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ABSTRACT 

Electrical resistivity imaging (ERI) is one of the best 

geophysical techniques for studying subsurface and 

groundwater aquifer investigations. In clastic sediments, 

determining the exact boundary between different layers on 

the inverse section of ERI is not an easy task due to gradual 

changes in resistivity between surrounding layers and the 

granular aquifers. Therefore, the main aim of the study is to 

indicate a more precise boundary of the granular aquifers 

(true thickness of aquifers) on the inverse section. Two 

different models were used: the field model and the laboratory 

model, in the field model, four different locations were 

selected. They are located in (Kalar, Chamchamal, Bazyan, 

and Piramagroon), within the Sulaymaniyah Governorate, NE 

Iraq. Two-dimensional (2D) electrical resistivity imaging was 

carried out along four profiles of 355 m length with a five-

meter electrode spacing. The Wenner-Schlumberger array 

was used for recording the data. For the lab model, a 

laboratory geological model was constructed has length, 

height, and width equal to 192, 65, and 45 cm, respectively. 

Two synthetic profiles were carried out on this model, they 

have lengths of 190 cm with electrode spacing of 10 cm. The 

field results indicated that aquifers in clastic sediments on 

inverse sections always showed anomalies with apparent 

thicknesses larger than their true thicknesses, which were 

obtained from the geological column of the wells. In the four 

studied locations, aquifers' average true thickness is 

approximately 68.2% of the apparent thicknesses on the 

inverse sections. The result of the laboratory geological model 

also showed that the true thickness of the unsaturated gravel 

is approximately equal to 59.7% of the apparent thickness of 

the anomaly, which is formed by the dry gravel layer. Also, 

the true thickness of the saturated gravel is about 57.1% of the 

apparent thickness of the anomaly, which is formed by the 

saturated gravel layer. Moreover, the geological model 

showed that the higher resistivity layer (dry gravel) creates a 

narrower transitional resistivity zone between clay and gravel 

than saturated gravel of lower resistivity. 

1. Introduction 
The electrical resistivity method (ERM) for the 

subsurface study was used for the first time for 

practical purposes in France in 1912, and it has since 

proved to be one of the most successful means for 

shallow subsurface exploration. It is widely used in 

the investigation of suitable groundwater sources and 

in monitoring various types of groundwater pollution 

[1].  A major improvement in the early 1990s was the 
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development of 2D electrical resistivity imaging 

methods [2] that provide a more realistic model of the 

subsurface in geologically complex areas. Currently, 

2D surveys are the best economic compromise 

between achieving extremely precise results and 

keeping survey expenses low [3]. 

Electrical resistivity is the oldest method used for 

groundwater exploration. Several researchers locally 

used 2D electrical resistivity imaging for groundwater 

determination in the study area such as, [4, 5, 6]. 

Furthermore, many studies around the world have 

used 2D electrical resistivity to delineate groundwater 

aquifers, such as [7, 8, 9, 10, 11]. 

The water demand has increased especially 

groundwater because surface water is not enough for 

domestic and agricultural uses. In recent years, 

increasing interest in groundwater has led to more 

detailed studies on the properties and geometry of 

aquifers [12]. One of the main problems in the 

inverse section is a broad transitional resistivity zone 

between the aquifers and the surrounding layers, so it 

is not an easy task for the interpreters to indicate an 

exact boundary between these layers. In most 

subsurface situations, especially for aquifers in clastic 

sediments, the robust inversion of apparent resistivity 

is disabled to minimize a transition zone between 

aquifer and above or underlain impermeable layers, 

while it works very good to minimize this broad zone 

to a narrow one when there is a boundary between 

clastic and non-clastic sediments. So this study is an 

attempt to indicate a more accurate and precise 

boundary between granular aquifers and surrounding 

impermeable clastic sediments, by carrying out 

several 2D ERI in different locations with different 

lithology, where the water well was drilled previously 

and the thickness of the aquifer is known from the 

geologic column of the well. Then, calibration of the 

aquifer thickness in the geologic column of the well 

with the inverse section is carried out to investigate 

the accuracy of this method. To confirm that the field 

situation is correct a geological model was 

constructed in the lab and filled with three layers, 25 

cm clay at the bottom, 20 cm gravel in the middle, 

and 15 cm clay at the top. 

The four typical sites were selected for the current 

study, they are located in the Kalar district, 

Chamchamal district, Bazyan Sub-district, and 

Piramagroon Sub-district, within Sulaymaniyah 

Governorate, NE Iraq. The coordinates of these 

locations are as follow: latitude (34
º
 51

' 
57.05

''
 N) and 

longitude (45
º
 15

'
 56.03

''
 E), latitude (35

º
 29

'
 36.33

''
 N) 

and longitude (44
º
 51

'
 04.22

''
 E), latitude (35

º
 38

'
 

17.89
''
 N) and longitude (45

º
 01

'
 21.02

''
 E), and 

latitude (35
º
 42

'
 58.34

''
 N) and longitude (45

º
 09

'
 

10.72
''
 E) respectively, as shown in (figure 1). The 

main reasons for selecting these localities are good 

productivity and the good thickness of the aquifers, in 

which gravel and sand form aquifers. In addition, the 

locations were selected based on the suitability of the 

aquifer depth and the extent of the area suitable for a 

2D electrical resistivity survey.

 

 
Fig. 1: Location map of the study area. 
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2. Methodology 
The SYSCAL R1 PLUS instrument was used to 

collect field resistivity data, it is a multi-electrode 

resistivity meter system. Four locations were selected 

as optimal locations in different areas surrounding the 

Sulaymaniyah governorate. In each location, one 2D 

profile was carried out, and the centers of the profiles 

were plotted near the well locations as close as 

possible as shown in (Figure 2). The orientation of 

the profiles are selected depending on the 

accessibility of the area and taking into consideration 

the small amount of dip of the outcrop layers. 
 

 
Fig. 2: Well locations and profile lines (A: Profile No.1 Chamchamal District. B: Profile No.2 Bazyan sub 

District. C: Profile No.3 Piramagroon Sub District. D: Profile No.4 Kalar District). 
 

The Wenner-Schlumberger array type was used in 

this survey, and the length of each profile is equal to 

355 meters with 5 meter electrode spacing to cover 

the exact depth. The resistivity meter is set up to 

record 684 data points and with 19 depth levels. In 

the field, after spreading the entire system, the 

resistivity meter starts reading data automatically at 

each specified point on the subsurface as shown in 

(Figure 3). A direct current was injected into the 

ground through two current electrodes, and the 

variation of the current within the subsurface can be 

determined through the potential difference between 

the two other electrodes [13]. 

 

 
Fig. 3: The arrangement of electrodes for a 2-D electrical survey and the sequence of measurements used 

to build up a pseudo section [14]. 
 

The apparent resistivity data were processed and 

interpreted by RES2DINV software. The inversion 

process was conducted to obtain a subsurface image 

with true resistivity and true depth. The inversion 

process is carried out to obtain three types of 

resistivity sections, which consist of the calculated 

apparent resistivity, measured apparent resistivity, 

and inverse model resistivity. The misfit between 

measured and calculated apparent resistivity produces 

root mean square (RMS) values [10]. The RMS value 

of less than 10% indicates high data quality. While, 

the high RMS value confirms that there is a large 

inhomogeneity in the subsurface [15]. Before the 

inversion process, the field data was filtered to 

exterminate bad data and obtain a better result. The 
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inversion process parameters were also changed 

based on the geology of the study area. 

Also, in the laboratory, a special model was 

constructed with dimensions of 192*65*45 cm and 

filled with three layers, a clay layer with a thickness 

equal to 25 cm placed at the bottom of the model, 20 

cm of gravel at the middle, and 15 cm of clay as a top 

layer (Figure 4). The construction of this model is 

most important for displaying a spectrum of contour 

lines pattern between these components and 

comparing them to the actual field data. The array 

type used for obtaining the data was Wenner-

Schlumberger, and the resistivity instrument was set 

up to record 217 data points for 25 depth levels. The 

total length of the profile was 190 cm, and 20 

electrodes were used, with the electrode spacing 

equal to 10 cm. The electrode type used is a nail, 

which has a length of 12 cm and about 6 cm inserted 

into the clay layer. 

 

 
Fig. 4 A: Side view of the laboratory geological model. B: Top view of the model. 

 

3. Result and Discussion 
This research studied four different areas, with a 355 

m length of each profile. All profiles are processed 

and interpreted as follow: 

3.1 Field Model: 

3.1.1 Profile One (P1): 

It is located at Shorsh quarter, about 4 km SE of 

Chamchamal District, trending E-W, the total 

investigation depth is equal to 78 m. The RMS error 

= 3.6% which means the quality of the data is very 

good due to an almost perfect match between 

measured and calculated apparent resistivity pseudo 

sections (figure 5 a and b). The inverse model is 

generally composed of two zones depending on the 

resistivity value distribution. The first zone has a 

resistivity value ranging from 6 – 17 Ωm. This zone 

is located at two level zones; the first part is located 

at a shallow depth 0 – 13 m composed of clay of 

recent deposit, and the second part, from 28 m to the 

maximum depth of investigation, is composed of 

claystone and little sandstone of the Lower Bakhtiari 

formation. The second zone has a resistivity value 

ranging from 17 – 35 Ωm, which represents the 

coarse cycle of sedimentation of the Lower Bakhtiari 

composed of gravel, and little sand, with the 

thickness ranging from 13 – 28 m. 

The geological column of well No.1 as shown in 

(figure 5c) shows that the aquifer is composed mainly 

of gravel and has a thickness equal to 15 m. The red 

dashed line represents the whole anomalous body 

caused by the gravel aquifer and has an apparent 

thickness equal to 26 m at the location of the well. 

The black dash line is the boundary of the aquifer 

drown on the inverse section on the basis of matching 

the geological column of the well with the inverse 

section. Also, the black dash line represents the true 

aquifer, with a thickness equal to 15m. The inverse 

section displayed that the anomalous body formed 

due to the gravel aquifer shows larger thickness, (26 

m), than the true thickness (15 m), directly obtained 

from the column of the well. In this location, the true 

thickness of the anomaly which represents the gravel 

aquifer is equal to 57.7% of the total thickness of the 

anomaly.
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Fig. 5: Resistivity inversion model for the profile 1. 

 

3.1.2 Profile Two (P2): 

It is located at Dargazen village, about 10 km NW of 

Bazyan sub-district, trending NW-SE, the 

investigation depth equal to approximately 74 m. The 

quality of the data is very good due to low ratio of 

RMS error = 2.6%. The inverse model is generally 

composed of three layers depending on resistivity 

value distribution, (as shown in figure 6c). The first 

layer (top soil layer), the green one has thickness of 

about 6 m. Clay layer Blue one has thickness 6 – 40 

m. The third layer is the anomalous body aquifer that 

appears at depths ranging from 40 m to the maximum 

depth of the investigation. 

The geological column of well No.2 (as shown in 

figure 6c) displays that the red line is the upper limit 

of the aquifer anomaly and the black dash line 

represents the upper contact of the true aquifer. In this 

location, it is not possible to calculate the percentage 

of the true thickness of the anomaly that represents 

the gravel aquifer to the whole thickness of the 

anomaly due to the absence of the lower boundary of 

the anomalous body.

 

 
Fig. 6: Resistivity inversion model for profile 2. 

 

3.1.3 Profile Three (P3): 

It is located 1 km SE of Piramagroon sub-district, 

trending NE – SW direction, and the investigation 

depth is equal to 78 m. The data quality was very 

good due to the very low ratio of RMS = 2.3%. 

Depending on the resistivity value, the inverse model 

can be divided into three zones. The first zone has a 

resistivity ranges between 10 – 50 Ωm which 

represents the clay and silt of recent deposits (top 

layer), blue color has thickness 0 – 8 m. The second 

zone resistivity ranging between 50 – 90 Ωm which 

indicates a groundwater bearing zone composed of 

gravel, little sand, and clay of recent deposit, with the 

thickness ranging from 8 – 69 m. The third zone 

(green at the bottom) appears at depth of about 69 m, 

has low resistivity ranging from 23 – 42  Ωm, 

representing a layer of siltstone with little sandstone. 

The geological column of well No.3 (as shown in 

figure 7c). The red dash line representing the 

apparent aquifer thickness anomaly, which is equal to 

69 m while, the black dash line represents the true 

thickness of the gravel aquifer, which is equal to 61 
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m. Also in this location, the inverse section 

demonstrated that the anomalous body formed due to 

the gravel aquifer shows a slightly larger thickness 

(69 m), compared to the true thickness (61 m),  which 

is directly obtained from column of the well. 

Furthermore, the percentage of the true thickness of 

the anomaly which represents the gravel aquifer is 

equal to 88.4% of the total thickness of the anomaly. 

The higher percentage obtained at this location 

compared to the first location is a result of the 

aquifer's greater resistivity and thickness. 

 

 
Fig. 7: Resistivity inversion model for profile 3. 

 

3.1.4 Profile Four (P4): 

It is located 8 km NW of the Kalar district, trending 

NW – SE, and the investigation depth equal to 78 m. 

The data quality was good due to the low ratio of 

RMS = 6.5%. Depending on the true resistivity 

distribution, the inverse section is divided into three 

zones, as shown in (figure 8c). The first zone is 

indicated at shallow depth with a resistivity value of 

more than 40 Ωm, which is composed of gravel, sand, 

and a little clay of recent deposit. In contrast, the 

second zone, which is located at the middle of the 

section, is mainly composed of clay and silt with a 

low resistivity value ranging from 6 – 15 Ωm. The 

third zone is probably indicated as the saturated zone 

with a resistivity value ranging from 15 – 40 Ωm, and 

is composed of gravel, sand, and silt. 

The geological column of well No.4 (as shown in 

figure 8c) illustrates that the aquifer is mainly 

composed of gravel, which has a thickness of 24 m. 

The red dashed line represents the whole anomalous 

body which has an apparent thickness of 41 m at the 

location of the well. The black dash line is the 

boundary of the aquifer drown on the inverse section 

on the basis of matching geological column of the 

well with the inverse section. Moreover, the black 

dash line represents the true aquifer, with a thickness 

equal to 24m. The inverse section demonstrated that 

the anomalous body formed due to the gravel aquifer 

has a larger thickness of (41 m) compared to the 

directly obtained true thickness of (24 m) from the 

column of the well. In this location, the true thickness 

of the anomaly represents the gravel aquifer is equal 

to 58.5% of the total thickness of the anomaly. 
 

 
Fig. 8: Resistivity inversion model for profile 4. 
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3.2 Laboratory Geological Model: 

3.2.1 Lab Profile 1 (Dry Condition): 

The data for this profile was obtained while the 

gravel layer is unsaturated and had no water content. 

The total depth of investigation is equal to 32 cm. 

Figure 9 shows the inverse section of Lab Profile 1, 

two layers have showed in the inverse section. The 

first layer is represented by blue color and shows 

resistivity values ranging from 30 to 100 Ωm. The 

actual thickness of the clay layer set at the model is 

15 cm while the detected apparent thickness is equal 

to 9.25 cm. Due to the high resistivity of the 

unsaturated gravel a transitional zone (spectrum of 

contour lines) is formed between these two layers 

with a thickness equal to 6.75 cm and resistivity value 

ranging from 100 to 460 Ωm. In fact, this transitional 

zone is a part of the clay layer formed by the effect of 

high resistive gravel layer. 

Theoretically, the maximum depth of investigation of 

the inverse resistivity model is about 42 cm, which 

implies that the lower bottom of the gravel layer (or 

the upper contact of the third layer) has to be detected 

by the survey. This is not achieved due to the high 

resistive gravel layer which minimizes the depth of 

investigation to 32 cm; the loss of investigation depth 

is about 24% of the supposed obtained depth. Also, 

the unsaturated gravel showed a pseudo anomaly 

(started from the red dash line) larger than the actual 

anomaly (started from the black dash line). Hence, 

most of the research failed to misinterpret by 

selecting the red dash line as a contact between these 

two layers while the actual one is the black dash line. 

The synthetic inverse section displays that the 

percentage of true thickness of the anomaly created 

by unsaturated gravel is equal to 59.7% of the pseudo 

anomaly, and the thickness of the transitional zone 

formed as a result of the high resistive layer has to be 

added to the thickness of the low resistive layer. 

 

 
Fig. 9: Resistivity inversion model for Lab Profile 1. 

 

3.2.2 Lab Profile 2 (Saturated Condition): 

The data for this profile was obtained while the 

gravel layer was saturated and filled with natural 

drinking water. The total depth of investigation is 

equal to 39.6 cm. Figure 10 illustrates the inverse 

section of Lab profile 2, and two layers have showed 

in the inverse section. The first layer represents by 

blue color and shows resistivity values ranging from 

15 to 65 Ωm. The actual thickness of the clay layer 

set at the model is 15 cm while the detected apparent 

thickness is equal to 7.5 cm. Due to the high 

resistivity of the saturated gravel, a transitional zone 

(spectrum of contour lines) is formed between these 

two layers has thickness equal to 7.5 cm with a 

resistivity value ranging from 65 to 280 Ωm. As a 

matter of fact, this transitional zone is a part of the 

clay layer, which is formed by the effect of high 

resistive gravel layer. 

Theoretically, the maximum depth of investigation of 

the inverse resistivity model is about 42 cm, which 

means the lower bottom of the gravel layer (or the 

upper contact of the third layer) has to be detected by 

the survey. However, depending on the investigation 

depth, which is about 39.6 cm, the upper contact of 

the third layer (bottom clay layer) has to be detected 

by the survey. This is not achieved due to the 

transitional zone formed by the high resistive gravel 

layer. The loss of investigation depth is about 6% of 

the supposed obtained depth. Also, the saturated 

gravel showed a pseudo anomaly (started from the 

red dash line) larger than the actual anomaly (started 

from the black dash line). The synthetic inverse 

section clearly displays that the percentage of true 

thickness of the anomaly created by saturated gravel 

is equal to 57.1% of the pseudo anomaly, and the 

thickness of the transitional zone formed as a result of 

the high resistive layer has to be added to the 

thickness of the low resistive layer. 
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Fig. 10: Resistivity inversion model for Lab Profile 2. 

 

4. Conclusion 
In conclusion, electrical resistivity imaging was 

successfully used to delineate the true thickness of 

granular aquifers and determine the exact boundary 

between the granular aquifer zone and the 

surrounding impermeable layers. From field survey 

results, the apparent thicknesses of the gravel aquifers 

in the inverse sections of profiles 1, 3, and 4 are equal 

to 26 m, 69 m, and 41 m, while true thicknesses of 

the aquifers in wells No. 1, 3, and 4 are equal to 15 

m, 61 m, and 24 m, respectively. The inverse sections 

of the field survey clarified that the thickness of 

anomalies always formed by granular aquifers 

appears larger than their true thickness. The 

percentages of the true thickness of the aquifers to the 

pseudo thickness of the anomalies caused by them are 

calculated for profiles No. 1, 3, and 4, and they are 

equal to 57.7%, 88.4%, and 58.5%.  The different 

obtained percentages of the true thickness depend on 

the resistivity contrast between the aquifers and the 

surrounding layers; a high resistivity contrast gives a 

high percentage and vice versa. While the synthetic 

laboratory model showed that the supposed set up 

depths are not achieved due to the high resistive 

gravel layer, which reduces the depth of investigation 

to 32 cm in unsaturated gravel and 39.6 cm in 

saturated gravel. The loss of investigation depth is 

about 24% in the unsaturated gravel and 6% in the 

saturated gravel of the supposed obtained depth. This 

confirms that the large resistivity contrast gives a 

smaller depth of investigation than the smaller 

resistivity contrast. The unsaturated gravel showed a 

pseudo anomaly larger than the actual anomaly. The 

percentage of true thickness of the anomaly created 

by unsaturated gravel is equal to 59.7% of the pseudo 

anomaly, and the thickness of the transitional zone 

formed as a result of the high resistive layer (equal to 

6.75 cm) has to be added to the thickness of the low 

resistive layer. The saturated gravel showed a pseudo 

anomaly larger than the actual anomaly. The 

percentage of true thickness of the anomaly created 

by saturated gravel is equal to 57.1% of the pseudo 

anomaly, and the thickness of the transitional zone 

formed as a result of the high resistive layer (equal to 

7.5 cm) has to be added to the thickness of the low 

resistive layer. The transitional zone between the low 

resistive layer and the high resistive layer becomes 

narrower when the resistivity contrast is increased 

and vice versa. For unsaturated conditions, the 

thickness of this zone is equal to 6.75 cm, and for 

saturated conditions it is equal to 7.5 cm. 
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 تصوير المقاومة الكهربائية ثنائي الأبعاد لرسم الحدود الدقيقة والسمك الحقيقي لخزانات المياه
 الجوفية الحبيبية

 زانا محمود محمد فرج روغزاي،   بختيار قادر عزيز
 الارض ، كلية العلوم ، جامعة السليمانية ، العراققسم علوم 

 
 الملخص

( أحدد  أل ددت الصمنيداي الجيوليةاا يددة ل راسدداي الصحددي السدتحية و صحرادداي الميدداب الجوليدة لدد  صرسدد اي ال صاصيددة  ERIيعد  صوددوار المماومددة الئير ا يدة  
ميمدة سديلة  سدب   لدم يكدن صودوار المماومدة الئير ا يدة ممتد  العكسد  مدنة علد  اليدصح ي  الح و  ال اولة بين الت ماي المخصل ة  دمن صرسد اي لصاص

 يدد  حدد و  الصغيددراي الص راجيددة لدد  المماومددة بددين الت مدداي المحيتددة وخةاندداي الميدداب الجوليددة الحبيبيددة  لددمل  ، لددةن اليدد   الر يسدد  مددن ال راسددة  ددو صح
خةاندداي الميدداب الجوليددة( لدد  الممتدد  العكسدد   صددم اسددصخ ام نمددومجين مخصل ددين  النمددوم  أئثددر  قددة لخةاندداي الميدداب الجوليددة الحبيبيددة  السددمائة الحميمدد  ل

بددر، ، لدد  النمددوم  الميدد ان  ، صددم اخصيددار أر عددة مواقدد  مخصل ددة  صمدد  لدد   كددير ، جمجمددا  ،  اةاددان ، بيرامددائرون( ،  اخددت صالميدد ان  والنمددوم  المخ
مصددر ا مدد  ص اعدد  بددين  355وددوار المماومددة الئير ا يددة ثنددا   اى عددا  علدد  أر عددة ممددات   تددو  محالظددة السددليمانية ،  ددما   ددرق العددراق  جددر  مسدد  ص

لصسددجيت البياندداي   النسدد ة للنمددوم  المعملدد  ، صددم  ن ددا   Wenner-Schlumbergerاىقتددا  الئير ا يددة يبلدد  خمسددة أمصددار  صددم اسددصخ ام مودد ولة 
سدم علد  الصدوال   صدم صن يدم مسداران لد   دما النمدوم ، يبلد  أتواليمدا  45و  65و  192و، نموم  جيولوج  المخبدر،  تدو  ، وارص دا  ، وعدرض يسدا

سدم  أ داري النصدا ل المي انيدة  لد  أن ت مداي الميداب الجوليدة لد  الرواسد  ال صاصيدة علد  الممدات  العكسدية  10سم م  ص اعد  قتد  كير دا   يبلد   190
الحميمية ، والص  صم الحوو  علييا من العمو  الجيولوج  للآ ار  لد  المواقد  اىر عدة الصد  صمدي  أظيري  ا م ا  موم ا  سم  ظا ر أئبر من سمائصيا

٪ مدددن السدددمائة الظدددا رق علددد  الممدددات  68.2 راسدددصيا ، بلددد  معددد   السدددمائة الحميميدددة للخةانددداي الجوليدددة و لددد  المواقددد  الار عدددة الصددد  صمدددي  راسدددصيا 
٪ مددن السددمائة الظددا رق 59.7لددوج  المخصبددر، أن السددمائة الحميميددة للحودد   يددر الم دد   صسدداو، صمرا  ددا العكسددية  كمددا أظيددري نصيجددة النمددوم  الجيو 

٪ مددن السددمائة الظا راددة لل ددموم الددم، 57.1لل ددموم الددم، يصئددون مددن ت مددة الحودد  الجالددة  كمددا أن السددمائة الحميميددة للحودد  الم دد   صبلدد  حددوال  
لدد  ، أظيددر النمددوم  الجيولددوج  أن ت مدداي ماي المماومددة العاليددة  الحودد  الجددا ( صخلدد  منتمددة علدد  م ا ددالةيصئددون مددن ت مددة الحودد  الم دد عة  

 ج ا ممارنة  ت ماي المماومة المنخ  ة  الحو  الم   ( حيث صصئون منتمة انصمالية واسعة نسبيا  المماومية انصمالية  يمة

 


