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Abstract: The UNISCO World Heritage Center announced in 2011 that the Wadi Rum Protected
Area (WRPA) is a global landmark for natural and cultural attraction, which represents an emerging
industrial suburban and a critical socio-economic significance to the country of Jordan. The study
area in Wadi Rum is located northeast of the Gulf of Aqaba between the African and Arabian plates.
The region is historically characterized by significant tectonic activity and seismic events. This study
focuses on characterizing the subsurface structural features of Wadi Rum through the application
of the geophysical method Controlled Source Audio-frequency Magnetotellurics (CSAMT). CSAMT
data were collected from 16 sounding stations, processed, and qualitatively interpreted. The
qualitative interpretation involved two main approaches: constructing sounding curves for each
station and generating apparent resistivity maps at fixed depths (frequencies). The results revealed
the presence of at least four distinct subsurface layers. The surface layer exhibited relatively low
resistivity values (<200 ()-m), corresponding to alluvial and wadi sediments, as well as mud flats.
Two intermediate layers were identified: the first showed very low resistivity values (80-100 Q-m),
likely due to medium-grained bedded sandstone, while the second displayed intermediate
resistivity values (100-800 (2-m), representing coarse basal conglomerates and coarse sandstone
formations. The deepest layer demonstrated very high resistivity values (>1000 €2-m), which are
likely attributed to basement rocks. Analysis of resistivity maps, combined with prior geological
information, indicates that the subsurface in the study area features a graben-like structure,
characterized by two detected faults trending in the northeast (NE) and southwest (SW) directions.
The findings of this study, by providing critical insights into the subsurface structure, make a
considerable contribution to the technical and scientific outlook that is necessary for the careful
assessment of potential hazards and the strategic planning of future urban development within the
protected area.

Keywords: urban sustainability; CSAMT; resistivity; subsurface structures; Gulf of Aqaba; Red Sea

1. Introduction

The southwest region of Jordan represents a vital social-economic importance to the country of
Jordan showcasing the Wadi Rum Protected Area (WRPA) and Al-Aqgaba Port connected with a
railroad tracks system finally destinated to the Gulf of Aqaba (Figure 1). According to the UNISCO
World Heritage Center (report finalized on June 2011 [1]), the Wadi Rum Protected Area (WRPA) is
amajor landmark for natural and cultural attraction for tourism which represents the most significant
activity in the area. UNISCO stated that WRPA presents a diverse desert landscape characterized by
narrow gorges, natural arches, significant landslides, and caverns. Evidence of human occupation
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and interaction with the environment over the past 12,000 years is manifested through petroglyphs,
inscriptions, and archaeological remnants found at the site. A compilation of approximately 25,000
rock carvings alongside 20,000 inscriptions provides insight into the progression of human thought
and the nascent stages of alphabet development. Furthermore, the site reflects the evolution of
pastoralism, agriculture, and urbanization within the region. However, there are some concerns
arisen over sustainable urban management in the longer term, including the increased random
infrastructure which calls for the necessity of characterizing the subsurface regime, as well as the
geohazard studies to support a future growing tourism industry in the region.

The Red Sea area is described in general as an active tectonic zone with respect to seismic
functional activities [2-5]. History of active seismic zones from the north part of the Red Sea (Gulf of
Aqaba) to its south base where Gulf of Aden is, shows some noticeable records of seismic activities
and tectonic events [2-8]. From previous studies, it can be stated The Gulf of Aqaba, underlain by the
Precambrian basement complex, has experienced an uplift. It forms an elongated, narrow depression
approximately 195 km in length and 17 km in width [9], flanked by elevated mountainous regions
predominantly composed of Precambrian basement rocks, resulting in very limited coastal areas. The
shorelines of the Gulf are controlled by faults, appearing nearly straight with steep slopes that reflect
the scarps of the surrounding faults. The study area location represents a strategic important
economy located approximately 14 km NW of Wadi Rum Protected Area (WRPA) and about 40 km
NE of Al-Aqaba Port along the Gulf of Aqaba (Figure 1). The region lies close to the Araba-Dead Sea
Transform (DST) fault that represents an extension process of the African-Arabian composed of
basement rock groups from the pre-Cambrian time. The Dead Sea Transform (DST) fault system lies
on an active tectonic plate boundary that separates the African Plate from the neighboring Arabian
Plate, with its formation dating back 12-18 million years. Spanning approximately 1,000 kilometers,
it stretches from the northern Red Sea, through the Gulf of Aqaba, and into the territories of Jordan,
Israel-Palestine, Lebanon, and Syria ([9].

Figure 1. Location map of the study area. The overview map shows the major tectonic faults within
the Arabian Peninsula obtained from [10]. The inset map describes the main topographic features of
Jordan. The red square shows the map of the major important sites around the study area. The black
box is the study area where blue triangles represent the MT stations laid out in the field.

Figure 2 shows seismicity and the magnetic intensity maps of the Gulf of Aqaba. Seismic data
confirm that the DST fault remains active in this area. While the area generally experiences long
periods of tectonic inactivity, it has occasionally recorded rare but significant earthquakes. Seismic
activity within the Gulf of Aqaba and its surrounding regions (Figure 2) is most pronounced in the
central sub-basin, diminishing toward the northern and southern extents [11]. While the Gulf is
primarily characterized by strike-slip motion along the transform plate boundary, dip-slip
extensional movements are evident along its faulted margins, accompanied by footwall uplift [12].
Analysis of elevated Pleistocene coral terraces indicates a maximum tectonic uplift of approximately
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19 meters. Subsequently, the Red Sea region underwent a complex structural evolution driven by
extensional tectonics during the Oligocene-Miocene [13]. This tectonic activity was accompanied by
a persistent post-Pliocene anticlockwise rotation of the Arabian Plate in relation to the African Plate,
directed toward the Dead Sea Transform fault. Sedimentological analysis highlights the influence of
regional structural controls on sedimentary sequences within the local basins. Quaternary faulting,
widespread across the area, and associated tectonic processes have resulted in the uplift of coral reefs
to approximately 6-8 meters above sea level (a.s.l.) [9]. Several studies [14-17] pointed out that in
northwestern Arabia and southern Sinai, the sinistral (left-lateral) slip occurred after the
emplacement of Early Neogene (2022 Ma) dolerite dikes and NW-SE-oriented basalt flows. The
cumulative displacement along the faults of the Dead Sea Transform (DST) postdates both the
opening of the Red Sea and the intrusion of Early Neogene igneous dikes. Along the margins of the
Gulf of Aqgaba, pull-apart grabens developed between the overlapping ends of left-lateral faults
[9,17,18]. Beyond the graben structures, Phanerozoic sedimentary units have been displaced
downward against the basement rocks of the Precambrian period, forming several graben structures
in the region. This suggests that comparable Phanerozoic sedimentary units, spanning from the
Paleozoic era to the early Cenozoic, once perturbed the basement rocks of the Gulf basins. The floor
systems of these graben structures are intersected by active normal faults oriented Northwest-
Southeast [19]. The Dead Sea Transform (DST) functions as an active fault zone due to the ongoing
divergence of the Arabian Plate from the African Plate, in conjunction with the opening of the Red
Sea basin [20,21]. This tectonic activity, along with the associated seismicity in the Gulf of Aqaba,
reflects the dynamic nature of the DST and its related fault systems.

Magnetic data are extensively utilized in geological investigations due to their ability to provide
valuable insights into subsurface structures. Previous studies [9,16,22-24] have demonstrated that
surface and subsurface faults can be effectively mapped using edge detection filters applied to
magnetic data, such as the tilt derivative technique. Magnetic anomaly map in (Figure 2) shows that
the study area in the Gulf of Aqaba is characterized by very low to high intensity values range from
~ (-60) nT to as high as ~ (142) nT. A The magnetic intensity map offers insights into the subsurface
geology of a region, revealing features such as fault lines, volcanic activity, buried geological
structures, and potential mineral deposits. It does so by highlighting zones with notably higher or
lower magnetic field strength relative to the surrounding areas. The map reveals linear features, such
as those represented by pink coloration, trending in multiple directions. Negative linear magnetic
anomalies detected within the Gulf of Aqaba indicate ongoing displacement along both margins of
the Gulf [17,25]. The residual magnetic intensity map further indicates that the eastern segment of
the Gulf of Aqgaba, located at the northern edge of the Arabian Shield, shares a similar geological
signature with its surrounding regions. Such contrasting anomalies suggest that the area is
continuously exposed to active tectonic events resulting in rifting and faulting consistent with the
findings of the seismicity data. In addition, the Dead See rift zone represents a periodical continuation
of some major rift structures observed from east part of Africa to the southern parts of Turkey. At
local level, several major faults and lineaments; Wad Araba fault (WA), Quwaira fault (QW), and
Ma’an fault (MA) dominate the area with various trends. Besides, several principal lineaments do
exist in the area that has the NE-SW trend direction, with a large throw that reaches up to 250 m [26].
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Figure 2. (a) Seismicity map showcases the earthquakes occurred in the Gulf of Aqgaba. Focal
mechanisms are from the Global Centroid Moment Tensor Catalog (CMT) catalogue (modified after
[11]). (b) Magnetic anomaly map of Gulf of Aqaba obtained from (World Digital Magnetic Anomaly
Map (WDMAM) [27] (http://wdmam.org) and modified after [9]. Black box represents the study area.

Geophysical methods are widely applied for structural and economical exploration purposes.
These methods have several advantages: namely, time saving, cost saving and being noninvasive
techniques [27-30]. The use of geophysical methods in structural and tectonic studies is a standard
approach employed to address the absence of direct geological data [31] regarding the subsurface
structures under investigation [32-37]. The controlled source audio-frequency magnetotellurics (CSAMT)
is an electromagnetic frequency domain geophysical method which uses a frequency controlled artificial
signal source. The CSAMT method operates by transmitting a controlled electromagnetic signal at
multiple frequencies from a designated transmitter site into the subsurface [38]. The corresponding
electric and magnetic fields are then measured at the receiver site within the area of interest. This technique
determines the electromagnetic (EM) impedance, defined as the ratio of the horizontal electric field (E) to
the orthogonal horizontal magnetic field (H). By analyzing these impedance values across various
frequencies, the method provides resistivity profiles of the subsurface as a function of frequency [39].
Therefore, by controlling this source, it is possible to define the quantitative relation between the
components of the electromagnetic field and determine the resistivity of the medium penetrated by these
signals. The CSAMT method was first introduced by [40], who applied it in the field to detect massive
sulfide anomalies. [33,41] later demonstrated the method's effectiveness in geothermal fields, confirming
that the plane wave assumption holds true when the receiver-transmitter distance exceeds five skin
depths. The CSAMT technique is employed to map the apparent resistivity of the subsurface, offering
valuable insights into geological structures, lithology, and the presence of faults and other tectonic features
[12]. Additionally, it has been shown to provide superior lateral resolution and depth of penetration
compared to ground-based electromagnetic methods [42,43]. Since 1978, this low-impact geophysical
survey method has been widely used in mineral, geothermal, and groundwater exploration.

The objective of this study is to investigate and map the subsurface geological and structural features
of the southern part of Jordan. To overcome the challenges posed by the region's complex geological
conditions and significant electromagnetic interference, we employ the CSAMT method as the primary
technique for examining deep subsurface structures. This method facilitates the identification of key fault
zones and geological features, offering essential insights into the area's tectonic framework. The results of
this research offer significant technical and scientific contribution to the urban sustainability of the region
by understanding the subsurface structural dynamics and tectonic processes.

2. Geological Setting

The geological evolution of the study area has been significantly influenced by multiple episodes
of uplift and subsidence of the shield during exogenic processes. These movements have led to
marine transgressions and regressions, resulting in the deposition of substantial sedimentary
sequences [20,31]. The stratigraphic succession in the Wadi Rum area is generally presented in two
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distinct parts (Figure 3). The uppermost unit consists of Quaternary surface deposits, primarily
composed of alluvial and groups of wadi sediments, alluvium sand, and mud flats, with a thickness
of up to several meters. Beneath this, the Rum Formation is exposed, comprising continental
sandstone with a maximum thickness of approximately 1 kilometer [26].

sEEarE TOE

B &

£
-
P

ey

e
ey

]

N

AEEHE #-TOE

Legend
[1Bedded sandstone [lAlluvial deposites

B Aplite Wadi sediments
[ IMassive sandstone B Mudflat
[ IGranite e P

Figure 3. General geology map of the study area.

The Rum Formation is characterized by a series of sand deposits that are distinguished by their
age and grain size. The initial series comprises up to 60 meters of bedded sandstone with grain sizes
ranging from coarse to medium. Notably, the basal conglomerate at the base of this series can reach
grain sizes of up to 0.5 meters, while medium-sized grains dominate the upper section [26]. The
second series consists of coarse-grained sandstone and is notably devoid of a basal conglomerate,
with a maximum thickness of 200 meters. The final series of Rum Formation is also composed of
coarse-grained deposits, with a maximum thickness of approximately 300 meters.

Table 1. Stratigraphic succession in the study area [26].

Geological age Lithology Thickness

Quaternary deposits alluvial and wadi sediments,
. few meters (~10 m)

(youngest) alluvium sand and mud flats

Rum formation Medium-grained bedded 60 -100 m

sandstone

Coarse basal conglomerate

. Coarse-grained sandstone 100 - 300 m

Continental sandstone . .
Coarse-grained massive 300 - 650 m

sandstone

Granites with some granodiorite,
and metamorphic rocks with
some intrusive dikes

Precambrian
Basement rocks

The basement rocks of Precambrian age represent the final stage of the geological succession
within the study area, predominantly consisting of granodiorite, granite, and metamorphic rocks,
along with minor occurrences of acidic and basic intrusive dikes [26,31].

3. Data and Methods

The CSAMT survey profiles were spread out as east-west lines (L1, L2, L5, L6, L7, and L9)
displayed in (Figure 4). This configuration was designed to examine the framework of deep fault
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structures and to conduct detailed analyses for identifying zones of lower resistivity, which in general
indicate presence of fault system development.
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Figure 4. Field layout of the CSAMT lines with station coordinates.

During the CSAMT field configuration, we increase the distance between the transmitter and
receiver to enhance the depth of exploration and minimize the effects of near-field penetration
frequencies. The application of CSAMT theory relies on several key assumptions: (1) the subsurface
is homogeneous or horizontally stratified; (2) the electric field within the subsurface is radial, while
the magnetic field is tangential to the source; and (3) electromagnetic (EM) energy propagates as a
plane wave, oriented nearly vertically downward into the subsurface. These conditions are satisfied
when the energy source is positioned several wavelengths away from the measurement location.

To enhance the signal-to-noise ratio and suppress interference, several common strategies were
employed: (1) utilizing high-current transmission to strengthen the effective signal, (2) increasing the
spacing between receiving electrodes to amplify the electric field strength, (3) optimizing the
maximum transmission—reception distance, as it is inversely proportional to the signal-to-noise ratio,
and (4) using large electrode spacing for transmission [44]. Based on theoretical calculations and field
experiments, the following data acquisition parameters were established: The controlled source
(transmitter) consisted of two aluminum electrodes, each 1-meter square, buried in the ground
approximately 1.5 kilometers apart and located several kilometers from the receiving area. The
controlled frequency range spanned from 8192 Hz to 1 Hz, with a total of 14 frequency points. The
plane-wave approximation was confirmed to be valid when the transmitter was positioned at
distances greater than 3-5 skin depths. The field setup featured a transmitter line oriented parallel to
the receiver array. The electrodes were powered by a portable generator that delivered electrical
current into the ground, with saltwater applied at the electrode sites to enhance conductivity and
complete the circuit. At the receiving area, a series of small porous porcelain pots were arranged in a
line up to 150 meters long, interconnected by wires. These were linked to a receiver, which recorded
the electromagnetic signals. After collecting the initial dataset, the pots, wires, and receiver were
repositioned along the survey line to the next set of stations. This iterative process enabled data
acquisition over a survey length of up to 1 kilometer. The resistivity structure of the subsurface was
determined by calculating the ratio of the magnitudes of the orthogonal horizontal electric and
magnetic fields (e.g., Ex and Hy). The magnitude and phase of these fields were measured at
distances ranging from 500 meters to 15 kilometers from the transmitter.

The collected data was processed for interpretation and erroneous recording points were
eliminated. For each valid recording point, apparent resistivity along with impedance phase data
were generated versus frequency-domain. In addition, several parameters were measured and
calculated for the purpose of analysis and interpretation, these include:

(1) Electric field magnitude (E) (v/m) measured from the potential differences over grounded
dipoles,
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(2) Electric field phase (¢pE) (milliradians). It is defined as the phase lag between the transmitted
signal and the measured electric signal. In a homogeneous Earth model, this phase lag is typically
zero, with the exception occurring in the transition zone, where a noticeable change in the slope of
the electric field is observed [45]. Conversely, in a non-homogeneous Earth, the phase lag deviates
from zero, indicating variations in subsurface properties.

(3) Magnetic field magnitude (H) measured in A/m. This parameter is obtained from the voltage
difference in a high-gain antenna.

(4) Magnetic field phase (¢pH) measured in milliradians. It is defined as the phase between the
transmitted signal and the measured magnetic field signal. In a homogeneous Earth model, this phase
is typically equal to - /4 rad in the far-field zone, where in the near-field zone it equals to zero [46].
In the case of the transition zone, it has intermediate behavior. In non-homogeneous earth, it has a
complex behavior which explains the slope changes in the value of H.

(5) The apparent resistivity is calculated from the well-known Cagniard equation [32] where the
ratio of the electrical field and magnetic field can be obtained:

1

= 2
Qa_ 5f|H|2 IEI (1)

The apparent resistivity (oa) is expressed in ohm-meters, while (f) represents the frequency in hertz,
(E) denotes the electrical field magnitude in millivolts per kilometer, and (H) indicates the magnetic
field magnitude in gamma. It is important to emphasize that the Cagniard equation is applicable
solely in the context of plane wave configurations for the electromagnetic field, which is characterized
by a sufficiently large distance between the signal transmission source and the receiving location.

(6) Phase difference (¢) measured in milliradians, is defined as the phase of impedance, and is
normally calculated from the difference between the magnetic phase (pH), and the electric phase
(¢E). In homogeneous earth, the phase difference is /4 rad in the far-field, while it is zero in the near
field. Phase difference is in proportion relationship with the slope of the resistivity log [45]; recorded
values more than m/4 indicate a higher resistive layer overlaying a less resistive one, while values
lower than m/4 indicate lower resistivity layer overlaying high resistive one.

The penetration depth of CSAMT on conductive environments is less than a skin depth [46],
where skin depth (0), measured in meters, is defined as the depth at which the amplitude of a plane
wave decreases to (1/e) of its original value or 0.37%. It is given by the equation:

8=503p/f, (2)

The ground resistivity (o) is measured in ohm-meters, the frequency (f) is measured in radians per
second [47,48]. High-frequency transmissions provide information related to shallow structures,
while low-frequency transmissions are effective in probing deeper geological formations. Generally,
lower frequencies correspond to a greater depth of investigation and are associated with higher
ground resistivity values. However, the greater depth of investigation is usually accompanied by
uncertainty levels leading to some errors. This issue is called the non-uniqueness problem which is
very common in almost all geophysical methods.

Due to the existence of lateral variations in resistivity and to obtain accurate measurements, it
is important to conduct both measurements of Ex/Hy and Ey/Hx. In case of Ex/Hy the greatest
accuracy of measurements is obtained at the broad side and ends on to the transmitter, while in case
of Ey/Hx it is centered at 45° from the transmitter [49]. Therefore, to obtain a large availability of
measurements it is useful to use both Ey/Hx and Ex/Hy. Additionally, increased station spacing
enhances the strength of the received signal, thereby improving the quality of the data collected.

4. Results and Discussion

CSAMT data were processed and transformed into resistivity versus depth maps, which are later
interpreted into geological models. The CSAMT data collected in the study were represented in two
forms for interpretation purposes; namely: sounding curves and depth maps. The obtained CSAMT
sounding curves in (Figure 5) are vertically classified into four main layers according to three main
factors: the expected minimum number of layers and the range of resistivity values and phase
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difference values. The sounding curves shown here for both resistivity and phase profiles are chosen
based on less noise interference from the field measurements.
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Figure 5. Typical sounding curves of resistivity and phase difference profiles for selected CSAMT
stations. Resistivity is in (ohm.m) and Phase difference (Ad) is in milliard.

The four layers are briefly described in the following: the first layer is relatively a conductive
layer with a resistivity range of 100 Qm. This layer is shallow since it represents the youngest part
(quaternary deposits) with a few meters of thickness containing alluvial and groups of wadi
sediments as well as alluvium sand pockets and mud flats. The second layer is considered the most
conductive layer with a very low resistivity range of about 80 Qm because of the existence of
medium-grained bedded sandstone and the absence of coarse-grained basal conglomerate. The
bedded sandstone takes in place the upper part of the first series of sandstone Rum formation. The
third layer is a medium-resistive layer with a range around 800 Qm. It includes the coarse basal
conglomerate at the bottom of the first sandstone series. In addition, it represents the second
sandstone series (coarse sandstone) as well as the third series (coarse massive sandstone) with a total
thickness of 500 m to east side of the profile. While in the west side, it appears less resistive with a
resistivity less than 135 Om. This also represents the bottom part of the first sandstone series
consisting of the coarse-grained basal conglomerate but with a range of thickness about (60 — 100) m
for the whole series. The last layer is the highest resistive layer with a range above 1000 Qm. This
likely indicates deeper depth penetration into the basement rocks containing granites, granodiorite,
and some metamorphic rocks with some minor intrusive dikes, which eventually by using the
geophysical method (CSAMT) becomes easier to penetrate into those layers.

Based on the CSAMT data and the prior geological knowledge, it was possible to provide
interpretation of fault zones and strata layering. The qualitative interpretation of the data was used
to create fixed depth (fixed frequency) maps that show the aerial distribution of apparent resistivity.
Several depth maps with each constructed at a fixed frequency (128 Hz, 64 Hz, 32 Hz, 8 Hz) provide,
collectively, an image on the vertical variation of apparent resistivity, thus a structural interpretation
could be made. Typical depth maps obtained are shown as slices in (figure 6). The selected
frequencies help create a better visualization of the contrast in the resistivity profiles representing
shallower and deeper structures. The measured electrical properties of the subsurface layers notably
transitioned from lower resistivity zones to medium, and from medium to higher resistivity as depth
increases. This variation is reflected by contour lines that extend horizontally along the survey lines.
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Figure 6. Typical apparent resistivity maps sliced different frequencies.

As we can notice from these maps, the blue color indicates low resistivity values, while the red
one indicates higher resistivity values. It is clearly shown that at shallow depth (high frequencies),
the area is mainly dominated by sediments with relatively low resistivity values. In addition to its
large thickness, the penetration of these layers is small which can be inferred that this area is exposed
to subsidence allowing the sediments to accumulate in large amounts there. On the contrast, maps at
greater depth (low frequencies), show the presence of highly resistive formation on the eastern and
western parts, while conductive sediments still can be seen at the central part of the area. To
comprehensively assess the distribution of faults, a total resistivity map was created combining all
frequencies from 1 Hz to 8192 Hz (Figure 7). The total resistivity map shows the resistivity contrast
from the CSAMT stations, and the two suspected faults run in directions of northeast (NE) and
southwest (SW).

Ohm.m
12000
10000
8000
6000
4000

2000

Figure 7. The total resistivity map of all frequencies. The black dotted lines referred to the two
suspected faults. The black triangles are the CSAMT stations.

Based on these depth map slices and the total resistivity profile, it could be concluded that the
study area has been subjected to tectonic activity that caused the uplifting of the eastern and western
sides and subsidence of the central part where high thickness sediments were accumulated. This
implies a two-fault system directed into NE-SW direction.
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Figure 8 highlights the observed higher resistivity values in the edged blocks of the graben,
compared to the low resistivity values in its central part, can be attributed to the composition of the
subsurface. The central section is predominantly composed of conductive sedimentary formations
extending to significant depths. This variation in resistivity likely reflects tectonic subsidence
processes that contributed to the formation of the graben structure. The CSAMT has proved to be
effective in mapping the stratigraphic succession in the area and the major structural features present.
The present research is an excellent case study. Furthermore, although direct geological information
(borehole data etc.) is absent in the area, the qualitative interpretation of CSAMT, which is frequently
used in literature, provided an efficient tool in imaging subsurface structures. However, still there is
a need to optimize the derived results by conducting inversion of CSAMT and integrating other
geophysical techniques.

Alluvial deposits

R

Wadi sediments

Resistive granites

Figure 8. 3D model deduced from the apparent resistivity map in (Figure 7) of all stations explaining
the associated geological and lithological information in the study area.

5. Conclusions

The analysis of the controlled source audio-frequency magnetotelluric (CSAMT) data reveals
new results in the Gulf of Agaba. The significant application of the CSAMT method lies in its ability
to image subsurface conductivity with high precision. The identification of faults and structural
features through CSAMT surveys provides critical information to decision-makers, aiding in the
selection of areas for future hazard assessment and urban developmental planning. The results of
this study demonstrate that the CSAMT technique is highly suitable and effective for investigating
regions with the lack of direct geological data availability.

In conclusion, the qualitative interpretation of CSAMT data has proven to be an effective tool
for mapping structural features despite the absence of direct geological information about the study
area. This approach enabled the identification of the dimensional extents of a graben structure in the
region with a reasonable degree of accuracy. This is postulated by two detected faults in directions
of northeast (NE) and southwest (SW) run over the study area. Still, however, it is necessary to
integrate multiple geophysical methods with direct geological information (boreholes) to conduct
extensive geophysical investigation, hence makes an effective approach to enhance the assessment of
subsurface tectonic models in urban environments.
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