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Abstract: Groundwater represents a natural resource of great socio-economic importance for the entire southern Italy, where it 
is used for both irrigation and drinking purposes. Knowledge of the complex hydrogeological environment, of the 
chemical composition of waters and of the interpretation of geochemical maps allows the definition of flow domain, 
groundwater quality and degradation processes affecting the aquifers. The present paper offers a large qualitative 
assessment of water springs falling within the Crati river basin in Calabria, southern Italy, which is the largest basin in 
the region with an area of 2447.7 km2 and a complex lithology. 190 samples of water springs, located over 300 m 
a.s.l., were collected and analysed. For each sample, physical (i.e. pH, water temperature, conductivity) and chemical 
parameters, such as major cations (Ca2+, Mg2+, Na+, K+) and major anions (SO4

2-, Cl-, HCO3
-), were evaluated. The 

physical and chemical tests allowed the characterization of the hydrochemical facies of the sampled waters by means 
of the Langelier-Ludwig diagram. Moreover, the relationship between water temperature and altitude of the water 
springs has been assessed as well as the one between conductivity and altitude. Due to the extension of the basin, the 
investigated area was split into 5 sub-areas, with different hydrochemical behaviour. Results showed a good quality 
status of the water springs, where the hydrochemical facies of bicarbonate-alkaline type is predominant, and allow us 
to identify the chemical and physical behaviour of groundwater in relation with the several lithologies present in the 
sub-areas. 
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1. INTRODUCTION  

Groundwater is affected by sources of natural and artificial origin. Safe drinking water is the 
basic need for every citizen. About 80% of the diseases in the world and one-third of the deaths in 
the developing countries are caused by contaminated water (WHO 2004). If water is suitable for 
drinking, it can also be safe for all other purposes. Usually, groundwater is safer than surface water 
in normal conditions, as it is naturally protected from the contamination caused by the infiltration of 
recharge water through soil cover. However, soils can be contaminated as a result of human 
activities. On the other hand, toxicity of minerals present in soils and rocks can also be caused by 
groundwater contamination following geochemical processes. Thus, fresh infiltrating recharge 
water can affect the quality of pure groundwater (Subba Rao 2008). In view of the rapid changes in 
groundwater due to the influences of natural and artificial sources, the examination of the quality of 
groundwater has been the issue of a great number of research papers (e.g., Appelo & Postma 2005; 
Fantong et al. 2009; Subramani et al. 2010; Ako et al. 2012). The most commonly used method to 
describe the constraints of groundwater evolution is the hydrochemical approach. 

The present study is the first of its kind in the study area that attempts to evaluate groundwater 
quality in the Crati river basin in Calabria, southern Italy, by collecting and analysing 190 samples 
of water springs. In fact, although the Calabria region, and in particular the Crati basin, is an area 
characterized by several water springs and where groundwater is a prime source for drinking, only 
few studies, and for a small number of water springs, have been conducted in the past years to 
evaluate groundwater quality and degradation processes affecting these aquifers (Apollaro et al. 
2006; Cantasano et al. 2013). 
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2. DATA AND METHODS 

The Crati river Basin is the largest basin in the Calabria region (Figure 1), with an area of 2447.7 
km2 and a perimeter of about 320 km. The maximum and average altitudes are 2258 m a.s.l. and 
597 m a.s.l. respectively. The 95-km long Crati River rises in the Sila Mountains at 1742 m a.s.l. 
and flows into the Ionian Sea.  

It is a basin characterised by a typically Mediterranean climate, presenting sharp contrasts due to 
its position within the Mediterranean Sea and to its orography. Specifically, warm air currents 
coming from Africa and high temperatures affect the eastern sector, leading to short and heavy 
rainfall. The western side, instead, is affected by western air currents which cause temperatures to 
be milder and higher precipitation amounts on the mountains than on the other side. Cold and 
snowy winters and fresh summers with some precipitation are typical of the inner areas of the basin 
(Caloiero et al. 2016). From a geological point of view (Figure 1), the Crati Basin is bounded by the 
crystalline rocks of the Sila Massif to the east, by the crystalline and sedimentary rocks of the 
Coastal Chain to the west and south, and by the carbonatic rocks of the Pollino Massif to the north. 
The basement of the Crati Graben consists of Paleozoic granitoids and metamorphic rocks (gneiss, 
amphibolite, shale, schist and phyllite) belonging to the Alpine and Hercynian Chains. The Basin is 
L-shaped and has been divided into a N-S oriented Crati and an E-W oriented Sibari sub-basins 
(Colella et al. 1987). 

 

Figure 1. Crati river basin with water springs and sub-zones (left) and lithological map of the basin (right). 
Lithological units are grouped in seven classes: 1) limestones and dolostones; 2) metamorphic rocks at places with 

ophiolites; 3) sand, clay and gravel; 4) clayely and marly terranes; 5) flysch; 6) sandstones, conglomerates, limestones 
banks; 7) metamorphic rocks. 

Due to its extension, as well as its geomorphological and hydrogeological properties, the 
investigated area was divided into 5 sub-areas, a) Pollino Massif, b) Coastal Chain, c) Mt. Cocuzzo, 
d) Serre Area, e) Sila Plateau (Figure 1), whose sampled waters have different hydrochemical 
behaviour. 

The sampling of the 190 water springs has been conducted between February 2016 and May 
2016, when the maximum discharges of the sources is usually recorded (Cantasano et al. 2013). 

The physical parameters (i.e. temperature, pH and specific electrical conductivity compensated 
at 20°C), have been determined in situ using portable pH meter and conductivity meter. While the 
chemical parameters, such as major cations (Ca2+, Mg2+, Na+, K+) and major anions (SO4

2-, Cl-, 
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HCO3
-), were evaluated according to acknowledged laboratory standard methods (APHA 2002). 

The analysis conducted allowed us to determine the so-called hydrochemical facies for all the water 
spring samples, by means of the well-known Langelier – Ludwig (LL) squared diagram (Langelier 
and Ludwig 1942). This diagram allows the water classification by placing each sample point in one 
of the four sectors in which it is divided: First Sector chloride-sulphate alkaline-earth waters; 
Second Sector chloride-sulphate alkaline waters; Third Sector bicarbonate-alkaline waters; Fourth 
Sector bicarbonate alkaline-earth waters. The ions concentrations have been expressed in mEq/l. 
Moreover, further investigation has been conducted from the analysis of the diagrams which 
represent the comparison between the elevation of the water springs and two physical parameters 
such as temperature and conductivity. 

3. RESULTS AND DISCUSSION 

3.1 Langelier – Ludwig squared diagram 

By evaluating ions concentration, for each sub-area a specific LL diagram has been obtained and 
the different hydrochemical facies have been investigated. Figure 2 shows the five different LL 
diagrams obtained, and a global overview of the spatial distribution of the LL classification within 
the Crati River basin.  

On the basis of the different lithologies, significant results have been obtained for each sub-area.  
In the Coastal Chain, the majority of the samples fall within the fourth sector with a random 

distribution revealing a high variability of the chemical and physical characteristics which can be 
due to a mixing effect between different types of water (Cantasano et al. 2013). This behaviour is 
typical of a strong lithological inhomogeneity as well as an important faults system running through 
the area.  

As to what concerns the Sila Plateau area, from the analysis of the LL diagram, the water 
samples mainly fall within the first and the fourth sector, according to two different groups, thus 
evidencing water springs rich in Sodium and Potassium and, at the same time, poor in Calcium, 
Magnesium and alkalinity. This is a typical behaviour of aquifers flowing into intrusive magmatic 
or plutonic rocks, which also give waters some acid character. 

In the Mt. Cocuzzo area results showed samples homogeneously grouped mostly in the fourth 
sector, very close to the lower right vertex of the diagram. This signals the presence of hard waters 
coming from deep aquifers, which are rich in Calcium and Magnesium. These two ions contribute 
to the high conductivity which has been detected in some water samples found in a restricted area. 

The Pollino Massif area showed quite a similar behaviour with the Mt. Cocuzzo area. In fact, the 
majority of the samples fall within the fourth sector, due to waters particularly rich in Bicarbonates, 
Calcium and Magnesium. The alkaline character of these aquifers is due to a prolonged contact with 
limestones, dolostones, gypsum and anhydrite. In the west side of the Pollino Massif, only few 
waters springs showed a chloride-sulphate alkaline-earth character, probably due to some sea 
aerosols transport. 

In the Serre area, all the water samples fall within the fourth sector and, as in the case of the Mt. 
Cocuzzo area, this is related to the presence of hard waters coming from deep aquifers rich in 
Calcium and Magnesium. 

From the spatial distribution of the results obtained through the LL squared diagrams it can be 
observed that the bicarbonate alkaline-earth type emerged as predominant in each analysed area. In 
particular, it must be noted that these water springs are located at the highest elevations, very close 
to the basin borders. 
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Figure 2. Langelier – Ludwig squared diagram for each area and spatial distribution of the results. 
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3.2 Relationship between water springs conductivity and elevation 

From the analysis of relationship between water springs conductivity and altitude, some general 
information about the aquifers behaviour and their interaction with external phenomena can be 
evidenced (Figure 3).  

In the Mt. Cocuzzo area, the sample points showed high variability with altitude, with some of 
the water springs clearly differing from others for their high conductivity values (maximum value in 
all the Crati river basin equal to 1185 µS/cm). In particular, this group is placed on a sulphurous-
chalk lithological bedrock, which can explain the high conductivity values.  

In the Coastal Chain, a slight downward behaviour of the conductivity with elevation has been 
detected, and three different water springs groups can be identified, probably due to the presence of 
several aquifers at different depths.  

An almost homogeneous behaviour has been identified in the Pollino Massif, where limestone 
and dolostone make waters more conductive but the depth of these waters does not allow a 
remarkable interaction with precipitation. 

The Sila Plateau area showed the most interesting results. In fact, in this area the highest water 
springs (1674 m a.s.l.) and the lowest conductivity value (45 µS/cm) have been found. This result 
may be indicative of the presence of relatively shallow aquifers, which are affected by rainfall 
(Infusino et al. 2006) and infiltration into the soil. Moreover, as the altitude decreases, the rainfall 
decreases too but the infiltration path and, consequently, the amount of dissolved salts brought in 
solution increase: that’s why more conductive water springs have been found at the lowest altitude 
(Wilcox et al. 1956; Powell et al. 1985). 

In the Serre area, no relationship between water springs conductivity and elevation has been 
evidenced. 

 

Figure 3. Relationship between water springs conductivity and elevation 
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3.3 Relationship between water springs temperature and elevation 

Further information can be derived from the analysis of the diagrams which represent the 
comparison between the temperature and the elevation of the water springs, expressed as m a.s.l. 
(Figure 4). In fact, water spring temperature is influenced by many factors such as the season of the 
year in which the samples have been collected, the latitude and the elevation of the water springs. 
This latter relationship strictly depends on the depth of the aquifer. Indeed, elevation impacts on soil 
temperature in the same way as it does on air temperature. Moreover, water spring temperature is 
also linked to air temperature, with solar radiation, and finally with the geothermal gradient (Celico 
1986).  

As a result, in the Pollino Massif and in the Mt. Cocuzzo areas a homogeneous distribution of the 
temperatures with elevation can be observed. This is a typical behaviour of the deep groundwater 
aquifers which are not influenced by air temperature and show an almost constant temperature. On 
the contrary, in the Coastal Chain, in the Sila Plateau and in the Serre areas a marked reduction of 
the water springs temperature with elevation has been detected, which means superficial aquifers 
whose water temperature is influenced by air temperature.  

 

 

Figure 4. Relationship between water springs temperature and elevation 

4. CONCLUSIONS 

The present study is the first of its kind in the study area that attempts to evaluate groundwater 
quality in the Crati river basin in Calabria, southern Italy, by collecting and analysing 190 samples 
of water springs. The analysis of the major chemical and physical parameters allowed us to offer a 
global overview of the hydrochemical facies of the natural water springs in the five sub-areas in 
which the basin has been divided. As a result, the bicarbonate alkaline-earth and the chloride-
sulphate alkaline-earth water types were the most detected, with very few occurrences of chloride-
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sulphate alkaline type. Moreover, the bicarbonate alkaline-earth water types were detected at the 
highest elevations, very close to the basin borders.  

From the analysis of the relationship between water springs conductivity and altitude, some 
general information about the aquifers behaviour and its interaction with external phenomena has 
been evidenced. In the Coastal Chain, Mt. Cocuzzo and Sila Plateau areas a downward behaviour of 
the conductivity with elevation has been detected. In particular, the most interesting results have 
been detected in the Sila Plateau area where, due to the presence of relatively shallow aquifers, the 
highest water springs and the lowest conductivity value have been found.  

Finally, in the Coastal Chain, in the Sila Plateau and in the Serre areas a marked reduction in 
water springs temperature with elevation has been detected, probably due to the presence of 
superficial aquifers.  
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