary, in the Collado del Rey sector a certain stabilisation takes place until 1999, when a downward
trend starts. Finally, with respect to the evolution experienced by the Chicamo spring, a clearly downward
trend is observed, and the last measurements made coincide with the historic minima of the spring (12 L/s
on 9 January 2003).

Figure 3. Head level, Chícamo spring and evolution of the amount of precipitation during
1974-2004 (IGME observation points).

Hydrogeochemistry
The chemical analyses available for seven observations points from the IGME network have been compiled,
analysed and represented. These points are: 2734-4-0004 and 2734-4-0008 in the Umbría sector; 27346-0107, 2734-8-0027, 2735-2-0011 and 2735-2-0047 in the Collado del Rey-Madara sectors, and 27353-0001 in Chícamo.
In the Umbria sector there are two points: 2734-4-0004 (1976-2000, Miocene) and 2734-4-0008 (19782000, Oligocene-Eocene). All chemical analyses have been tabulated (Table 1) and represented by means
of Schoeller-Berkaloff diagrams. From the data presented in Table 1, a larger mineralisation can be deduced
for point 2734-4-0008 (Oligocene-Eocene) with respect to point 2734-4-0004 (Miocene). This is coherent
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with more recent studies carried out (CHJ, 1994). At point 2734-4-0004 (Miocene) a clear relationship
between the chemical quality of groundwater and the degree of exploitation of the aquifer can be
established (Figure 4). The greatest exploitation corresponds to the period March-September, and
therefore, also the worst water quality (higher chloride, sodium, sulphate and magnesium contents). In
February and September/October a predominant chemical composition typical of the aquifer (calcium- and
calcium/magnesium-bicarbonate) can be observed (Figure 4). At point 2734-4-0008 (Oligocene-Eocene;
Figure 5) no relationship can be seen between the chemical quality of groundwater and the degree of
exploitation of the aquifer, and a relatively homogeneous chemical composition is obtained regardless of
the time of year considered. These are sodium-chloride water type with variable calcium content.

Figure 4. Schoeller-Berkaloff diagrams corresponding to
the 2734-4-0004 observation point (February, June,
September and October).
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Figure 5. Schoeller-Berkaloff diagrams corresponding
to the 2734-4-0008 observation point.
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Table 1. Chemical analysis in from the Umbria sector (2734-4-0004 and 2734-4-0008 observation points).
(r = meq/L; EC in µs/cm)

In the Collado del Rey and Madara sectors there are four points monitoring groundwater quality: 27346-0107 (1976-2000), 2734-8-0027 (1983-2000), 2735-2-0011 (1976-2000) and 2735-2-0047 (19772000). All chemical analyses have been tabulated (Table 2). The existence of two water groups can be
deduced from the data: 1) a group with a very homogeneous chemical composition with even greater
mineralisation than that observed for point 2834-4-0008 (Umbría sector); and, 2) a group with a
relatively homogeneous composition with similar mineralisation to that of point 2834-4-0008. Point
2734-6-0107 belongs to the first group whilst the other points: 2734-8-0027, 2735-2-0011 and 27352-0047 belong to the second group. Point 2734-8-0027 and point 2735-2-0047 present the greatest
difference in the magnesium content, which is interpreted as a consequence of the presence of dolomite
materials. In general, the sodium-chloride water type is observed, regardless of the time of year
considered.
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Table 2. Chemical analysis from the Madara and Collado del Rey sectors (2734-6-0107, 2734-8-0027, 2735-20011 and 2735-2-0047 observation points). (r = meq/L; EC in µs/cm).
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In the Chicamo sector there is only one point (2735-3-0001) for water quality control (1972-2000)
(Chícamo spring). All chemical analyses have been tabulated (Table 3). This water is of sodium-chloride
type, as the previous points, with a degree of mineralisation halfway between points 2734-4-0004 and
2734-6-0107. The greatest variations observed correspond to the rCa/rMg ratio, and the highest values are
observed in the Chicamo spring.
Table 3. Chemical analysis from the Chicamo spring (2735-3-0001 observation point). (r = meq/L; EC in µs/cm).

In accordance with the comments made thus far, three main types of groundwater can be differentiated in
the Quibas hydrogeological unit (Table 4):
I) 2734-4-0004 (during low abstractions periods): slightly mineralised, calcium- and
calcium/magnesium-bicarbonate water type with good chemical quality, coherent with the nature
of the aquifer (EC between 480 and 505 µS/cm).
II) 2734-4-0008, 2734-8-0027, 2735-2-0011, 2735-2-0047 and 2735-3-0001: sodium- chloride
water with a higher degree of mineralisation than the previous group and more or less enriched in
sulphate, calcium and magnesium. It is an intermediate water type, between types I and III. (EC
between 2550 and 6853 µS/cm).
III) 2734-6-0107: water with significantly higher mineralisation with respect to the previous types,
sodium-chloride type and with a greater enrichment in sulphate, calcium and magnesium (EC
between 10 000 and 16 000 µS/cm).
Table 4. Main types of groundwater differentiated in the Quibas hydrogeological unit considering the sulphate,
calcium, magnesium, chloride and sodium contents (r = meq/L) and the Electrical Conductivity value (EC, in µS/cm).
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The study of the ionic ratios confirms the existence of different types of groundwater identified in Table 4
and shows a progressive increase in the mineralisation (basically in chloride, sodium, sulphate, calcium and
magnesium) as the waters move from Type I to Type III (Figure 6). The high concentrations of chloride and
sodium are attributed to the dissolution of halite (more soluble and predominant in the Lower Eocene
and/or the Keuper, situated close to the permeable materials). The lower concentrations in sulphate and
calcium are interpreted as being due to the dissolution of anhydrite and/or gypsum (less important in the
Lower Eocene and/or Keuper periods compared to halite).

Figure 6. rCl/rNa, rSO4/rCa, rCa/rMg, rHCO3/rCa, rHCO3/rMg and rCa-rSO4/rMg ionic ratios corresponding to the
main groundwater types (r = meq/L).
560

18 SWIM. Cartagena 2004, Spain

L. J. LAMBÁN and R. ARAGÓN

The WATEQ4F 2.63 code (Plummer et. al., 1976; Ball and Nordstrom; 1991) confirms both hypothesis and
allows to observe a good correlation between the halite saturation index and the chloride content as well
as between the anhydrite-gypsum saturation index and the sulphate concentration (Figure 7). In general,
the results obtained indicate chemical equilibrium with calcite and dolomite and undersaturation with
respect to anhydrite, gypsum and halite. On the other hand, the relative enrichment in sulphate with
respect to calcium seems to indicate an incongruent dolomite dissolution process. Hydrogeochemical
simulation with the PHREEQC code (Parkhurst, 1995) has been applied to validate this conceptual model.
Type I water has been simulated with calcite, dolomite, gypsum and halite as equilibrium phases using the
saturation index calculated from WATEQ4F code in the Type III waters, and the results have been compared
with a mass balance (Figure 8). All the simulations confirm that the co-existence of the mentioned
processes is thermodynamically possible.

Figure 7. Correlation between halite saturation index and chloride content, as well as between anhydrite/gypsum
saturation index and sulphate concentration, along a flow path in the Quibas Unit. (Calculations performed with
WATEQ4F; Plummer et al, 1976).

Figure 8. Comparison between the results of a mass balance calculation and a PHREEQC (Parkhurst, 1995)
simulation.
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Conclusions
All the observations made are totally coherent with a degradation of the chemical quality as a result of
groundwater exploitation. This fact is clearly seen at the observation points situated in the Umbria sector.
This sector, as demonstrated by the data corresponding to the point 2734-4-0004 (Miocene), is subjected
to low exploitation (0.05 to 1 Mm3/year during 1987-89; ITGE, 2000) and the chemical quality is
maintained at certain times of the year such as February or September-October (times of less exploitation)
(Type I water). At point 2734-4-0008 (Oligocene-Eocene), however, as the exploitation increases (0.4 to
1.4 Mm3/year in 1987-89; ITGE, 2000) and as it is located at a deeper aquifer level with greater thickness
(that is, greater transmissivity representing equal permeability), the chemical quality is more affected by the
influence and/or leaching of salts corresponding both to the Lower Eocene and the Keuper periods
(regardless of the time of year considered). We also have to bear in mind that the greater mineralisation
observed corresponds to the control point 2734-6-0107 (Type III water), situated in the Collado del Rey
sector, where the density of the collecting and exploitation of groundwater has traditionally been much
more acute. Furthermore, there seems to be a correlation between the degree of exploitation of the
different aquifer levels and the degradation of the chemical quality of groundwater as a result of the
leaching of the existing salts in the Lower Eocene and/or Keuper periods. Finally, the applied
hydrogeochemical simulation codes confirm that both halite dissolution and incongruent dolomite
dissolution occur as groundwater evolve from Type I to Type III.
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