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ABSTRACT 
The Mesopotamia Plain is characterized, topographically as a flat plain that slopes gently 

between Baghdad and Basrah, but it is gently undulated in its northern parts. It is totally 
covered by Quaternary sediments. These sediments are composed of alternation of clay, silty 
clay, clayey silt, silt, sand and gravel. Fine sediments represent the aquitards, while sand and 
gravel form the aquifers. These sediments have abrupt lithologic changes, both laterally and 
vertically, therefore, are considered regionally as a lithologically complex aquifer system. 
There is a hydraulic continuity within the entire Quaternary aquifer system, but the degree of 
the continuity differs from place to another, depending on the lithological characteristics of 
water bearing sediments. It is assumed that, a hydraulic continuity is present between surface 
water and groundwater aquifers, to some extent. Therefore, effluent and influent river 
phenomena exist throughout the plain. Moreover, there is a hydraulic continuity between 
Quaternary aquifer system, in the plain and the underlying pre-Quaternary formations.  

The groundwater level fluctuations throughout the Mesopotamia Plain depend, mainly on 
the natural conditions and to some extent on artificial conditions. Generally, water bearing 
Quaternary sediments, of the plain are considered quantitatively promising, but the problem is 
concerned with the quality of the groundwater. High salinity of the groundwater prevails 
throughout the plain, but the groundwater, which is close to rivers and main irrigation 
channels may be in better condition for exploitation, particularly where phenomenon of 
induced seepage of fresh water exists, also in areas along Low Folded Zone, where recharge 
water zones exist. 

The direction of the groundwater flow is towards the center of the Mesopotamia Plain, 
from all neighboring regions, because the plain represents a regional discharge zone for the 
whole Mesopotamian Aquifer Mega System of Iraq. The piezometric level of the groundwater 
is generally inclined from north and northwest (it is < 200 m, a.s.l., near Makhoul Mountain) 
towards south and southeast (2 m, a.s.l., near Basrah city). The salinity of the groundwater 
increases generally from the recharge areas towards discharges areas, within the plain. The 
chemical quality of the groundwater changes from sulphatic to chloridic type from recharge to 
discharge areas, respectively, being in accordance with the groundwater movement.        
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 معقدا   تشكل نظاما إقلیمیا   حیث ،عمودیا  و بالتغیر المفاجئ لخواصھا الصخاریة أفقیا   ترسبات السھل الرسوبيتمتاز 
وبي، إذ تظھر ظاھرة التغذیة والتصریف على طول مجاري ضمن مناطق السھل الرس السطحیة والمیاه الجوفیة للمیاه

الى وجود إتصال ھیدرولیكي بین الخزانات المائیة للسھل الرسوبي  ات الاروائیة الرئیسیة، بالإضافةوالقنو الانھار
صورة رئیسیة وخزانات المیاه للتكوینات الأقدم منھا. یعتمد التغیر في مستوى المیاه الجوفیة ضمن مناطق السھل الرسوبي ب

 وبعض الشيء على الظروف الاصطناعیة. ،على الظروف الطبیعیة
في منطقة السھل الرسوبي بصورة عامة واعدة من ناحیة الكمیة، ولكن المشكلة  الجوفیة الحاملة للمیاه ترسباتتعتبر ال

ل على وحة، لكن یمكن الحصوبصورة عامة عالیة المل ،السھل الرسوبي الجوفیة في میاهالتكمن في نوعیتھا، حیث تعتبر 
 ،روائیةلإوالقنوات ا الأنھارملائمة لبعض الاستخدامات المختلفة ضمن المناطق المحاذیة لمجاري  میاه قلیلة الملوحة أو

 نطاق أقدام التلال، حیث مناطق التغذیة. امتداد، وكذلك على ه الجوفیة من تلك المصادر العذبةحیثما تكون ھنالك تغذیة للمیا
ركة المیاه الجوفیة یكون باتجاه السھل الرسوبي ومن جمیع المناطق المجاورة لھ، حیث یعتبر منطقة تصریف إن ح

للمناطق المحیطة بھ. ینخفض مستوى المیاه الجوفیة بصورة عامة من الشمال والشمال الغربي باتجاه الجنوب والجنوب 
لحركة المیاه الجوفیة، كذلك  ة باتجاه مناطق التصریف تبعا  الشرقي، وتزداد ملوحة المیاه بصورة عامة من مناطق التغذی

السائد لحركة المیاه  هالاتجانفس وب تاتیة الى النوعیة الكلوریدیةالحال بالنسبة لنوعیة المیاه حیث تتغیر من النوعیة الكبری
 .الجوفیة

 
INTRODUCTION 

The Mesopotamia Plain is considered topographically as a flat plain that slopes gently 
between Baghdad and Basrah, but it is gently undulated in its northern parts. Its elevation 
ranges from (60 – 150) m, above sea level, in its boundary with the Low Folded Zone, 
gradually decreases south and southwards to become about 35 m in Baghdad, (10 – 12) m in 
the central parts and reaches (1 – 3) m at the southern parts, within the Arabian Gulf Area.     
It is partly covered by marshes and swamps, as well as depressions at its central and southern 
parts, south of Baghdad. Sand dunes, in areas west of Al-Gar'raf River, cover considerable 
portions of the plain, also between Wadi Tharthar and Baiji and east of Shari Lake; towards 
Himreen Mountain. Habbaniyah and Tharthar Lakes exist at its western border, while only the 
northern portion of Raz'zaza Lake is included within the plain (Fig.1). Tigris and Euphrates 
Rivers form the main drainage system in the Mesopotamia Plain; they flow through the plain 
and merge north of Basrah at Qurna to form Shatt Al-Arab that flows to the Arabian Gulf. 
Numerous valleys or intermittent streams flow from the high lands, along the northeastern 
border with the Low Folded Zone towards southwest, towards the low land in the east of the 
Tigris River. Diyala and Adhaim Rivers are two main tributaries of the Tigris River, and have 
their confluences within the plain. 

From the tectonic point of view, Mesopotamia Plain forms a tectonic zone that belongs to 
the Unstable Shelf (Al-Kadhimi et al., 1996 and Fouad, 2010) and represents a subsiding area, 
which is characterized by thick sedimentary column. The plain forms a trough with            
NW – SE trend.  

The Mesopotamia Plain is totally covered by Quaternary sediments. These sediments are 
composed mainly of alternation of clay, silty clay, clayey silt, silt, sand and gravel. Clay and 
silt form the aquitards, while sand and gravel form the aquifers (Figs.2 and 3). 

The evaluation of the hydrogeological conditions of the Mesopotamia Plain was carried 
out by different workers, among them are Parsons (1955 and 1957); Krasny (1982a, b, c, d, e 
and f); Araim (1990); Al-Jiburi and Al-Basrawi (2001); Al-Wa'ily et al. (2002); Al-Dabbaj 
and Al-Khashab (2004); Al-Jiburi (2002, 2004, 2005, 2006 and 2008); Ahmad and Al-Jiburi 
(2005); Al-Basrawi (2004 and 2006) and Krasny et al. (2006) in Jassim and Goff (2006). 
These studies reflect the conditions of the groundwater system in the Mesopotamia Plain in 
terms of groundwater flow direction, salinity and chemical type of water. 
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Fig.1: Location map of the Mesopotamia Plain  
showing location of some selected water wells  

(modified after Araim, 1990) 
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Fig.2: G
eological cross section from

 N
asiriyah to A

m
ara (A

 – B
) (after Y

acoub et al., 1985) 
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The climate in the Mesopotamia Plain is continental and subtropical, arid to semi arid. 
According to the meteorological information provided by the Iraqi Organization of 
Meteorological Information (2000) for the years (1981 – 2000), the annual mean rain fall is 
around 100 mm, annual relative humidity is about 42%, annual mean evaporation is about 
3000 mm and annual mean temperature is 22° C. 

The main aim of this study is to compile the hydrogeological and hydrochemical data in 
order to deduce part of the “Geology of the Mesopotamia Plain”, depending mainly on the 
available data in GEOSURV's archive.  
 
HYDROGEOLOGICAL CONDITIONS  

The Mesopotamia Plain is totally covered by Quaternary sediments; the older concerned 
formations below these sediments are Injana, Mukdadiya, Bai Hassan, and Dibdibba. The 
beds of Injana and Dibdibba formations dip towards the plain from the Western and Southern 
Deserts, in the west and south, while the beds of the Bai Hassan, Mukdadiya and Injana 
formations dip toward the plain from the Low Folded Zone, of the Unstable Shelf, in the east 
and northeast. The exposed rocks at the western and southern sides of the plain have a gentle 
dip, while those exposed in Makhoul and Himreen Mountains, at northeast and east, have 
steep dip toward the plain. Both Makhoul and Himreen Mountains or anticlines that belong to 
the Low Folded Zone have axial trend of NW – SE. Himreen Mountain continues further 
along the eastern border of Iraq until the area east of Amara city. 

All Quaternary sediments of the Mesopotamia Plain have abrupt lithologic changes, both 
laterally and vertically. Therefore, no homogenous lithologic units exist throughout the plain, 
and consequently it is difficult to delineate particular regional aquifers; since no adequate 
information about aquifer geometry is available. On these bases, the Quaternary sediments of 
the plain have been considered regionally as a lithologically complex aquifer system, that is 
neither aquifers nor aquitards seem to be of regional extent, throughout the plain. 
Consequently, the presentation of the groundwater piezometric level in regional scale is based 
on the assumption that there is a hydraulic continuity within the entire Quaternary aquifer 
system, this means that all aquifers are in hydraulic continuity. The degree of continuity 
differs from place to another, depending on the lithologic characteristics of the water bearing 
sediments. Locally, an expressive change might occur in lithologic characteristics of water 
bearing sediments, which may lead to discontinuities in the groundwater distribution. As far 
as the groundwater flow is concerned, it is also assumed the presence of hydraulic continuity 
between surface water (rivers, lakes and main irrigation channels) and the groundwater bodies 
to substantial extent. Rivers, lakes and main irrigation and diversion channels (to some extent) 
form important hydraulic boundaries to the whole aquifer system. Therefore, effluent and 
influent rivers phenomena do exist throughout the plain. Another assumption is that, 
Quaternary Aquifer System and the underlying Bai Hassan and Mukdadiya aquifers are in 
hydraulic continuity. Therefore, the water table (level) of these aquifers is considered 
regionally the same and to be continuous. Similar conditions exist between the Quaternary 
sediments with the underlying water bearing carbonates in the southern and southwestern 
parts of the plain, respectively (Araim, 1990; Al-Jiburi and Al-Basrawi, 2008). 

Generally, the groundwater level fluctuations throughout the Mesopotamia Plain depend 
on natural conditions and to same extent on artificial conditions. The natural conditions are 
limited basically to rainfall amount and its distribution, and the rate of evapotranspiration. 
Along rivers, streams and irrigation channels, the groundwater fluctuations depend largely on 
the surface water fluctuations. The artificial conditions are limited to the groundwater 
withdrawal through wells and excess of irrigation. The maximum groundwater level rise is 
during winter and spring due to rainfall, as well as, water in form of influent seepage from 
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rivers and streams and irrigation channels percolating underground to reach the groundwater 
body. During summer and autumn, when there is a lack of recharge and high rate of 
evapotranspiration, the groundwater attains its lowest level. 

Generally, the water bearing Quaternary sediments of the Mesopotamia Plain are 
quantitatively promising, but the problem is concerned with the quality of the groundwater, 
because groundwater of high salinity prevails throughout the plain, which is unsuitable for 
domestics and irrigation purposes. However, the groundwater, which is close to rivers and 
main irrigation channels may be of better condition for exploitation, particularly where 
phenomenon of induced river recharge exists. 
 
MAIN PARTS OF THE MESOPOTAMIA PLAIN 

For more detailed investigation of the hydrogeological conditions, the Mesopotamia Plain 
is divided into three main parts; according to similarity, to some extent, in geological, 
hydrogeological and topographic characteristics, these are 1) The Northern Part, which is 
located north of latitude 33º N. 2) The Central Part, which is located between latitudes              
(32° – 33° N), and 3) The Southern Part, which is located south of the latitude 32º N (Fig.1). 
The regional hydrogeological conditions of these parts are described hereinafter, the 
characteristics of the groundwater is mentioned in Table (1). 
 
 Northern Part  

The general direction of the groundwater flow in the northern part of the Mesopotamia 
Plain within the vicinity of Samarra is southwesterly, but it changes locally to other 
directions. In the eastern side of this part, between Tikrit and Baiji towns, the flow is from the 
highlands in Himreen Mountain southwards to the Tigris River. Between Tharthar Lake and 
Tigris River, a groundwater divide diverts the flow in two directions, westerly into Tharthar 
Lake and easterly into Tigris River, due to structural and topographic features; within the 
area. In the vicinity of Shari Lake, the groundwater flow is from different directions towards 
the lake, exceptionally in the southern side, where the flow is southwesterly into the 
confluence of Adhaim River and southeasterly into right bank of the Adhaim River. In the 
area between Diyala and Adhaim Rivers, the flow is southwesterly, apparently towards Diyala 
River (Fig.4). 

The groundwater discharge zones are located within different areas, namely, Tharthar 
Lake, Shari Salt Lake, the left bank of Tigris River (between Tikrit and Baiji towns) and 
along the right bank of the Tigris River. Moreover, part of the groundwater discharges as 
springs in the slopes of Himreen Mountain. The groundwater recharge is mainly from direct 
rainfall and infiltration losses from intermittent streams originated from highlands at Himreen 
Mountain, as well as from rivers and irrigation channels in the form of influent infiltration. 
The most important zones of influent infiltration are those along the left bank of the Tigris 
River, downstream between Tikrit and Samarra towns, due to hydraulic gradient. 

The main aquifers in the vicinity of Samarra town are: Injana, Mukdadiya, Bai Hassan 
formations, in addition to Quaternary sediments (Ahmad and Al-Jiburi, 2005). Pumping test 
results of the wells, which discharge from Injana aquifer show that the transmissivity of the 
aquifer ranges from (4 – 503) m2/day, permeability from (0.1 – 47) m/day, well discharge 
from (58 – 1037) m3/day and static water level ranges from (1.6 – 69) m, below ground 
surface (Table 1). The total dissolved solids range from (300 – 6819) mg/l, water type is 
mainly sulphatic with some chloridic type (Ahmad and Al-Jiburi, 2005). Injana aquifer 
occupies mainly the western part of the right bank of the Tigris River. 
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Fig.4: Hydrogeological map of the Mesopotamia Plain, shows static water level                           
and direction of the groundwater flow  

(after documented reports in GEOSURV, int. rep. nos.  
2705, 2806, 2825, 2865, 2896, 2911, 2915, 2922, 2925, 2941, 2949 and 2964) 
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Pumping test results of some drilled wells in Mukdadiya aquifer within the vicinity of 
Samara town show that the transmissivity of the aquifer ranges from (3 – 774) m2/day, 
permeability ranges from (0.1 – 55.4) m/day, well discharges range from (49 – 1452) m3/day, 
and static water level ranges from (2 – 95) m; below ground surface (Table 1). The total 
dissolved solids range from (300 – 12000) mg/l, water type is mainly sulphatic with some 
chloridic type. Mukdadiya aquifer represents the main aquifer in the left bank of the Tigris 
River (Ahmad and Al-Jiburi, 2005). 

Pumping test results of some drilled wells in Bai Hassan aquifer show that the 
transmissivity of the aquifer ranges from (4 – 829) m2/day, permeability ranges from           
(0.1 – 43) m/day, well discharges range from (20 – 5862) m3/day, and static water level  
ranges from (2 – 48) m; below ground surface. The total dissolved solids range from                      
(334 – 11075) mg/l, and the water type is mainly sulphatic with some chloridic type. Bai 
Hassan Formation represents the main aquifer within the eastern and northeastern areas along 
highlands (Ahmad and Al-Jiburi, 2005). 

Pumping test results of some drilled wells in Quaternary sediments show that the 
transmissivity of the aquifer ranges from (21 – 555) m2/day, permeability ranges from        
(1.5 – 29.7) m/day, well discharges range from (16 – 657) m3/day, and static water level 
ranges from (1.5 – 21) m; below ground surface (Table 1). The total dissolved solids range 
from (458 – 7000) mg/l and the water type is mainly sulphatic; rarely is chloridic type. 
Quaternary sediments represent the groundwater aquifer in different areas, where their 
thicknesses are suitable for water bearing (Ahmad and Al-Jiburi, 2005).  

With respect to the groundwater flow, within the vicinity of Baghdad, the following 
features can be observed: 1) Influent infiltration takes place from the Euphrates River to areas 
along its left bank. 2) The left bank of the Tigris River, upstream of the confluence of Diyala 
River, and its right bank to the south of Baghdad have effluent character; the same characters 
occur at both banks of Diyala River. This phenomenon is probably enhanced by irrigation 
activities within the northeastern portion of the area within Tigris and Diyala Rivers. During 
flood seasons, this character might be is changed into influent one. This is probably the case 
in Tigris River course, south of Baghdad within the right bank area. 3) Three main 
piezometric depressions can be observed in the groundwater level within the areas: between 
Euphrates and Tigris Rivers (southwest of Baghdad), in the right bank area of Tigris River 
(northwest of Baghdad), and in the southeastern portion of Baghdad (Al-Jiburi, 2004). These 
features cause the groundwater flow to have different directions (Fig.4). 

Quaternary sediments represent the main upper aquifer within the vicinity of Baghdad. 
Pumping test results of some drilled wells that discharge from this aquifer show that the 
transmissivity ranges from (6 – 1089) m2/day, permeability ranges from (0.5 – 126) m/day, 
well discharges range from (7 – 1118) m3/day, and static water level ranges from                 
(1.0 – 15.2) m; below ground surface. The total dissolved solids range from                            
(< 1000 – 42312) mg/l and the water type is mainly sulphatic and chloridic water (Fig.5)    
(Al-Jiburi, 2004). Water of low salinity might be found locally throughout many regions; 
particularly in areas close to rivers and irrigation channels. Along banks of rivers and 
irrigation channels, the natural or artificial conditions enable infiltration of good quality 
surface water, thus groundwater quality is improved; to some extent. The locations of areas 
with low salinity are not presented in the Hydrochemical Map (Fig.5), due to scale 
limitations.   

With respect to the eastern portion of the Northern Part of the Mesopotamia Plain, which 
is represented by Mandali vicinity, the Quaternary sediments are composed of fluvial, sheet 
run-off and alluvial fan sediments. The groundwater flows have the same trend of surface 
drainage that is from northeast toward southwest (Fig.4). 
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Fig.5: Hydrochemical map of the Mesopotamia Plain, shows salinity zones of groundwater 
(after documented reports in GEOSURV, int. rep. nos.  

2705, 2806, 2865, 2896, 2911, 2915, 2922, 2925, 2941, 2949 and 2964) 
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The regional discharge zone of Mandali vicinity occurs in the southwestern portion of the 
Mesopotamia Plain, while the recharge zone is confined mainly to highlands at the eastern 
border of Iraq with Iran. The main source of the recharge to the groundwater is of river origin, 
when intensive influent infiltration from rivers during wet seasons were proved in Mandali 
and Badra vicinities. Direct precipitation throughout the entire Northern Part of the plain also 
forms a source of recharge. Within the alluvial fans of Mandali vicinity, the groundwater 
discharge is in form of springs. Discharge in form of evapotranspiration also exists where the 
groundwater level is near the ground surface.  

Pumping test results of some drilled wells, which discharge from the sediments of the 
alluvial fans, within Mandali vicinity, show that the transmissivity of the aquifer ranges from 
(4 – 1382) m2/day, permeability ranges from (0.1 – 374.8) m/day, well discharges range from 
(100 – 6480) m3/day, and static water level ranges from (0.6 – 48) m; below ground surface. 
The total dissolved solids range from (< 1000 – 96000) mg/l and the water types are mainly 
chloridic and sulphatic water (Table 1) (Al-Jiburi, 2006).   
 
 Central Part 

The general direction of the groundwater flow in the Mesopotamia Plain, within the 
vicinity of Karbala city is towards southeast, with some local divergences to the east and 
south (Fig.4). Influent river phenomenon exists within the Central Part, particularly along the 
left bank of Euphrates River, as well as along both sides of Al-Hilla River. Recharge to the 
groundwater is by percolation of surface water from rivers, streams, infiltration of rain and 
irrigation water. Another source of recharge is possibly in form of lateral and upward leakage 
from the groundwater of carbonate aquifers at the western part of the Mesopotamia Plain 
(Araim, 1990 and Al-Jiburi, 2002). The natural discharge of the groundwater is mainly in 
form of evapotranspiration.  

Pumping test results of some drilled wells within the vicinity of Karbala city show that   
the transmissivity of the aquifer ranges from (10 – 165) m2/day, permeability ranges from           
(1 – 27) m/day, well discharges range from (35 – 596) m3/day and static water level        
ranges from (0 – 7) m; below ground surface. The total dissolved solids range from                
(< 1000 – 42200) mg/l and the water type is mainly chloridic with sulphatic water type within 
the areas along Euphrates River (Al-Jiburi, 2002) (Fig.1). Better quality of groundwater with 
lower salinity can be found at shallow zones in the areas where influent infiltration from 
irrigation channels and rivers exist; also the type of the water may vary considerably.  

The direction of the groundwater flow in the Mesopotamia Plain, within the vicinities of 
Kut city and Ali Al-Gharbi town is generally from the highlands, in the eastern and 
northeastern areas, towards south and southwest (Fig.4). In the area north and northeast of 
Kut city, a hydraulic depression was observed, where the flow of the groundwater have 
different trends, towards this depression. Also there are another two depressions: the first one 
is between Tigris and Al-Ghar'raf Rivers (Hor Al-Shuwaicha) and the second one is 
southwest of Kut city, between Nu'maniyah and Afaq (Hor Al-Dalmaj), where the flow is 
from different directions toward these depressions. All these depressions represent zones of 
groundwater discharge, where the effect of the evaporation on the surface water and 
groundwater is high, particularly during dry seasons. The main source of the recharge to the 
groundwater is from influent infiltration of rivers and irrigation channels, as well as from 
direct rainfalls.  

Pumping test results of some drilled wells within the vicinities of Kut and Ali Al-Gharbi 
show that the transmissivity of the aquifer ranges from (13 – 742) m2/day, permeability 
ranges from (0.8 – 72) m/day, well discharges range from (132 – 864) m3/day, and static 
water level ranges from (2 – 14) m; below ground surface (Al-Jiburi, 2005a and b). The total 
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dissolved solids range from (< 1000 – 149000) mg/l (Table 1 and Fig.5), and the water type is 
mainly chloridic with sulphatic type, enclosed mainly along the highland areas.  

Generally, the salinity of the groundwater increases from highland areas, in the east 
towards the Mesopotamia Plain (Fig.5). In the areas close to rivers and irrigation channels, 
there is a possibility to find good quality of groundwater with suitable salinity, where a 
phenomenon of enhanced influent infiltration from rivers exists. Accordingly, three areas are 
considered as promising zones: 1) part of the left bank of the Tigris River between Azizziyah  
and Kut, 2) the area northwest of Afaq that belongs to the irrigation system fed from Hilla 
River, and 3) the area just along Al-Gar'raf River banks (Araim, 1990 and Al-Jiburi, 2005a 
and b). 
 
 Southern Part     

The coverage area of Nasiriyah, Amara, Souq Al-Shiyoukh and Basrah Quadrangles 
(scale 1: 250 000) within the Mesopotamia Plain, is covered by vast marshy areas, particularly 
within Nasiriyah and Amara Quadrangles. The general trend of the groundwater flow is 
towards south, southeast and southwest. Several piezometric depressions occur in the area 
along Al-Ghar'raf, Tigris and Euphrates Rivers. These depressions coincide with the most 
surface depressions, where marshes and swamps exist, and represent groundwater discharge 
zones. The contact of the plain, in its southwestern side with the carbonate aquifers of the 
Southern Desert forms an important hydrogeological condition, within this region. Along this 
contact, zone of springs occurs, which is considered as a zone of groundwater discharge of the 
Iraqi Southern Desert. The area along this contact is also characterized by the presence of 
sabkhas and mud flats, where the groundwater reaches to ground surface by upward leakage, 
it is also characterized by the presence of self-flowing wells (Al-Jiburi and Al-Basrawi, 2001; 
Al-Wa'ily et al., 2002; Al-Basrawi, 2005, and Al-Jiburi and Al-Basrawi, 2008). In this region 
an assumed tectonic disturbance occur, where intensive fracture systems exist (Araim, 1990). 

The groundwater movement concerning the Mesopotamia Plain in the Southern Part is of 
multi directions, where many expressive hydraulic depressions exist (Fig.4). In the vicinities 
of Diwaniya and Samawa cities, three expressive depressions are distinguished: 1) along the 
right bank of the Euphrates River (southeast of Samawa), 2) between Al-Hilla and Euphrates 
Rivers (southeast of Diwaniya), and 3) in the central portion of the plain between Al-Ghar'raf 
and Euphrates Rivers. These depressions, most likely represent discharge zones of the 
groundwater. The regional groundwater flow within the southwestern portions of the plain is 
towards north and northeast initiated from the Southern Desert (Fig.4). Hor Al-Hammar forms 
a discharge zone in the area. Near Basrah city, the flow is towards east and southeast, it is 
influenced by the drainage effect of the low land areas of the Arabian Gulf. In other parts of 
Basrah Quadrangle, as far as the plain is concerned, the flow of the groundwater relatively 
coincides with the surface water flow of the Euphrates River and Shatt Al-Arab (Fig.4).   

Pumping test results of some drilled wells within the Southern Part of the Mesopotamia 
Plain show that the transmissivity of the aquifer ranges from (36 – 439) m2/day, permeability 
ranges from (1.1 – 36.6) m/day, well discharges range from (65 – 528) m3/day, and static 
water level ranges from (2 – 8) m; below ground surface (Al-Wa'ily et al., 2002; Al-Jiburi, 
2005c; Al-Basrawi, 2006 and Al-Jiburi, 2008). The total dissolved solids range from        
(2600 – 82000) mg/l (Table 1 and Fig.5), the water type is mainly chloridic with sulphatic 
type, mainly along the eastern borders with the highland areas. 
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DISCUSSION 

The main important factors that affect the salinity of the groundwater in the Mesopotamia 
Plain are: 

Location of the Mesopotamia Plain: The Mesopotamia Plain forms mainly the central 
and southern parts of the Iraqi territory; it consists of various (more or less) independent 
aquifer systems or sub-systems and represents the main regional groundwater discharge zone 
of the whole Mesopotamian Aquifer Mega System.  

The Geological Nature: The nature of the sediments of the Mesopotamia Plain is 
characterized mainly by lateral and vertical abrupt changes in sediment sequences. The plain 
is considered as continuously subsiding zone, with thick sequence of Paleogene and older 
formations, which are covered by Quaternary sediments. The thickness of the Quaternary 
sediments increases from Himreen Mountain, in the north and northeast, where Neogene pre-
Quaternary rocks croup out, to the south and southwest. In the vicinity of Baghdad, the 
thickness of the Quaternary sediments is estimated to reach some (50 – 80) m (Krasny et al., 
2006 in Jassim and Goff, 2006). The thickness of flood plain sediments may exceed 200 m, in 
the southeastern part of the aquifer system. Quaternary sediments of the plain are formed by 
rapidly alternating horizons of clay, silty clay, clayey silt, silt, sand and gravel (Fig.2). Sand 
and gravels represent the groundwater aquifers, while clay, silty clay, clayey silt and silt 
represent aquitards (Fig.3). On regional scale, a hydraulic connection within the entire 
Mesopotamian Aquifer System of Iraq can be assumed. Although a considerable variation 
occur in lithological sequences of Quaternary sediments, there are several general 
hydrogeological features, which can be noticed. The less permeable sediments, almost 
everywhere, form regionally extended aquitards in the upper part of the sequences. The 
thickness of this upper aquitard usually reaches 10 m or more, and somewhere even up to     
20 m. The upper aquitard is underlain by an aquifer of total thickness of many tens of meters 
in Tigris basin within the vicinities of Baghdad and Mandali (Al-Jiburi, 2004 and 2006). In 
the vicinity of Kut, the interconnected aquifer; of the Tigris basin reaches its maximum 
thickness of at least 200 m. It is formed mainly by fine and middle grained sands with 
intercalated layers of silty clay and clayey silt of different thicknesses and forms less 
permeable bodies of aquitards, but sandy layers are mostly thicker, reaching usually few tens 
of meters (Al-Jiburi, 2005a and b and Krasny et al., 2006 in Jassim and Goff, 2006). Alluvial 
fans border the plain in different areas. The extreme northern part of the Mesopotamian 
aquifer system is generally built by alluvial fans originating from the Himreen Mountain. The 
largest and oldest of these fans took its origin at Al-Fatha, north of Baiji town; the thickness 
of the fan sediments exceeds 50 m (Krasny et al., 2006 in Jassim and Goff, 2006). A narrow 
belt of discontinuous fans border the plain in the northeast and east along the anticlinal 
structure of Himreen Mountain extending from Mandali to Badra – Zurbatiya and Teeb 
vicinities. On the southwestern border of the Mesopotamia Plain, Wadi Al-Batin fan exists, 
which hydrogeologically belongs to the Southern Desert aquifers. 

Climatic Conditions: The climatic conditions and the high rate of evaporation, cause 
increase of groundwater salinity, especially in the low land areas and when the static water 
level becomes near the ground surface. 

The direction of the groundwater flow is towards the Mesopotamia Plain from all 
neighboring regions. Within the plain, the piezometric surface of the groundwater is generally 
inclined from north and northwest towards south and southeast. It is < 200 m (a.s.l.), near 
Makhoul Mountain, decreasing slightly towards south and southeast to reach 2 m (a.s.l.), near 
Basrah city. On regional scale, the piezometric surface can be considered more or less 
continuous, as there is a hydraulic connection of the entire aquifer system within the plain. 
However, abrupt changes in lithologic sequences may cause discontinuities in the 
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groundwater aquifer distributions. Taking into consideration the lithology of both Quaternary 
and pre-Quaternary sediments, especially Bai Hassan and Mukdadiya formations. There is no 
reason to assume hydraulic separation between them, due to the similarity between their 
lithological constituents in most cases. In addition, there is a hydraulic interconnection 
between the groundwater and surface water; to different extents. Therefore, rivers and 
channels of influent and effluent characters form important external and internal hydraulic 
boundaries in the aquifer system of the plain.  

The salinity of the groundwater increases from north to south and from borders of the 
Mesopotamia Plain towards its central parts; within the discharge zones (Fig.5). In the 
northern part of the plain, the salinity ranges generally from (less than 1000 – 10000) mg/l 
and more, but the most frequent values are between (2000 – 4000) mg/l; within the vicinity of 
Samarra town and becomes higher in Baghdad vicinity. In the central and southern parts of 
the plain, the salinity generally increases south and eastwards reaching usually some tens of 
thousands of mg/l (brine water) within depressions and low land areas of the marshes, which 
represent discharge zones (Al-Jiburi, 2005a, b and c, and 2008). 

Generally, dissolved solids have been brought by the groundwater within the 
Mesopotamia Plain from different directions and deeper aquifers and/ or horizons. The type of 
the groundwater changes from sulphatic water; within the northern part of the Mesopotamia 
Plain to mainly chloridic water type; within the central and southern parts of the plain. 

The applied irrigation system within the Mesopotamian Plain causes lost of high amounts 
of fresh water that infiltrates downward and is mixed with the groundwater and causes 
increase in the groundwater level, and then deteriorated with the saline groundwater.   

Generally, groundwater of low salinity may occur in areas where influent seepages from 
rivers and irrigation channels take place, and within areas along borders with the Low Folded  
Zone, where recharge areas are considered.  

Generally, more active hydrogeological, hydrological, irrigational and agricultural 
management is needed in order to decrease salination or to reduce deterioration of soils and 
groundwater within the Mesopotamia Plain. 

The principal hydrogeological problems of practical importance in the Mesopotamia Plain 
are those connected with land reclamation and the groundwater supply. As to land 
reclamation, both irrigation and drainage possibilities depend directly or indirectly on the 
hydrogeological conditions. Excess irrigation would cause rising of the groundwater level and 
consequently increases the salt content in the soil by evaporation, particularly during hot 
seasons. To avoid soil salination, the groundwater level is to be decreased below its critical 
depth, which can be achieved through drainage systems (horizontally and/ or vertically by 
wells). Achievement of such systems requires a special hydrogeological and hydrological 
investigation. 
 
CONCLUSIONS 
• The Mesopotamia Plain is totally covered by Quaternary sediments. These sediments are 

composed of alternation of clay, silty clay, clayey silt, silt, sand and gravel. Aquitards are 
represented mainly by clay, silty clay, clayey silt and silt, while sand and gravel form the 
aquifers, within the plain. 

• Quaternary sediments of the Mesopotamia Plain are considered regionally as a lithologically 
complex aquifer system. These sediments have an abrupt change in their lithologic 
characteristics both laterally and vertically, so that no homogenous lithologic unit was 
revealed throughout the plain. 
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• There is a hydraulic continuity within the entire Quaternary aquifer system in the 

Mesopotamia Plain, this means that all aquifers are in hydraulic continuity. The degree of 
continuity differs locally, depending on the characteristics of water bearing sediments. 

• It is also assumed the presence of hydraulic continuity between surface water (rivers, lakes 
and irrigation channels) and the groundwater aquifers; to substantial extent. Rivers, lakes 
and irrigation channels form important hydraulic boundaries to the whole aquifer system. 
Therefore, effluent and influent rivers phenomena exist throughout the Mesopotamia Plain.   

• Another assumption is that, Quaternary Aquifer System in the Mesopotamia Plain and the 
underlying Bai Hassan, Mukdadiya and other aquifers are in hydraulic continuity, so that, 
the water level for these aquifers is considered regionally the same and also continuous.  

• The groundwater level fluctuations throughout the Mesopotamia Plain depend on natural 
conditions and to some extent on artificial conditions. The natural conditions are rainfall 
quantity, distribution, and rate of evapotranspiration. Along rivers, streams and irrigation 
channels, the groundwater fluctuations depend largely on the surface water fluctuations. The 
artificial conditions are the groundwater withdrawal through wells and excess of irrigation. 
Maximum groundwater level rise is during winter and spring due to rainfall, as well as, 
water in form of influent seepage from rivers, streams and irrigation channels percolating 
underground to reach the groundwater aquifers. During summer and autumn, when there is 
a lack of water recharge and there is high rate of evapotranspiration, then the groundwater 
has the lowest levels.  

• The water bearing Quaternary sediments of the Mesopotamia Plain are quantitatively 
promising, but the problem with the quality of the groundwater, high salinity prevails 
throughout the plain, which is unsuitable for domestic uses and even irrigation purposes. 
But, the groundwater, which is close to rivers and main irrigation channels may be of better 
quality for exploitation, particularly where phenomenon of induced seepage of fresh water 
exists, and in areas along the Low Folded Zone, where recharge water zones are considered.  

• Low permeable sediments form, almost everywhere regionally extended aquitard, in the 
upper part of the sequences. The thickness of the upper aquitard reaches 10 m or more, 
somewhere even up to 20 m, within the Central and Southern Parts of the Mesopotamia 
Plain. The upper aquitard is underlain by an aquifer with total thickness that ranges between 
many meters to many tens of meters, depending on the sediments thickness in the plain.  

• Direction of the groundwater flow is towards the Mesopotamia Plain, from all neighboring 
regions. The plain represents a regional discharge zone of the whole Mesopotamian Aquifer 
Megasystem of Iraq. The piezometric surface of the groundwater within the plain is inclined 
from north and northwest towards south and southeast.  

•  Salinity of the groundwater increases from the recharge areas, mainly in the northern and 
northeastern areas, along the Low Folded Zone, and along western and southwestern areas 
bordering the Western and Southern Deserts, towards the discharge areas within the plain.  

• Chemical quality of the groundwater changes from sulphatic to chloridic type, from 
recharge to discharge areas, in accordance with the groundwater movement. 

 
RECOMMENDATIONS 

The followings are recommended:  
• Monitoring of the groundwater level in selected and representative wells, within the 

Mesopotamia Plain, in order to acquire new information, which are necessary for executing 
groundwater regime, and to detect any variations that occur in the groundwater level. 

• Continuous collection and analyses of the groundwater samples from representative wells, 
within the Mesopotamia Plain, based on monthly or seasonal bases, as available aid to 
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predict any change in chemical composition and water types, which offer an indispensable 
framework for better water management. 

• Drilling deep observation wells, in selected areas, and where no wells are available, 
especially within assumed promising areas, to acquire new data, to evaluate the 
hydrogeological and hydrochemical conditions, more precisely and to predict or find new 
promising areas, with good quality groundwater, mainly for agricultural purposes. 

• Construction of small dams on main valleys within the eastern borders of the map area 
along the Low Folded Zone to provide surface water recharge to the groundwater aquifers 
through valley basins, the stored water also can be used for local domestic and irrigation 
purposes within the region. 

• Establishing of gauging stations on basins of valleys, along the Low Folded Zone, in order 
to record the run off in valleys, this will aid in evaluation of the groundwater resources. 

• Installation of hydro-meteorological stations, aiming to acquire observations of the hydro-
meteorological parameters, which will aid, also in evaluation of the groundwater resources. 

• Preventing the products of urbanization and industrialization, which have caused serious 
environmental impacts, by contaminating the groundwater within the Mesopotamia Plain. 

• Preventing heavy pumping in zones with potentially sufficient groundwater resources that 
induced along influent river courses and irrigation channels with good quality water. Heavy 
pumping may gradually deteriorate the groundwater quality and extract volumes of less 
mineralized (fresh) groundwater.  

• To avoid more soil salination, the groundwater depth has to be below its critical depth, 
which can be achieved through activating old drainage systems or by achievement of new 
drainage systems (horizontally and/ or vertically by wells). 

• More developed management for water resources, irrigational and agricultural techniques in 
Iraq must be applied to avoid more deterioration of water quality and soils, in accordance 
with more developed countries, especially in the Mesopotamia Plain. 
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