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Abstract The current study introduces the geological subsurface cross-sections in the southern part of the Gaza Strip to
show the structure of the aquifer in the area. The crosssections give evidence of four subaquifers of the coastal
aquifer in the southern part of the Gaza Strip. These crosssections give the natural reasons for the deterioration of the
groundwater in the study area. The results show presence of
clay lenses that prevent the replenishment processes of the
aquifer of fresh water from the rainfall and returns flow from
agricultural activities. Lithological formation was evident as
one of the natural causes which accelerate destroying process
of the coastal aquifer. The results also show that the structure
of the aquifer causes the increase of the groundwater salinity
in the Gaza Strip. The cross-sections had shown the shortage
of storage capacity of high quantities of fresh water in the
coastal aquifer in these areas. The role of lithological formation was evident as one of the natural causes to accelerate the
process of destroying the coastal aquifer.
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Introduction
The coastal aquifer plays an important role for water supply in
the Gaza Strip. The Gaza Strip aquifer is the southern part of
Palestine's coastal aquifer (Fig. 1). The southern part of the
Gaza Strip is considered as one of the most densely populated
areas in the world. Groundwater is the main source of freshwater in this area. Geology, land use, poor hydrological management, climate change, and land cover are the most important factors that influence groundwater quality.
The study area (Fig. 1) is located in the southern part of the
Gaza Strip represented by the governorate of Khan Younis and
Rafah and is considered as one of the most densely populated
areas. The Gaza Strip is located on the southeastern coast of
the Mediterranean Sea between longitudes 34°2″ and 34°25″
east and latitudes 31°16″ and 31°45″ north. The width of the
strip ranges between 5 km at the middle to 8 km at the north
and 12 km at the south, where the study area is located. Its
length is approximately 40 km along the coastline and its area
is about 378 km2 (UNDP 2009).
The Gaza Strip surface, as a whole, is covered by the
Pliocene–Quaternary sediments varying from the Pliocene
sand dunes and alternating Pleistocene loess and gravels outcropping in the Wadi Gaza (Picard 1943; El Khoudary and
Anan 1985). The Pleistocene coastal area has alternating
stratified calcareous sandstones (locally termed as Kurkar)
and red sandy paleosoils (locally termed as Hamra, meaning
red in Arabic). The Holocene sediments are represented by
coastal sand dunes and alluvial deposits. The Kurkar is intercalated by the Hamra formed the coastal ridges. These
ridges are designated to represent typical longitudinal concave forms parallel to the coastline by dominant wind direction perpendicular to the coast (Anan and Zaineldeen 2008;
Zaineldeen and Aish 2012).
Due to the importance of the Gaza coastal aquifer, water
supply, and the difficult groundwater situation, a study is
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Fig. 1 Location map of the study
area

conducted to give a model for the structure of the aquifer of
the study area. Therefore, the aim of the study is to obtain the
subsurface lithological structure in the study area and its
possible role in the salinization of groundwater. This is considered as an update to the geological cross-section already
existing (Fig. 2) for the Gaza Strip (Greitzer and Dan 1967).

Fig. 2 Generalized geological
cross-section of the coastal
aquifer (Greitzer and Dan 1967)

Geological setting of the Gaza coastal aquifer
The coastal plain aquifer extends from the coast of the Mediterranean Sea in the west to the foothills of the mountain area
in the east (Fig. 3). It is part of a regional groundwater system
that stretches from the coastal area of Sinai in the south to
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Fig. 3 The coastal aquifer basin of Palestine

Haifa in the north. The coastal aquifer underlies Palestine's
coastal plain and runs parallel to the Mediterranean Sea coast.
The aquifer lithologies were deposited in several depositional
cycles from the glacial and interglacial periods. The PlioPleistocene sand and calcareous sandstone of the aquifer (the
Kurkar Group) is interbedded with marine and continental
clay, silt, and shale lenses which represent the different periods
of sea water transgressions and regressions of the Pleistocene
(Issar 1968). Below the Kurkar Group is the Yafo Formation
of the Saqiye Group, which is composed of impermeable
marine clays and shales of the Pliocene and Miocene Series.
The Yafo Formation forms a layer of low permeability that
separates the Kurkar Group from the underlying rock units. In
the western section, the aquifer is composed of silt, loam, and
clay interbedded with sand and calcareous sandstone. Its
thickness along the coast reaches up to 200 m below mean
sea level and becomes thinner towards the eastern sections
near the armistice line.
The study area represents the southwestern part of this
main aquifer. It is composed of Pliocene–Pleistocene calcareous sandstone and layers of clay (Gavish and Friedman 1969).
The coastal aquifer is a major component of the water resource
and drinking water supply in the Gaza Strip. It is naturally
recharged by precipitation, and additional recharge occurs by
irrigation return flow (PWA 2000). The thickness of the aquifer varies from 200 m in the west to a few meters in the eastern
margins and foothills of the mountains area (about 25 km east
to the seashore).

In the Gaza Strip, the aquifer extends about 15–20 km
inland, where it overlies the Eocene Age chalks and limestone
or the Miocene–Pliocene Age Saqiye Group. The Saqiye
Group is a 400- to 1,000-m thick sequence of marls, marine
shales, and clay stones. Approximately 10–15 km inland from
the coast, the Saqiye Group pinches out and the coastal aquifer
rests directly on Eocene chalks and clastic sediments of Neogene Age (Vengosh and Rosenthal 1994; Vengosh et al. 1994;
Mercado 1985). Up to a distance of 4–6 km from the coastline,
impermeable layers of clay divide the aquifer into unconfined,
semiconfined, and confined subaquifers (marked as A, B1,
B2, and C in Fig. 2), whereas in its central and eastern sections,
the aquifer is undivided. These subaquifers, therefore, are
limited to only a few kilometers from the seashore.
The structure and the thickness of the aquifer vary significantly from north to south in the Gaza Strip. In the northern
section, the thickness of the aquifer in its western and central
area is 180–200 m. In the Central Gaza Strip, the thickness
decreases from 140 to 160 m. While in the southern part, the
thickness of the aquifer is only 100–120 m.
The natural flow regime was from SE to NW toward the
Mediterranean Sea (Mercado 1968; Fink 1992; Livshitz 1999;
Guttman 2002). This means that part of the recharge of the
Gaza groundwater occurs in the east. Groundwater is
recharged from different sources including rainwater, runoff
and return flow which includes leakage from municipal water
distribution system, sewage infiltration, and irrigation return
flow. Rainfall is considered as the major recharge component
that replenishes the aquifer in the Gaza Strip.

Technique
Lithological subsurface data are obtained through drilling
boreholes. More than hundred boreholes had been selected
(Fig. 4) to draw the subsurface structure of the aquifer in the
study area. Correlation between these wells was presented as a
cross-section by using WinLog and WinFence software. Six
cross-sections have been drawn within the study area (Fig. 4).
The direction of these section is NW–SE. ArcGIS, version
9.3, has been used for drawing various maps.
WinLog and WinFence can be used to create graphically
detailed full-color cross-sections. WinLog, version 4, has numerous features to create and edit the logs. Most of the existing
features have been enhanced in version 4 of the program, and
many features have been added such as: (1) project reports can
be generated for all data in a project, for example: layer tops,
thickness, lithological description, and water table; (2) used
data can be imported and/or exported; boreholes data can be
entered and displayed manually or imported from excel. Several methods for calculating true depth are supported. While
WinFence shares the same database in WinLog that can be
used to access and plot the borehole data entered in WinLog.
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F: 2010

Fig. 4 Salinity (Cl concentration) of the groundwater in the study area during the period 2001–2010
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Cross-sections were created by specifying path lines on a
location map (Fig. 4). The location map in Fig. 4 shows all
wells entered in WinLog.

Salinity of the groundwater in the study area
Salinization of coastal aquifers is a global phenomenon that
endangers the present and future utilization of groundwater
resources, particularly in arid and semiarid zones. The increasing salinity which is often described by chloride (Cl) concentration (in milligram per liter) in the groundwater is one of the
important problems that affect the usability of water for irrigation and water supply. In most areas, salinity rates are
increasing with time. High concentrations of chloride in the
groundwater are considered major water quality problems.
Chlorides in groundwater may come from many processes
such as dissolution of rocks containing chlorides, irrigation
drainage, and seawater intrusion in coastal aquifers.
Most wells in the Gaza Strip have salinity exceeding the
WHO standard of 250 mg/l. Cl concentration value varied in
the drinking wells depending on depth and locations of these
wells. The percentage of suitable wells that have Cl concentration matching WHO standards (<250 mg/l) is 27 % from
the total wells that is distributed in the study area. Chloride
concentration in the groundwater has been evaluated during
the period 2001–2010 through the pumped water quality by
the municipal wells. Figure 4 shows the Cl maps in the
study area for the period 2001–2010. The wells that is
located in the western side of Rafah are characterized with
good quality and Cl concentration is relatively low (with an
average of <400 mg/l), while the wells that is located in the
central and/or in the eastern part of Rafah is characterized by
high Cl concentration (with average of 500–1,000 mg/l). In
Khan Younis, 90 % of the total wells have Cl concentration
that exceeds the WHO limit. In their study, Al Hallaq and
Abu Elaish (2012) showed that the western part of Khan
Younis area is vulnerable to contamination that ranges between high and very high due to the relatively shallow water
table with moderate to high recharge potential and permeable soils.
It can be inferred that Cl concentration in the study area is
ranging from 250 mg/l in the western part to reach up to more
than 1,000 mg/l in the middle and eastern part of the study
area. In addition, Cl concentration (salinity) has increased with
time (from 2001 to 2010) as shown from the maps in Fig. 4.
Baalousha (2011) showed that the high-risk areas of ground
water contamination in the Gaza Strip are those located in the
towns of Khan Younis and Rafah in the southern Gaza Strip.
One of the factors that cause the variation of Cl concentration
in the study area is the structure of the aquifer where the clay
lenses prevent the replenishment processes of the aquifer of
freshwater from the rainfall.

Results and discussion
Data of 100 lithological wells have been used to draw six
cross-sections along the NW–SE direction with a path line of
2 km width (Fig. 5). The lithological subsurface data are
logged as boreholes through WinLog software. The distribution of the wells in the study area and the path of the crosssections are shown in Fig. 5. Figure 6 shows some examples
of these logs that have been used to draw lithological crosssections using WinFence software.
Six cross-sections have been created within the study area
and numbered as 1–6. Three of them (1–3) are for the Rafah
district and the other three sections (4–6) are for the Khan
Younis district. Cross-sections show the distribution of impervious to semi-impervious layers and lenses alternating with
predominantly permeable sand and calcareous sandstones.
The aquifer in the study area consists of alternations of sand,
sandstone (Kurkar), silty clay, and clay as represented in the
lithological cross-section of Fig. 6.
Cross-section no. 1
Cross-section no. 1 (Fig. 7) represents the southern part of
Rafah district close to the Egyptian border. Ten lithological
well logs have been used to draw this cross-section. These
wells arranged from west to east as follows: Pizo/32, Pizo/14,
Pizo/33, P/153, Camp/7, Pizo/39, P/78, Pizo/3, P/94, and
Camp/9. The section shows the fundamental difference represented by the thick clay lens extending to the mid of crosssection (Fig. 7). This section shows the role of lithological
subsurface in limiting of the aquifer capacity for receiving
quantities of renewable water due to these clay lens. From this
section, it can be inferred that many of the coastal clay lenses
extend towards the east from 1 to about 4 km in the aquifer
structure and divided into four subaquifers.
Saturated aquifer is characterized by very low thickness of
about 20 m in the eastern part and increased gradually to the
western part reaching 90 m. The aquifer in the west includes a
very thick clay lens within lithological structure that extends
4 km to the east reaching to the center of Rafah district where
the municipal wells are located. All these clay masses that
occupied a large part of an aquifer do not give the aquifer the
opportunity to receive or store large amounts of freshwater in
this region (minimize storage capacity). Wells have varied
depths due to the existence of thick clay lens. The presence
of this thick lens causes decrease of the water level and
increase of Cl concentration in these wells.
Cross-section no. 2
Cross-section no. 2 (Fig. 8) is parallel to cross-section no. 1
and located also at Rafah district. Eleven lithological well logs
have been used to draw this cross-section. These wells are
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Fig. 5 Cross-sections path lines
in the study area

from west to east: Pizo/27, Pizo/31, Pizo/14, P/164, P/148, P/
147, P/142, P/77, P/141, P/94, and Camp/9. An insignificant
variation can be inferred from the thickness of the clay lens
that was observed in this section compared to cross-section
no. 1. The presence of this clay lens that extends to the western
part leads to insignificant amount of rainwater infiltration to
the groundwater. As a result, it accelerates the reduction of
water level and increased Cl concentration in this area.
Cross-section no. 3
Cross-section no. 3 (Fig. 9) is also located at Rafah district.
Nine lithological well logs have been used to draw this
cross-section. These wells include L/81, Pizo/16, L/181, P/
146, L/70, P/163, Pizo/10, P151, and Pizo/7. This crosssection shows the presence of two separate thick clay lenses
in the middle and east of the cross-section as shown in
Fig. 9. This section shows the lithological subsurface role
in reducing the aquifer storage capacity for receiving quantities of renewable water.

At the center of the section, the rainfall can infiltrate to
replenish groundwater due to the absence of clay lenses.
Therefore, the wells located at this area have less Cl concentration. Towards the west, the wells have been influenced by
rainwater infiltration that flow with natural slope of the layers.
Again, the wells at this location have less Cl concentrations
(Fig. 4). While, the wells located to the east of this crosssection have more Cl concentration because the area is far
away from the area of replenishment and close to the sea
which might was affected by sea water intrusion. The water
level is varied in this area due to the differences of the depth of
the wells in this area.
Cross-section no. 4
Cross-section no. 4 (Fig. 10) was obtained from boreholes
located at Khan Younis district. The cross-section is parallel to
the previous three sections. Eight lithological well logs have
been used for drawing this section. These wells are Pizo/5,
Pizo/38, L/86A, L/182, L/184, L/70, P151, and Pizo/7. From
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Fig. 6 Some examples of the well logs that have been used to draw the lithological cross-sections
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Fig. 6 (continued)
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Fig. 7 Cross-section no. 1 at Rafah district

this cross-section, the presence of two large clay lenses joined
together (Fig. 10) can be noticed. This section shows the
lithological subsurface role in reducing the aquifer capacity
for receiving quantities of renewable water due to the presence
of these two clay lenses.

Fig. 8 Cross-section no. 2 at Rafah district

There is an insignificant variation in cross-section no. 4
compared with cross-section no. 3 in terms of saturated zone
thickness. The numbers of clay lenses at the western part are
decreased. The thick clay lens extends more in section no. 4
towards the eastern part. This causes the reduction of the

Author's personal copy
Arab J Geosci

Fig. 9 Cross-section no. 3 at Rafah district

infiltration rainfall to replenish groundwater and minimizes
the capacity of the aquifer for saving large quantities of
freshwater. Most of the wells located at the section have
different depth penetrating the thick clay lenses and reaching

Fig. 10 Cross-section no. 4 at Khan Younis district

up to 110 m below sea level. Cl concentration of these wells in
this area increased (Fig. 4). This confirms that the clay lenses
are behind unreplenished groundwater processes that increase
salinity in these wells.
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Fig. 11 Cross-section no. 5 at Khan Younis district

Cross-section no. 5
Cross-section no. 5 (Fig. 11) is also located at Khan Younis
district as cross-section no. 4. Seven lithological well logs

Fig. 12 Cross-section no. 6 at Khan Younis district

have been used to draw this section. These wells are arranged
from west to east as Peizo/18, Peizo/19, Camp/11, L/43, M/
11, L/198, and Camp/8. From this cross-section, the disappearance of the thick clay lenses can be noticed. This can give
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the opportunity of increasing the thickness of saturated zone in
this area. Consequently, the aquifer has the chance to receive
large amount of freshwater in this region. Additionally, the
wells of this section are located at sand dunes area that allows
increasing rainwater infiltration.

It is evident that the lithological structure of the aquifer
plays a key role as natural causes to accelerate the destroying
process of the coastal aquifer.

Cross-section no. 6
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