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ABSTRACT

The cheapest, easiest, fastest and relatively accurate technique in geophysics
Article Info exploration is the two-dimensional (2D) and the three-dimensional (3D)
resistivity imaging method. 2D electrical resistivity image has been used to image
Publication Issue : the subsurface structure to discover the causal factor of leaning of the minaret of
Volume 10, Issue 1 mosque in Baghdad- Iraq. Eight 2D images have been made to create 3D image
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for imaging subsurface structure of the study area. The length and width of the
image are 80 m with a depth about 15 m. The results showed that there are four
types of materials and weak and saturated area has been discovered in area of
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study. The conclusions have been qualified (confirmed) by using borehole data

from the research region.
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I. INTRODUCTION

Humans have explored the subsurface structure for a
the

environment, agriculture, archeology, etc. Boreholing

variety of reasons, including architecture,
is the most used form of subsurface exploration.
Although the drilling approach is the most precise, it is
not always appropriate for all desired goals since it is
costly, has limited data, damages the research region,
and requires a lengthy period of time (Ekinci, 2007).
Therefore, the drawbacks of boreholes are avoided by
using geophysical techniques. There are several
geophysical techniques, and each technique has pros
and cons that vary depending on the aim and the
nature of the studied region (Metwaly, 2013). Imaging
of electrical resistivity in two dimensions is a
geophysical method. The 2D electrical resistivity

approach has the following benefits: it is an excellent

tool for examining intricate subsurface structure. It is
proficient in finding pipes, cavities, and ground water.
It is a somewhat inexpensive technique. Equipment
that is convenient, portable, and has a long range
(Xinjie Chen, 2022). The 2D electrical resistivity
approach has the following drawbacks: it is less
accurate than drilling results, and picking an incorrect
array will decrease the accuracy of the measurements.
The study area is located in Baghdad, Iraq; there is a
leaning minaret of mosque in Baghdad, Iraq therefore
to know the reason of this leaning, need to discover the
the

objectives of this study are mapping the subsurface

subsurface structure under the minaret. So,

structure, and detect the weakest parts under the
minaret of mosque.

According to the borehole data on the site of
investigation, the subsurface structure consist of clay,

basement, and fill material at the surface.
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II. Resistivity Imaging Technique

Obtaining accurate resistivity readings of subsurface
structure is the main goal of the majority of
contemporary electrical resistivity studies from
apparent resistivity which are calculated from
measured voltage after injection current to the earth
by electrodes. The true resistivity is calculated by using
numerical methods. Where the true resistivity has
geological meaning for the subsurface structure
(Dobrin, 1988). Ohm's law, which states that an
electric current (I) in a material is proportional to the
potential difference across it, is the basis of the
resistivity imaging approach, n the equation:
V=IR (1)
wher stands for current, V for potential difference,
and R for resistance. The linear connection between (V)
and is the name given to the equation above (I). The
resistance for a given material is related to the
conductor's length (L) and inversely proportional to its
cross-sectional area (A). The following equation
represents these connections:
R=pL/A (2)
The conductor's resistivity is the proportionality
constant (p). The capacity of a substance to resist the
passage of charges is expressed by one of its physical
properties, or the strength with which a material does
so is measured (Mohd Hazreek Zainal Abidin, 2013).
Ohm’s Law: “For many materials (including most
metals), the ratio of the current density to the electric
field is a constant o that is independent of the electric
field producing the current.” (Loke, 2023)
J=cE ®3)
The constant of proportionality (o) is called the
conductivity of the material; (J) is current density, (E)
electric field. The inverse of conductivity is resistivity
(P)
E=p] (4)
The material's conductivity is denoted by the
proportionality constant (o); the other constants are (J)
for current density and (E) for electric field. Resistivity

is the opposite of conductivity (p):

E-p] (4
The potential will divide radially outward from the
current source for a homogenous region with a single
electrode, where area (A) will be a half sphere (2mr?)
with radius (r). Equation 2 may now be expressed as
follows:

p=RK 5)

where K=2mrr for the half sphere. Equation 5 is divided
into two parts. Resistance (R) is the first component,
and geometric factor (K), which characterizes the
electrode configuration's shape, is the second. Figure 1
depicts a homogenous region with two electrode
pairings; Equation 5 geometrical factor will vary

depending on the design of the electrodes.
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Figure 1: Resistivity measurements using four
standard electrode configurations [taken from (Loke,
2023)

In actuality, the ground's geological features are
uneven, and the measured resistivity is an apparent
resistivity rather than the actual resistivity (Marianna
Balasco, 2022). As a result, the resistivity (p) in
Equation 5 will become an apparent resistivity (pa)
inside of a non - homogeneous region.

pa=RK (6)
Equation 6 is the main equation to calculate the
apparent resistivity depending on the type of the
subsurface structure and the arrangement of electrodes
of the current and voltage poles. The true resistivity
can be calculated from apparent resistivity by using
called
RES2DINV. This software uses numerical methods to

special commercial software, which is

estimate the true resistivity and to plot 2D (Loke, 2023).
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III. Methodology

Terrameter SAS 4000 is used in this study as shown in
Figure 2. This system is Automatic electric imaging.
The basics principal work of this system is injecting
current into the surface by two electrodes that read the
potential difference by another two electrodes. After
that, the system will calculate the resistance R and
apparent resistivity depending on the type of the array,
which used in the survey. Electrode Selector ES10-64
is used with Terrameter SAS 4000 in electrical
resistivity imaging (as shown in Figure 2). ES10-64 is a
multichannel relay matrix switch, which connects to
Terrameter SAS 4000. In additional, four spread cables,
61 stainless steel electrodes, and 62 jumpers are used
with Terrameter SAS 4000.

Figure 2: Tools and equipment used in electrical

resistivity imaging
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Figure 3: Electrical resistivity lines

The 2D resistivity image has been created for eight
lines (four parallel pairs lines surround the minaret and

the space between the pairs is 1 m) location and

spacing have been chosen based on the reality of the
situation of the building (as shown in figure 3). Each
line is 2D resistivity image with length of 80 m and has
61 electrodes with one meter spacing by using four
cables.

The borehole has been made in the study area. The
borehole data shows the subsurface consist of fill

material, clay and basement as shown in Figure 4.
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Figure 4: Borehole data in the study area
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IV. Results and Discussion

The results in Figure 5 show eight resistivity pseudo-
sections have been created by using Wenner array.
Each pseudo-section is 2D resistivity image where the
coordinate is length (x-axis) and depth (-z-axis). The
color of each 2D image presents the resistivity values
of the structure of the subsurface. The length of each
line is 80m and the depth of the investigation of the
lines is 14.5m, the distance between pair lines is about
Im.

The results show that resistivity values can be divided
into four ranges. The ranges of resistivity values are
between (1-10, 11-100, 150- 1000 and 101-above Q.m).
The results have been interpreted depending on
borehole data and standard material resistivity values
(Table 1) where the dark blue colour which has

resistivity value about 1-10 Q.m can be interpreted as
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a saturated zone of Clay. While light blue and green s0m

colours which have resistivity values about 11- 100 N, -, i S

Q.m have been interpreted as normal clay. In addition,
green and yellow colours in the image with 150 -1000
Q.m interprets as fill materials. Furthermore, the high
resistivity values (101 and above Q.m) are interpreted

as a basement.

Figure 5 shows in line 2 the basement of building (the N ..
pair Western vertical lines from North to South).

Moreover, it is clear to see the fill material on the

surface of lines 1, 2 and 3. In addition, the most weak W7

and saturaded areas placed on all lines.

Figure 6 shows the 3D image of the study is with depth

‘
¥

14.5m. The image shows the basement of the minaret

until depth 4.5m and most of the subsurface consist of =~ W " v, o oam ‘E

saturated clay. The most weak and saturated area has

been noticed on North-East of the minaret.

4,2

Table 1: Resistivity (©2.m) of common study area
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materials after Borehole data in figure (4) and

Figure 5: 2D electrical resistivity images for the stud
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Materials Resistivity (Q.m)
Basement 101-100,0000 A
Fill materials (alluvium and | 150-1000
gravel)
Normal 11-100 14.5m
Clay clay
Saturated | 1-10
clay

—

Figure 6: 3D electrical resistivity image for the study
area
V. Conclusion
The 3D electrical resistivity method is a very effective
method for detecting subsurface structure especially
the groundwater. The subsurface structure of study

area consists of three types, basement, clay and
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saturated clay. The weak part of the study area is

located toward North-East of the minaret therefore,

the minaret leaning toward North-East of the minaret.
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