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Abstract

The two-dimensional Electrical Resistivity Imaging (ERI) technique was used in
this study to investigate The variations in resistivity within the Hit-Kubaisa area,
Abu Jir Fault Zone (AJFZ) to detect fractures zone and evaluation of this
technology in detecting faults. The study also aims to analyze the impact of these
fractures on the geology of the region. Using the Wenner-Schlumberger array, the
researchers conducted four survey lines with 120 electrodes spaced 10 meters apart,
allowing them to map subsurface geological structures down to a depth of 240
meters. The results showed clear differences in resistivity, making identifying
fracture zones and potential subsurface cavities possible. It also highlighted how
these faults affect the sedimentary layers, especially the differences in the thickness
of the Euphrates Formation and the absence of the Ana Formation.

Keywords: Abu Jir fault zone, 2D ERI technique, western Iraq, fracture detection,
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Introduction

Electrical Resistivity Imaging (ERI) is a valuable method for detecting fracture zones and
other geological features by measuring subsurface variations in resistivity. Faults often
exhibit distinct resistivity contrasts due to differences in lithology, fluid content, and
fracturing [1, 2]. Electric resistivity imaging (ERI) has been effectively utilized in Iraq for
various subsurface investigations across multiple fields. It is commonly used to identify weak
subsurface zones, detect buried archaeological artefacts, locate water leaks, characterize
underground reservoirs, [3-7] In the western desert, karst phenomena are common, with 3D
resistivity imaging revealing numerous small cavities at various depths [8, 9].

The ERI method has been applied in various tectonic environments. For instance, in the
Karachi Arc in Pakistan, ERI has proven useful in identifying active fault zones by revealing
distinct resistivity contrasts between faulted and unfaulted rock masses [10]. In western
Argentina, this technique was used to characterize Quaternary faults.[11]. In Egypt’s Eastern
Desert, ERI played a crucial role in mapping fault zones [12]. In Iraq
, the 2D ERI technique was applied to study fractures subsurface in the Abu Jir Fault Zone
area southwest of Karbala, where the imaging results revealed two distinct types of fracture
zones [13].

The existence of the AJFZ has caused a complex interplay between radioactivity,
groundwater quality, oil seepage, and structural geology, all shaped by the fault system [14-
16]. Detecting near-surface faults is required for a deeper understanding of the geological
conditions of the area.

The primary goal of this study is to accurately identify the locations of faults and fractures
in the Hit-Kubaisa area using the two-dimensional resistivity imaging method. This research
will also assess how effectively this technique detects such features. Additionally, the study
will analyze the effect of these faults and fractures on the geological structures, particularly in
the sedimentary layers of the Euphrates and Dammam formations.

Study Area and the Geological Setting

The study area is located in the AJFZ area between Hit and Kubaisa within Anbar
Governorate, western Iraq (Figure 1).
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Figure 1: Locations of the 2D resistivity survey lines in the study area.

The surface geology of the study area and near it is found that near Hit City Fatha
Formation consists of gypsum, layered limestone, and green marl, with a thickness of around
20 meters, while near Kubaisa, the Euphrates Formation is exposed. The region also contains
Quaternary sediments, including valley fill, residual soil, and gypcrete deposits [17] (Figure
2).

(Figure 3) shows the stratigraphic column of three wells drilled in the study area by the
General Commission of Groundwater [18].

Listed as the oldest, the Dammam Formation (Middle Eocene) consists of limestone and
dolomitic limestone. Ana Formation (Oligocene) consists of limestone that is about 15 meters
thick. Euphrates Formation (Miocene) consists of well-layered recrystallized limestone and
chalky limestone, with thicknesses ranging from 30 to 50 meters, deposited in a shallow
marine environment rich in fossils.
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Figure 2: Geologic map of the study area [17].
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Figure 3: Subsurface lithological setting in the study area [18]
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Tectonically, the area is located within the Arabian Platform, situated between the
Mesopotamian sub-region and the Western Desert sub-region, which is divided by the Ana-
Abu Jir-Euphrates fault system[19] (Figure 4). The AJFZ is a major geological structure in
western Iraq that influences the tectonic landscape of the region. The AJFZ exhibited
characteristics of a right-lateral strike-slip fault [20]. The region's structure is further
highlighted in seismic sections by the presence of positive and negative tectonic features. The
southern part forms depressions due to the negative veneer structure, while the northern part
forms successive hills and slopes [21].
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Figure 4: Structural map of the study area [19]

Cavities in western Iraq are primarily formed due to karst processes, which are prevalent in
regions with soluble carbonate rocks like limestone and dolomite. These processes result
from the dissolution of these rocks by slightly acidic rainfall or groundwater, creating
underground voids, sinkholes, and cavities. In Iraq's western desert, especially within the
Euphrates Formation (Lower Miocene), significant karst features such as sinkholes and
subsurface cavities are common [22, 23].

Oil seepage is found in the Abu Jir Fault Zone in western Iraq, resulting from tectonic activity
that facilitates the migration of hydrocarbons from deep rocks to the surface. These seepages
are associated with the Fatha and Euphrates formations [24, 25].

Data acquisition and processing
Before starting fieldwork, Electrell Pro software was used to optimize the survey parameters
including electrode spacing (a-spacing), the n-factor, the total length of the traverse, the
number of electrodes, and the depth of investigation.

The Syscal Pro Switch 120 multielectrode resistivity meter was used for data acquisition.
This system, which has 120 electrodes, was used to complete four 2D resistivity survey lines.
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Each line was 1,190 meters long, with electrodes spacing 10 meters. The n-factor ranged
from 1a to 6a, with an expected maximum depth of investigation of 246.9 meters.
Wenner-Schlumberger electrodes configuration was used because it has several
advantages, making it a common arrangement to have a good balance between horizontal
resolution and depth of investigation. Locations of the survey lines were chosen carefully to
cross the strike of main features in the area, especially the AJFZ. The geographic coordinates
of the first and last electrodes are detailed in Table 1, and their locations are shown in (Figure
1).
RES2DINYV software was used for data inversion. The finite-element method was applied for
forward modelling because survey lines contain topographic variations. For data inversion,
the robust least squares were used because it is better suited for detecting sharp boundaries of
subsurface structures and can give a model with less ABS error per cent[1].

Table 1: the coordinates of the 2D resistivity lines within the study area.

First electrode Last electrode

. longitude and . Direction Elevation in m
Line name . longitude and
latitude . of survey (ASL.)
latitude
E 42° 35' 20" E 42° 36' 06" o
H-K1 N 33°36' 02" N 33°36' 10" N75E 134
E 42°39'21" E 42°40' 07" N 67.5°E
H-K2 N 33°36' 39" N 33°36' 52" %6
E 42° 44' 05" E 42° 44' 55" o
LiH.G N 33°37' 39" N 33°37' 32" e 5
E 42°47' 04" E 42° 47" 47" o
H-K4 N 33°37'41" N 33°38'01" N60°E 65

Results and Discussion

The first geoelectric zone in the section exhibits resistivity values ranging from 11 to 15 Q
m, at a depth of 30 to 40 m, the inverse model of section H-K1 (Figure 5) shows that this
contact, marked by a black line, extends throughout the section, which is in good agreement
with the expected resistivity of the limestone and chalky limestone of the Euphrates
Formation. It also corresponds to the depth of the Euphrates Formation according to the well-
1 data indicating that the contact between the Euphrates and Dammam formations is located
at a depth of about 30 m (Figure 3).
Several anomalies with high and low resistivity values are also present in this zone. High
resistivity anomalies are observed at depths of 5 to 25 m and extend over intervals of 160 to
200 m, 300 to 340 m, 620 to 680 m, and 940 to 980 m, with resistivity values ranging from
100 to 108 2 m. These anomalies are likely indicative of subsurface cavities, possibly formed
due to the dissolution of carbonate rocks by infiltration of rainwater along fractures and
fissures. These cavities may also contain bituminous materials. Low resistivity anomalies are
identified at a depth of about 60 m, covering intervals of 150—-190 m, 320-360 m, 640-680
m, and 950-990 m from the start of the section, with resistivity values ranging from 2 to 6 Q
m. These are likely indicative of eroded zones, fractures, or water-filled voids.
The second geoelectric zone is located at a depth of less than 60 m, where resistivity values
range from 70 to 120 Q m; this increase in values reflects the transition to a different
geological unit where it corresponds to Dammam Formation represented by limestone and
dolomitic limestone.

In this zone, lateral variations in resistivity values ranging from 70 to 120 Q m were

observed. This variation may indicate the presence of fracture zones containing fluids, which
likely contributed to the reduction in resistivity values.
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Figure 5: Inverted model of 2D resistivity for H-K1

According to well-2 near the H-K2 section, the depth of the contact between the Euphrates
and Dammam formations is approximately 30m (Figure 3).

In the inverted model of section H-K2 (Figure 6) it is found that the first geoelectric zone
extends along the section and its depth varies between (30 — 33) m, with resistivity values
ranging from 2 to 6 Qm which is approximately consistent with the depth of this contact
according to well-2 near the H-K2 section, the depth of the contact between the Euphrates
and Dammam formations is approximately 30m (Figure 3).

The cause of low resistivity in the first geoelectric zone is the presence of water in the pores
or fractures, which causes a decrease in the resistivity values.

In the second geoelectric zone, a significant lateral variation in resistivity values is
observed between 350 and 650 meters from the start of the section at depths ranging from
approximately 75 to 150 meters. This variation in resistivity may indicate the presence of a
fractured zone, which caused a decrease in resistivity values at the location of these fractures,
as illustrated in (Figure 6). This interpretation has coincided with a geological survey report
[26] where the survey line is cut by a residual gravity anomaly, marked Grl. Gravity markers
Grl could express shallow fault (Figure 7).
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Figure 6: Inverted model of 2D resistivity for H-K2

Figure 7: Location of an anomaly (Grl) extracted by gravity measurements survey (After
permission of Geosurv) [26].

In the reverted model of the H-K3 section (Figure 8), the first geoelectric zone appears at a
depth ranging from (50 — 125m) with resistivity values ranging from 11 to 15 Q m. These
values are consistent with the resistivity values of the Euphrates Formation, which consists of
limestone and chalky limestone. The contact depth between the Euphrates and Ana
Formations is about 50m according to well-3 near the H-K3 section (Figure 3). Some
anomalies with low and high values are also shown in this zone.

The second geoelectrical zone shows a lateral variation in resistivity values ranging from 30
to 70 Qm. This variation indicates the presence of a fault according to the structural map of
the area which indicates the presence of a fault perpendicular to the survey line (Figure 4).
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The wide variation in the thickness of the Euphrates Formation could be due to the
displacement at the fault plane.
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Figure 8: Inverted model of 2D resistivity for H-K3

In the inverted model of section H-K4 in figure 9, it is found that the thickness of the first
geoelectric zone was (75) m with resistivity values ranging from 11 to 15 Qm, this zone is
considered to represent the Euphrates Formation. The contact between the Euphrates and
underneath the Ana Formation delineated as a (black dashed line) extends along the section.
At a depth of approximately 5 m, several anomalies appear with high resistivity values
ranging from 34.6-108 Qm, indicating the presence of cavities that may contain bituminous
materials. From a depth of 20 to a depth of 70, an area appears with resistance values of 5-6
Qm, which indicates the presence of water in the pores or fractures.

The second electric zone in this section appears with resistance values ranging from 20 to
30 Q m, and depth between 75 to 90 m, about 15 m thickness. This is consistent with the
resistivity values of the limestone forming the Ana Formation and the thickness of the Ana
Formation apparent in Well-3 (Figure 3).

The third geoelectric zone appears below 90 m depth with resistivity values ranging from
70 to 120 Qm. This zone represents limestone and dolomite limestone of the Dammam
Formation, according to the information from well 3.
In this zone, lateral variations in resistivity values ranging from 70 to 108 Q m were
observed. This variation may indicate the presence of fractures or fault zones containing
water, which likely contributed to the reduction in resistivity values.
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Figure 9: Inverted model of 2D resistivity for H-K4

In the Euphrates Formation of the resistivity sections, a repeated anomaly pattern is

observed, as indicated by

the white circles. This pattern consists of very high resistivity

anomalies in the uppermost layer, immediately followed by very low resistivity anomalies
beneath them. These features are consistent with a phenomenon identified south of the study
area and extending perpendicular to the survey lines (Figure 10), where buried channels

exhibit air-filled cavities

near the surface, with water-saturated zones underneath. This

explains the presence of subsurface voids, possibly related to karst processes or collapsed

features, filled with air and

-

water.
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A geological cross-section of the study area, based on groundwater well data (Figure 11),
was compared with a section derived from Electrical Resistivity Imaging (ERI) data (Figure
12). Both sections reveal a similar structural framework, particularly showing an increase in
the thickness of the Euphrates Formation and the absence of the Ana and Fatha formations,
which can be attributed to the presence of faults in the area.

The Fatha Formation only appears as an outcrop in Hit city near the section H-K4, it does
not appear further toward Kubaisa city Fatha Formation is absent in the nearby wells within
the study area. It has also not been observed or identified in the inverted section H-K4.

In the H-K2 inverted section, there is no Anna Formation. In the H-K3 inverted section, there
is a significant thickening of the Euphrates Formation. These differences in the layers are
likely due to the influence of faults in both sections, indicating that these faults played a

major role in shaping the geology of the area. The fault in the H-K3 section could be
responsible for the disruption of the Anna Formation.
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Figure 11: Geological cross-section of the study area, based on groundwater well data, shows
the fault based on a structural map.
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Figure 12: Geological cross-section derived from Electrical Resistivity Imaging (ERI) data.
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Conclusion:

This study shows that 2D electrical resistivity imaging (ERI) is an effective tool for
detecting faults and fractures in the Hit-Kubaisa area of western Iraq, especially within the
Abu Jir fault zone. By identifying resistivity variations across geological layers, the resistance
values within the fracture zone from 40 to 70 Qm, as the fractures allow the presence of
fluids, which results in a decrease in resistance values. The study successfully identifies
potential fault locations and subsurface cavities that may contain fluids or bituminous
materials.

The results also reveal how these faults affect sedimentary strata, particularly in the
thickness variations of the Euphrates Formation and the absence of Ana and Fatha formations
at certain locations. These observations indicate that faults significantly influence the
geological features of the area.
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