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ABSTRACT 
 
 

Integration between magnetic and gravity data at the Zelten platform, the southeast part of Sirt
Basin Libya. Zelten Platform is first discovered oil field in Libya. It shows numerous geological
structures of different tectonic events. The methods adopted can assist in locating the hidden 
subsurface structures.  The platform is characterized by the NW-SE trending rift that belongs to 
the Early Cretaceous age (during the collapse of Sirt Arch). The study aimed to define the structural
geology that assisted in the development of future exploration in this area. The analyses utilized 
several filtering and transformation algorithms to help in structural modeling. For instance, the
total horizontal gradient and tilt angle derivative were applied for the edge detection of the tectonic 
boundaries. The results show NW-SE and NNW-SSE patterns that represents faults that controlled 
the positions of the troughs and platforms at the Sirt basin. On the other hand, Euler deconvolution
and 2D forward modeling were utilized to determine the depth of the basement. The Integrated
models deduced revealed that the main faults trends are NW-SE which refer to the rift phases and 
crustal extension period that occurred during the Mesozoic time (early cretaceous). Also, the 
basement depth ranges from 6.5 km to 8 km according to the structures that affected the study
area.  
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previous magnetic and gravity studies in Sirt Basin
have been reported by several authors (Essed, 1978;
EL-Batroukh and Zentani, 1980; Nyblade et al., 1996).
The major highlight is that magnetic and gravity
anomalies in the whole of the Sirt Basin have been
significantly affected by the magmatism developed
during the early Cretaceous-Tertiary. This magmatism
is a result of the crustal extension which created active
subsidence following the collapse of post-Hercynian
structures (van der Meer and Cloetingh, 1993; Hallett,
2002).  

Geophysical methods have been utilized over the
last decade to define the structures in the whole of Sirt
Basin, of which Zelten platform a part of it (Elakkari,
2005; Saheel et al., 2010; Ghanoush et al., 2014;
Ghanoush, 2019) This study, therefore, aims to
integrate geological information, gravity and magnetic
data to define the structural features and the depth to
basement rocks of the study area. The choice of gravity
and magnetic methods was based on their ability to
determine the subsurface structures at deeper depths. 

 
2. GEOLOGIC AND TECTONIC SETTINGS 

In the early Paleozoic and following Pan-African
orogeny, massive deposits were accumulated within

1. INTRODUCTION 
Magnetic and gravity techniques have been

integrated to map both shallow and deep structures that
control the structural framework of the Zelten platform.
The platform is probably associated with reactivated
rift faults and the main rifting phases that occurred in
the Sirt Basin (Burke and Dewey, 1973). The area of
study comprises the first hydrocarbon discovery in
Libya. The understanding of the structural framework
may help in the pointing out potentials for more oil
reserve there. 

The study area is Zelten platform that lies between
longitudes 19° 30 and 20° 00E and latitudes 29° 00 and
29° 50 N (Fig. 1). It belongs to the south-east part of the
Sirt Basin and characterized by NW-SE trending
structures, which reflect the major rift faults (Harding,
1984). Also, the platform is considered as one of the
most significant tectonic units of the Sirt Basin (Fraser,
1967). The study area is bounded by the Jahamah
platform to the north, Ajdabiya trough and Assumud
ridge to the northeast, and the southern shelf to the
south. The significant structural elements in the study
area are the major Northwest‐Southeast trending
normal faults, which extended along the south part of
the area (Harsha and Owaina, 2000). Results from
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Fig. 1 Tectonic map of Libya illustrating regional and local structures. The area of study is the Zelten platform.
 
Kalanshiyu Trough in the northeast of the Sirt basin 
(Hallett, 2002; 2017). Breaking-up of Pangea 
commenced in the Triassic. Besides, this period was 
accompanied by a rifting period that occurred in Libya 
and Tunisia during the Upper Triassic (van der Meer 
and Cloetingh, 1993; Abadi et al., 2008). The 
Hercynian orogeny began at the late of Carboniferous 
and continued to Early Permian (400-280Ma) causing 
a broad arching area within the Sirt Basin (El-Arnauti 
et al., 2008). Basement rocks in Libya, especially in 
the Sirt basin, are regarded as Paleozoic structures 
with NE-SW, N-S, and E-W trends. Nevertheless, 
block  faulting  took  place (Fig. 2) along NNW-SSE 
to  NW-SE  zone (Anketell, 1996; Bumby and 
Guiraud, 2005). The Tethyan sea was opened through 
the late Jurassic and continued to early Cretaceous 
(de Lamotte et al., 2004). The Sirt Basin was formed 
from the residue of the northern part of the Sirt Arch 
which collapsed during early Cretaceous into five 
main grabens (Fig 2), namely; “Hun, Maradah, Zellah, 
Hameimat, and Ajdabiya” (Gumati and Kanes, 1985). 
These grabens have an orientation NNW-SSE and 
NW-SE. The Sirt Basin was kept the same structural 
framework throughout until Late Cretaceous and 
Paleocene (Barr and Weegar, 1972; Saleem, 2015). 

During the Late Cretaceous to early Paleocene 
time, the basin subjected to a reactivation process. The 
major structural features in the Sirt basin show 
sedimentation pattern with NW-SE trending 
structures. This feature is represented by the Dahra 
platform and Zellah trough in the west part of the 
basin, the Bayda platform in the central region, 
Ajdabiya trough at the northeast, and Zelten platform 

in the southeast part of the basin (Anketell, 1996; 
Abuhajar and Roohi, 2003). 

The rifting phase started during the early
Cretaceous and Culminating at the end of the 
Cretaceous and ended during the early Tertiary time, 
causing the tripartite junction between Tibesti, Sarir 
arms, and Sirt basin (Harding, 1984; Gras, 1996; 
Ambrose, 2000). The fault zone within the Sirt basin 
caused to form a group of NW-SE and NNW-SSE 
faults which controlled the place of the troughs and 
platforms at the basin (Wennekers et al., 1996). The 
final tectonic phase started during the Oligocene and 
is characterized by an N-S trend fault. Besides, the
Ajdabiya trough persisted in subsiding (Hallett, 2002).

 
3. MATERIAL AND METHODOLOGY: 

In the present work, potential field data were 
collected for the purpose of determining the structural 
pattern at the study area. The processing techniques 
chosen for that purpose are widely used to achieve the 
objectives of the present work. For instance, both tilt 
angle and total gradients are useful as an edge 
detection technique for the delineation of the structural 
trends. Euler deconvolution and 2D forward 
modelling, on the other hand, is useful for the 
delineating the vertical extents of the structures. The 
use of both groups of techniques is useful for building 
an integrated structural model. The structural model 
will help to achieve the objectives of the study. 

 
3.1. POTENTIAL FILED DATA  

The gravity dataset for the land survey was 
obtained from the Libyan Petroleum Institute (LPI) in 
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Fig. 2 Simplified geological map of Libya showing the main platforms and troughs produced by the rifting on 
the Sirt Basin. 

Fig. 3 Maps of potential field data used in the present study, the yellow line is profile (A`-A) for modelling. 

Tripoli, Libya which has ties to the Libyan Gravity 
Project LGP (Saleem, 2015). The LGP collects data 
from numerous oil and gas companies working in 
Libya and the National Oil Corporation (NOC). Land 
gravity points dataset was tied to the Geodetic 
Reference System 1980 (GRS 80) (Moritz, 1984). The 
gravity dataset gridded to 1.0 km relied on the natural 
distribution of the gravity data points and reduced 
density of 2.67 g/cm³ to produce the final Bouguer 
gravity map (Fig. 3-A). This gravity dataset has an 
accuracy around ±0.10 mGal 

Aeromagnetic data is obtained from the African 
magnetic mapping project AMMP. The AMMP 
collects all available airborne, ground and marine 

magnetic data for the whole of Africa (Getech, 2000). 
The magnetic data, which consists of different 
resolutions, are consolidated into a unified 1 km grid 
at a constant 1 km elevation above the terrain. The 
total magnetic intensity (TMI) map was produced by 
deducting the International Geomagnetic Reference 
Field “IGRF” at all the stations (Barraclough and 
Malin, 1971), and reduced to the pole to obtain the 
Reduction to the Pole (RTP) map (Fig. 3-B) by 
applying the fast Fourier transform (FFT) as 
embedded in Oasis Montaj Programs, (2015) and 
magnetic field parameters at this location (inclination 
I = 41.23° and declination D = 1.75°). 
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 3.2. SOURCE EDGE DETECTION  
HORIZONTAL GRADIENT METHOD 

The Total Horizontal Gradient (HG) is a standard 
method applied to both gravity and magnetic data. 
When employed to gravity data, the HG helps to locate 
the density boundaries and define the geological 
contacts (Cordell, 1979; Cordell and Grauch, 1985; 
Blakely, 1995; Pham et. al, 2019). On the other hand, 
the HG method is applied to magnetic data to delineate 
the susceptibility boundaries (Cordell, 1979; Blakely, 
1995). The magnitude of the horizontal gradient HGሺ𝑥, 𝑦ሻ is a function of both x and y derivatives 
(Cordell and Grauch, 1985). This means that the 
magnitude depends on the surface but not 
the thickness of the causative body. 

 
• Tilt Angle Derivative  

Miller and Singh (1994), Ejiga et. al. (2019) and 
Nguyen et. al. (2019) introduced the tilt angel 
derivative to discern the potential field anomaly of 
causative source edges based on a combination of the 
horizontal and vertical derivatives of the potential 
field data. The tilt angle is the ratio of the vertical 
derivative to the total horizontal derivative, which can 
be expressed as: 

𝑇𝐴 = tanିଵ
⎝⎜
⎜⎛ 𝜕𝑔/𝜕𝑧ඨ൬𝜕𝑔𝜕𝑥൰ଶ + ൬𝜕𝑔𝜕𝑦൰ଶ⎠⎟

⎟⎞  
where 𝑔 is the gravity or magnetic anomaly, డ௚డ௫ , డ௚డ௬
and డ௚డ௭ are the partial derivative of 𝑔 in the x, y and z 
directions, respectively.  

The tilt angle value over the source is positive 
when the density contrast of the causative mass is 
positive and negative outside the source limits. The tilt 
angle ranges between  ̶ 90 ̊ and +90 ,̊ and as a result, 
Cooper and Cowan (2006) argue that it is much easier 
to interpret than the analytic signal phase angle. The 
tilt angle is comparatively insensitive to the depth of 
the source. This study applied the technique to both 
gravity and magnetic data to define the subsurface 
structures. 

 
3.3. EULER 3-D DECONVOLUTION 

Euler deconvolution (Thompson, 1982; Reid et 
al., 1990; de Melo and Barbosa, 2017; Reid et al., 
2014; Usman et. al., 2018; Essa et. al., 2020), is an 
automatic interpretation technique utilized for 
potential field data. Initially developed by Thompson 
(1982) to analyze small 2-D profile data.  The method 
uses the potential field anomaly and its derivatives 
combined with a given structural index to assess the 
position parameters of the anomaly source. Later, Reid 
et al. (1990) developed the technique for 3-D gridded 
data. The 3-D Euler deconvolution technique was used 
to delineate geological boundaries based on the 
difference between magnetization or density (Marson 

and Klingele, 1993). Moreover, the technique is 
usually utilized for gravity and magnetic data. In this 
study, Euler deconvolution was implemented on the 
gravity data with an accuracy of the mapped sources 
of about +/- 20 % (Reid et al., 1990). The 3-D form of 
the Euler deconvolution equation is expressed as 
follow: 
 ሺ𝑥 − 𝑥଴ ሻ 𝜕𝐹𝜕𝑥 + ሺ𝑦 − 𝑦଴ሻ 𝜕𝐹𝜕𝑦 + ሺ𝑧 − 𝑧଴ሻ 𝜕𝐹𝜕𝑧 == 𝑁ሺ𝐵 − 𝐹ሻ 

 

where 𝑭 is the potential field data 𝑥, 𝑦, and 𝑧 are the 
coordinates of the known points of measurements, 𝑥଴,𝑦଴ and 𝑧଴ are the unknown source coordinates, 𝐵 is 
the background field, and 𝑁 is the structural index (SI) 
that describes the nature of the causative source (Reid 
et al., 1990; Stavrev, 1997). Table 1 lists the values of 
SI as a function of source types. For gravity data, the 
parameters used for Euler deconvolution of are (SI=0, 
window size 8*8 and max tolerance depth 18 %), 
while for the magnetic are (SI=1, window size 8*8 and 
max tolerance depth 18 %)   
 
4. RESULTS AND DISCUSSIONS: 
4.1. QUALITATIVE ANALYSIS 

The Bouguer gravity anomaly map (Fig. 3-A) 
indicates low anomalies in the southern part of the 
study area with values ranging from -27 mGal to 
- 2  mGal, whereas the northern part with a high 
amount around 8 mGal. The gravity values in most 
parts of the region are changing gradually except for 
the northwest portion. The anomaly there shows 
a sharp contrast, which may be indicative of a rapid 
change in the subsurface structure. The Bouguer 
anomaly map shows two major zones anomaly 
ranging from low anomaly at the southeast to high 
anomaly in the northwest portion of the study area.     

The RTP map (Fig. 3B), on the other hand, shows 
negative magnetic anomalies with values ranging from 
-9 to -81 nT that are observed over the south part of 
the Zelten platform, Jahamah platform, and the 
southern part of Ajdabiya trough. High amplitudes 
characterize these negative anomalies, whereas the 
central and north part of the Zelten platform, are 
characterized by positive anomalies around 25 to 
82 nT. These magnetic anomalies indicate the 
presence of two faults trending NW-SE and 
NNE- SSW cut by an N-S trend in the south part of 
Ajdabiya trough. 

Table 2 Structural Index (SI) for gravity and 
magnetics (Reid et al., .1990). 

Source Gravity Magnetic 

Sphere 2 3 

Horizontal 1 2 

Fault 0 1 

Contact  0 
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Fig. 4 3D Euler’s deconvolution solution A- Euler solution of gravity data, B Euler solution of magnetic data.

4.2. EULER 3D SOLUTION 
3D Euler has been implemented on gravity and 

magnetic data in this study area to delineate the depth 
to the geologic sources which generate the observed 
anomalies on the gravity anomaly map. The results 
have plotted for both gravity and magnetic data. The 
result of Euler gravity solutions is shown in 
Figure 4- A. The solutions are of different source 
depths ranging from 500 m to 6500 m. In the Zelten 
platform, the Euler solutions show the depth of sources 
ranging from 2500 m to 5500 m with orientations of 
NW-SE and N-S trend. The Euler solution of magnetic
data (Fig. 4-B) shows the depth of sources ranging 
from 500 m to 7500 m; however, in the study area, the 
solutions have a depth ranging from 2500 m in the 
south of the region to 6500 m in the northwest with 
orientations of N-S an NNW-SSE.  

 
4.3. SOURCE EDGE DETECTION SOLUTIONS 

The maps in Figure 5-A presents the horizontal 
gradient of gravity anomaly which refer to NW-SE 
strong gradient at the Zelten platform, northwest of 
Hugfa trough and Assumud ridge which may refer to 
the crustal extension which occurred in the early 
Cretaceous (Hallett, 2002), whereas the horizontal 
gradient of magnetic (Fig. 5-B) shows N-S and 
NNE- SSW which refers to the evolution of the 
Paleozoic structures trending “basement rocks” 
(Anketell, 1996). The NW-SE and NNW-SSE are the 
faults that controlled the location of the troughs and 
platforms at the Sirt basin (Wennekers et al., 1996). 

The Tilt angle of gravity and magnetic anomaly 
(Figs. 6 -A,B) present the zero contour of title angle 
trend locate along boundaries of anomalies and along 
the fault’s longitudinal orientation NW-SE in the 
Figure 7-A which represents the tilt angle of gravity 
anomaly while the tilt angle of magnetic anomaly 
show different fault direction which can be divided 
into 2 groups as follow: 

1. NNW-SSE in the northern part of the Zelten 
platform. 

2. NE-SW at Assumud ridge. 
 
4.4. FORWARD MODELING  

The magnetic and gravity anomalies have been 
modeled to get the best fit between calculated and 
observed magnetic and gravity by applying the 2D 
forward modeling. The methods are used to calculate 
the gravity and magnetic responses based on the 
formulations by Talwani et al. (1959). The 2D 
modelling was conducted using the GM-SYS 
software, which is an extension of the Oasis montaj 
software package. The initial model parameters were 
deduced from previous work performed in the 
neighborhood of the study region.  

The modelling was conducted to delineate the 
basement relief of underneath the Zelten area. 

For this purpose, the grids for both gravity and 
magnetic data were profiled at A-A’ as shown in 
Figure 3. The profile is taken perpendicular to the 
main anomalies that is related to the Assumud ridge. 
Such choice may give a representative model for the 
basement relief at the study area. The depth to 
the basement is changing from the NW to the SE of 
the profile used for the modelling. The depth change 
follows the change of both gravity and magnetic 
anomalies. The anomalies shows high values at the 
NW that decreases gradually to the SE. The change 
may be attributed to either the change of the depth to 
the basement or the presence of massive intrusion at 
the NW side. From the geologic information available 
to this research, the depth relief of the basement is 
favoured. Accordingly, the model shown in Figure 7 
represents a shallower basement at the NW side and a 
deeper basement at the SE side. For instance, the depth 
to the basement at the NW reaches almost 6500 km, 
while at the SE the depth os around 8000 km. 
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Fig. 5 Total horizontal gradient map A-HG of gravity anomaly, B- HG of the magnetic anomaly. Peaks (zones 
of Pink color) marks the geologic boundaries or fault locations. 

Fig. 6 Tilt angle Derivative A- Tilt angle of Gravity anomaly, B- Tilt angle of Magnetic anomaly. The zero 
contour is plotted in both solid and dotted lines. The contour represents the boundaries of the causative 
bodies. 

5. CONCLUSION 
The structural pattern and depth relief of the 

basement are the main objectives of the present work. 
Both magnetic and gravity field data for the Zelten 
area were analysed and modelled to get the desired 
model. As the magnetic and gravity anomalies are 
directly related to the contacts between masses of 
different density and or magnetic susceptibility, these 
methods are good for the structural modelling. 
Geologically, the Zelten platform is located at the 
south of the Sirte basin and is bounded by the Jahamah 
platform to the north, Ajdabiya trough and Assumud 

ridge to the northeast, and the southern shelf to the 
south. The analysis showed that the faultings are 
generally trending NW-SE to N-S. This is obtained 
from the tilt angle algorithm and the total horizontal 
gradient of magnetic and gravity anomalies. The 
structural depths were obtained using the 3-D Euler 
deconvolution and the 2-D forward modelling. The 
results from the Euler deconvolution are helpful to 
determine the structural evolution of the study area. 
Besides, the 2-D forward modelling was helpful in the 
determination of the basement relief. The latter shows 
that the sedimentary section is thickening to the SE 
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Fig. 7 NW-SE gravity and magnetic A-A` model form Zelten platform. 
 

side of the Zelten platform. This may indicate more 
potential for hydrocarbon source rock and basin there. 

The results obtained was valuable for the 
determination of the structural framework at the study 
area. However, more data are required to evaluate the 
potential of hydrocarbon shows efficiently. Examples 
of data required are well logs and seismic sections. An 
integral second phase of study is needed to delineate 
the hydrocarbon plays in the area. 
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