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Abstract: The Fushë Kuqe costal aquifer is a typical confined alluvial aquifer. The aquifer medium consists of alternating and 
discontinuous layers of gravel and sand-gravel and silt-clay impermeable layers which have conditioned its multilayer character. The 
aquifer recharge occurs mainly through water infiltration from the Mat river in the North, and from Droja river in the South, while its 
natural discharge proceeds to the Adriatic sea. TDS (Total Solids Dissolved) concentration varies from 200-500 mg/L in the 
North-Eastern area up to over 1,000 mg/L near the coastal area. Such a wide range of TDS values is also confirmed by high (11.89° dH) 
value of its standard deviation. The HCO3-Ca-Mg and HCO3-Mg-Ca hydrochemical water types dominate in the eastern-north-eastern 
aquifer sectors, Na-Mg-HCO3-Cl, Na-Cl-HCO3 type in central-western area and, finally, Na-Cl type along the coastal parts of the 
aquifer. Dissolution of carbonates and sulphate minerals and silicate weathering seems to be the primary processes for the formation of 
the chemical composition of the groundwater. Chloro-Alkaline Indices CAI-1 and Chadha’s classification diagram distinguished two 
groundwater compositional groups derived from water-medium chemical reactions and fresh groundwater-seawater mixture, 
respectively. 
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1. Introduction 

The Fushë Kuqe costal aquifer is a typical confined 

alluvial aquifer. It is composed of alternating and 

discontinuous layers of gravel-sand-gravel and 

silt-clay. The water-saturated gravel-sand sediments 

range in thickness from 5-10 m in the East to 180-200 

m in the West, whereas the thickness of silt-clay cover 

reaches up to 30-40 m in the west [1].  

The permeable gravel-sand layers of the alluvial 

deposits form a multi-layered aquifer which is mainly 

recharged through water infiltration from the River 

Mat at its outlet into the Fushe Miloti plain [2]. The 

direction of groundwater flow is from northeast to 

southwest and the groundwater discharges to the 

Adriatic Sea. The piezometric head varies from about 

0.0 m a.s.l. at the outlet of the river into the plain to 
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about 3 m a.s.l. in the littoral, where the aquifer is 

confined [2]. Near the recharge area it appears as an 

individual semi-confined aquifer which changes 

towards the discharge zone to a multilayer typical 

confined one. 

It changes from a individual semi-confined aquifer 

in north-eastern recharge area to a multilayer confined 

one in the western area of aquifer extension. 

The transmissibility of the aquifer is high (4,000 to 

8,000 m²/d) along southern side of River Mat and 

gradually decreases to about 500-1,000 m²/d at the 

southern periphery of the aquifer [3]. 

The chemistry of groundwater along the coastal 

western area of the aquifer is considerably impacted by 

the sea water intrusion [4]. 

2. Material and Methods 

Groundwater samples were collected from private 

and community wells (11 samples) covering all the 

study aquifer extension area. Three other surface water 
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samples were taken: one from River Mat, one from a 

karst spring in Laci town and one from the Adriatic Sea. 

The locations of all samples are shown in Fig. 1. The 

groundwater was directly sampled from the artesian 

wells, while in semi-artesian ones it was either pumped 

or using the SEBA Liquid Sampler KLL-S. It should be 

mentioned that in the case of deep artesian wells, water 

samples are taken in the well mouth and consequently 

they represent a mixture of groundwater that drains into 

the well from different aquifer layers. Field 

measurements of pH and temperature were taken 

immediately upon collection of the sample. pH and 

temperature were measured using a Hanna HI 9023 

temperature-compensated pH meter. The water 

samples are taken in polyethylene bottles, with a 

volume of 1.5 L, sealed with a pressure and filler cap. 

The bottles are preliminarily acidified with nitric acid 

diluted to 1:1 with deionized water to avoid precipitate 

formation and they were filled leaving a space under 

the compressed cap about 1 mm, to eliminate the 

possibility of contaminations in water sample. Chemical 

analysis is made in Chemical Laboratory of the 

Geological Survey of Albania, Tirana. Ca2+ and Mg2+, 

hardness and HCO3
- were analyzed via titration; Cl and 

SO4
2- by photometry; pH and electric conductivity by 

electrochemistry; TDS (Total Solids Dissolved) was 

calculated after electric conductivity values; Fetot, Na+ 

and K+ were analyzed in AAS “PERKIN ELMER” in 

both flame technic 400 AANALYST and 900 AA 

model with graphite furnace.  

3. Hydrogeological Setting 

Fushë Kuqe aquifer is located in north-west Albania 

and it is an important area of Tirana-Lezha basin which 

represents a depression formed during Quaternary 

thanks to earth sinking against raising up regime of the 

eastern sectors where older (Paleogene flysch and 

Cretaceous limestone) geological formations outcrop 

(Fig. 1). The depression was successively filled up with 

sediments which mostly are of alluvial origin but to a 

less extent present marshy and marine sediments that 

compose the uppermost part of the Quaternary section. 

The thickness of Quaternary section ranges from about 

60-80 m in southern (Shllinza) area up to about 200 m 

in the Patok area [2].  

The costal aquifer of Fushë Kuqe is an alluvial 

aquifer that occurs under confined conditions. Its 

medium consists mainly of gravel and subordinate sand. 

In the centerwestern sectors of the aquifer, some 

discontinuous silt-clay intercalations appears which 

give to the aquifer a multilayered character. The depth 

of the basin increases from east to west (Fig. 2) as 

showed by the increase of thickness of both gravelly 

aquifer medium (from 5-10 to 180-200 m) and its 

silt-clay cover (from 3-5 to 30-40 m) [1]. 

Most of researchers think that River Mat represents 

the main recharge source for the alluvial aquifer of 

Fushë Kuqe [2]. The contribution of precipitations and 

eastern karst aquifers to Fushë Kuqe aquifer are less 

important, due to the impermeable sandy clay layer on 

the top of the aquifer and lateral conditions mostly 

represented by the flysch aquiclude formations, 

respectively. The direction of groundwater flow is from 

NE to SW and the groundwater discharges to the 

Adriatic Sea. The piezometric head varies from about 0 

m a.s.l. at the outlet of the river into the plain to about 3 

m a.s.l. in the littoral, where the aquifer is confined [2]. 

Near the recharge area, i.e. north-eastern part of the 

aquifer, it appears as an individual semi-confined 

aquifer which changes towards the discharge zone to a 

multilayer confined one due to discontinuous clay 

intercalations with gravel. 

The transmissibility of the aquifer is generally high; 

in the central part of the plain on both sides of River 

Mat it is about 4,000 to 8,000 m²/d, and gradually 

decreases to about 500-1,000 m²/d at the northern and 

at the southern periphery of the aquifer [3].  

4. Results and Discussion 

4.1 Geochemistry of Groundwater 

The groundwater of Fushë Kuqe aquifer shows 

variable chemical composition in different areas of its 
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Fig. 1  Geological map of the Fushë Kuqe area (Location of water samples is shown). 
 

 
Fig. 2  Transversal geological section of the aquifer (according to Ref. [2]). 
 

extension and its hydrochemical parameters range 

within wide intervals (Table 1). Such a diverse 

chemical composition of groundwater is related to the 

recharged water chemistry, residential time of the 

groundwater into the aquifer and composition of the 

aquifer medium, but also modified by other phenomena 

like sea water intrusion and/or mixing of different 

groundwater types [5]. 

TDS concentration varies from 200-500 mg/L in the 

North-Eastern area (sample no. 3, 4, 5, 8, 10, 17) 
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through 500-1,000 mg/L in southern area (sample No. 

12, 13) up to over 1,000 mg/L near the coastal area 

(sample No. 6, 9, 15). Such a wide range of TDS values 

is also confirmed by high (11.89° dH) value of its 

standard deviation. 

The hardness values correlate to some extent with 

TDS concentration, where soft water is found in the 

center area (sample No. 10, 17), hard water in the 

northern sectors (sample No. 4, 5) and the rest of water 

samples belong to very hard water. Among these later, 

groundwater of sample No. 9 and 15 has the highest 

hardness values.  

pH is slightly alkaline and ranges from 7.24 in 

southern area to 8.33 in northern area, having a mean 

value of 7.94 and a standard deviation of 0.33. The 

most alkaline values of pH belong to groundwater of 

western (sample No. 4, 5, 6, 8, 10, 15) area of the 

aquifer. 

The variable content of chemical constituents (Table 

1) determined a chemical composition of groundwater 

consisting of several hydrochemical groundwater types 

(Fig. 3), which show a spatial variation from east to 

west of the aquifer extension. Thus, HCO3-Ca-Mg and 

HCO3-Mg-Ca hydrochemical types dominate in the 

eastern-north-eastern aquifer sectors, Na-Mg-HCO3-Cl, 

Na-Cl-HCO3 type in central-western area and, finally, 

Na-Cl type along the coastal parts of the aquifer. Such a 

geochemical composition characterizes the 

groundwater of Fushë Kuqe aquifer as a groundwater 

that varies from chemically immature composition 

which mainly falls near the center of the Piper plot 

(eastern-northeastern area) up to highly evolved 

composition that falls in the upper right side of the 

Piper rhomb (western area) (Fig. 3). 

4.2 Factors Driving the Groundwater Geochemistry 

Formation 

In addition to the Piper and Durov diagrams that 

allow hydrochemical water types, Gibbs plots were 

also used to clarify the relationship of groundwater 

composition with processes and factors that drive its 

formation and, in particular, to reveal the influence of 

aquifer lithological characteristics to groundwater 

composition [6]. The data points of analyzed water 

samples from Fushë Kuqe aquifer on the Gibbs’ 

diagram (Fig. 4) suggest chemical weathering of 
 

 
Fig. 3  Piper diagram of the Fushë Kuqe groundwater hydrochemical composition. 
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Table 1  Chemical analysis of groundwater samples. 

No. 
Sample 

Temperature 
(°C) 

pH 
Electrical 
conductivity 
(μS/cm) 

Na+ 
(mg/L) 

K+ 
(m) 

Ca2+ 
(mg/L) 

Mg2+ 
(mg/L) 

HCO3
- 

(mg/L) 
CO3

2- 

(mg/L) 
Cl- 
(mg/L) 

3  15.00 7.92 390.00 13.68 1.79 32.12 24.80 192.15 10.50 5.41 

4 14.16 8.13 307.00 12.07 1.40 18.35 22.00 141.83 10.50 4.90 

5 13.70 8.18 350.50 24.21 2.52 13.52 23.39 143.35 10.50 12.59 

6 15.50 8.23 2,014.50 387.57 6.26 29.70 28.38 146.40 10.50 605.60 

8 14.49 8.20 697.00 98.93 3.45 18.17 16.64 161.65 10.50 120.14 

9 15.70 7.88 2,970.00 630.45 2.38 88.39 80.89 150.98 6.00 1,138.88 

10 15.30 8.33 723.00 148.67 2.63 7.68 8.10 166.23 18.00 128.05 

12 16.30 7.24 688.00 15.21 0.60 78.71 37.17 402.60 4.50 7.96 

13 14.80 7.75 763.00 41.63 0.82 67.33 47.45 430.05 3.00 17.11 

15 17.20 7.52 3,535.00 670.42 4.88 118.85 102.59 300.43 3.00 173.24 

17 14.80 8.01 511.00 86.67 1.13 13.45 13.80 202.83 10.50 26.71 
No. 
Sample 

SO4
2-  

(mg/L) 
NO3

- 
(mg/L) 

TDS 
(mg/L) 

Hardness 
(° dH) 

TN 
(mg/L)

TC 
(mg/L) 

Fetot  
(mg/L) 

NO4
+  

(mg/L) 
NO2

- 

(mg/L) 
PO4

3- 
(mg/L) 

3  27.97 2.21 310.71 10.20 0.48 1.20 0.01 0.00 0.01 0.08 

4 21.37 1.67 234.12 7.63 0.40 1.10 0.01 0.01 0.00 0.11 

5 29.98 0.18 260.46 7.28 0.10 1.20 0.01 0.00 0.02 0.10 

6 69.11 4.10 1289.32 10.68 1.01 4.20 0.01 0.00 0.01 0.09 

8 29.02 79.84 460.46 6.37 0.40 2.34 0.02 0.02 0.00 0.12 

9 100.82 3.97 2204.03 30.97 0.90 3.62 0.02 0.02 0.00 0.12 

10 30.45 1.22 511.57 2.94 0.32 2.64 0.01 0.01 0.00 0.16 

12 34.81 8.16 589.86 19.55 1.84 4.68 0.01 0.02 0.00 0.08 

13 56.44 4.32 668.41 20.33 1.01 4.24 0.01 0.02 0.04 0.10 

15 1502.80 4.23 2882.47 40.22 2.10 9.01 0.50 0.02 0.00 0.07 

17 50.15 2.10 407.60 5.06 0.90 1.48 0.01 0.02 0.00 0.18 

(TDS—Total Dissolved Solids; TN—Total Nitrogen; TC—Total Carbon). 
 

rock-forming minerals as the origin of the ions, but, 

excluding precipitation.  

Dissolution of carbonates and sulphate minerals and 

silicate weathering seems to be the primary processes 

of accumulation of HCO3
- and SO4

2- in water, as 

indicated in the Ca2++Mg2+ versus alkalinity+SO4
2- in 

scatter diagram (not shown) where most of samples  

fall above the equiline, besides two of them. Sample 

No. 15 is apparently distinguished due to high excess 

of SO4
2- over calcium which is interpreted as evidence 

of the removal of calcium from the system, likely by 

calcite precipitation or weathering of magnesium 

sulphate minerals [7]. In samples No. 3, 4, 12, 13 the 

report of Ca to HCO3 is around 1:2 indicating that they 

mainly come from desolation of calcite, as reported by 

Ref. [8].  

On the other hand, taking into consideration that in 

most of samples, including samples No. 3, 4, 12, 13, 

magnesium is higher than calcium, this could be 

interpreted as a result of water interaction with Mg-rich 

silicate minerals [9]. Chloro-Alkaline Indices CAI-1 

and CAI-2 of Refs. [10, 11] are calculated for the 

interpretation of ion exchange between groundwater 

and aquifer medium: 

CAI-1 = Cl- - (Na+ + K+) / Cl- 

CAI-2 = Cl- - (Na+ + K+) / (SO4
2- + HCO3

- + CO3
2- + 

NO3
-) 

CAI-1 values for most of water samples are 

negative which can indicate the ion-exchange of Mg2+ 

and Ca2+ in the water with Na+ and K+ in the aquifer 

medium. On the contrary, samples No. 6, 8, 9, 10 have 

positive CAI-1 values indicating the dominance of ion 

exchange of Na+ and K+ in the water with Mg2+ and 

Ca2+ in the aquifer medium (reverse ion exchange). 
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Fig. 4  Gibbs plot showing geochemical processes in 
groundwater (sample points of the study area are shown). 
 

 
Fig. 5  Chadha’s classification diagram of the Fushë Kuqe 
groundwater hydrochemical composition. 
 

These later samples are also well distinguished in the 

Chadha’s classification diagram (Fig. 5) showing that 

they represent a mixture between fresh aquifer water 

and sea water.  

5. Conclusions 

The Fushë Kuqe costal aquifer is a typical confined 

alluvial aquifer that shows high and low-medium 

hydraulic parameters in northeastern and southwestern 

areas of its extension, respectively.  

The groundwater shows variable chemical 

composition conditioned by interference of different 

factors like recharged water chemistry, residential time 

of the groundwater into the aquifer and composition of 

the aquifer medium.  

The main hydrochemical groundwater types are 

HCO3-Ca-Mg and HCO3-Mg-Ca that dominate in the 

eastern-north-eastern aquifer sectors, Na-Mg-HCO3-Cl, 

Na-Cl-HCO3 type in central-western area and, Na-Cl 

type along the coastal parts of the aquifer.  

The geochemistry of groundwater varies from 

chemically immature composition in 

eastern-northeastern area up to highly evolved 

composition along the coastal western area of the 

aquifer. 

The variable chemical composition of groundwater 

is a consequence of an integral influence of different 

factors, among which water-medium chemical 

reactions and fresh groundwater-seawater mixture 

dominate. 
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