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ABSTRACT 
 

 

The Tarhona region, which is situated within the northwestern part of Libya, is a part of Jabal 
Nafusah (eastern Jabal) due to its geographic location and the character of the escarpment. It is 
restricted to the east by longitudes 13.00⁰ to 14.00⁰ east and to the north by latitudes 31.45⁰ to 
32.25⁰ north. The analysis and interpretation of magnetic data can depict previously unknown 
regions and improve scientific knowledge of the study area. However, the geological ambiguity of 
the study area makes it challenging to figure out the geological interpretation within and around 
the area. Therefore, this study aims to delineate structural elements and depths of sources using an 
aeromagnetic dataset in the Tarhona region in northwest Libya. Magnetic dataset is reduced to the 
pole (RTP) within Oasis Montaj. Different filters were utilised to magnetic data, including Total 
horizontal gradient (THG), CET grid analysis, Power spectrum analysis (PS), Analytic signal 
(AS), 3D Euler deconvolution (ED), and Tilt derivative (TDR). The result shows various fault 
tendencies in the N-S, NNW-SSE, and NW-SE directions. The depth of faults was determined 
from 2000 to above 8000 m after applying 3D Euler deconvolution with the TDR derivative. In 
addition, a rose diagram was prepared for delineating the trend of the faults using edge detection 
techniques (THG, CET grid analysis, AS, Euler deconvolution, and TDR). The delineation of 
subsurface structures in the region is helpful for further hydrocarbon exploration. 
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1. INTRODUCTION 
The ambiguity related to hydrocarbon 

identification can be significantly reduced through the 
combination of geological history with geophysical 
exploration techniques. Its combination can indeed 
increase the prospect of identifying elements of 
structure that control hydrocarbon accumulation in the 
region. In order to more effectively delineate 
geological elements, magnetic data is among the most 
valuable tools (Elkhateeb et al., 2018). The 
aeromagnetic approach (Vasanthi et al., 2006) is 
a faster, cheaper, and more versatile geophysical tool 
that has the potential to reveal regional-scale as well 
as smaller-scale features, including differences in 
magmatic intrusions, basement type, basement 
surface, volcanic rocks, and fault systems (Feumoe et 
al., 2012). According to Sharma (1997), magnetic data 
interpretation and improvement are used for 
distinguishing deep and shallow geological features 
(Eldosouky, 2019). Mapping structural features is 
essential to exploring hydrocarbon, geothermal, 
groundwater, and mineral resources (Masoud and 
Koike, 2011; Salehi et al., 2015). More so, 
understanding the rock units, faults, contacts, dykes, 
and lineaments is significant to the structural study 

(Abdulkadir et al., 2022). Geophysical tools have 
numerous applications, including in archaeology, 
hydrogeology, engineering, ecology, tectonics, 
mineral deposits, hydrocarbon exploration, and other 
fields. Saadi et al. (2008) concluded that geophysical 
methods describe the physical properties of geological 
rocks beneath the surface. The Tarhona region (Fatmi 
et al., 1978), which is situated within the northwestern 
part of Libya, is a part of Jabal Nafusah (eastern Jabal) 
due to its geographic location and the character of the 
escarpment (Fig. 1). It is restricted to the east by 
longitudes 13.00⁰ to 14.00⁰ east and to the north by 
latitudes 31.45⁰ to 32.25⁰ north. Because the study area 
lies between two production basins, the Ghadames and 
Pelagian basins (Trepil et al., 2021), the Tarhona 
region is a promising area with the potential for 
hydrocarbon accumulation. In addition, the area is 
considered to be a structurally complex region of the 
fold belt of the Atlas due to various geological 
occurrences that exist within. The geological 
ambiguity of the study region makes it challenging to 
figure out the geological structures within and around 
the area. Unfortunately, understanding structural 
development is heretofore insufficient. Numerous 
geological and geophysical investigations have been 
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Fig. 1 The study area (red rectangular) superimposed on a tectonic map of Libya by Rusk (2001). 
 

 
conducted in the Tarhona area and the adjacent area 
northwest of Libya, including gravity, and remote 
sensing data to understand the surface and subsurface 
structures (El Hinnawy and Cheshitev, 1975; 
Zivanovic, 1977; Saadi et al., 2008; Alfandi, 2012). 
Therefore, the investigation of geological structures 
provides significant insights into the history and 
development of the study region and the surrounding 
region, which are required for potential hydrocarbon 
exploration activities (Saadi et al., 2011). Within the 
Oasis Montaj programme, many filters are used to 
interpret the magnetic data, including reduction to the 
pole filter, Total horizontal gradient (THG), CET grid 
analysis, Power spectrum analysis (PS), Analytic 
signal (AS), 3D Euler deconvolution (ED), and Tilt 
derivative (TDR). Consequently, the aim of the study 
is to delineate the structural elements and source 
depths that exist in the Tarhona region of northwest 
Libya. Furthermore, the main results are useful for 
identifying new features that provide improved 
comprehension of the study area's structure. 

 
GEOLOGICAL SETTING 

The Tarhona area (Fatmi et al., 1978) is a part of 
Jabal Nafusah (eastern Jabal) due to its geographic 
location and the character of the escarpment. 
Furthermore, the Nafusah Uplift (also called the 
"Nafusah Arch"), shown in Figure 1 (Abohajar et al., 
2009), is a major tectonic feature that extends from 
east to west and from northeast to southwest, which is 
the boundary between the Ghadames Basin in the 
north and the plain of Jifara (Trepil et al., 2021). 
According to Giraudi (2005), the Nafusah Arc is 
among the most distinctive morphological features in 
northwest Libya. Basins within northwest Africa 

developed as the result of a Phanerozoic sequence of 
uplifts that intersected each other in diagonal 
directions, according to Klitzsch (1970) and Klitzsch 
and Gray (1971). Furthermore, he suggested that the 
Early Caledonian tectonic phase revitalised what was 
previously a weak suture zone with Pan-African 
origins. Accordingly, it appears that this is the origin 
of the common idea that uplifting is a part of the 
predominantly E-W trending "Nafusah arch.". Farahat 
et al. (2006) concluded that large recent continental 
landmasses are frequently affected by neotectonic 
activity; this is typically related to mantle events 
during which uplift is created through rising plumes 
related to hot spots (Alfandi, 2012). The 
Garyan- Tarhona strip was uplifted in the upper 
Cretaceous or lower Tertiary, resulting in a NW-SE 
trending anticlinal swelling. Jabal Nafusah was 
considered to have been uplifted during the Hercynian 
orogenesis; this uplift was associated with northwest-
southeast faulting. Further, joints within the Jabel 
Nafusah area have a broad NW trend that is 
contemporaneous with volcanism (Saadi et al., 2008). 
The strike of structure in the Hun Graben is NNW-
related to the reactivation of Cretaceous features 
(Capitanio et al., 2011). Mann (1975) reported that the 
Jabal Nafusah's structural development ceased 
towards the upper Cretaceous. Northwest Libya as 
well as southern Tunisia are located close to the 
Saharan flexure or lineament, as described by Anketell 
(1996), who also located them on the eastern flank of 
the south Atlas fold belt (Alfandi, 2012). Generally, 
the majority of the Tarhona region is composed of 
broad plains formed by basalt sheets, which form flats, 
while the lower topography is mostly covered by 
fluvial-eolian deposits (Saadi et al., 2008). The 
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Tarhona region consists of sedimentary rocks of 
clastic and carbonate composition (sandstone, 
limestone, clays, and marl) and their ages from the 
mid-to-upper Triassic to Quaternary. Volcanic 
activities in the late Cretaceous period generated 
Tertiary-Quaternary volcanic rocks that are present in 
the majority of the region (Hallett and Lowes, 2017). 
Basalt cones, basalt flows, trachyte, and phonolite 
intrusions are the three main forms of volcanic rocks 
in the region (Antonovic, 1977). Piccoli (1970) 
estimated that the basalt sheet formed between the 
early Eocene and the Pliocene. On the other hand, 
Christie (1966) thought the basalt within Wadi Ghan 
originated in the early Quaternary. 

 
2. MATERIALS AND METHOD 
2.1. MAGNETIC DATA 

The magnetic approach (also referred to as the 
"geomagnetic method") is a geophysical technique 
that detects alterations in the Earth's magnetic field 
using variations in the rocks' magnetic susceptibility. 
It's a passive, non-destructive technique (Hinze et al., 
2013). An aeromagnetic dataset is gathered from the 
AMMP (African Magnetic Mapping Project). The 
AMMP is a collaborative effort between P (Peterson), 
G (Grant), PGW (Watson Limited) in Canada, 
GETECH in the UK, the International Institute for 
Geo-Information Science, and ITC (Earth 
Observation) in the Netherlands. Both the flying lines 
as well as the dataset points along every line are 
spaced out by 1.0 kilometre. Approximately 8,798 
magnetic datasets were collected, with 106 flight lines 
in the north-south direction and around 83 datasets 
collected along the entire flight line. Numerous 
scientists have applied aeromagnetic data, e.g., 
Feumoe et al. (2012) applied aeromagnetic data to 
delineate tectonic lineaments in the southeast 
Cameron area. Anudu et al. (2014) mapped intra-
sedimentary volcanoes and delineated geologic 

structures during the middle Cretaceous in the Benue 
Trough, Nigeria, utilising aeromagnetic data. 
Elkhateeb et al. (2018) delineated porphyry intrusions 
and structural complexity areas, and Eldosouky (2019) 
identified edge detection of geological contacts in the 
Samr El-Qaa region, NE Desert, Egypt, using an 
aeromagnetic dataset. Kahoul et al. (2022) used 
aeromagnetic data to define the fault system and depth 
of the basement underlying the Jahamah platform in 
the northeastern Sirt basin of Libya. 

 
2.2. MAGNETIC DATA PROCESSING  

Several grid techniques are developed 
throughout Oasis Montaj by Geosoft, including 
Kriging, the minimum curvature technique, random 
gridding, and bidirectional gridding. These grid 
techniques can be applied in Oasis Montaj to 
interpolate data from various geoscientific sources, 
such as geophysical surveys, geological observations, 
or geochemical analyses. In contrast, the Kriging 
technique is used to grid a TMI grid (Fig. 3) from the 
magnetic dataset that can then be reduced to a pole to 
generate the RTP grid. Commonly, the RTP 
conversion assumes that the entire magnetization of 
the majority of rocks coincides with the Earth's main 
field or is opposite to it (Keller, 1986; Blakely, 1996). 
The different anomalies are also associated with 
variations in the susceptibility of subsurface rocks. 
Analysing a magnetic dataset includes the use of 
standard reduction algorithms. Aeromagnetic data is 
processed (Fig. 2) using reduction to the pole, total 
horizontal gradient analysis, CET grid analysis, power 
spectrum analysis, tilt derivative, analytical signal, 
and Euler deconvolution. 

 
• POWER SPECTRUM ANALYSIS 

The power spectrum analysis represents one of 
the most common methods to figure out the depth of 
magnetic sources. The magnetic maps' power 

Fig. 2 The methodology flowchart. 
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 spectrum is the product of their 2D Fourier transform 
and complex conjugate (Ghazala et al., 2018). 
According to Equation (1), it is a function of 
wavelength for both the s and c directions. 
 

𝐸𝐸(𝑟𝑟,𝜗𝜗) =  〈𝐻𝐻(ℎ, 𝑟𝑟)〉〈𝑆𝑆 (𝑎𝑎, 𝑏𝑏, 𝑟𝑟,𝜗𝜗)〉〈𝐶𝐶(𝑡𝑡,Φ, 𝑟𝑟)〉         (1) 
 

Where E represents the total amount of energy 
(measured in Hz). r and ϑ denote the number (in 
cycles/distance units) and azimuth (in degrees) of 
radial waves, respectively; <> expresses the ensemble 
mean, and h denotes the depth (metres); H is the depth 
factor; S is the horizontal size (width) factor; C is the 
vertical size (thickness) factor; a and b are associated 
with the source's horizontal dimensions; and t and Φ 
are referring to the vertical depth extent of the source. 

It is clear that only three factors (H, S and C) are 
functions of the radial frequency r, thus in the case of 
profile form, Equation (1) can be written as: 

 

𝐼𝐼𝐼𝐼 𝐸𝐸(𝑞𝑞) =  In 𝐻𝐻(ℎ∗, 𝑞𝑞) + In 𝑆𝑆(𝑎𝑎∗, 𝑞𝑞) +
+In 𝐶𝐶(𝑡𝑡∗,Φ, 𝑞𝑞) + constant                                     (2) 
 

where (ℎ∗, 𝑎𝑎∗, 𝑡𝑡∗) the average depth, half width and 
thickness of the source ensemble. 

According to Saibi et al. (2016), this equation 
demonstrates that contributions from the depths, 
widths, and thicknesses of the source ensemble can 
affect the shape of the energy spectral decay curve. 

 
• HORIZONTAL GRADIENT (THG)  

Using upright contacts, the THG equation (3) 
indicates the boundaries of the magnetic anomalies. It 
is anticipated that the geologic contacts in the study 
region will be more easily discernible after being 
filtered using the horizontal gradient. The THG 
approach (Cordell, 1979) can be used to detect 
susceptibility variations in magnetic data. 
 

HG(𝑥𝑥,𝑦𝑦) = ��𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
2

+ �𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
2
                                     (3) 

 

where g denotes a magnetic anomaly, HG (x, y) 
denotes horizontal gradient's magnitude, and ∂g/∂x 
and ∂g/∂y are partial derivatives of the function g with 
respect to the variables x and y, respectively. 

 
• CET GRID ANALYSIS  

The development of the CET Grid Analysis 
extension demonstrates the commitment of the Centre 
for Exploration Targeting (CET) at Curtin University 
to advancing magnetic data analysis techniques. The 
CET refers to a specific set of algorithms used for 
analyzing magnetic data. These algorithms are 
designed to perform several tasks, including locating, 
enhancing, and vectorizing discontinuities in the 
magnetic data. Vectorization involves representing the 
identified discontinuities as vectors or lines, providing 
a more intuitive representation of the geological 
structures present in the magnetic data.  
Discontinuities, such as faults or geological structures, 
can have a significant impact on the distribution and 

behaviour of magnetic anomalies. The development of 
algorithms within the CET grid by Holden et al. (2012) 
uses the application of bilateral symmetry feature 
detection and texture analysis in the identification of 
magnetic data discontinuities. Identifying and 
characterizing these features is crucial for 
understanding the subsurface geology. The CET grid 
analysis equation is expressed as follows: 
 

E = −∑ 𝑃𝑃𝑖𝑖n
i=1  𝐿𝐿𝐿𝐿𝐿𝐿 𝜌𝜌𝑖𝑖                                                (4) 

 

After the histogram of n bins is normalised, the 
probability 𝜌𝜌 is determined. 
 
• ANALYTICAL SIGNAL    

The analytical signal method (El-Ata et al., 2013) 
estimated the sources as distinct dipping contacts 
between vast geological sections. Moreover, it is only 
moderately sensitive to data noise and interference 
from adjacent sources. The analytic signal technique 
assumed that magnetic contacts as causative sources. 
The analytical signal method Equation (5) (Nabighian, 
1972), commonly referred to as the "total gradient," 
has undergone continual improvements and 
investigations since its initial use (Saibi et al., 2016). 
 

|𝐴𝐴(𝑥𝑥,𝑦𝑦)| = ��𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
2

+ �𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
2

+ �𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
2
                       (5) 

 

In this equation, T represents the anomalous 
magnetic field, ∂T / ∂x and ∂T / ∂y represent its 
horizontal derivatives, and ∂T / ∂z denotes its vertical 
derivative. 
 
• TILT DERIVATIVE 

Qualitative Miller and Singh (1994) and 
Verduzco et al. (2004) proposed the analytic signal 
approach, which was refined by the tilt derivative 
method, also called the tilt angle method. The tilt-
angle method was utilised to sharpen and enhance the 
magnetic anomalies. Using a set of horizontal and 
vertical derivatives of the magnetic field, a tilt angle 
derivative is performed to distinguish between these 
two types of anomalies (Ming et al., 2021). When the 
TDR value is positive, it shows a positive contrast with 
the underlying causative source, whereas when it is 
negative, it indicates that it is outside the limits of the 
source. 
 

TDR= tan−1

⎩
⎨

⎧ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

��𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�
2
+�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�

2
  ⎭
⎬

⎫
                                    (6) 

 

Where T represents the observed magnetic field at (x, 
y) and the horizontal and vertical derivatives of F 
(∂T/∂x), (∂T/∂y), and (∂T/∂z), respectively. 
 
• EULER DECONVOLUTION 

Euler deconvolution estimates source depth and 
location for various homogeneous magnetic sources. 
A structural index (Table 1) is an exponential variable 
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Table 1 Structural index for magnetic (FitzGerald et 
al., 2004). 

lower Tertiary, resulting in anticlinal swelling. The 
northeast and southwest parts of the region are 
indicated by low magnetic anomalies, which are 
characterised by low magnetic susceptibility. These 
low magnetic values refer to surrounding areas when 
grabens formed in the NE-SW along marginal parts of 
the uplifts during the Jurassic/Triassic-Jurassic (Saadi 
et al., 2008). The magnetic data has magnitudes 
ranging from 34 to 110 nT. Magnetic data is reduced 
to the pole to isolate magnetic anomaly field areas. 
The values -30.06 degrees and -4.73 degrees, 
respectively, were used for inclination and declination 
in order to correct the inappropriate distortion in the 
sizes, shapes, and positions of magnetic anomalies 
resulting from the inclination of the magnetic field of 
the earth. 

The reduction to the pole map (Fig. 4) shows 
magnetic values ranging from 17 nT to 172 nT. Within 
the RTP map, the magnetic source directly lies below 
anomalies. The west and southeast parts of the area 
show high magnetic anomaly values, ranging from 
50 nT to 172 nT, whereas low magnetic anomaly 
values are indicated in the central and northeast parts, 
ranging from 17 nT to 35 nT. These strong, high 
anomaly values are associated with Tertiary-
Quaternary volcanic rocks that cover most of the study 
region. The lower values in the central part of the area 
refer to basins with thick sediment deposited, which 
are related to tectonic events in the late Jurassic and 
upper Cretaceous.  

The power spectrum analysis is applied to the 
magnetic data to identify the dominant frequencies or 
spatial scales associated with the magnetic sources. 
Two distinct magnetic sources have been identified, 
and their depths have been estimated using power 
spectrum analysis (Fig. 5). The shallow source has 
a depth estimated at around 3 km, whereas the deep 

Source Magnetic 
Sphere 3 
Horizontal 2 
Fault 1 
Contact 0 

that explains the nature of geologic bodies. This 
technique is particularly helpful in interpreting 
magnetic data because it involves such little basic 
knowledge about the source body's structure 
(Thompson, 1982; Reid et al., 1990). 

The Euler deconvolution in 3D Equation (7) is 
expressed as follows: 

 

𝑁𝑁(𝐵𝐵 − 𝑇𝑇) = (𝑥𝑥 − 𝑥𝑥0) �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
� + (𝑦𝑦 − 𝑦𝑦0) �

𝜕𝜕𝜕𝜕
𝜕𝜕𝑦𝑦
� + 

+(𝑧𝑧 − 𝑧𝑧0) �𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�                                         (7) 

 
where T represents the field measured at locations (x, 
y, and z). 𝑥𝑥0,𝑦𝑦0, and 𝑧𝑧0 represent coordinates of the 
source site; B represents the baseline level of the field 
(regional value at x, y, and z); and N represents the 
structural index or homogeneity degree that is 
a function of the source geometry of the causative 
bodies. 
 
3. RESULTS AND DISCUSSION 

The total magnetic intensity map (Fig. 3) shows 
high anomalies in the northwest, southeast, and east 
parts of the region, which may be the imprint of the 
high magnetic susceptibility and be associated with 
Cenozoic volcanic rocks in the region. Further, these 
high values of NW-SE are characterised by the 
Garyan-Tarhona uplift in the upper Cretaceous or 

Fig. 3 Total magnetic intensity map of Tarhona area. 
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Fig. 4 Reduction to the pole map. 
 

Fig. 5 (a) The radially average energy spectrum of the Tarhona region's magnetic data; (b) Depth estimation of 
the magnetic source.  

 
 
source is indicated at approximately 7.6 km from the 
next equation: H = -S/4. Where H is the depth and S is 
the slope of the log (energy) spectrum. 

Within the CET grid analysis, the smallest filter 
wavelength was set to 4 cells, the number of filters was 
scaled to 4, and the value of congruency strength was 
set at 5. The results of the CET grid analysis and total 
horizontal gradient map (Figs. 6a, b) show a positive 
amplitude that delineates the subsurface elements of 
the study region, with major trends N-S, NNW-SSE, 
and NW-SE. These trends are the result of different 
tectonic events. The N-S fault trend associated with 
structural development in the NW African basin was 
periodically reactivated as strike-slip faults that 
occurred in the early Caledonian and Hercynian 
tectonic events, according to Klitzsch (1970), and may 
be due to the similar tectonic event that caused the 

Nafusah Arc. The NNW-SSE fault trend is related to 
the reactivation of Cretaceous lineaments in the Hun 
Graben. The NW-SE fault is associated with the 
movement of the African and European collisions in 
the Hercynian event (upper Cretaceous or lower 
Tertiary). 

The amplitude of the AS (analytic signal) peaks 
(Fig. 7) is used to determine the locations where the 
magnetic anomalies are most pronounced. The peaks 
correspond to areas where the magnetic field strength 
deviates significantly from the background or regional 
magnetic field. By selecting the AS maxima (peaks), 
which represent the highest values of the amplitude, 
the boundaries or edges of the magnetic sources can 
be delineated. The values that are high in the southeast, 
northeast, northwest, and west of the region are 
reflected as a high AS for magnetic data, which 
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(a) (b) 

Fig. 6 (a)Total Horizontal gradient map;(b) CET grid analysis of RTP. 
 

Fig. 7 Analytic signal map of RTP Map. 
 
indicates that all of these areas include important 
magnetic susceptibility variations that form 
distinguishable elements within this map. 

The magnetic anomaly in Oasis Montaj is 
utilised to create Euler deconvolution maps. A value 
of 1.0 was set for the structural index in order to figure 
out the best solutions that could be achieved. 
Furthermore, structural index = 1.0 yields superior 
solutions compared to SI = 2 and SI = 3 since these 
data are clustered in a few key locations rather than 
being randomly distributed across the study region. In 
addition, the solution of structural index =1.0 provides 
the main faults superimposed on the magnetic 
anomaly's edge. The window size of 7x7 and the 
solution with a structural index of 1.0 for a maximum 
depth tolerance of 18 % were applied within the Euler 
deconvolution. Euler deconvolution techniques with 

the TDR method identify the most probable locations 
and depths of the subsurface sources. In the results of 
the Euler deconvolution applied to the magnetic 
anomaly data (Fig. 8), it is observed that the depths of 
the faults within the studied area exhibit a range from 
2000 metres to over 8000 metres. Furthermore, these 
faults display distinct trends, namely N-S (north-
south), NNW-SSE (north-northwest to south-
southeast), and NW-SE (northwest to southeast). The 
dominant N-S trend is commonly found along the 
eastern part of the study area, while the NNW-SSE and 
NW-SE trends are mostly located in the western area 
of the region. The rose diagram identified the main 
fault trending in the N-S, NNW-SSE, and NW-SE 
directions (Fig. 9). The Euler solution map confirmed 
the trend faults observed in the THG, AS, CET, and 
TDR. Numerous circular forms that might be 
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Fig. 8 3D Euler deconvolution map (W=7, SI=1) with the tilt angle derivative. 
 

Fig. 9 Rose diagram of the main faults extracted from THG, CET, AS, TDR, and 3D-Euler deconvolution 
methods. 

 
associated with underground intrusion bodies are 
observed among the Euler solutions, which are 
grouped along the predominant faults. 

The TDR (tilt angle derivative) is created after 
applying a filter to the RTP map. The zero-contour line 
that appears at or near contact can be seen more clearly 
with a tilt derivative. If the TDR value is positive, it 
means that there is a good contrast with the underlying 
causative source, whereas if it is negative, it denotes 
that the effect is not limited by the source. Tilt-angle 
filters typically locate anomalies at or near their 
sources of origin. The magnitudes of these anomalies 
(Fig. 10) range from -1.4 to 1.2 degrees, as observed 
on the map. The negative and positive values represent 
the direction and extent of the anomalies. The TDR of 
the RTP shows fault trends N-S, NW-SE, and NNW-
SSE. The findings are consistent with the results of 
previous studies conducted by Goudarzi (1981) and 
Saadi et al. (2008). 

 

4. CONCLUSION  
The fault system trends with their source depths 

are delineated in the Tarhona region of NW Libya 
using a variety of analytical methods applied to the 
magnetic dataset, including total horizontal gradient, 
CET grid analysis, power spectrum, analytical signal, 
Euler deconvolution, and tilt derivative. The high 
anomaly value was identified from reduction to the 
pole map with a range of 172 nT. Fault trends (N-S, 
NW-SE, and NNW-SSE) obtained from the total 
horizontal gradient, CET grid, analytic signal, and tilt 
angle derivative of the RTP map show similar 
dominant trends as those indicated from Euler 
deconvolution. These trends were attributed to 
tectonic activity during the upper Cretaceous and 
Cenozoic tectonic movements during the Caledonian 
and Hercynian events that were associated with North 
African structural development. Euler deconvolution 
techniques with TDR estimated the depth of the source 
bodies between 2000 and 8000 m. The magnetic data 
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Fig. 10 Tilt angle derivative map. 
 interpretation can provide a real image of the 
subsurface structure that was previously unknown and 
reduce the ambiguity of geological interpretation 
within the area. Furthermore, pinpointing these faults 
is crucial for clarifying geological interpretations and 
expanding our understanding of the study area's 
prevailing trends, which can be utilised in future 
exploration. 
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