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ABSTRACT 
 

 

Despite the long history of petroleum exploration in Libya—spanning over 55 years—limited 

research has been conducted on the tectonic evolution of its southern margin within the central 

Mediterranean Basin. The structural framework of this region remains poorly understood, 

necessitating further investigation. This study utilises EIGEN-6C4 satellite gravity data from the 

southern region of Jabal Nafusah in northwestern Libya to identify key subsurface structures and 

estimate basement depths. The gravity data were analysed and converted into a geophysical model 

using the Oasis Montaj software to achieve these objectives. Several analytical techniques were 

applied, including high-pass filtering, tilt derivative (TDR), total horizontal gradient (THG), and 

Euler deconvolution (ED), to enhance the interpretation of subsurface features. Additionally, 2D 

forward modelling using the GM-SYS tool within Oasis Montaj was employed to determine the 

depths of gravity anomalies associated with the basement. The findings reveal fault systems with 

varying orientations, primarily NE-SW and NW-SE and source depths ranging from 1,200 m to 

5,798 m, indicating a complex tectonic history. The integration of 3D Euler solutions with residual 

gravity anomalies provided more accurate locations and depth estimates for these subsurface 

structures. Basement depth analysis along different profiles showed variations, with Profile 1 

ranging from 1.2 km to 3.53 km, Profile 2 from 1.8 km to 2.7 km, and Profile 3 from 1.7 km to 

2.76 km. This study highlights the effectiveness of satellite gravity data in characterising 

geologically underexplored regions, offering valuable insights into the structural framework and 

potential resource prospects of northwestern Libya. 
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1. INTRODUCTION 

Northwestern Libya is characterised by complex 

subsurface geological structures influenced by various 

tectonic events, including the Caledonian and 

Hercynian orogenies. However, the region's structural 

framework, fault systems, and basement depth 

variations remain insufficiently understood due to 

limited geophysical investigations. Identifying linear 

anomalies is crucial for detecting subsurface structures 

such as lithological contacts, faults, folds, and 

fractures, which helps in understanding potential field 

data (Miller and Singh, 1994; Ma and Li, 2012; Zhang 

et al., 2015). Studying lithological units, contacts, 

lineaments, faults, and dykes is a key aspect of 

structural analysis (Masoud and Koike, 2011; Salehi 

et al., 2015). Northwestern Libya is an integral part of 

the structurally complex eastern flank of the South 

Atlas Fold Belt, positioned adjacent to the Saharan 

Flexure or Lineament. This region exhibits intricate 

geological features shaped by tectonic interactions, 

contributing to its dynamic structural framework. 

Consequently, this research is highly significant in 

advancing the understanding of subsurface geological 

structures in northwestern Libya. The study provides 

a comprehensive analysis of regional tectonics, fault 

systems, and basement depth variations. The findings 

have substantial implications across multiple 

disciplines. The potential field method is commonly 

used to map the depth and extent of structural features 

in a region. Analysis of satellite gravity data plays 

a crucial role in the initial phases of exploration, 

offering an effective means of assessing geological 

conditions in large or remote areas (Kurniawan and 

Aji, 2012; Sadeghi et al., 2013; Zeinelabbdein et al., 

2014). Gravity data can be utilised to define 

subsurface structures and estimate the depth of 

basement rocks, helping locate basins, which are ideal 

sites for oil accumulation (Araffa et al., 2015). The 

study area, located in the southern part of Jabal 

Nafusah, northwest Libya (between 12.10 and 12.80 

degrees east and 31.50 and 31.80 degrees north), is of 

significant interest to various oil exploration 

companies. Several geological and geophysical 

studies have been conducted in northwest Libya, 

employing gravity, magnetic, and remote sensing data 

to investigate the surface and structures beneath the 
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surface by Desio et al. (1963), Christie (1966), 

Steckler et al. (1988), Swire and Gashgesh (2000), 

Saadi et al. (2009, 2011) and Trepil et al. (2023, 2024). 

The boundaries of geological bodies are crucial for 

gravity data processing and interpretation, as they are 

often linked to prominent discontinuities, such as 

faults, unconformities, or intrusive contacts (Pal et al., 

2016). This study employed several methods, 

including high-pass filtering, total horizontal gradient 

analysis, tilt derivative, Euler deconvolution, and 

basement depth estimation, to identify major 

structures in the area. 

 
GEOLOGICAL SETTING 

The study area (Fig. 1) is part of the North 

African Platform, characterised by NE-SW and NW-

SE lineaments formed during the early Paleozoic era. 

This platform has experienced a complex and 

polyphase geological history, shaped by multiple 

tectonic events. The primary tectonic elements in the 

region underwent significant transformations starting 

from the Late Precambrian Pan-African orogeny, 

continuing through the Phanerozoic with repeated 

reactivation of older structures. The region is also 

considered part of the structurally intricate Atlas fold 

belt, formed by tectonic plate collisions followed by 

the folding and uplifting of the Earth's crust. The area's 

complex geological evolution can be summarised in 

three key stages: Hercynian Orogeny: The North 

African Platform underwent the Hercynian Orogeny, 

which created a large, subsiding depositional basin 

with minimal regional differentiation. This basin 

formed as the Pan-African fault system became active 

once more (Van de Weerd and Ware, 1994). During 

the Hercynian phase, the basin was uplifted and 

eroded, removing much of the Paleozoic strata across 

the region. Mesozoic Rifting: Following the 

Hercynian phase, northwest tilting occurred, resulting 

in the formation of a Mesozoic extensional basin over 

the eroded Paleozoic basin (Van de Weerd and Ware, 

1994; Echikh, 1998). This phase was marked by 

a series of uplifts throughout the Phanerozoic, with 

basins in Northwest Africa intersecting diagonally, as 

noted by Klitzsch (1970) and Klitzsch and Gray 

(1971). He also proposed that the Caledonian tectonic 

period revived an earlier Pan-African suture zone, 

which became crucial to the formation of the east-

west-orientated "Nafusah arch". The Nafusah Uplift, 

located in the northern part of the study area, initially 

uplifted during the Hercynian orogeny before 

subsequently undergoing subsidence. In the early 

Mesozoic, tectonic activity led to rifting in the 

southern section of the Nafusah Arc, a significant 

east- west-orientated structural feature that serves as 

a geological boundary between the Ghadames and 

Jifara basins (Abohajar et al., 2009). Lipparini (1968) 

attributed the northwest-southeast displacement 

observed in the region to the uplift process, while 

Mann (1975) suggested that the structural 

development of Jabal Nafusah effectively concluded 

by the late Cretaceous. The Ghadames Basin, which 

lies adjacent to the uplift, contains a stratigraphic 

Fig. 1 Presentation both the geographic location of the study area, highlighted within a green rectangle, and 

a simplified geological map that provides an overview of the region’s lithological and structural features. 

The geological map has been adapted and refined from the work of Rusk (2001) to enhance clarity and 

relevance to this study. 
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 sequence spanning from the Paleozoic to the 

Cenozoic, reflecting a long and complex depositional 

history. Within the study area, the sedimentary 

succession consists predominantly of clastic carbonate 

formations, including sandstone, limestone, clay, and 

marl (Christie, 1955; Burollet, 1963; Mann, 1975). 

These rock units date from the Middle Jurassic to the 

Quaternary, indicating a prolonged period of sediment 

accumulation influenced by regional tectonic and 

paleoenvironmental conditions. The Pan-African 

orogeny, occurring in the Neoproterozoic, initiated the 

formation of the Al Hamra Basin, which was later 

reactivated during the subsidence of the Paleozoic 

basin (Echikh, 1998). The Al Hamra plateau, which is 

predominantly flat (Fig. 1), consists mostly of exposed 

Paleocene limestone, with late Cretaceous limestone 

forming its borders. Large Maastrichtian limestone 

surfaces cover the plateau along the north-northwest 

edge, likely due to southward dips and the slight 

elevation of the border near the Nafusah arch to the 

north. The weathering and erosion processes were 

likely more intense at higher elevations, leading to the 

removal of Paleocene sediments in those areas. The 

geological evolution and structural characteristics of 

the region have been profoundly shaped by a series of 

major tectonic events, including the Caledonian, 

Hercynian, and Alpine orogenies. These events played 

a crucial role in influencing sediment deposition 

patterns, leading to the accumulation of extensive 

continental clastic deposits and a dynamic history of 

marine transgressions and regressions. As a result, 

a diverse range of sedimentary rock formations 

developed over time, reflecting shifting environmental 

conditions and tectonic influences. Since the 

Precambrian era, the area has undergone multiple 

cycles of uplift and subsidence, accompanied by 

structural deformation processes such as folding and 

crustal consolidation. This long-term geological 

evolution began with the Pan-African Orogeny 

(Anketell, 1996), a significant tectonic event that 

contributed to the initial formation of the region's 

structural framework. Additionally, this period was 

marked by intense metamorphic activity, which 

facilitated the reworking and remobilisation of ancient 

cratonic margins, further shaping the region’s 

deep- seated geological structures (Hallet, 2002). 

 
2. MATERIALS AND METHOD 

The EIGEN-6C4 gravity data used in this study 

were acquired from the "International Centre for 

Global Earth Models" (ICGEM) database. Satellite 

gravity data analysis serves as a valuable exploratory 

tool for identifying subsurface geological structures. 

This approach is based on detecting variations in the 

density distribution of underground materials, which 

result in corresponding changes in the Earth's 

gravitational field. By analysing these gravitational 

variations, researchers can delineate subsurface 

formations, estimate basement depths, and identify 

potential sedimentary basins that may be conducive to 

hydrocarbon accumulation (Araffa et al., 2015). The 

dataset comprises 2,304 gravity data points arranged 

in a grid with a spatial resolution of 0.01° x 0.01°. 

Numerous geological and geophysical studies have 

employed EIGEN-6C4 gravity data to investigate 

structural features in various regions (Tedla et al., 

2011; Pal and Majumdar, 2015; Darisma et al., 2019; 

Trepil et al., 2024). Initially, the gravity data were 

collected as free-air anomalies. To enhance accuracy, 

the datasets were corrected by removing the 

gravitational influence of the rock mass between the 

measurement station and mean sea level, producing 

the Bouguer gravity anomaly. To further refine the 

analysis, the Bouguer gravity anomaly grid (Fig. 3) 

was generated using the least-curvature random 

gridding technique. Additionally, the EIGEN-6C4 

gravity model was applied to derive a residual gravity 

anomaly map, analyse total horizontal gradient 

variations, compute tilt derivative values, conduct 

Euler deconvolution, and estimate basement depths 

across the study area. These advanced processing 

techniques provided a comprehensive understanding 

of the geological framework and structural 

composition of the region. 

 

• High-pass Filter  

Two types of Bouguer gravity anomalies exist: 

(i) regional gravity anomalies, which originate from a 

deep source, and (ii) residual gravity anomalies, which 

originate from the near surface. A regional anomaly is 

characterised by long wavelengths and low 

frequencies (Subba Rao, 1996). Residual anomalies 

are relatively characterised by short wavelengths and 

high frequencies (Subba Rao, 1996). The Gaussian 

high-pass filter has been used to separate residual 

gravity anomalies from regional anomalies. This 

filtering technique is designed to selectively allow or 

eliminate specific ranges of wavenumbers from the 

dataset. By applying this filter, certain frequency 

components associated with geological structures of 

interest can be enhanced, while unwanted noise or 

irrelevant features are suppressed. The residual 

anomaly equation (1) is obtained as 

𝑔𝑟𝑒𝑖𝑑𝑢𝑎𝑙(𝑥, 𝑦) = 𝑔𝑏𝑜𝑢𝑔𝑢𝑒𝑟(𝑥, 𝑦) − 𝑔𝑟𝑒𝑔𝑖𝑜𝑛𝑎𝑙(𝑥, 𝑦)  (1) 

• Total Horizontal Gradient (THG)  

The THG equation (2), which utilises upright 

contacts, helps to identify the boundaries of gravity 

anomalies. It is expected that geological contacts in the 

study area will be more clearly visible after applying 

a horizontal gradient filter. The horizontal gradient 

method, introduced in 1982, has been used to delineate 

boundaries from gravity data (Cordell, 1979). This 

technique is based on the principle that a nearly 

vertical fault-like boundary produces a gravity 

signature, with the maximum horizontal gradient 

occurring at the edge of the boundary. In general, 

gravity anomaly derivatives highlight shallow 

structures, reduce the influence of regional anomalies, 

and eliminate the effects of deeper structures. 



F. Trepil et al. 

 

384 

  

HG(𝑥, 𝑦) = √(
𝜕𝐺

𝜕𝑥
)
2

+ (
𝜕𝐺

𝜕𝑦
)
2

                                    (2) 

 

The gravity anomaly, denoted as G, is a measure 

of the deviation from the expected gravitational field. 

The magnitude of the horizontal gradient at a given 

position (x, y) is denoted as HG (x, y). The calculation 

is based on the partial derivatives of the gravity 

anomaly with respect to the horizontal coordinates x 

and y, denoted as ∂G/∂x and ∂G/∂y. These derivatives 

represent the rate of change of the gravity anomaly 

along the x and y axes, respectively. By computing 

these partial derivatives, we can obtain the gradient of 

the gravity anomaly, which provides valuable 

information about the variations in the subsurface 

structure. 

 

• Tilt angle derivative (TDR) 

Miller and Singh (1994) developed the tilt angle 

derivative (TDR) as a technique for analysing 

gravitational anomalies. The TDR is calculated as the 

arctangent of the ratio between the vertical derivative 

and the combined horizontal derivatives of the gravity 

field, as shown in equation (3). This method helps to 

estimate the depth and location of subsurface 

anomalous sources, assuming these sources can be 

modelled as two-dimensional structures. The tilt angle 

derived from TDR can indicate the edges of these 

anomalies, providing key insights into the subsurface 

geology. The TDR, also referred to as the Total 

Derivative Ratio, is particularly effective in enhancing 

the visibility of gravitational anomalies by focusing on 

both the vertical and horizontal variations in the 

gravity field (Ming et al., 2021). This technique allows 

for a clearer distinction of the sources of gravitational 

anomalies, making it valuable in geophysical 

exploration and geological studies. 
 

TDR= tan−1

{
 

 𝜕𝐺

𝜕𝑧

√(
𝜕𝐺

𝜕𝑥
)
2
+(

𝜕𝐺

𝜕𝑦
)
2
  
}
 

 

                                       (3)        

 

The coordinates (x, y) denote the specific point 

in space where the gravity field, denoted as G, is 

measured. The terms (∂G/∂x) and (∂G/∂y) refer to the 

horizontal derivatives of the gravity field, which 

describe how the gravitational field changes with 

respect to variations in the horizontal direction, either 

along the x-axis or the y-axis. The symbol (G/z) 

represents the vertical derivative of the gravity field, 

which indicates how the gravity field changes with 

respect to vertical variations, or the z-axis. 

• Euler deconvolution 

The Euler solution method, as outlined in 

equation (4), provides an effective means of 

estimating both the depth and location of different 

homogeneous gravity sources. This method 

incorporates a structural index, which is an 

exponential variable that defines the characteristics of 

geological bodies, as detailed in Table 1. One of the 

key advantages of this approach is its ability to deliver 

reliable results with minimal prior knowledge about 

the source body’s structure, making it particularly 

useful in gravity interpretation. This feature allows 

geophysicists to apply the method in areas where 

detailed geological information is limited (Reid and 

Allsop, 1990; Thompson, 1982). The expression for 

the three-dimensional Euler deconvolution is provided 

below: 
 

𝑁(𝐵 − 𝐺) = (𝑥 − 𝑥0) (
𝜕𝐺

𝜕𝑥
) + (𝑦 − 𝑦0) (

𝜕𝐺

𝜕𝑦
) + 

                  +(𝑧 − 𝑧0) (
𝜕𝐺

𝜕𝑧
)                                             (4) 

 

In this context, G represents the gravitational 

field that is produced by the causative sources located 

at a specific point (x, y, z) in three-dimensional space. 

This point is referenced relative to the coordinates of 

the source (x₀, y₀, z₀). Additionally, the baseline level 

of the gravitational field is denoted as B, which serves 

as a reference value for the field's intensity. The 

structure index (N) is also incorporated, indicating 

the degree of homogeneity or the structural nature of 

the geological source, which can influence how the 

gravitational field is generated and observed. 

 

• 2-D Modelling  

To achieve a more precise estimate of the 

anomaly depths, additional analysis is required. To 

better comprehend the basement’s influence on the 

gravity data and to accurately map the basement rocks, 

a 2-D forward modelling technique was employed. 

The 2-D model for the study area was developed using 

the GM-SYS Geosoft program (Popowski et al., 

2006), consisting of two primary layers: the basement 

and the overlying sediments. While a qualitative 

analysis of the gravity data can provide a general idea 

of the source parameters, a more in-depth approach is 

necessary for precise results. The initial density values 

used in the model were sourced from prior research, 

including studies by Talwani et al. (1959), Essed 

(1978), and Trepil et al. (2021). These density values 

were further refined using an apparent density filter, 

which calculates the apparent ground densities to 

Table 1 Provides the structural index used for gravity anomaly interpretation, as described by FitzGerald et al. 

(2004). 

 
Source Gravity 

Sphere 2 

Horizontal 1 

Fault 0 
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Fig. 2 Bouguer anomaly map of the study region. 

 

Fig. 3 Residual gravity anomaly map of the study region. 

 
generate the observed gravity profile. The process was 

repeated multiple times to ensure the reliability of the 

results. The basement density was estimated at 

2.67 g/cm³, based on gravity measurements taken 

from various elevations within the region. 
 

RESULTS AND DISCUSSION 

The Bouguer anomaly (BA) map for the study 

area is presented in Figure 2, displaying amplitude 

anomalies ranging from -77 mGal to -53 mGal. The 

residual gravity anomaly (RS) map (Fig. 3) shows 

amplitude anomalies within the study region ranging 

from -7.7 mGal to 3.1 mGal. This map primarily 

describes the major variations in the gravitational field 

of the shallow part of the crust, eliminates the regional 

ones, removes the effect of deeper structures, and 

describes the associated variations in its composition 

and sediment thickness. Four prominent gravity highs, 

located in the northeast (NE), southwest (SW), 

northwest (NW), and southern parts of the study area, 

are labelled HG. Additionally, two significant gravity 

lows in the eastern and western regions are labelled 

LG in the residual anomaly map. The anomaly 

signatures derived from gravity data suggest that edge 
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Fig. 4 Regional gravity map of the study region. 

 
structures could correspond to geological contacts, 

faults, folds, or fractures. Furthermore, these 

anomalies are associated with variations in tectonic 

zones. The RS anomaly map reveals dominant 

anomaly trends in the NW-SE and NE-SW directions, 

which can be linked to various geological structures. 

Positive anomalies indicate regions with higher 

gravitational attraction, typically corresponding to 

areas of denser rock formations or deeper crustal 

structures. Conversely, lower gravity values are likely 

attributed to thick sedimentary deposits in different 

areas, which may represent sub-basins in the western 

and eastern parts of the study region. Negative 

anomalies indicate zones with weaker gravitational 

attraction, often associated with lower-density rock 

formations or shallower crustal structures. 

The regional gravity anomaly map also shows 

high gravity values towards the northwest and low 

gravity values in the southeast. These are related to the 

existence of thick, high-density rocks at shallower 

depths in the northwest and low-density rocks in the 

southeast. Deeply buried structures were emphasised 

by regional gravity anomaly, as shown in Figure 4. 

The largest depression was mapped at the east part of 

the study area towards the southeast. This depression 

is consistent with the depressions mapped from the 

residual gravity anomaly. The existence of a large 

basin in the study area as represented by gravity lows 

demonstrates a possibility of high sediment 

accumulation, translating to hydrocarbon 

accumulation. 

One of the most widely used techniques for 

delineating geological boundaries is the total 

horizontal gradient (THG) of the potential field, as 

proposed by Zhang et al. (2015). In this study, the total 

horizontal gradient was applied to the residual gravity 

anomaly (Fig. 5). The resulting map reveals strong 

horizontal gradient anomalies in the northeast (NE), 

southeast (SE), southwest (SW), and southern parts of 

the study area (marked as HG peaks). These anomalies 

delineate two major subsurface structural trends: 

NE- SW and NW-SE. These trends are attributed to 

various tectonic movements associated with a series of 

geological events, including the Hercynian tectonic 

activity, which disrupted the Mesozoic sedimentary 

sequence and led to the development of complex fault 

systems. However, it is important to note that potential 

field anomalies can exhibit high gravity values due to 

variations in rock density within the survey area. The 

dominant fault trend in the region is orientated in 

a northwest-southeast (NW-SE) direction, which is 

potentially related to the tectonic collision between the 

African and European plates that occurred during the 

Hercynian orogeny. Additionally, this fault trend may 

reflect the reactivation of older, upper Cretaceous 

lineaments within the Hun Graben. In contrast, the 

northeast-southwest (NE-SW) structural trend 

observed in the area is likely influenced by the 

well- established NNE-SSW structural features of 

Paleozoic rock formations, which are associated with 

the prominent Tibesti-Sirte Uplift. This structural 

framework suggests that the region's fault systems 

have been shaped by a combination of ancient and 

more recent tectonic processes, which include both 

collisional and reactivation events over geological 

time. 

The Euler solution method proved to be highly 

effective in gravity interpretations due to its minimal 

requirement for prior knowledge about the source 

body's structure. The Euler deconvolution maps 
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Fig. 5 Map resulting from applying the THG technique. 

 

Fig. 6 3D Euler solutions map (W= 10, SI= 0). 

 
(Fig. 6) were generated using a residual gravity map in 

Oasis Montaj based on standard Euler. A structural 

index of 0 was selected to identify the optimal 

solutions. The best clustering of source-depth 

solutions was achieved with a window size of 10x10 

and a structural index of 0, allowing for a maximum 

depth tolerance of 15 %. This approach also 

superimposed major faults on the residual gravity 

map. The estimated depth of gravity sources ranged 

from 1200 m to 5798 m, with significant lineaments 

orientated NE-SW and NW-SE. These orientations 

likely correspond to the primary subsurface structures 

responsible for the gravity anomalies. Furthermore, 

most of the solutions are concentrated along the edges 

of the anomalies. Negative depth can correspond to 

topographic effects or surface density variations. The 

Euler solution map further corroborates the detection 

of trending faults, which were previously identified 

using the RS, THG, and TDR methods. 
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Fig. 7 Derivative of the tilt angle. 

 
The zero value of the tilt angle marks the edges 

of the source body, making it a valuable tool for 

delineating boundaries. Positive tilt values are located 

directly above the sources, while negative values 

occur further away. The zero-contour lines on the tilt 

derivative anomaly map closely correspond with the 

peaks of the total horizontal gradient, aiding in the 

identification of major faults across different regions 

of the study area. Tilt derivative (TDR) filters often 

detect anomalies directly above their sources. The 

TDR analysis of gravity data (Fig. 7) highlights 

dominant fault trends with positive contrasts, 

primarily orientated in the northwest-southeast (NW-

SE) and northeast-southwest (NE-SW) directions. The 

anomalies on the TDR map range in magnitude from 

- 1.3 to 1.2 degrees. The results of this TDR analysis 

are consistent with previous studies conducted by 

Klitzsch (1970), Klitzsch and Gray (1971), and Desio 

et al. (1963), further confirming the structural trends 

and tectonic influences shaping the study region. 

The primary structural map (Fig. 8) is developed 

by integrating key structural trends identified from the 

residual anomaly map, tilt derivative map, and Euler 

solution map derived from gravity data. This map 

provides a comprehensive representation of the 

geological framework within the study area, 

illustrating the distribution, orientation, and 

arrangement of faults and other structural features. 

The faults depicted in the map predominantly follow 

northwest-southeast (NW-SE) and northeast-

southwest (NE-SW) orientations. These structural 

features reflect multiple tectonic episodes, including 

the formation of NE-SW lineaments during the early 

Paleozoic. The region’s tectonic evolution is highly 

complex, beginning with the Late Precambrian 

Pan- African orogeny and extending through the 

Phanerozoic, characterised by the repeated 

reactivation of pre-existing structures. Lipparini 

(1968) suggested that the northwest-southeast fault 

displacement is associated with uplift events that 

occurred during the early Mesozoic. A key structural 

feature in the northern part of the study area is the 

Nafusah Uplift, which initially developed during 

the Hercynian orogeny but subsequently experienced 

subsidence, further influencing the region’s geological 

evolution. 

Gravity modelling of the residual field plays 

a crucial role in deciphering the region’s complex 

geological structures, which are characterised by 

subsurface geological ambiguity and a higher 

basement density compared to the overlying 

sedimentary rocks. This density contrast makes 

gravity data a valuable tool for estimating basement 

depths (Blakely, 1995; Telford et al., 1990; Al-Heety 

and Eshwehdi, 2006; Schettino and Turco, 2011). In 

this study, geological and geophysical data were 

integrated to constrain subsurface structural models. 

Three gravity models were generated from the residual 

gravity data along profiles A-A1, B-B1, and C-C1. 

The 2-D profile models (Figs. 9 A, B, and C) were 

constructed along the NNE-SSW direction, each 

extending approximately 36 km. The estimated 

basement depth ranges from 1.2 to 3.53 km in profile 

1, 1.8 to 2.7 km in profile 2, and 1.7 to 2.76 km in 

profile 3. The modelling results exhibit uncertainty 

errors of 0.714 % for profile 1, 0.093 % for profile 2, 

and 0.177 % for profile 3. The basement depth reaches 

approximately 2.8 km toward the east near the LG 

region, indicating a thick sedimentary cover. In 

contrast, sediment thickness gradually decreases in 
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Fig. 8 Major faults map of the region from the residual map, TDR map, and Euler deconvolution. 

 

Fig. 9 (A) 2D forward modelling of Profile 1.   

 
areas labelled HG. To validate the constructed models, 

the estimated basement depths were compared with 

previously reported values. According to Rusk (2001), 

Hallett (2002), and Saadi et al. (2009, 2011), the 

observed steep variations in the residual gravity 

anomaly suggest the presence of fault trends, which 

likely play a key role in shaping the subsurface 

structure. The basement surface appears to have been 

significantly influenced by tectonic processes, 

including subsidence in the eastern part of the study 

area due to the reactivation of the Pan-African fault 

system. During the Hercynian phase, the sub-basin 

experienced considerable uplift and erosion, resulting 

in the removal of a substantial portion of the Paleozoic 

sequence. 
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Fig. 9 (B) 2D forward modelling of Profile 2.   

 

Fig. 9 (C) 2D forward modelling of Profile 3.   
 

3. CONCLUSION  

Despite more than 55 years of petroleum 

exploration in Libya, the geological structures of the 

region remain poorly understood. To address this, 

EIGEN-6C4 gravity data were analysed in the 

southern part of Jabal Nafusah, northwest Libya, to 

map subsurface structures and estimate basement rock 

depths. Several analytical methods, including high-

pass filtering, total horizontal gradient, Euler 

solutions, and tilt derivative analysis, were applied to 

the gravity data to identify major structural faults. 

Additionally, 2-D forward modelling using GM-SYS 

within Oasis Montaj was conducted to estimate 

basement depths based on gravity data. The 

application of various filters to detect the edges of 

geological structures revealed dominant fault trends 

orientated in NW-SE and NE-SW directions, with 

source depths ranging from 1,200 to 5,798 m. The 

estimated basement depth varies across the profiles, 

ranging from 1.2 to 3.53 km in profile 1, 1.8 to 2.7 km 

in profile 2, and 1.7 to 2.76 km in profile 3. The 

basement depth reaches approximately 2.8 km toward 
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the east near the LG region, indicating a thick 

sedimentary cover. In contrast, sediment thickness 

gradually decreases in areas labelled HG. The 

structural map indicates that faults derived from the 

Euler solution align closely with those identified from 

residual anomalies and zero-contour lines of the tilt 

derivative map. These faults are linked to the tectonic 

evolution of the region, which began with Mesozoic 

basin extension during the Hercynian orogeny and is 

associated with the development of the North African 

platform in the early Paleozoic era. 
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