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Abstract

The study area intendes for agricultural investment and establishment stations of
water pumping for human use to the nearby areas, southwest of Samawah city.
Twelve Two-Dimension (2-D) survey points were performed by using Wenner-
Schlumberger array configuration to take the measurements. The inverse models of
two survey point appear the effect of the saline groundwater that raises from Rus
Formation, which caused a significant reduction in resistivity of the groundwater-
bearing zone within middle Dammam Formation along the fault plane.
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Introduction
The study area is located at south-west of Samawah city, locally called Shghatia (SH) as shown in
Figure 1. It is intended for agricultural investment and establishing stations of water pumps to meet the
requirements of nearby areas. The aim of this study is delineating saline groundwater that raises from
Rus Formation to avoid drilling wells at the position that appears these effect. The electrical survey
considers the most important method used to definition and study of the groundwater aquifers [1]. The
principle of resistivity survey method is based on the physical ohm's law (R=AV/I), which governs the
flow of the electrical current within a metal wire [1, 2], Where R is the resistance, AV is the potential
difference across the wire, and | is the electric current passes through this resistance. The
measurements are practices by injected the DC electric current in the ground by a pair of current
source and measured the potential difference at the other pair of potential electrode [1, 3]. The Electric
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current flows through earth materials at shallow depth by two main methods [2, 4]. The first is
electronic conduction, by this method the current flows via free electrons such as through metals. The
second is electrolytic conduction, by this method the current flows by movement the ions in
groundwater, which is a more common mechanism in engineering and environmental surveys [3].
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Figure 1- location of the study area.

Geological and Hydrologic setting

The survey area is part of the desert zone [5]. It located within one of the hydrogeological basing in
the southern desert of Iraq (Shbecha-Al Salman basin) [5, 6]. The Dammam Formation consider as the
most imported geological Formation that contains aquafers of groundwater in Samawah desert [7].
Many of wells are drilled by General Commission for Groundwater near the survey point SHland
SH10, as be shown in Figure- 2. The water level of these wells is ranging between 70-75 m, with
electrical conductivity ranging between 3150-6000 micro Mohs\cm [8]. The survey area is
characterized by existence the hills of fragments of limestone (outcrops of Dammam Formations)
alternate with flat and depressions areas that filled by quaternary deposition (clastic soil that consists
of clay and silt with secondary gypsum) [7, 9]. The fluctuation in chemical and physical weathering
processes along the Quaternary period produced these features and structures of the earth’s surface, in
addition, weakly of rainfall and absence of vegetation covers [10]. These flat and depressions areas
extend from many squire kilometers to several hundreds of square kilometers [10], which have
important investment and agricultural purposes. The surface of the study area is covered mainly by
tertiary and quaternary deposits [11, 12]. The tertiary deposits represented by
A- Rus Formation (Lower Eocene), which deposited under hot and evaporate condition (lagoon
environmental). It consists mainly of thick beds of gypsum and anhydrite interbedded with marl and
marly Limestone beds [8, 13]. The Rus Formation consider as hydrogeology unit and has a thickness
ranging between 20-50 m [7]. It does not exposit in the survey area. According to the General
Commission for Ground Water (G.C.G.W); it probably is reached by deeper wells (more than 200 m)
[14].
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B- Dammam Formation (Upper- Middle Eocene), which consider as one most important of
groundwater-bearing zone in the southwest of Irag [15]. It exposed in most of the survey area. The
middle Dammam Formation characterized by the existence of karstified canals, cavities, fissures and
joints, and fractures, which make it with high permeability and transmissivity [8, 16].

The Quaternary deposits are covers whole of the survey area, except Dammam Formation outcrops. It
represented by younger and older alluviums of depression-filling deposits, slope deposits and valley-
filling deposits [13]. The quaternary deposits consist mainly of clay or mud, silt, silty clay, and sand,
in addition to secondary gypsum [17]. It has variable thickness and characterizes by low resistivity
because of clay mineral contain (the resistivity is ranging between 2.00-4.5 chm.m)
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Figure 2- Satellite image of location the survey point.
Field data

The Wenner-Schlumberger array is used to carry out 2-D resistivity imaging survey in this study.
The sequences of measurements are created by using ELECTRE pro software [12]. The study area is
achieved by conducting twelve survey points. Location and distribution of the survey points within the
survey area depend on the width of the flat area. The length of the array line in each survey point is
1200 meters; by using 120 electrodes, with 10 meters electrode spacing. The estimated depth of
investigation in each survey points is reached to 225 meters. Except for the survey point SH 5, which
performed by using only 100 electrodes, because of the survey area is narrow and restricted by
Dammam Formation outcrops. The estimated depth of investigation reaches to 190m. The direction of
the array lines in each survey points is northeast-southwest, which perpendicular on the layer’s slop [1,
18] to get depth with a true thickness of these layers [19].

Data processing

The field data are processed and the bad data is removed in several stages after completing the
fieldwork by using PROSYS Il and RES2DINV programs [13, 14, 15]. The automatic filter is used
instead of the manual filter with PROSYS Il program. The RES2DINV program used to remove bad
data into two stages. The first stage by picking out the bad data in profile form. The second stage by
moving out green line to the left side of the small percent of datum point bare (less than 20%) before
repeated the inverse subroutine iteration to reduce the RMS error ratio (Figure- 3). After finishing of
removal bad data, the field data being of high quality, which reflects the distribution of the subsurface
resistivity [3].
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Figure 3- The bar chart of datum point percent of the SH 1.

The RES2DINV software intended to invert a large number of set data (reach to 21000 data) that
provided by a great number of electrodes (more of 25 electrodes) [5]. Therefore, it used to interpret the
field data. The RES2DINV program built up to run as much as possible in a powerful and automatic
manner by modifying many of default control parameters on the field data to fine-tune the inversion
subroutine operation. The initial value that used with damping filter is (0.2) and the minimum value is
(0.02), because of the survey area consist of semi horizontal layers and far away from the noise
sources.

Results and discussion

The inverse models of the survey points show there are three main resistivity zones (Figures- 4, 5).

- The resistivity of the first zone is ranging between 2.00 — 4.50 ohm.m, which represented the
shallow depth of the inverse models (blue color in the inverse models). Except for the inverse model
of survey point SH 2 and SH 8 that located at deeper layers, which represented the effect of saline
groundwater that raising from Rus Formation. The low resistivity at shallow zone represents the
quaternary deposits. It consists mainly of clay, silt and secondary gypsum that have high conductive
because of clay minerals contain [8].

- The resistivity of the second zone is ranging between 10.1 - 51.3 ohm.m, which represents the
groundwater-bearing zone (green color in the inverse models). It located mainly within the middle part
of Dammam Formation, which consists of carbonic rocks.
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Figure 4- Inverse models of the survey points SH 1, SH 3, SH 4, SH 5 and SH 6.

The third resistivity zone is more than 115 ohm.m (red with purple color in the inverse models). It
located mainly at deep inverse models, which represents the lower part of Dammam Formation that
consist mainly of dolomite and dolomitic limestone. The inverse models in the eastern side of the
study area (the survey points SH 10, SH 11 and SH 12) shows it has high resistivity compare with the
other inverse models as be shown in Figure- 6. It may result of finding the middle part of Dammam
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Formation above water level and the lower Dammam Formation is raised at shallow depth, which
consists mainly of dolomite and dolomitic limestone (the resistivity of dolomite is higher than
limestone compare with the other inverse models as be shown in Figure-6. It may result of finding the
shallow depth, which consists mainly of dolomite and dolomitic limestone (the resistivity of dolomite
is higher than limestone [13]).
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Figure 5- Inverse models of the survey points SH 7, SH 9, SH 10, SH 11, and SH 12.

When comparing the survey points in the study area, the survey point SH 2 and SH 8 showed low
resistivity zone at deeper layers of the inverse model as be shown in Figures- 6 and 7. As a result of
raising the saline groundwater from Rus Formation, which has low resistivity (the resistivity is ranging
between 2.00 - 4.50 ohm.m). The saline groundwater is raising with deep faults, which makes as a
passageway of saline groundwater between Rus Formation and Dammam Formation.
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The saline groundwater caused a significant reduction in resistivity of middle Dammam Formation.
The survey point SH 2 shows the effect of saline groundwater at 200 m depth, under electrodes 52-61
along with the fault as shown in Figure-7.

The effect of deep fault is clearly appeared in the measured and calculated pseudosection of the
survey point SH 2, by divided the high resistivity zone under electrodes 65-97. The survey point SH 8
shows the effect the saline groundwater at 150 m depth, under electrodes 84-95 as shown in Figure-7.
The estimate of resistivity zones in the survey area is explain by the Figure-8.
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Figure 8- Sketch shows the estimate situation of the resistivity zones in the study area.

Conclusions

1. The Quaternary deposits characterized by low resistivity and have variable depth in the inverse
models. Where the thickness is reduced at the eastern side compare with the western side of the
study area as shown by the shallow low resistivity zone of the inverse models (the resistivity is
ranging between 2.00-4.5 ohm.m).

2. The eastern side of the study area is characterized by high resistivity (more than 115 ohm.m)
compare with the western side, as being shown by the inverse models of the survey points SH10,
SH 11 and SH 12. May result from locating the middle part of Dammam Formation above
groundwater level with raise the lower part of Dammam Formation (consist mainly of dolomite
and dolomitic limestone).

3. The saline groundwater that rises from Rus Formation within the middle part of Dammam
Formation (groundwater-bearing zone) has clearly appeared in the survey points SH 2 and SH 8. It
associated with the deep fault.

4. The thickness and depth of the groundwater aquifers vary between the surveys points according to
the degree of the fractures and level depth of the middle part of Dammam Formation relative to
the water level in the study area.
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