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1 Initial Characterisation of Groundwater Bodies 
 
 
1.1 Introduction 
The Water Framework Policy Regulations require the Malta Resources Authority to carry 
out an ‘initial characterisation’ of the groundwater bodies within the Maltese Water 
Catchment District in accordance with the provisions laid out in Regulation 5, in order to 
identify those bodies of groundwater which are at risk of failing to achieve the 
Environmental Objectives of the Regulations by 2015.   
 
The Regulations outline that this investigation should be based on existing hydrological, 
geological, pedological, land-use, discharge, abstraction and other data and should 
identify and outline: 

• the location and boundaries of all the groundwater bodies within the water 
catchment district; 

• the pressures to which the groundwater bodies are likely to be subject including: 
• diffuse sources of pollution, 
• point sources of pollution, 
• abstraction, 
• artificial recharge; 

• the general characteristics of the overlying geological formations and strata in the 
catchment area from which the groundwater body receives its recharge, 

• those groundwater bodies for which there are directly dependent surface water 
ecosystems or terrestrial ecosystems. 

 
This report describes the basic characteristics of the bodies of groundwater in the Maltese 
Water Catchment District and estimates the risks each groundwater body has of failing to 
achieve the objectives set by the Water Policy Framework Regulations. 
 
1.2 General Hydrological considerations 
The Maltese archipelago consists of three inhabited islands, Malta, Gozo and Comino and 
a number of uninhabited islets scattered around the shoreline of the major islands.  Its 
location is approximately 96km south of Sicily and 290km north of Tunisia and located at 
latitudes 35º 48' and 36º 05' North and longitudes 14º 11' to 14º 35' east.   
 
The total surface area is approximately 316km2 and the perimeter of the shoreline of 
Malta is 136km whilst that of Gozo is 43km.  The Maltese Islands have a population of 
approximately 376,000 and with a population density of 1,190 inhabitants/km2, it is 
amongst the highest in the world.  Malta is highly urbanized with around 21% of the total 
surface area being built-up. 
 
The climate of Malta is typically semi-arid Mediterranean, characterized by hot, dry 
summers and mild, humid winters with short seasonal rainfall periods which are 
generally of high intensity.  The mean annual rainfall is 550mm, restricted almost totally 
to the rainy season between September and April.  Rainfall is characterized by several 
storms of high intensity but of relatively short duration. 
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Within the Maltese Water Catchment District, the Upper and Lower Coralline Limestone 
formations are considered to function as the main aquifer rocks.  The Globigerina 
Limestone is thought to function only locally as an aquifer, normally transmitting water 
from the surface into the main groundwater bodies along fractures.  The Blue Clay and 
the Greensand are normally impermeable and underlie the perched Upper Coralline 
Limestone aquifer formation.  Faulting, sinkholes and patch reefs however partially 
penetrate these impermeable layers.  The soils have a high water storage capacity; but 
these are generally present as thin layers.  
 

 
Figure 1.1:  Simplified Geological Map of the Maltese Islands. 

 
From a geo-structural point of view, the island of Malta can be subdivided into two parts: 
the north-western part and the central south-eastern part; the limit being marked by the 
major fault line usually called the Victoria Fault. Fault systems in the island are not 
consistent in their hydraulic function.  There are fault seals, especially where the aquifer 
is displaced against an impermeable formation.  The northern Pwales fault is considered 
to work as a seal due to a dragged clay and marl fill along the fault plane. Other faults 
encourage communication, especially vertically.  The main 'Victoria Lines' fault allows 
communication of groundwater along and across the fault-plane due to intense fracturing.  
 
In a significant part of the island, south of the Pwales fault, the Upper Coralline 
Limestone and the Globigerina/Lower Coralline Limestone aquifers are stacked 
vertically.  The Lower Coralline Limestone (LCL) aquifer is in lateral and vertical 
contact with sea-water.  Due to the density contrast of freshwater and saltwater a 
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Ghyben-Herzberg system is developed; a freshwater lens floating on saltwater with a 
thickness approximately 36 times more below sea level than the freshwater level above 
sea level.  In the central regions of the island, hydraulic heads of around 4-5m were 
recorded in the 1940’s when the aquifer was still relatively unexploited.  Today the 
potentiometric surface in these regions is maintained at levels in the region of 1m amsl by 
groundwater abstraction from the horizontal galleries driven at sea level in the Lower 
Coralline Limestone aquifer.  The action of these galleries can therefore be considered as 
a modification to natural groundwater flow, creating a permanent piezometric 'low' 
region in the central areas of the island. 
 

 
Figure : Extent of the Globigerina/Lower Coralline Limestone Aquifers in the Maltese Islands. 

 
 
Porosity and permeability of the rock formation depend to a large extent on fissures and 
microfractures.  Infiltration into the sea level aquifer is predominantly through fissures in 
the overlying Globigerina Limestone.  From this aquifer extraction takes place through 
the gallery system driven near the centre axis of the island and by boreholes further away 
from the centre.  Due to brackish water upconing, the water pumped from the LCL 
exceeds 1000mg/l chlorides in a number of major sources, with peaks reaching 2000mg/l 
chlorides being registered.  
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Figure: Scheme showing a Ghyben-Herzberg (floating) groundwater body in an island.  

(Source: UNESCO) 
 

The Upper Coralline Limestone aquifer in this zone is perched above a Blue Clay seal 
(aquiclude) on the Rabat-Dingli and Mgarr-Wardija Plateaus.  The aquifer outcrops, 
partly below a thin soil cover, and infiltration of surface water is direct.  No saltwater 
intrusion is possible due to the high topographical position above sea level.  Large scale 
private abstraction from shafts and springs takes place. 
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Figure:  Extent of the Upper Coralline Limestone Aquifers in the Maltese Islands. 
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The northern part of the island is divided by a NE-SW block-fault system into a 
succession of horst and graben like structures; the graben being occupied by rather flat 
valleys separated by ridges.  This structure with parallel compartments separated by 
faults leads to the point that the resulting aquifer blocks should be considered as 
independent from one another from a  hydrogeological point of view.  The fault bounding 
the south of the Pwales Valley between Ghajn Tuffieha Bay and St Paul’s Bay separates 
the main aquifer of the island from the northern smaller graben and horst units.  

A perched aquifer is thus developed in the Upper Coralline Limestone highlands of 
Mellieha Ridge, a sea level aquifer is present at Mizieb whilst tilted blocks of the Upper 
Coralline Limestone supporting a coastal groundwater body with limited lateral contact 
with saltwater are found at Pwales, Mellieha Bay and Marfa Ridge.  The aquifers in the 
northern part of Malta have only a small potential for water extraction.  The groundwater 
is largely used for public water supply and irrigation.  The small broken up blocks allow 
little room for economical, large scale water production development.  

 

 

Figure: Perched Aquifer Scheme (source: IGN) 

In Gozo, the Lower Coralline Limestone sustains a mean sea level aquifer displaced over 
the whole of the island except for a small region around the harbor of Mgarr where the 
Blue Clay formation occurs at sea level due to faulting.  The Upper Coralline Limestone 
outcrops in the island, namely at Ghajnsielem, Nadur, Xaghra, Zebbug and 
Victora/Kercem  sustain small perched aquifers which are exclusively used for irrigation.  
A number of minor perched aquifers are sustained by small outcrops of the Upper 
Coralline Limestone such as those at Ghar Ilma, Ghajn Abdul and il-Gordan.  

Replenishment of these groundwater bodies is mainly by rainfall and leaks from the 
water supply and sewerage network systems.  There are no permanent rivers or lakes on 
the islands.  Surface run-off into the sea is comparatively small, due to the morphology, 
good water absorption by the soil and infiltration into the rock, and run-off interception 
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by numerous dams, walls and terraces built over centuries.  The major surface water loss 
is by evapotranspiration.  Aquifer recharge varies according to the rainfall.  The amount 
of water in storage in the Ghyben-Herzberg lens of the sea-level aquifers is of the order 
of 2x109m3, as determined by hydrological aquifer models constructed by BRGM in 
1991. This volume is considered to be quite large compared to yearly recharge whereas in 
the perched and coastal aquifers, the recharge forms a very large percentage of the water 
in storage.   

Figure: Coastal Aquifer Scheme (source: UNESCO) 
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2 Malta Main Mean Sea Level Groundwater Body 
 
 
2.1 Location of the Groundwater Body 
The Malta Main Mean Sea Level Groundwater Body is sustained in the Lower Coralline 
Limestone aquifer and is in free contact with sea-water.  This groundwater body extends 
over the whole southern and central parts of the island, under the Rabat-Dingli plateau, 
the Mgarr Plateau, the Wardija Ridge up to the Pwales Valley as its northern boundary. 
 
In real terms the groundwater body can be compared to a lens shaped body of fresh-water 
floating on more saline water, having a convex piezometric surface and conversely a 
concave interface sloping towards the land.  The thickness of the lens below sea level is 
roughly thirty-six times its piezometric height above sea level following closely the 
Ghyben-Herzberg model. 
 
Its surface area, mostly overlain by Globigerina Limestone is 216.6km2.  South of the 
Pwales Valley, over a total area of 37.8km2 the Upper Coralline Limestone overlies the 
Lower Coralline Limestone aquifer, but is separated from it by the more or less 
impervious Greensand and Blue Clay formations. 
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Figure: Boundaries of the Malta Main Mean Sea Level Groundwater Body 

 
2.2 Importance of the Groundwater Body 
The Mean Sea Level Groundwater Body is by far the major groundwater body in the 
Maltese islands and yields an estimated 66% of the total groundwater extracted in the 
country. In fact an estimated 23 million m3 of groundwater is abstracted annually from 
this groundwater body; thirteen million of which are abstracted by the Water Services 
Corporation for potable purposes with the remaining 10 million m3 being abstracted by 
private entities for a variety of uses including potable, irrigation, industrial and tourism 
purposes.  Under optimum conditions the MSL system is estimated to store up to 1.5 
billion m3 of groundwater.  



 8 

2.3 Pressures on the Qualitative Status of the Groundwater Body  
Due to specific features such as the size of the islands, the high population density, 
anthropogenic factors and pollution associated with urbanisation and extensive pressures 
on land; water protection is a sensitive and difficult issue with frequent conflicts arising 
between users and stakeholders.  The sea-level aquifers in particular are prone to saline 
intrusion from the bounding sea-water and pollution from human activity occurring 
within their surface catchment area. 
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Figure: Main land-use features in the catchment area of the mean sea level groundwater body. 

 
The main threats to groundwater quality are associated with point pollution incidents, 
such as unlawfully discharged substances in the soil, nitrate contamination attributed to 
anthropogenic activities including agricultural practices, application of fertilizers and 
contamination from human and animal wastes and high chloride concentrations 
associated with sea-water intrusion as a result of localized over pumping. 
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Figure: Chloride content in water abstracted from the Malta Main Mean Sea Level Groundwater Body. 
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Groundwater abstracted from this groundwater body has high levels of chloride 
concentrations as a result of regional over-abstraction and localized sea-water intrusion.  
Chloride levels in pumping stations ranged between 400mg/l and 2000mg/l in 2003.  In 
practice the mean sea level groundwater body is very sensitive to saline upconing due to 
its particular hydrogeological characteristics. 
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Figure: Average Chloride Concentrations at Pumping Stations (Axiaq and Sammut, 2002) 

 
Analysis of nitrate values measured at pumping stations over the 25 year period (1976-
2001) indicates a steady increase of nitrates in groundwater.  Nitrate contamination in 
groundwater is thus largely attributed to anthropogenic activities including: agricultural 
practices through the application of nitrogenous fertilisers on arable agricultural land and 
contamination from human or animal wastes and refuse dump runoff.   
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Figure: Nitrate content in water abstracted from the Malta Main Mean Sea Level Groundwater Body.  
 
During 1990, BRGM carried out an extensive survey of private wells located in the 
Burmarrad, Qormi, Zabbar and Birzebbugia regions of the Mean Sea Level Aquifer.  The 
Chloride content was high reaching a maximum near the coastline, such as at Birzebbugia 
where peaks of 2000mg/l chloride were registered. The Nitrate content of the 
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groundwater sampled from these wells was found to be constantly very high, with almost 
all the values registered exceeding the 50mg/l mark; and reaching several hundred mg/l 
in many wells; some wells even showing peak values close to 800mg/l.  It transpired 
however, that a number of wells were being used as illegal discharges for animal waste; 
and as thus these high values cannot be considered as representative of the real quality of 
the regional groundwater.  It should be noted that most private wells are generally located 
in areas which are not exploited for public purposes; and as such this survey describes the 
quality of the generally un-monitored regions of the sea-level groundwater body. 

Figure: Average Nitrate concentrations at pumping stations (Axiaq and Sammut, 2002) 
 
One further impact facing the sea-level groundwater body is hydrocarbon pollution, 
particularly from leaks in the fuel storage installations.  Wied Dalam pumping station, 
located in the southern regions of Malta, was removed from the public supply when 
monitoring showed that the groundwater was contaminated with petroleum products.  
Similar pressures exist from the fuel stations which are scattered all over the island.  
 
2.4 Pressures on the Quantitative Status of the Groundwater Body 
Exploitation of the sea-level groundwater body started during 1856 when a shaft was 
sunk at L-Armier, at the inner edge of Marsa.  From 1885 onwards this was steadily 
increased with the construction of a number of pumping stations skimming the surface of 
the groundwater body.  During the 1970's groundwater production from the Lower 
Coralline Limestone aquifer was boosted through the implementation of an intensive 
borehole drilling campaign.  Overall groundwater production figures increased but with a 
corresponding deleterious effect on the qualitative status of the aquifers.  In fact by 1980 
the average weighted annual salinity of the water abstracted from the mean sea level 
groundwater body had shot up to 1600mg/l, exactly twice what it was in 1969.  By then, 
it had become evident that the heavily depleted aquifers could no longer meet the 
growing water demand and Reverse Osmosis technology was chosen as the strategic 
alternative water supply for the islands.  As a result total groundwater abstraction for 
public purposes has been reduced by over 25%.  However, this change has been 
accompanied by an increase in abstraction by the agricultural sector for irrigation 
purposes which has partially offset the expected recovery in groundwater status. 
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A balance of groundwater reserves in the sea-level groundwater body has been computed 
for the period 2003-04. Results indicated that the total abstraction from the Lower 
Coralline limestone aquifer was of the same order, if not exceeding, the recharge.  
Several data-gaps constrain the accuracy of water balance estimations while making 
some computations impossible. This situation calls for the need of urgent improvement of 
the monitoring network and data gathering systems.  
 
GW-Body 
Code Name 

Size      
Km2 

Recharge 
hm3 

Extraction 
hm3 

Major 
Extraction 

Balance 
hm3 

MT001 
Malta (Main) 
Mean Sea Level 216.6 34.27 36.05 

Potable 
Agriculture -2.37 

Table: Simplified water balance for the groundwater body. 
 
 

 
Figure:  Vertical section of the Ghyben-Herzberg Freshwater Lens in the Lower Coralline Limestone 
Aquifer; (A) at the levels it would stand if there were no abstraction of groundwater and (B) at the level it is 
today. 
Note:  
The diagrams assume a sharp interface between fresh and saltwater and a Ghyben-Herzberg coefficient of 40. 
The height of the water-table above mean sea level is vertically exaggerated (x5).  
 
Detailed results show that in the central inland areas in Malta, a pronounced drawdown of 
the water table due to regional over-abstraction has displaced the piezometric surface to 
less than 1 m above sea-level – a rather alarming situation when taking into consideration 
that this is four times lower than the normal height of the piezometric surface in these 
areas.  Of particular interest are the relatively high piezometric surfaces in a semi-urban 
area on the eastern side of the island, suspected to be the direct result of leakages from 
the water distribution network. Further field measurements have been recommended to 
track accurately the source of this anomaly. 
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Figure:  The saline marshlands at  Il-Ballut 
l/o Marsaxlokk (source: MEPA) 

Figure: 3D  model of the piezometric surface in the Malta main mean sea level groundwater body 
south of the Victoria Fault line 

2.5 Directly dependent surface water eco-systems 
The definition of good groundwater chemical status in the Water Framework Directive 
implies that the concentration of pollutants in a defined groundwater body should not 
result in failure to achieve the environmental 
objectives for associated surface waters nor any 
significant diminution of the ecological or 
chemical quality of such bodies nor in any 
significant damage to terrestrial ecosystems 
which depend on the groundwater body. 
 
Four specific areas, which have also been 
designated as Natura 2000 sites, have been 
identified which are suspected to be directly 
dependent on the Malta Main Mean Sea Level 
Groundwater Body.  Investigations to determine 
this dependency are currently under way.  The 
following is a short description of each eco-
system (source: MEPA Mapserver). 
 
(i) Il-Ballut ta' Marsaxlokk (INT002) 
A bird sanctuary since 1993, this small saline 
marshland supports interesting communities of scientific and ecological importance, 
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including the best Mediterranean salt meadows of the Maltese Islands, with the very rare 
Sea Rush (plant).  This eco-system lies close to a coastal spring discharging brackish 
water. 
 
(ii) Il-Maghluq tal-Bahar, l/o Marsascala (INT004)  
A small saline marshland protected since 1993, with a brackish water pool housing 
peculiar salt-tolerant marsh communities and critically endangered protected species, as 
the Maltese Killifish. 
 
(iii) L-Ghadira s-Safra (INT009) 
A unique wetland supporting numerous very rare and protected flora and fauna, including 
Riella helicophylla, a liverwort of European importance confined to this locality in the 
Maltese Islands. 
 
(iv) Is-Salini Areas (INT006) 
The largest of the remaining coastal marshes of the Maltese Islands, home to an array of 
rare habitats and species, including habitats based on rushes, tamarisk groves and a small 
population of the Maltese Killifish 
 
2.6 Geological Description 
The Lower Coralline Limestone formation represents the most important aquifer rock in 
the Maltese Islands.  It consists of an algal-foraminiferal limestone with solitary corals, 
having a moderate, irregular and frequently layered or channel-like permeability.  
Porosities are highly variable, ranging between 7.3 and 19.1%.  The different density 
shows that a large part of the primary porespace is not interconnected, which is also 
stressed by the rather low primary permeabilities.  Effective porosity in the rock 
porespace exists mainly in connection with fracture permeability, otherwise the pores are 
very poorly interconnected.  Flow and dewatering of porespaces rely on secondary 
permeability by tectonical fracturing and solution enlargement.  The fractures range from 
microfissures to Karst solution caverns, and frequently the fissuring is aligned in one 
direction.  The main fracture trends in the Coralline Limestones follow the fault trends 
SW-NE.  Zones of fracturing are freeways for outflow to the sea, vertical intrusion of sea 
water and direct downward flow of pollutants. 
 
 
The Globigerina Limestone overlays the main aquifer over most of central and southern 
Malta.  Locally, the Globigerina Limestone where it is intensely fractured and located 
below the water table becomes part of the Lower Coralline Limestone  Aquifer.  To the 
north of the Victoria Fault line the Lower Coralline Limestone is locally depressed below 
sea level and overlain by the Blue Clays in western Malta namely at the synclines of 
Mgarr, Bingemma and Falka.  The primary porosity and permeability of the massive 
formation are not effective for groundwater storage and release. 
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Figure:  West-East section of Malta from Fawwara to Ricasoli, showing the Globigerina Limestone 
Formation depressing below sea-level in the Hamrun syncline. 
 
2.7 Summary Data 
 
General  
Groundwater Body Code MT001 
Name Main Mean Sea Level Groundwater Body 
Reference year 2004 
Location Malta 
Area 217km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1, 2 in the western regions 
Maximum length 21km 
Maximum width 13km 
Geographical mid-point of aquifer (UTM Grid)  
Northings 450,600 
Eastings 3,971,400 
Hydrology  
Minimum Annual Precipitation* 206.0mm 
Mean Annual Precipitation* 543.2mm 
Maximum Annual Precipitation* 942.5mm 
Geology  
Stratigraphy Tertiary - Oligocene 
Petrographic Description Carbonate - Fractured 
Minimum Thickness of Groundwater Body 0 
Mean Thickness of Groundwater Body 67.5m 
Maximum Thickness of Groundwater Body 102.7m  
Overlying Strata indicative soil thickness ranges from 20-100cm  
Minimum Depth to Groundwater Body 0 
Mean Depth to Groundwater Body 97m 
Maximum Depth to Groundwater Body 197m 
Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity 5.00E-05 
Mean Hydraulic Conductivity 6.00E-04 
Maximum Hydraulic Conductivity 9.80E-03 
Minimum Annual Groundwater Level Amplitude 0.07m 
Mean Annual Groundwater Level Amplitude 0.6m 
Maximum Annual Groundwater Level Amplitude 2.18m 
Pressures  
Land-Use (based on Corinne Landcover data)  
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Urban fabric 23% 
Agricultural (including areas with significant  
natural vegetation) 43% 
Schlerophyllous vegetation 6% 
Sparsely Vegetated areas 3% 
Areas overlain by perched aquifers 17% 
Industrial zones  4% 
Airport 2% 
Mineral abstraction sites 1% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Potable supply, Irrigation, Secondary Domestic and 

Industrial 
Artificial Recharge Yes 
Artificial Recharge Purpose Mainly due to leakages from the potable supply and 

sewerage  networks 
Associated Aquatic Ecosystems  Is-Salina, Il-Maghluq (Marsascala), Il-Ballut 

(Marsaxlokk), L-Ghadira s-Safra 
* Precipitation data - WSC Raingauges located on catchment area of MSLA (1994-2004) 
 
2.8 Preliminary Risk Assessment 
From the information available, the Malta main mean sea level groundwater body is at 
risk of failing to achieve good status by 2015 both from a qualitative and a quantitative 
point of view.  Apart from that, the groundwater body is also at risk of not-achieving the 
objectives set in the Nitrates Directive (91/676/EEC and LN343 of 2001).  The 
groundwater body has therefore to be considered as 'at risk' of failing to achieve the 
environmental objectives of the Water Framework Directive (60/2000/EEC and LN194 
of 2004).  
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3 Rabat-Dingli Perched Groundwater Body 
 
 
3.1 Location of the Groundwater Body 
The Rabat-Dingli Plateau lies in the western region of Malta and ranges in height from 
150m to 250m above mean sea level.  It is roughly triangular in shape and is bounded by 
the Victoria Lines Fault to the north, the sea to the west and the central plain of 
Globigerina Limestone to the east. The Upper Coralline Limestone outcrops over an area 
of approximately 22.66km2.  The Rabat-Dingli perched groundwater body is the most 
extensive and the most elevated of the Upper Coralline perched groundwater bodies and 
is sustained in the Upper Coralline Limestone by the underlying impervious Blue Clay 
formation. 
 

 
Figure: Map indicating the location of the Rabat-Dingli Upper Coralline Limestone aquifer block. 
 
3.2 Importance of the Groundwater Body 
Up to the late-19th century, when the first wells tapping the mean sea level groundwater 
body were drilled; the springs of the Rabat-Dingli plateau were the major resource of 
potable water for the whole island.  In 1884, Chadwick reports that the total average 
supply of potable water for public distribution amounted to 3,000m3/day of which around 
2,600m3/day were obtained from the perched aquifer springs according to the following 
scheme: 
Wignacourt Aqueduct Springs: 2,000m3/day 
Fawwara Springs:   270m3/day 
Buskett Springs:   275m3/day 
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The water was distributed to around 60% of the population via the Wignacourt and the 
Fawwara aqueducts. 
 

 
Figure: Wignacourt Aqueduct 
 
Today, the Rabat-Dingli groundwater body has been decommissioned from the municipal 
supply and is used mainly for irrigation supplying an estimated volume 2 million m3 
annually from numerous private sources. An amount of groundwater ranging between 
100,000 and 200,000 m3/year is also abstracted by the WSC for secondary purposes.  
 
3.3 Pressures on the Qualitative Status of the Groundwater Body 
The surface catchment area of the Rabat-Dingli perched aquifer contains a number of 
potential nitrate polluting sources.  The region contains two main urban centres – Rabat- 
and Dingli; as well as a number of small villages scattered round the countryside.  A 
number of these small villages the largest of which is Bahrija, are not connected to the 
public sewer system but to communal cess-pits, and thus present a greater risk for 
leakages of sewage.  The main economic activity in this region is agriculturally oriented.  
Most of the land is irrigated all year round whilst there are also a number of greenhouse 
complexes.  A significant number of animal rearing facilities are scattered throughout the 
plateau, and are particularly concentrated in the strip of land between the villages of 
Rabat and Dingli.  A number of these farms are very old and lack proper storage and 
disposal facilities for animal wastes. 
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Figure: Main land-use features in the Rabat-Dingli plateau. 
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Owing to the fact that the thickness of the unsaturated zone in the Upper Coralline 
Limestone formation which supports the perched aquifer is not very large and also since 
this formation is highly fractured and has well developed karst features the attenuation 
offered to the infiltrating nitrate containing water is considered to be minimal.  Soil cover 
in the region is also thin, generally not exceeding 30cms.  Therefore owing to the fact that 
the groundwater body is at a shallow depth and within a karstified formation, the 
infiltration of surface water is generally direct. Infiltration is enhanced by the high 
permeability of the Upper Coralline Limestone formation.  In fact, permeabilities 
measured in unfractured samples of the Upper Coralline Limestone formation tend to be 
considerably higher than in the Lower Coralline Limestone. 
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Figure:   Nitrate Content in Rabat-Dingli Springs (2001) 
 
The Dingli Road pumping station can be considered to be one of the most representative 
sources  as regards the average nitrate quality of the Rabat-Dingli perched aquifer since it 
is located in the central parts of the plateau and its galleries drain a substantial part of this 
central area.  Nitrate concentration values for this source are available, on a monthly 
basis, throughout the period from 1966 till 1992, when the source was decomissioned 
from the public supply.  The nitrate quality of the groundwater is steadily deteriorating, 
since the recorded nitrate concentration from this source increased from the region of 
100mg/l in the 1960’s to values in the region of 250mg/l in the 1990’s.  This deterioration 
in quality is confirmed from the quality analyses performed on the springs; where all but 
the three Fawwara springs located at the southernmost tip of the plateau, exhibit nitrate 
values in excess of the 50mg/l limit specified in the EU Nitrates Directive with peaks of 
250mg/l being registered. 
 
During 1991, BRGM conducted a survey of the quality of groundwater in private wells in 
the Rabat-Dingli Plateau.  The study showed the existence of strong variations in the 
quality of the groundwater with nitrate concentrations ranging from 3 to a few hundred 
mg/l with one specific well found peaking at 1120mg/l.  These variations show the 
impact of human activities on the ground surface and thus the lack of natural protection 
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against pollution.  Most worryingly is the fact that the study identified a number of wells 
which were being used directly as cess-pits basically for the scope of mixing of irrigation 
water with fertilizer, thus showing a general lack of appreciation on the need to protect  
the status of the aquifer. 
 
Chloride levels in water abstracted from the perched groundwater body are generally 
quite low as a result of the geo-topographical nature where the aquifer is largely protected 
from direct sea-water intrusion.  However, a number of sources in the perched aquifers 
show a quite high chloride content. Possible sources of chloride include use of artificial 
fertilizers, irrigation with saline water from other groundwater bodies through transport 
of water by hawkers or the drilling of deep boreholes traversing the Blue Clay formation 
and tapping the underlying sea-level groundwater body as well as through sea-spray. 
 
The 1991 BRGM survey found the chloride content in the perched groundwater body to 
be rather homogeneous and ranging between 150 and 500mg/l with the exception of a 
few wells which had chloride levels values of less than 100mg/l. 
  
This situation must be analysed in full view of the quality situation of the Rabat perched 
aquifer in the late 19th century.  Analyses performed at the War Department in Woolwich 
(UK) and reported by Dr. John Sutherland in his report on the “Sanitary Condition of 
Malta and Gozo” which was published in 1867 indicated the average Nitrate content of 
the Wignacourt Springs to be 8mg/l.  The chloride content was 133mg/l. 
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Figure: Chloride Content in Rabat-Dingli Springs (2001) 
 
Limited quality tests for pesticides have been found.  Tests performed on the Fiddien 
Springs in 1991 found no exceedances in pesticide content; however tests performed in 
2000 on groundwater samples from Dingli Road Pumping Station during the 
Environmental Impact Assessment process for the golf course at Verdala revealed high 
values of the pesticide/fungicide Chlorothal in groundwater (2.1µg/L).  This compound 
which has a relatively long decay time has since been banned from importation.  The 
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groundwater body should however be considered as highly vulnerable to pesticide 
pollution particularly in view of the widespread usage of pesticides in the catchment area, 
the relatively low thickness of the unsaturated zone and the quick response of the aquifer 
to rainfall. 
 
3.4 Pressures on the Quantitative Status of the Groundwater Body 
In his report on the Water Supply Resources in Malta, with respect to the Rabat-Dingli 
perched groundwater body, Morris (1952) noted that: “The survey work at present in 
progress will probably reveal that the lengths of farmers’ galleries in these areas area at 
least equal to those of the Water Department, and that their extraction of water in the 
summertime is probably several times as great as that for the public supply.  The 
summertime reduction in public supplies from this area has been the most objectionable 
result of uncontrolled private enterprise, and one which it will be most difficult at this 
stage to counteract, for a mere prohibition of further shaft-sinking and gallery-driving 
will not remedy the state of affairs which has been reached as the result of so many years 
of Government inaction”.  In fact during the 1940’s the average annual yield from the 
Fiddien Springs, for example, had decreased by around 30% from the average yield 
registered in the late 1880’s.   
 
Period Average Annual Yield 

(m3) 
1885-1890 425,000 
1940-1945 300,000 
1988-1992 250,000 
Table: Average annual yield for the Fiddien Springs. 
 
A balance of groundwater reserves in the groundwater body has been computed for the 
period 2003-04.  Results indicate that the estimated total abstraction is of the same order 
of the average annual recharge.  It should be noted that several data-gaps constrain the 
accuracy of the water balance estimations.   In fact the groundwater body is tapped by 
over 1000 registered private wells, around 400 of which are utilized for domestic 
purposes with the remaining wells being utilized for irrigation purposes.  These wells are 
not metered and therefore there is no accurate information on their abstraction rates. 
 

Aquifer 
Code Name 

Size    
Km2 

Inflow    
hm3 

Outflow     
hm3 

Balance    
hm3 

Major 
Extraction 

MT002 Rabat-Dingli Perched 22.6 4.64 4.62 0.02 Agriculture 
Table:  Basic groundwater balance for the Rabat-Dingli groundwater body. 
 
Owing to the fact that the hydro-geological characteristics of the aquifer limit the amount 
of groundwater which is potentially abstractable, the results of this water balance indicate 
that the groundwater body cannot sustain the agricultural activities currently being 
carried out within its catchment area.  It is therefore expected that these activities are 
using supplementary amounts of water derived from other sources. 
 
3.5 Directly dependent surface water eco-systems 
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In the Maltese islands there are only a few remaining permanent springs which support 
distinctive types of flora and fauna.  Since these habitats depend on a year round supply 
of freshwater they are quite rare and have a very limited distribution.  One such species is 
the endemic local race of the Mediterranean Freshwater Crab (Potamon fluxiatile 
lanfrancoi).  In Malta, the main valleys with perennial springs are those originating in the 
Rabat-Dingli plateau. 
 
Two specific watercourses have preliminarily been identified as being directly dependent 
on springs flowing from the Rabat-Dingli groundwater body. These are: 
(i) Wied il-Luq l/o Buskett 
(ii) Bahrija Valley System 
 
Further studies on the degree of dependence of these watercourses on the groundwater 
body are currently under way through the collaboration of the Malta Environment and 
Planning Authority. 
 
3.6 Geological Description 
The Rabat-Dingli plateau lies on the upthrow side of the major east-west dislocation 
crossing Malta – the Victoria lines fault.  As a result ground levels and clay surface levels 
in the plateau have the same range as the downthrown area to the north but are roughly 
125m higher.  Normally the top of the Blue Clay formation lies between a height of 125-
225m amsl so the term plateau is an over-simplification of the structure of the area.  This 
height range is brought by a series of subsidiary strike faults which run parallel to each 
other trending ENE/WSW across the plateau i.e. slightly obliquely to the major Victoria 
Lines Fault and often hinged with a maximum throw in the west.  
 

 
Figure: West-East geological section of the Rabat-Dingli Plateau. 
 
3.7 Summary Data 
 
General  
Groundwater Body Code MT002 
Name Rabat-Dingli Perched Groundwater Body 
Reference year 2004 
Location Malta 
Area 22.6km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 9.1km 
Maximum width 5.8km 
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Geographical mid-point of aquifer (UTM Grid)  
Northings  443,900 
Eastings 3,970,400 
Hydrology  
Minimum Annual Precipitation* 259.1mm 
Mean Annual Precipitation* 524.1mm 
Maximum Annual Precipitation* 975.0mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Aquifer Thickness 1.5m 
Mean Aquifer Thickness 18.7m 
Maximum Aquifer Thickness 52.0m 
Overlying Strata indicative soil thickness ranges from 20-95cm 
Minimum Depth to Groundwater Body 3.35m 
Mean Depth to Groundwater Body 14.3m 
Maximum Depth to Groundwater Body 46.6m 
Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 6.51E-6m/s 
Minimum Annual Groundwater Level Amplitude** 167,072m3 
Mean Annual Groundwater Level Amplitude** 244,170m3 
Maximum Annual Groundwater Level Amplitude** 330,950m3 
Pressures  
Land-Use (Corinne 2000)  
Discontinuous urban fabric 13% 
Agriculture with significant area of natural vegetation. 40% 
Sclerophyllous vegetation 42% 
Sparsely vegetated areas 1% 
Mixed woodland 2% 
Mineral extraction sites 2% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Irrigation, Secondary Domestic 
Artificial Recharge Yes 
Artificial Recharge Purpose Mainly due to leakages from the potable  

supply and sewerage networks 
Associated Aquatic Ecosystems Wied il-Luq (Buskett); Wied tal-Bahrija 

* as measured in WSC Rabat, Dingli and Fiddien rain-gauges during the period 1994- 
** 2004reported as groundwater flow from the Fiddien Springs for the period 1982-1992 
 
3.8 Preliminary Risk Assessment 
From the information available, the Rabat-Dingli perched groundwater body is at risk of 
failing to achieve the environmental objectives of the Water Framework Directive both 
from the point of view of the achievement of criteria related to the quantitative and to the 
qualitative status.  Apart form that the groundwater body is also at risk of not-achieving 
the objectives set in the Nitrates Directive (91/676/EEC and LN343 of 2001). 
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4 Mgarr-Wardija Perched Groundwater Body 
 
 
4.1 Location of the Groundwater Body 
The Mgarr-Wardija Groundwater Body is located just north, on the downthrown side of 
the Victoria Lines Fault and overlies the main mean sea level groundwater body.  This 
Upper Coralline Limestone aquifer block can be considered to comprise two main units: 
the Bingemma trough and the Wardija Ridge.  The Bingemma trough is a depressed 
graben land-structure running from east to west across Malta lying mostly between 75 
and 90m above mean sea level and is bounded by two major strike faults to the north and 
south beyond which there are the upthrown areas known as the Wardija Ridge and the 
Rabat-Dingli Plateau respectively.  The Wardija Ridge is an elevated strip of land lying 
mostly between 90m and 140m amsl.  It is bounded by two major strike faults to the 
north and south beyond which there are the downthrown areas known as St Paul's Valley 
and Bingemma respectively.  The aquifer block extends over an area of  13.7km2. 
 

 
Figure: Map indicating the location of the Mgarr-Wardija Upper Coralline Limestone Aquifer Block. 
 
4.2 Importance of the Groundwater Body 
Groundwater from the Mgarr-Wardija aquifer is abstracted for the public water supply 
from three pumping stations - namely Bingemma, Falka and Mgarr Pumping Stations.  
Together these three sources produce an average annual volume of 0.5 million m3; which 
accounts for around 2% of the total groundwater abstracted for potable purposes in the 
Maltese islands.  The aquifer is also extensively exploited by private shafts for irrigation; 
with these sources extracting an estimated 2 million m3 annually and sustaining some 
750ha of agricultural land which accounts for around 8% of the total agricultural land in 
the country. 
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4.3 Pressures on the Qualitative Status of the Groundwater Body 
The Mgarr-Wardija aquifer is located in a mainly agricultural region and as such nitrate 
contamination, particularly from intensive agricultural practices, is considered to 
constitute the major pressure in the region.  In fact Nitrate values in the major 
groundwater sources in the region are found to exceed EU groundwater quality 
parameters. 
 

Agriculture with significant natural vegetation

Schlerophyllous vegetation

Discontinuous urban fabric

Mixed woodland

Sparsely vegetated areas

Mineral extraction sites

 
Figure: Main land-use features in the Mgarr-Wardija Plateau 
 
Chloride content in groundwater is also relatively high with the primary sources expected 
to be field manuring and use of saline water from the underlying sea-level aquifer for 
irrigation.  It should be noted that chloride values have almost doubled from the values 
registered during the 1944 survey. 
 

Bingemma Pumping Station
230mg/L Cl-
112mg/L NO3-
(2003)
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Figure: Chloride and Nitrate concentrations in WSC abstraction stations. 
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Samples collected during the full groundwater quality scan carried out by the WSC 
during 1999 from Bingemma, Falka and Mgarr pumping stations did not reveal any traces 
of pesticide contamination.  However, pesticide usage is widespread in the region.   This 
warrants further investigation in order to identify the dynamics of pesticide degradation 
and transport through the unsaturated zone. The central areas of the plateau around the 
village of Mgarr are considered to be especially vulnerable due to the reduced thickness 
of the unsaturated zone. 
 
4.4 Pressures on the Quantitative Status of the Groundwater Body 
A balance of groundwater flow in the Mgarr-Wardija Groundwater Body has been 
computed for the period 2003-04.  Results indicate that the estimated total outflow 
exceeds the average annual recharge.   
 

 Table: Simplified water balance for the groundwater body 
 
The agricultural sector is the major water user in this catchment area and these results 
show that the agricultural activity currently being practiced cannot be sustained by the 
underlying groundwater body.  This is particularly true for the central Ta Zerb region, 
where due to the reduced thickness of the unsaturated zone, most of the private wells 
tapping the groundwater body have been drilled.  Thus, agricultural activity in the region 
is widely supplemented by the transfer of water from other groundwater bodies; and also 
through the drilling of boreholes tapping the underlying sea-level groundwater body.  
Although this practice solves the demand side of the problem in the short term, it is 
expected to create a larger problem in the long term due to the expected increase in the 
chloride levels in the groundwater body through mixing with saline groundwater 
abstracted from the sea-level groundwater body as well as leading to the salinisation of 
the soil.  Action to curb this mal-practice to safeguard the wholesomeness of the 
agricultural land and the status of the perched groundwater body should be taken 
immediately. 
 
4.5 Directly dependent surface water eco-systems 
No sites enclosing groundwater dependent eco-systems have been identified.   
 
4.6 Geological Profile 

Figure:  East-West Geological section of the Mgarr Aquifer in the Bingemma trough, showing the  
synclinal structures of the aquifer. 

Aquifer 
Code Name 

Size              
Km2 

Inflow        
hm3 

Outflow     
hm3 

Balance       
hm3 

Major 
Extraction 

MT003 Mgarr-Wardija Perched 13.7 2.86 3.46 -0.59 P,A 
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4.7 Summary Data 
 
General  
Groundwater Body Code MT003 
Name Mgarr-Wardija Perched 
Reference year 2004 
Location Malta 
Area 13.7km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 3.2km 
Maximum width 6.7km 
Geographical mid-point of aquifer  (UTM Grid)  
Northings 443,700 
Eastings 3,976,000 
Hydrology  
Minimum Annual Precipitation* 297.4mm 
Mean Annual Precipitation* 552.5mm 
Maximum Annual Precipitation* 939.1mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Aquifer Thickness 0.6m 
Mean Aquifer Thickness 32.6m 
Maximum Aquifer Thickness 128m 
Overlying Strata Thin soil cover in the ridges and fairly thick  

alluvium fill in the valleys.  Indicative thickness 2
80cm. 

Minimum Depth to Groundwater Body n/a 
Mean Depth to Groundwater Body n/a 
Maximum Depth to Groundwater Body n/a 
Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 6.51E-6m/s 
Minimum Annual Groundwater Level Amplitude** 42,450m3 
Mean Annual Groundwater Level Amplitude** 64,876m3 

Maximum Annual Groundwater Level Amplitude** 99,476m3 

Pressures  
Land-use (Corinne 2000)  
Discontinuous urban fabric 5% 
Agriculture with significant area of natural  
vegetation 63% 
Mixed woodland 31% 
Sparsely vegetated areas 1% 
Other Pressures  
Water Abstractions Yes 
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Water Abstractions Purpose Potable Supply, Irrigation, Secondary Domestic 
Artificial Recharge Minimal 
Artificial Recharge Purpose Leakages from the potable supply and sewerage 

networks. 
Associated Aquatic Ecosystems None 

* precipitation as measured in WSC Bingemma rain-gauge for the period 1994-2004 
** reported as the groundwater flow from the Ghajn Tuffieha Spring for the period 1966-1992. 
 
4.8 Preliminary Risk Assessment 
From the information available, the groundwater body in the Mgarr-Wardija aquifer 
block is definitely at risk of failing to achieve good status by 2015 both from a qualitative 
and a quantitative perspective.  The groundwater body is also at risk of not achieving the 
objectives set in the Nitrates Directive (91/676/EEC and LN343 of 2001).  The 
groundwater body is therefore considered to be 'at risk' of failing to achieve the 
environmental objectives of the Water Framework Directive (60/2000/EEC and LN194 
of 2004).  
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5 Pwales Coastal Groundwater Body 
 
 
5.1 Location of the Groundwater Body 
The Pwales aquifer forms a low block between the Wardija and the Baida Ridges, with its 
base rising slightly above sea level in the west, resulting in a limited area perched above 
sea level; whilst to the east where the Blue Clay formation dips below sea level it is in 
direct contact with the sea.  The Blue Clay base is probably breached below sea level, in 
particular towards the eastern side, by sink-holes and faults encouraging limited vertical 
contact with sea water.  This Upper Coralline Limestone aquifer extends over an area of 
2.8km2. 
 

 
Figure: Map indicating the location of the Pwales Upper Coralline Limestone Aquifer. 
 
5.2 Importance of the Groundwater Body 
The Pwales valley is intensely cultivated with a long irrigation period and thus there is 
intense private groundwater extraction through shafts from the aquifer to sustain this 
agricultural activity.  No groundwater is abstracted for potable purposes from this 
groundwater body. 
 

 
Figure: Panoramic view of the Pwales Valley, from Wardija Ridge. 
 
 



 29 

 
5.3 Pressures on the Qualitative Status of the Groundwater Body 
Quality data on the Pwales groundwater body is sparse.  In fact only limited data on the 
chloride content of the groundwater was located. This data concerns mainly the Ghajn 
Tuffieha Borehole and shows a gross deterioration in the quality of the groundwater 
abstracted from this borehole from a chloride content of 440mg/l in the 1940's to an 
average chloride content of 1765mg/l during 1993.  An isochlor map of the groundwater 
body was also plotted by Morris (1944) and is reproduced below.  This map shows that 
even back in the 1940's chloride levels in the groundwater body were extremely high 
reaching levels of 1000mg/l in the central regions of the aquifer. 
 

ISOCHLORS IN mg/L
ST PAUL'S VALLEY
AUGUST 1945 (MORRIS)

2000mg/L Cl

1500mg/L Cl

1000mg/L Cl

500mg/L Cl

Figure: Isochlors in mg/l in St Paul's Valley - August 1945 (Morris) 
 
The central regions of the catchment host significant areas with greenhouse cultivation.  
Studies by the Department of Agriculture have indicated that the problem of soil salinity 
is most salient in greenhouse production systems.  These salts in the soil are expected to 
be flushed downwards to the groundwater body with percolating water.   
 
No data on the Nitrate content of the groundwater body was found, but this is expected to 
be fairly high due to two main factors: 
(i) the intensive agricultural activity taking place in the catchment area of the 
groundwater body; 
(ii) the low depths to the piezometric surface. 
For the same reasons, pesticides and/or pesticide residues are expected to be present in 
the groundwater body. 
 
The catchment also houses a number of animal rearing facilities which are considered as 
additional potential sources of nitrate pollution.   
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Figure: Main land-use features on the Pwales aquifer block. 
 
5.4 Pressures on the Quantitative Status of the Groundwater Body 
A balance of groundwater reserves in the Pwales coastal groundwater body was 
computed for the period 2003-04.  Results indicate that total outflow from the 
groundwater body is of the same order of the gross recharge. It should be noted that 
several data gaps constrain the accuracy of the water balance estimations. 
 
Aquifer 
Code 

Name Size        
Km2 

Inflow     
hm3 

Outflow  
hm3 

Balance  
hm3 

Major 
Extraction 

MT005 Pwales Coastal 2.8 0.70 0.69 0.01 Agriculture 
Table: Simplified water balance of the groundwater body. 
 
Owing to the fact that due to hydro-geological constraints not all the groundwater inflow 
is abstractable, significant transport of groundwater from other aquifers is expected to 
take place in order to satisfy the demand of the catchment's agricultural activities.  The 
presence of a high number of rainwater reservoirs within the catchment should also be 
noted.  In fact there are over 100 reservoirs capable of storing an estimated volume of 
15,000m3. 
 
Groundwater balance calculations, thus indicate that in the Pwales Aquifer there is a 
tendency for over abstraction.  High saltwater intrusion, despite minimum contact 
between groundwater and seawater is the expected result. 
 
5.5 Directly dependent surface water eco-systems 
The catchment area of the Pwales aquifer encloses the saline marshland at Is-Simar. 
Saline Marshlands are shallow areas which fill up with water during the winter months. 
Admixture with the salt found in the mud renders the water brackish, leading to the 
formation of Saline Marshlands. Evaporation during the dry seasons increases the salinity 
further and even causes them to dry up completely. In spite of the harshness of such 
conditions, certain species of plants and animals are restricted to these saline marshes.  
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Figure: Saline marshlands at Is-Simar 
(courtesy: MEPA) 

The dependence of the Simar marshland on the Pwales groundwater body is currently 
being investigated. 
 
Is-Simar, l/o San Pawl il-Bahar (INT007) 
A protected area since 1993, this bird sanctuary 
supports one of the most important saline marshlands 
in the Maltese Islands for birds and the Maltese 
killifish, as well as its important marshland vegetation. 
Internationally designated as a wetland of international 
importance in view of the Ramsar Convention.  
 
 
 
 
 
 
 
5.6 Summary Data 
 
General  
Groundwater Body Code MT005 
Name Pwales Coastal Groundwater Body 
Reference year 2004 
Location Malta 
Area 2.8km2 

Main Aquifer Type Fractured-Carbonate  
Groundwater horizon 1 
Maximum length 0.7km 
Maximum width 5.6km 
Geographical mid-point of aquifer (UTM Grid)  
Northings 444,000 
Eastings 3,977,900 
Hydrology  
Minimum Annual Precipitation* 313.8mm 
Mean Annual Precipitation* 524.4mm 
Maximum Annual Precipitation* 950.2mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Thickness n/a 
Mean Thickness n/a 
Maximum Thickness n/a 
Overlying Strata Thick Alluvial Fill.  Indicative soil thickness 60cm. 
Minimum Depth to Groundwater Body n/a 
Mean Depth to Groundwater Body n/a 
Maximum Depth to Groundwater Body n/a 
Hydrogeology  
Main recharge source Precipitation 
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Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 6.51E-6m/s 
Minimum Annual Groundwater Level Amplitude n/a 
Mean Annual Groundwater Level Amplitude n/a 
Maximum Annual Groundwater Level Amplitude n/a 
Pressures  
Land-use (Corinne 2000)  
Discontinuous urban fabric 17% 
Agriculture with significant areas  of natural  
vegetation 80% 
Schlerophyllous vegetation 2% 
Sparsely vegetated areas 1% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Irrigation 
Artificial Recharge No 
Artificial Recharge Purpose n/a 
Associated Aquatic Ecosystems Is-Simar Saline Marshlands 

* Precipitation data based on records for WSC Mizieb Rain-gauge for the period 1994-2004 
 
5.7 Preliminary Risk Assessment 
From the information available, the Pwales coastal groundwater body is expected to be at 
risk of failing to achieve good groundwater quantitative and qualitative status and thus 
should be considered as 'at risk' of failing to achieve the environmental objectives of the 
Water Framework Directive (60/2000/EEC and LN194 of 2004).  Further data is required 
during the ‘Further Characterisation’ Stage in order to verify these conclusions. 
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6 Mizieb Mean Sea Level Groundwater Body 
 
 
6.1 Location of the Groundwater Body 
The Mizieb Upper Coralline Limestone Aquifer is situated in the northern region of 
Malta and is bounded in the north by the Mizieb-Mistra Fault and the Manikata-Simar 
Fault in the south.  The aquifer extends over an area slightly larger than 5km2. 
 

 
Figure: Map indicating the location of the Mizieb Upper Coralline Limestone Aquifer 
 
6.2 Importance of the Groundwater Body 
The Mizieb Pumping Station which is located in the central regions of the aquifer 
supplies an average annual volume of 450,000m3 towards the public water supply.  The 
aquifer is also exploited by a small number of private wells for irrigation of fields in the 
region. 
 

 
Figure: Panoramic view of the Mizieb Valley 
 
The Mizieb syncline is the largest ‘closed’ basin structure known within the Maltese 
Islands.  The occurrence of the Upper Coralline Limestone underlain by the Blue Clay 
formation in a synclinal structure gives rise to an ideal groundwater storage facility with 
increased groundwater storage capacity. 
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6.3 Pressures on the Qualitative Status of the Groundwater Body 
The Mizieb groundwater body is regularly monitored through the Mizieb pumping station 
and water quality data is available since 1966. Owing to the fact that the base of the 
aquifer dips below sea level, this groundwater body is in direct contact with sea-water 
through breaches in the enclosing Blue Clay formation, and so must be considered as a 
sea level aquifer.  In fact the Mizieb groundwater body has a history of increasing salinity 
in response to periods of sustained extraction.  On the otherhand, the subsequent decrease 
in pumping and the consequential increase in the hydraulic head results in a decrease in 
the chloride content to more acceptable average levels in the range of 200-300ppm. 
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Figure: Correlation of chloride content with groundwater extraction at Mizieb. 
 
Borehole drilling logs recorded during the investigative borehole drilling campaign 
conducted by No7 Boring Section of the Royal Engineers during 1945, shows a range of 
chloride content at the surface of the boreholes between 51 and 243ppm with a mean of 
114ppm.  Morris (1952) suggested that it was “unlikely that this mean figure would ever 
be exceed appreciably during bulk abstraction from the syncline, provided that the 
surface catchment area were effectively conserved and provided that only the annual 
inflow were appropriated as it arrived at the water table”. 
 
The other major quality impact in the region is expected to arise due to anthropogenic 
nitrate inputs derived mainly from agricultural practices in the Mizieb Valley.  In fact 
Nitrate concentration levels at Mizieb Pumping Station exhibit a mild upward long-term 
trend and currently are in the region of the 40mg/l mark.  Trend analysis carried out 
during 2001 indicated that under the current nitrate loading scenario, the upward trend in 
the nitrate content of groundwater was not significant.  
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Figure: Main land-use features in the Mizieb aquifer block 
 
No traces of pesticide or pesticide residues pollution were detected in samples taken from 
the Mizieb Pumping Station during the detailed analysis of groundwater samples carried 
out by WSC during 1999. (Results are attached as Annex II) 
 
6.4 Pressures on the Quantitative Status of the Groundwater Body 
Slight increases in the volume of groundwater abstracted by the WSC from the Mizieb 
Pumping Station lead to a significant increase in the salinity of the abstracted 
groundwater due to localized sea-water intrusion beneath the source.  This fact indicates 
that groundwater abstraction at Mizieb is quite close to the safe-yield of the system, since 
increases in the volume of groundwater abstracted by the WSC has resulted in saline 
intrusion.  Morris (1952) estimated the average long-term safe-yield of the Mizieb 
groundwater body as 500,000m3/annum.  It should be pointed out that current abstraction 
(WSC and private) from the groundwater body is estimated to reach 600,000m3/annum.  
 

Aquifer 
Code Name 

Size        
Km2 

Inflow     
hm3 

Outflow  
hm3 

Balance  
hm3 

Major 
Extraction 

MT006 Mizieb Mean Sea Level 5.2 1.11 0.96 0.15 P,A 
Table: Simplified water balance for the Mizieb groundwater body 
 
A balance of groundwater reserves for the Mizieb groundwater body has been computed 
for the period 2003-04.  Results confirm that the total abstraction was almost of the same 
order as the recharge.  It should be noted that several data gaps constrain the accuracy of 
the water balance estimations. 
 
Morris (1952) also suggested that in the Mizieb aquifer safeguards should be applied to 
the abstraction of water similar to those proposed for the main Lower Coralline 
Limestone aquifer, namely limiting the abstraction of groundwater so as not to allow the 
water table to fall below sea-level. 
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6.5 Directly dependent surface water eco-systems 
No sites enclosing groundwater dependent eco-systems have been identified.   
 
6.6 Geological Profile 
 

Figure: South-North Geological section of the Mizieb Aquifer, showing the trough structure of the aquifer. 
 
 
6.7 Summary Data 
 
General  
Groundwater Body Code MT006 
Name Mizieb Mean Sea Level 
Reference year 2004 
Location Malta 
Area 5.2km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 1.3km 
Maximum width 5.7km 
Geographical mid-point of aquifer (UTM Grid)  
Northings 442,500 
Eastings 3,978,500 
Hydrology  
Minimum Annual Precipitation* 313.8mm 
Mean Annual Precipitation* 524.4mm 
Maximum Annual Precipitation* 950.2mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Thickness 1m 
Mean Thickness 31.5m 
Maximum Thickness 97m 
Overlying Strata Thick soil/alluvium fill in Mizieb Valley.  

Indicative soil thickness range is 70-100cm 
Minimum Depth to Groundwater Body 16.5m 
Mean Depth to Groundwater Body 43m 

A’ 
Mizieb 

A 
L-Argentier 

Height (m) 

Geological Profile – Mizieb Syncline 
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Maximum Depth to Groundwater Body 59m 
Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 6.51E-6m/s 
Minimum Annual Groundwater Level Amplitude n/a 
Mean Annual Groundwater Level Amplitude n/a 
Maximum Annual Groundwater Level Amplitude n/a 
Pressures  
Land-Use (Corinne Landcover 2000)  
Discontinuous urban fabric 8% 
Mixed woodland 22% 
Agriculture with significant area of  natural  
vegetation 48% 
Schlerophyllous vegetation 19% 
Sparsely vegetated areas 3% 
Other Pressures   
Water Abstractions Yes 
Water Abstractions Purpose Potable supply, Irrigation 
Artificial Recharge Minimal 
Artificial Recharge Purpose Leakages from the potable distribution system and 

sewerage networks. 
Associated Aquatic Ecosystems None 

* Precipitation data based on records for WSC Mizieb Rain-gauge for the period 1994-2004 
 
6.8 Preliminary Risk Assessment 
The initial assessment of the status of the Mizieb groundwater body indicates that further 
detailed investigations are required to determine the 'risk' associated with this water body. 
Although from a quantitative point of view the groundwater balance has a slightly 
positive outcome and from a qualitative point of view nitrate levels are lower than the 
50mg/l parametric limit and saline intrusion is limited, it is felt that an in-depth 
investigation is needed to more accurately determine current and future trends with 
respect to the attainment of good 'status' as required by the WFD. 
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7 Mellieha Perched Groundwater Body 
 
 
7.1 Location of the Groundwater Body 
The Mellieha Ridge is an elevated strip of land running from east to west across the 
North of Malta, lying mostly between 90m and 135m above mean sea level.  It is 
bounded by two major strike faults – to the north runs the Ras il-Greibeg Fault and to the 
south the Mizieb-Mistra Fault.  Within this area the Upper Coralline Limestone outcrops 
over an area of 4.5km2.  The village of Mellieha straddles the centre of the Ridge from 
north to south. 
 

 
Figure: Map indicating the location of the Mellieha Ridge Upper Coralline Limestone Aquifer 
 
7.2 Importance of the Groundwater Body 
The potential annual groundwater yield of the Mellieha Ridge aquifer block was 
estimated by Morris (1951) to be approximately 550,000m3.  The Madonna Spring, 
having a potential average yield of around 10,000m3/year is the only public groundwater 
source in this aquifer.  However, this source has been unutilised by the WSC for a 
number of years due to the extremely high concentration of Nitrates in the outflowing 
groundwater and thus today the groundwater from this aquifer is mainly used for 
agricultural purposes. 
 
7.3 Pressures on the Qualitative Status of the Groundwater Body 
The main potential groundwater pollution sources are expected to be derived from 
agricultural and urban activities and therefore nitrate is expected to be the major pollutant 
and in fact the nitrate concentration at the Madonna Spring stood at around the 200mg/l 
mark in the year 2000.  However quality problems relating to leaks from the public sewer 
network can be expected in the central parts of the ridge beneath the village of Mellieha.  
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It should however be noted that the nitrate quality results from the Madonna spring are 
very subjective since the spring is located just under the village of Mellieha, the only 
built-up area in this region.  Owing to the fact that the gallery of the spring runs directly 
under the main street of the village, direct pollution from sewage leaks is most likely to 
affect the resulting nitrate concentration from this spring. 
 

Agriculture with significant natural vegetation

Discontinuous urban fabric

Schlerophyllous vegetation

Sparsely vegetated areas

 
Figure: Major land-use features in the Mellieha Ridge  
 
Chloride levels in groundwater outflowing from the Madonna spring are also high 
reaching an average content of 350mg/l during 2001.  Sea-spray and leaks from the 
sewage system are considered as the main sources of this high chloride content. 
 
Only groundwater quality data from the Madonna spring are available for the Mellieha 
aquifer block.  Further groundwater quality data should be obtained from the eastern and 
western parts of the aquifer in order to reliably assess the status of the whole groundwater 
body. 
 
7.4 Pressures on the Quantitative Status of the Groundwater Body 
A balance of groundwater reserves in the perched groundwater body has been computed 
for the period 2003-04.  Results indicate that total outflow is smaller than recharge.  
Several data gaps constrain the accuracy of water balance estimations. 
 
It should be pointed that the resulting long-term balance will be eventually lost as spring 
flow.  However, in years following periods with low rainfall this volume will serve the 
purpose of restoring the groundwater reserves in the aquifer. 
  

Aquifer 
Code Name 

Size        
Km2 

Inflow     
hm3 

Outflow  
hm3 

Balance  
hm3 

Major 
Extraction 

MT008 Mellieha Perched 4.5 0.75 0.53 0.22 A 
Table:  Simplified water balance for the Mellieha perched groundwater body. 
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7.5 Directly dependent surface water eco-systems 
No sites enclosing groundwater dependent eco-systems have been identified.   
 
7.6 Geological  Profile 

Figure: East-West Geological section of the Mellieha Ridge Aquifer  
 
7.7 Summary Data 
 
General  
Groundwater Body Code MT008 
Name Mellieha Perched 
Reference year 2004 
Location Malta 
Area 4.5km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 1.5km 
Maximum width 5.2km 
Geographical mid-point of aquifer (UTM Grid)  
Northings 442,900 
Eastings 3,979,700 
Hydrology  
Minimum Annual Precipitation* 313.8mm 
Mean Annual Precipitation* 524.4mm 
Maximum Annual Precipita*tion 950.2mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Thickness 1m 
Mean Thickness 27.5m 
Maximum Thickness 66m 
Overlying Strata Indicative soil thickness - 30cm 
Minimum Depth to Groundwater Body n/a 
Mean Depth to Groundwater Body n/a 
Maximum Depth to Groundwater Body n/a 

A’ 
Ghajn Hadid 

A 
Il-Mansab 

Height (m) 

Geological Profile – Mellieha Ridge area 
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Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 6.51E-6m/s 
Minimum Annual Groundwater Level Amplitude** 16,592m3 

Mean Annual Groundwater Level Amplitude** 22,626m3 

Maximum Annual Groundwater Level Amplitude** 45,707m3 

Pressures  
Land Use (Corinne Landcover 2000)  
Discontinuous Urban Fabric 33% 
Agriculture with significant areas of natural  
vegetation 27% 
Schlerophyllous vegetation 39% 
Sparsely vegetated areas 1% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Irrigation, Secondary Domestic 
Artificial Recharge Minimal 
Artificial Recharge Purpose Leaks from the public distribution and sewerage 

networks. 
Associated Aquatic Ecosystems None 

*  Precipitation data based on records for WSC Mizieb Rain-gauge for the period 1994-2004  
** Reported as the groundwater flow from the Madonna Spring for the period 1970-1992. 
 
7.8 Preliminary Risk Assessment 
From the information available, the Mellieha perched groundwater body is probably at 
risk of failing to achieve the objectives related to the qualitative status of groundwater by 
2015 as required by the Water Framework Directive, subject to the qualitative parameters 
recorded at 'Tal-Madonna' Spring. The hydro-geological characteristics of the 
groundwater body are therefore to be further investigated in order to determine the 
significance of such risk. 
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8 Mellieha Coastal Groundwater Body 
 
 
8.1 Location of the Groundwater Body 
The Mellieha Bay aquifer lies between the Marfa Ridge to the north and the Mellieha 
Ridge to the south.  It is bounded by the Ghar Baqrat fault to the North and the Ras il-
Griebeg fault to the south.  In this area the Lower Coralline Limestone outcrops over an 
area of 3km2 
 

 
Figure: Map indicating the location of the Mellieha Bay Upper Coralline Limestone Aquifer 
 
8.2 Importance of the Groundwater Body 
This aquifer is used exclusively for agricultural purposes in two small, but intensely 
cultivated areas of alluvial soil along the valleys of Il-Mieli and L-Ghadira to the North 
and the valley of Il-Hofra and the lower slopes of Qasam Barrani to the south of the 
median anticlinal ridge. 
 

 
Figure: Panoramic view of the Mellieha coastal groundwater body. 



 43 

 
8.3 Pressures on the Qualitative Status of the Groundwater Body 
The two synclinal areas are intensively cultivated and as such nitrate contamination from 
irrigation sources is considered as the major pressure on the groundwater body.  Risks 
from pesticides contamination from agricultural sources must also be taken into 
consideration, particularly on account of the relatively thin unsaturated zone.   One must 
also note the existence of the sewage outfall in the Cumnija area in the north-western side 
of the northern synclinal area, with the sewer galleries traversing the central axis of the 
syncline.  Potential leakages from this sewer and possible overflows from the planned 
wastewater treatment plant should also be considered as threats to the groundwater body.   
The Gudja anticline area contains mostly bare rocky slopes with the main development 
being a tourist complex. 
 

Schlerophllous Vegetation

Agriculture with significant areas of natural vegetation

Sparsely vegetated areas

Discontinuous urban fabric 

 
Figure:  Main land-use features in the catchment area of the Mellieha coastal groundwater body. 
 
Groundwater abstraction from the coastal groundwater body is also prone to saline 
intrusion.  Borehole records for 1943 survey wells driven in the southern part of the 
aquifer, show an initial salinity of 320 and 100ppm which rapidly rose to 10,000ppm with 
moderate extraction.  The report also states that there was evidence of "gross surface 
contamination". 
 
8.4 Pressures on the Quantitative Status of the Groundwater Body 
A balance of groundwater reserves in the coastal groundwater body was computed for the 
period 2003-04.  Results indicate that total outflow is smaller than recharge. These results 
tend to indicate that the groundwater body is not at risk of failing to achieve the WFD 
objectives related  to the quantitative status of groundwater.  Several data gaps constrain 
the accuracy of water balance estimations. 
 
However in periods of reduced rainfall, reports of the wells drying out are frequent.  In 
large aquifers, the balance in groundwater reserves will initially be utilized to restore 
used up groundwater storage, which will then be utilizable in periods of low recharge.  
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Figure:  Ghadira Nature Reserve.  
(courtesy MEPA) 

However, in the case of this and similarly small aquifers, groundwater storage is small 
and thus there is no buffering capacity between low and high recharge years.  Thus, the 
groundwater body, particularly in the areas in which the base of the aquifer is perched 
above mean sea level tends to dry out in periods of low rainfall.  
 

Aquifer 
Code Name 

Size        
Km2 

Inflow     
hm3 

Outflow  
hm3 

Balance  
hm3 

Major 
Extraction 

MT009 Mellieha Coastal 2.9 0.69 0.38 0.31 A 
Table:  Simplified water balance for the coastal groundwater body 
 
8.5 Directly dependent surface water eco-systems 
The Ghadira Nature Reserve has been identified as 
a possible eco-system with significant dependence 
on groundwater.  Investigations are currently under 
way to determine the extent of this dependence, 
with the collaboration of the Malta Environment 
and Planning Authority. 
 
Ghadira Area (INT008) 
A bird sanctuary with perennial saline pools 
attracting birds and home to various protected 
species. Its surroundings, also protected, include 
important clay slopes and very species-rich garigue, 
housing many rare species, including the only 
remaining population of the sub-endemic Beaked 
Spider Orchid. Internationally designated as a 
RAMSAR site, and lised in the inventory of the 
Special Protected Areas and Biodiveristy in the 
Mediterranean. 
 
8.6 Summary Data 
 
General  
Groundwater Body Code MT009 
Name Mellieha Coastal Groundwater Body 
Reference year 2004 
Location Malta 
Area 2.9km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 1.8km 
Maximum width 4.0km 
Geographical mid-point of aquifer (UTM Grid)  
Northings 442,100 
Eastings 3,980,400 
Hydrology  
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Minimum Annual Precipitation* 313.8mm 
Mean Annual Precipitation* 524.4mm 
Maximum Annual Precipitation* 950.2mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Thickness n/a 
Mean Thickness n/a 
Maximum Thickness n/a 

Overlying Strata 
Thick alluvial fill in synclines.  Indicative thickness 
of 19cm. 

Minimum Depth to Groundwater Body n/a 
Mean Depth to Groundwater Body n/a 
Maximum Depth to Groundwater Body n/a 
Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 9.51E-6m/s 
Minimum Annual Groundwater Level Amplitude n/a 
Mean Annual Groundwater Level Amplitude n/a 
Maximum Annual Groundwater Level Amplitude n/a 
Pressures  
Land-use (Corinne Landcover 2000)  
Discontinuous urban fabric 8% 
Agriculture with significant area of natural 
vegetation. 60% 
Sparsely vegetated areas 18% 
Schlerophyllous vegetation 14% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Irrigation 
Artificial Recharge No 
Artificial Recharge Purpose n/a 
Associated Aquatic Ecosystems Ghadira Wetlands 

* Precipitation data based on records for WSC Mizieb Rain-gauge for the period 1994-2004 
 
8.7 Preliminary Risk Assessment 
Owing to the fact that no chemical data exists for the Mellieha coastal groundwater body, 
the condition of the body should be assessed on the basis of similar groundwater bodies 
such as Pwales.  These considerations lead the groundwater body to be considered as 
'probably at risk' of failing to achieve the WFD's objectives.  However, real chemical data 
should be obtained during the further characterisation stage in order for the significance 
of this 'risk' to be determined. 
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9 Marfa Coastal Groundwater Body 
 
 
9.1 Location of the Groundwater Body 
The Marfa Ridge Aquifer block lies at the far north of Malta and ranges in height from 
150m in the south west to 30m in the south east falling northwards towards sea-level.  It 
is bounded on the south by the Ghar Baqrat Fault and to the north by the South Comino 
Channel.  Within this area the Upper Coralline Limestone outcrops over an area of 
5.75km2. 
 
The coastal groundwater body in Marfa is thus supported in the Upper Coralline 
formation in the region where the underlying Blue Clay formation dips below sea-level.  
This groundwater body will thus be bounded by the Blue Clay formation from beneath 
and to the north by the freshwater-seawater interface. 
 
 

 
Figure: Map indicating the location of the Marfa Ridge Upper Coralline Limestone Aquifer 
 
 
9.2 Importance of the Groundwater Body 
The Marfa Ridge aquifer is mostly exploited for irrigation purposes. The surface 
catchment infiltration and aquifer extension area is 5.75km2.  There is only a small 
amount of cultivated land, but there is intense irrigation and private extraction from 
shafts.  The aquifer is perched but tilted and in lateral contact with seawater on the 
northern side.  Barren rock and thin soil are widespread. 
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9.3 Pressures on the Qualitative Status of the Groundwater Body 
The groundwater body is prone to saline intrusion even at relatively low abstraction rates, 
particularly in those areas where the lower confining blue clay layer lies below sea-level.  
In fact, borehole logs for BH27 located in the central parts of the Marfa Ridge, dating 
back to 1943, indicate that the salinity of the groundwater stood at 540ppm at low 
pumping rates. 
 

Schlerophllous Vegetation

Agriculture with significant areas of natural vegetation

Mixed woodland

 
Figure:  Main land-use features in the surface catchment area of the Marfa coastal groundwater body. 
 
No groundwater quality data from sources in the groundwater body is available.  
However, nitrate levels are expected to be fairly high in the northern part of the ridge 
where intensive irrigation is practiced.  The presence of pollution from pesticides and 
pesticide residues from agricultural sources should also be investigated. 
 
9.4 Pressures on the Quantitative Status of the Groundwater Body 
A balance of groundwater reserves in the coastal groundwater body was computed for the 
period 2003-04.  Results indicate that total outflow is smaller than recharge. These results 
tend to imply that, under the current abstraction rates, the groundwater body is not at risk 
of failing to achieve the WFD objectives related to the quantitative status of groundwater.  
Several data gaps constrain the accuracy of water balance estimations. 
 
Aquifer 
Code 

Name Size        
Km2 

Inflow     
hm3 

Outflow  
hm3 

Balance  
hm3 

Major 
Extraction 

MT010 Marfa Coastal 5.5 0.89 0.62 0.27 A 
Table:  Simplified water balance for the groundwater body. 
 
However, owing to the limited groundwater storage capability of this aquifer which are 
particularly constrained by its size, wells tend to dry out after periods with low recharge.  
Secondary permeability is expected to prevail over primary permeability in the hydrology 
of this aquifer block and thus, the formation water, which is responsible for the steady 
flow especially during the summer months is probably much less than half of the total 
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groundwater available. Costain, (1952) estimates the total exploitable groundwater 
reserves at 400,000m3. 
 
9.5 Directly dependent surface water eco-systems 
No sites enclosing groundwater dependent eco-systems have been identified.   
 
9.6 Geological Profile 
 
 

Figure: South-North geological Section of the Marfa Ridge Aquifer. 
 
9.7 Summary Data 
 
General  
Groundwater Body Code Marfa Coastal 
Name MT010 
Reference year 2004 
Location Malta 
Area 5.5km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 2.2km 
Maximum width 5.0km 
Geographical mid-point of aquifer (UTM Grid)  
Northings 441,400 
Eastings 3,982,600 
Hydrology  
Minimum Annual Precipitation* 313.8mm 
Mean Annual Precipitation* 524.4mm 
Maximum Annual Precipitation* 950.2mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Aquifer Thickness 4.5m 
Mean Aquifer Thickness 26.5m 
Maximum Aquifer Thickness 50.5m 
Overlying Strata Indicative soil thickness lies between 16 and 50cm. 
Minimum Depth to Groundwater Body n/a 
Mean Depth to Groundwater Body n/a 
Maximum Depth to Groundwater Body n/a 
Hydrogeology  
Main recharge source Precipitation 
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Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 6.51E-6m/s 
Minimum Annual Groundwater Level Amplitude n/a 
Mean Annual Groundwater Level Amplitude n/a 
Maximum Annual Groundwater Level Amplitude n/a 
Pressures  
Land-Use (Corinne Landcover)  
Agriculture with significant area of natural 
vegetation. 54% 
Mixed woodland 14% 
Sclerophyllous vegetation 32% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Irrigation 
Artificial Recharge Minimal 
Artificial Recharge Purpose Leakages from the potable distribution network and 

sewerage network. 
Associated Aquatic Ecosystems None 

* Precipitation data based on records for WSC Mizieb Rain-gauge for the period 1994-2004 
 
9.8 Preliminary Risk Assessment 
Owing to the fact that no chemical data exists for the Marfa coastal groundwater body, 
the condition of the body should be assessed on the basis of similar coastal groundwater 
bodies.  These considerations lead the groundwater body to be considered as 'probably at 
risk' of failing to achieve the WFD's objectives for qualitative status.  However, real 
chemical data should be obtained during the further characterisation stage in order for the 
significance of this 'risk' to be determined. 
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10 Mqabba-Kirkop Perched Groundwater Body 
 
 
10.1 Location of the Groundwater Body 
The Mqabba-Kirkop Aquifer is located around the villages of Mqabba and Kirkop, 
perched over the mean sea level aquifer.  The groundwater body probably occurs in this 
syncline as a result of the presence of impervious marly beds at the base of the Lower 
Globigerina Limestone formation 
 

  
Figure: Map indicating the approximate boundaries of the Mqabba-Kirkop Globigerina Limestone Aquifer 
 
10.2 Importance of the Groundwater Body 
This aquifer has considerable importance for the farming activity in the region and 
consequently is tapped by a number of private wells. 
 
10.3 Pressures on the Qualitative Status of the Groundwater Body 
Groundwater quality data for this groundwater body exists from two surveys carried out 
in 1991 and 2003 respectively.  Chloride levels in the groundwater body were relatively 
low ranging between 140 and 320mg/l in the 1991 survey and 60 and 230mg/l in the 
2003 survey.  Low chloride values were expected owing to the location of the 
groundwater body, however sources of chloride contamination include leakages from the 
public sewer and application of fertilizer to fields.   
 
On the other hand nitrate levels in the groundwater body are quite high, with levels 
ranging between 67 and 412mg/l being encountered during the 1991 survey and levels 
between 41 and 300mg/l during the 2003 survey.  The major source of nitrate pollution is 
use of fertilizer for agriculture. 
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Figure: Main land-use features in the  catchment area of the Mqabba-Kirkop groundwater body. 
 
It should be noted that this groundwater body is particularly vulnerable to surface 
pollution due to the quarries which have been dug in the Globigerina Limestone within its 
catchment area, greatly thinning the unsaturated zone in certain regions. 
 
10.4 Pressures on the Quantitative Status of the Groundwater Body 
No balance of groundwater reserves has been computed for this groundwater body.  
However, owing to the fact that the groundwater body owes its existing to  a leaky 
confining layer within the Lower Globigerina Limestone member and significant 
abstraction is thought to occur to supplement agriculture in the area; it suggested that the 
groundwater body should be considered to be probably at risk of failing to achieve the 
objectives related to its quantitative status. 
 
10.5 Directly dependent surface water eco-systems 
No sites enclosing groundwater dependent eco-systems have been identified.   
 
10.6 Summary Data 
 
General  
Groundwater Body Code MT011 
Name Mqabba-Kirkop Perched 
Reference year 2004 
Location Malta 
Area surface catchment estimated at 3.4km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 1.3km 
Maximum width 3.0km 
Geographical mid-point of aquifer (UTM-Grid)  
Northings 453,200 
Eastings 3,966,500 
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Hydrology  
Minimum Annual Precipitation* 206.0mm 
Mean Annual Precipitation* 543.2mm 
Maximum Annual Precipitation* 942.5mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Thickness n/a 
Mean Thickness n/a 
Maximum Thickness n/a 
Overlying Strata Indicative soil thickness of 55cm. 
Minimum Depth to Groundwater Body n/a 
Mean Depth to Groundwater Body n/a 
Maximum Depth to Groundwater Body n/a 
Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity n/a 
Mean Hydraulic Conductivity 0.24E-6m/s 
Maximum Hydraulic Conductivity n/a 
Minimum Annual Groundwater Level Amplitude n/a 
Mean Annual Groundwater Level Amplitude n/a 
Maximum Annual Groundwater Level Amplitude n/a 
Pressures  
Land-use (based on Corinne Land-cover data)  
Discontinuous urban fabric 28% 
Agriculture with significant area of natural vegetation 60% 
Airport 9% 
Mineral abstraction sites 3% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Irrigation 
Artificial Recharge No 
Artificial Recharge Purpose n/a 
Associated Aquatic Ecosystems None 

* Precipitation data - WSC Raingauges located on catchment area of MSLA (1994-2004) 
 
 
10.8 Preliminary Risk Assessment 
From the limited information available, the Mqabba-Kirkop perched groundwater body is 
probably at risk of failing to achieve the objectives related to its qualitative status, 
particularly due to the high nitrate content, most probably arising from the agricultural 
activities in its catchment area.  The characteristics of the groundwater body should 
however be further investigated and if necessary verified with results obtained from 
chemical analyses on the groundwater. 
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11 Comino Mean Sea Level Groundwater Body 
 
 
11.1 Location of the Groundwater Body 
The island of  Comino is located between the islands of Malta and Gozo.  It is essentially 
an outcrop of the Upper Coralline Limestone formation.  There are no main fault lines 
crossing the central regions of the island  and the formation bedding planes are essentially 
horizontal.  The Upper Coralline Limestone attains a maximum thickness of 80-100m.  
Owing to the fact that the highest Upper Coralline Limestone peaks in Comino attain an 
approximate height of 70m, one would expect the Blue Clay formation to occur at an 
average depth of 30m below sea-level. The Upper Coralline Limestone outcrops over an 
area of 2.75km2. 
 

 
Figure: Map indicating the location of the Comino Upper Coralline Limestone Aquifer 
 
11.2 Importance of the Groundwater Body 
Groundwater abstracted from the Comino Upper Coralline Limestone aquifer is mainly 
utilised for agricultural purposes; with minor abstractions for secondary purposes from 
tourist concerns in the island.  The groundwater body was utilized for drinking purposes 
until the late 1980's. 
 

 
Figure: Panoramic view of the island of Comino from Marfa Ridge 
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11.3 Pressures on the Qualitative Status of the Groundwater Body 
In an aquifer with a sea boundary, the freshwater is in direct contact with salt-water.  In 
small permeable islands the freshwater body takes the shape of a thin lens floating on 
saltwater.   Groundwater abstraction is therefore highly prone to saline intrusion, even at 
very low abstraction rates.  In fact, chloride content in samples from wells tapping the 
groundwater body taken during a survey conducted in 2003, ranged between 100 and 
570mg/l, with the high end values being obtained from wells under low pumping 
conditions. 
 
Pressures on groundwater quality will occur also from the use of fertilizers in irrigation; 
however it should be noted that minimal if any intensive irrigation is practiced on the 
island.  A pig farm operates on the south-western edge of the island and the discharge of 
animal manure from this farm is direct to the coast.  Groundwater samples taken during 
the 2003 survey were also analyzed for Nitrate content and this was found to range 
between 1 and 14mg/l. 
 

Agriculture with significant area of natural vegetation

 
Figure:  Main land-use features on the island of Comino 
 
11.4 Pressures on the Quantitative Status of the Groundwater Body 
Minimal quantities of groundwater are abstracted from the sea-level aquifer in Comino 
for the irrigation of the limited agricultural area on the island as well for secondary 
purposes by tourism establishments on the island. 
 

Aquifer 
Code Name 

Size        
Km2 

Inflow     
hm3 

Outflow  
hm3 

Balance  
hm3 

Major 
Extraction 

MT012 Comino Mean Sea Level 2.7 0.52 0.3 0.22 A 
Table:  Basic water balance for the sea level groundwater body 
 
A balance of groundwater reserves in the sea-level groundwater body was computed for 
the period 2003-04.  Results indicate that total outflow is smaller than recharge. This 
implies that, under the current abstraction rates, the groundwater body is not at risk of 
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failing to achieve the WFD objectives related to the quantitative status of groundwater.  
Several data gaps constrain the accuracy of water balance estimations. 
 
It should be noted that the small size of the island constrains the amount of groundwater 
which can be stored in the freshwater lens.  The remaining volume of groundwater 
indicated in the balance estimations will thus serve the function of restoring any 
declinations in groundwater storage with the remaining volume being eventually lost to 
the surrounding sea. 
 
11.5 Directly dependent surface water eco-systems 
No sites enclosing groundwater dependent eco-systems have been identified.   
 
11.6 Geological Profile 
 

 
Figure:  Geological Profile of the Island of Comino. 
 
11.7 Summary Data 
 
General  
Groundwater Body Code MT012 
Name Comino Mean Sea Level 
Reference year 2004 
Location Malta 
Area 2.7km2 
Main Aquifer Type Fractured Carbonate Media 
Groundwater horizon 1 
Maximum length 1.7km 
Maximum width 2.6km 
Geographical mid-point of aquifer (UTM-Grid)  
Northings 440,300 
Eastings 3,985,700 
Hydrology  
Minimum Annual Precipitation* 237.1mm 
Mean Annual Precipitation* 450.2mm 
Maximum Annual Precipitation* 692.2mm 
Geology  
Stratigraphy Tertiary - Miocene 
Petrographic Description Carbonate - Fractured 
Minimum Aquifer Thickness n/a 
Mean Aquifer Thickness 70m 
Maximum Aquifer Thickness 100m 
Overlying Strata Thin soil cover 
Minimum Depth to Groundwater Body 0m 
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Mean Depth to Groundwater Body 70m 
Maximum Depth to Groundwater Body 100m 
Hydrogeology  
Main recharge source Precipitation 
Minimum Hydraulic Conductivity 0.33E-6m/s 
Mean Hydraulic Conductivity 2.93E-6m/s 
Maximum Hydraulic Conductivity 6.51E-6m/s 
Minimum Annual Groundwater Level Amplitude n/a 
Mean Annual Groundwater Level Amplitude n/a 
Maximum Annual Groundwater Level Amplitude n/a 
Pressures  
Land Use (Corinne Land-cover Data)  
Agriculture with significant area of natural 
vegetation. 100% 
Other Pressures  
Water Abstractions Yes 
Water Abstractions Purpose Irrigation, Secondary purposes 
Artificial Recharge No 
Artificial Recharge Purpose n/a 
Associated Aquatic Ecosystems None 

* Precipitation data - WSC Gozo Raingauges Gozo  (1994-2004) 
 
11.8 Preliminary Risk Assessment 
From the information available, the Comino mean sea level groundwater body is 
probably not at risk of failing to achieve the environmental objectives of the Water 
Framework Directive both from the view achievement of criteria related to the 
quantitative and the qualitative status.  The groundwater body is however prone to 
localized  sea-water intrusion in response to abstraction of groundwater from wells, even 
at  low abstraction rates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




