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Introduction

The gravity method is a non-invasive, cost-efficient and passive method, which measures the difference in the Earth's gravitational field at a certain location, caused by the rock mass properties (density). It has been applied in a wide range of projects such as hydrocarbon (oil and gas) exploration [START_REF] Yuan | Gravity and magnetic field characteristics and hydrocarbon prospects of the Tobago Basin[END_REF][START_REF] Saghafi | Gas hydrate stability conditions: modeling on the basis of gas gravity approach[END_REF][START_REF] Cho | Kriging-based monitoring of reservoir gas saturation distribution using time-lapse multicomponent borehole gravity measurements: Case study[END_REF], underground cavities or tunnels detection [START_REF] Pazzi | Integrated geophysical survey in a sinkhole-prone area: Microgravity, electrical resistivity tomographies, and seismic noise measurements to delimit its extension[END_REF][START_REF] Abdullah | Characterization of Subsurface Cavities using Gravity and Ground Penetrating Radar[END_REF][START_REF] Saddek | Surface and Subsurface Investigations for the Detection and Mapping of Underground Karst Cav[END_REF], geothermal exploration [START_REF] Al-Farhan | Toward fracture porosity assessment by gravity forward modeling for geothermal exploration[END_REF][START_REF] Uwiduhaye | Geophysical investigation using gravity data in Kinigi geothermal field, northwest Rwanda[END_REF], geotechnical and engineering application [START_REF] Debeglia | Some critical factors for engineering and environmental microgravity investigations[END_REF][START_REF] Arisona | Assessment of Microgravity Anomalies of Soil Structure for Geotechnical 2D Models[END_REF], weapons and unexploded ordnances inspections [START_REF] Abedi | AN-EUL method for automatic interpretation of potential field data in unexploded ordnances (UXO) detection[END_REF], archaeology investigation [START_REF] Branston | Site characterization and assessment using the microgravity technique: a case history[END_REF][START_REF] Batayneh | The use of microgravity, magnetometry and resistivity surveys for the characterization and preservation of an archaeological site at Ummer-Rasas[END_REF][START_REF] Sarlak | Archaeological investigations at Tepe Hissar-Damghan using Gravity and Magnetics methods[END_REF], monitoring of ground water [START_REF] Frappart | Monitoring Groundwater Storage Changes Using the Gravity Recovery and Climate Experiment (GRACE) Satellite Mission: A Review[END_REF][START_REF] Delobbe | Exploring the use of underground gravity monitoring to evaluate radar estimates of heavy rainfall Laurent[END_REF], mineral and ores exploration [START_REF] Hinze | Application of the Gravity Method to Iron Ore Exploration[END_REF][START_REF] Chen | Gravity method for investigating the geological structures associated with W-Sn polymetallic deposits in the Nanling Range, China[END_REF]Li et al., 2019;[START_REF] Essa | Potential field data interpretation to detect the parameters of buried geometries by applying a nonlinear least-squares approach[END_REF], landfills mapping [START_REF] Silva | Gravity data as a tool for landfill study[END_REF][START_REF] Gaël | Assessment of multiple geophysical techniques for the characterization of municipal waste deposit sites[END_REF], radioactive waste management [START_REF] An | Multi-geophysical Investigation of Geological Structures in a Pre-selected High-level RadioactiveWaste Disposal Area in Northwestern China[END_REF], mapping of subsurface structures [START_REF] Chakravarthi | Basement depth estimation from gravity anomalies: two 2.5D approaches coupled with the exponential density contrast model[END_REF][START_REF] Deng | Magmatic underplating beneath the Emeishan large igneous province (South China) revealed by the COMGRA-ELIP experiment[END_REF]Essa et al., 2018).

The interpretation of gravity data was discussed in many studies and various approaches have been developed, which fall into the following categories:

1-The first category depends on using two-dimensional and three-dimensional forward modeling and inversion [START_REF] Li | 3-D inversion of gravity data[END_REF][START_REF] Witter | 3D geophysical inversion modeling of gravity data to test the 3D geologic model of the Bradys geothermal area, Nevada, USA[END_REF][START_REF] Eshaghzadeh | 2D and 3D Inverse Modeling of the Residual Gravity Field for a Buried Deposit Mass[END_REF][START_REF] Dai | Three-dimensional numerical modeling of gravity and magnetic anomaly in a mixed space-wavenumber domain[END_REF]. The results from applying these methods assume that the subsurface information (density) is known a priori and require a large evaluation (time).

2-The second category include the application of structures with a simple geometry (spheres, cylinder, sheets and faults) which though they simplified geological elements, give a good insight into the parameters of buried structures (depth, amplitude coefficient).

Various graphical and numerical methods were developed for this case [START_REF] Nettleton | Gravity and magnetic in oil prospecting[END_REF][START_REF] Bowin | Depth estimates from ratios of gravity, geoid, and gravity gradient anomalies[END_REF][START_REF] Shaw | The application of Walsh transforms to interpret gravity anomalies due to some simple geometrical shaped causative sources: A feasibility study[END_REF][START_REF] Abdelrahman | A least-squares variance analysis method for shape and depth estimation from gravity data[END_REF][START_REF] Mehanee | Accurate and efficient regularized inversion approach for the isolated gravity anomalies[END_REF][START_REF] Biswas | Interpretation of residual gravity anomaly caused by simple shaped bodies using very fast simulated annealing global optimization[END_REF][START_REF] Mehanee | 2.5D regularized inversion for the interpretation of residual gravity data by a dipping thin sheet: numerical examples and case studies with an insight on sensitivity and non-uniqueness[END_REF][START_REF] Tlas | Interpretation of gravity anomalies due to simple geometricshaped structures based on quadratic curve regression[END_REF]. However, these methods depend on human subjectivity, request a priori information about the form of buried objects, and depend upon certain point, which represent a strong limitation.

3-The third category is the application of global optimization algorithms to infer the geometry of buried structures from the gravity anomaly [START_REF] Osman | A new approach for residual gravity anomaly profile interpretations: Forced Neural Network (FNN)[END_REF][START_REF] Biswas | Interpretation of gravity and magnetic anomaly over thin sheet-type structure using very fast simulated annealing global optimization technique[END_REF][START_REF] Roshan | Inversion of residual gravity anomalies using tuned PSO[END_REF][START_REF] Ekinci | Parameter estimations from gravity and magnetic anomalies due to deep-seated faults: differential evolution versus particle swarm optimization[END_REF][START_REF] Essa | Parameters estimation from the gravity anomaly caused by the two-dimensional horizontal thin sheet applying the global particle swarm algorithm[END_REF][START_REF] Mahmoodpour | Prediction of cementation factor for low-permeability Iranian carbonate reservoirs using particle swarm optimization-artificial neural network model and genetic programming algorithm[END_REF]. These algorithms have been successively applied and delivered the optimum parameters.

Background study for estimating the fault parameters

Faults are discontinuities in the Earth's crust caused by stresses and are commonly subdivided based on their geometry and displacement into normal faults, reverse faults, strike-slip faults [START_REF] Schultz | Introduction to Geologic Structural Discontinuities[END_REF][START_REF] Brandes | Fault mechanics and earthquakes[END_REF]. The displacement length is ranging from centimeters to several hundreds of kilometers and therefore important to recognize the nature, density and geometry distribution of these faults. So, the importance of studying and delineating the fault parameters, which include the amplitude coefficient, the depth to both or one-side, the dip angle, the location of the origin of the fault trace is very important in (1) recognizing the hydrocarbon system, (2) resolving many problemrelated engineering applications, (3) delineating the associated mineralized or ore zones with faults, (4) helping in predicting the essential geological deformations events, (5) monitoring the active shear zones in the subsurface, (6) delineating the hazards of faulting before any investment planning, and (7) visualizing subsurface faults for more scientific investigations.

Numerous scientists proposed various approaches for understanding gravity anomaly due to this source. For example, [START_REF] Paul | Direct interpretation of two dimensional structural fault from gravity data[END_REF] indicated the usage of upward continuation of the measured gravity anomaly for dip-angle estimation be dependent on the Hilbert transform. [START_REF] Green | Accurate determination of the dip angle of a geological contact using the gravity method[END_REF] mentioned the application of the vertical derivative for gravity anomaly in dip angle estimation. However, these methods used a couple of specific points and distances, and standardized curves which are considered a limitation. [START_REF] Gupta | New formula for determining the dip angle of a fault from gravity data[END_REF] proposed a method to evaluate a dip angle of two semiinfinite thin horizontal layers displaced vertically (two-sided fault) applying the maximum (gmax) and minimum (gmin) values on a gravity profile. However, they used a few characteristic points to define the model parameters. [START_REF] Chakravarthi | Ridge regression algorithm for gravity inversion of fault structures with variable density[END_REF] established an inversion approach using the iterative ridge-regression formula to assess the parameters for fault structures, in addition to the influence of regional field through an analytical formula for gravity anomalies of an inclined fault based on the parabolic relationship between the depth and density contrast. However, the fault structures frequently have finite strike lengths with the fault planes listric in nature. Abdelrahman et al. (2013) applied a least-square method depends on evaluating the window-curves between depth and the dip angle of the blind fault applying the first moving average operator. The limitation behind applying the window-curves method was trapped in a local minimum, i.e., intersected in several solutions and sometimes not converges. [START_REF] Essa | Gravity interpretation of dipping faults using the variance analysis method[END_REF] proposed a statistical method depending upon estimating the variance for all assessed depths of the upthrown from first horizontal derivatives gravity anomalies through a least-squares sense assuming a range for the dip angle. However, the limitations for this method is categorized into the following: (1) the effect of noise have been noticed because of using a derivative-operator and (2) the precision of the results obtained depends on the accuracy to terminate the impact of the regional geological structure, which represents by a 1 st -order polynomial only. [START_REF] Toushmalani | Gravity inversion of a fault by Particle swarm optimization (PSO)[END_REF] suggested a heuristic global optimization method (PSO) to gravity data interpretation for the fault structure. [START_REF] Abdelrahman | Three least-squares Minimization Approaches to Interpret Gravity Data Due to Dipping Faults[END_REF] established three successive least-squares minimization methods as follows: first least-squares minimization is to solve a nonlinear form in depth, then after estimated the depth, another nonlinear least-squares approach is used to evaluate the dip angle, lastly after the depth and dip angle estimation, a linear least-squares formula utilized to estimate the amplitude factor of a buried inclined fault applying the first moving average operator to confiscate a regional background up to 1 storder. This approach relies on describing the anomaly at the origin and zero-distance for each residual moving average gravity anomaly. [START_REF] Kusumot | Eigenvector of gravity gradient tensor for estimating fault dips considering fault type[END_REF] proposed an approach to estimate the dip angle of fault structures, which is dependent on applying the eigenvector of the observed or calculated gravity gradient tensor on a profile and exploring its properties through numerical simulations because the fault dip is a key parameter of a fault that has implications for hazard assessment. However, to get more accurate results about the dip angle, it needs more a priori geologic information. Essa et al. (2021) proposed a method to interpret a two-sided fault structure using the second horizontal derivative method to eliminate only a 1 st -order regional background.

The research presented herein an extension of the global particle swarm optimization to interpret the residual gravity anomaly of a two-dimensional (2-D) fault structure. This method is dependent on using the second moving average operator to eradicate the regional background from the Bouguer gravity data and then applying this optimization to assess the fault parameters, which are the amplitude coefficient, the depth of the shallow-side (upthrown), the depth of the deep-side (downthrown), the dip angle, and the location of the fault trace.

Finally, the suggested approach was tested on a synthetic example that represents Bouguer gravity data across an inclined fault containing a 3 rd -order regional field without and with 5% and 10% random noise to measure its robustness and consistency. The suggested method was also applied to five real field data sets collected across faults in Iraq, USA, Egypt, and France, in attempt to evaluate the robust and applicability of the link between the global particle swarm optimization and the second moving average method while applied to real gravity data.

The method

Observed gravity anomaly along a profile is given by the following form:

= , + , , = 0, 1, 2, 3, … , (1) 
where represented the Bouguer or measured gravity data, , is the residual gravity anomaly for the two-dimensional fault structure that declared below, and represented the regional anomaly [START_REF] Pawlowski | Green's equivalent-layer concept in gravity bandpass filter design[END_REF][START_REF] Obasi | An enhanced trend surface analysis equation for regional-residual separation of gravity data[END_REF].

The steps of this suggested methodology were mentioned as follow:

Forward modeling of the fault types

Gravity anomaly (g) formula [START_REF] Telford | Applied geophysics[END_REF][START_REF] Hinze | Gravity and Magnetic Exploration: Principles, Practices and Applications[END_REF] for a dipslip fault along the profile is:

, ! , " , # = $ %1 + ! & '() *! + , -* . / + cot #3 - ! & '() *! + , -* . 5 + cot #36 (2)
where ! is the depth to the upper (shallow) side (km), " is the depth to the lower (deep) side (km), $ = 278∆:' is the amplitude coefficient (mGal) and it is a function in the density contrast and thickness of the fault and Δσ is the density-contrast between the fault and its surroundings ;; < , f is the gravitational constant, which is 6.67×10 -11 = > ? @ × B " < C, and t is the thickness (km), xj is the measured points position (km), # is the inclination angle (deg.), D is place of the fault trace (km).

Figure 1 (a and b) represents the schematic diagram for the normal and reverse faults, in which the gravity anomaly along a profile is generated by applying Eq. (2) for these faults.

In case of # = 90 , the term cot # = 0 and represent a vertical fault, like a strikeslip fault (Figure 1c) and the gravity anomaly is:

, ! , " = $ %1 + ! & '() *! + , -* . / 3 - ! & '() *! + , -* . 5 36 (3) 
From Eq. ( 2), if the # = 90 . So, the term cot # = 0 and postulating that the depth of the lower part (deep) is equal infinity, i.e. " = ∞. Hence, this two-sided inclined fault transformed into one-sided inclined shape (Figure 1d) and the gravity anomaly is:

, ! , H = $ %1 + ! & '() *! + , -* . / + cot H36 (4)
For the similar two-sided vertical fault, in which " = ∞, it is transformed into the one-sided vertical shape (Figure 1e) and the gravity anomaly is:

, ! = $ %1 + ! & '() *! + , -* . /

36

(5)

Second moving average method

Numerous methods have been utilized for separating the Bouguer gravity anomaly into the effect of shallow structures (residual) and the effect of the deep structures (regional). The residual anomaly is calculated by subtracting the regional component from the Bouguer anomaly values. Thus, the second moving average operator is one of the prime methods in removing the gravity regional anomaly, which is signified by an empirical form up to a 3 rd -order [START_REF] Griffin | Residual gravity in theory and practice[END_REF][START_REF] Essa | Gravity data interpretation using the particle swarm optimization method with application to mineral exploration[END_REF] is utilized. The second moving average regional anomaly along profiles is:

" , , B = 6 -4 + B -4 -B + + 2B + -2B 4 , ( 6 
)
where s is the window lengths. Additionally, the gravity anomalies elucidation includes only a quite extended profile length, the short profiles lengths may considered as limitation in the interpretation. Therefore, overcoming this limitation efficiently and economically is done by increasing the collected measuring number points along a profile or digitizing the gravity profile applying an appropriate interval.

This method is easy and has a power to provide a high resolution in excluding the regional anomaly to the third-order polynomial effect from the Bouguer field through several filters of the consecutive window lengths. Besides, this method can be utilized for large gridded Bouguer data sets.

Global particle swarm

The global optimization particle swarm method is well-established and has been utilized to solve many geophysical problems [START_REF] Shaw | Particle Swarm Optimization. A new tool to invert geophysical data[END_REF][START_REF] Göktürkler | Inversion of self-potential anomalies caused by simple-geometry bodies using global optimization algorithms[END_REF][START_REF] Singh | Application of global particle swarm optimization for inversion of residual gravity anomalies over geological bodies with idealized geometries[END_REF]Essa and Elhussein, 2018;[START_REF] Jamasb | A Novel Hybrid Algorithm of Particle Swarm Optimization and Evolution Strategies for Geophysical Non-linear Inverse Problems[END_REF][START_REF] Pace | Particle swarm optimization of 2D magnetotelluric data[END_REF][START_REF] Essa | Self potential data interpretation utilizing the particle swarm method for the finite 2D inclined dike: mineralized zones delineation[END_REF][START_REF] Loni | Gravity field inversion using Improved Particle Swarm Optimization (IPSO) for estimation of sedimentary basin basement depth[END_REF][START_REF] Moura | Progressive matching optimisation method for FWI[END_REF]. The particle swarm progression is stochastic and can be outlined by a population of particles known as a swarm. Each particle in the swarm has a location and speed vectors where the location vectors imply the assessment of the parameters.

This optimization is balanced with irregular models and searching for models by informing generations. In each iterative step, each model improves its speed and location using the following forms:

V L MN! = c ? V L M + c ! rand T TUVW -G L M + c " randY J TUVW -G L M [, (7) 
G L MN! = G L M + V L MN! . ( 8 
)
where v L M is the j th particle speed at the k th iteration, G L M is the existent j th particle location at the k th iteration, rand is random numbers between _0,1`, c ! and c " are equal 2 and socalled cognitive and social parameters [START_REF] Parsopoulos | Recent approaches to global optimization problems through particle swarm optimization[END_REF], c3 is the inertial weight (= 0.8), which controls the speed of each particle. The motivation behind choosing and employing the swarm is to induce a global solution of numerous geometrical models from the gravity data rapidly and entails the noticeable the prominence of utilizing this algorithm among different conventional, non-conventional and optimization methods.

Besides, a fast converging to the optimum-solution in real-time effects managing and well recital assessment. Moreover, we focus on its benefits in overcoming the ill-posed and non-unique nature of inversion of gravity data. Besides, it is stable, robust and efficient in reaching an optimum global solution. The theoretical and field models discussed-below illustrate the power of the method.

The inverse problem solutions

The inverse problem process is deciphered by assessing the set parameters that designate the buried fault structures from the gravity data. The inverse problem solution includes applying a preliminary model [START_REF] Zhdanov | Geophysical inversion theory and regularization problems[END_REF][START_REF] Mehanee | A rapid technique for estimating the depth and width of a two-dimensional plate from self-potential data[END_REF]. This start model could be generated by supposing a priori information from offered geologic, drilling, and other geophysical methods. The starter model is progressively adopted through the evaluation processes until getting the optimal model amongst the observed and detected data.

For the fault structure, the model parameters are the depth to the shallow side, the depth to the deep side, the amplitude coefficient, the dip angle, and the location of the fault trace (the position of the fault). After estimating these parameters, the data fit (misfit) is assessed by using an objective function, which is minimized by a suitable algorithm. At the end of getting a robust model, it is considered as the most plausible geologic model.

Considering the buried geologic fault model is characterizing by a finite number of discrete parameters as follows:

a bc = _a ! , a " , a ? , … , a d `e, (9) 
where, T indicates the matrix transpose.

Similarly, the Bouguer gravity data are collected into a vector (data vector), i.e.

f bbbbc, as follows:

f bbbbc = Y ! f , " f , ? f , … , g f [ e , (10) 
In inverse modeling, it is presumed that there occurs a method to gauge such data from the components of the model vector to certain locations, which would be measured only when the structure is portrayed exactly by model and noiseless data. Let these synthetic data be arranged into the next N-dimensional vector:

h bbbbc = _ ! h , " i , ? i , … , g i `e , ( 11 
)
where g is an element of the Euclidean data space and c represents the evaluated data. For the essential postulation, there is a linking amongst vectors f bbbbc and j c as follows:

h bbbbc = c(j c) , ( 12 
)
where c represents a forward fault modeling. The whole error amongst the observed and modeled data sets is expressed by the deviation vector as follows:

k bc = f bbbbc -h bbbbc . ( 13 
)
This equation is not null vector because the individual errors cannot be zero.

Therefore, the search for an appropriate approach to solve and maintain the objective function, which is expressed by the following form:

ψ = m 1 n_ f -h `" o pq! , ( 14 
)
where N is the measured points, f is the Bouguer gravity anomaly and h is the estimated gravity anomaly at a certain point xj. The best-fit solution of the parameters (K, z1, z2, β, and d) achieved by applying the above-mentioned objective function.

Finally, Figure 2 demonstrates the flow chart explaining the steps applied for the fault parameters evaluation of the suggested method. These steps are: (1) read the gravity data profile, (2) uses the second moving average method with numerous window lengths to eradicate the weight of the regional background, (3) applies the global particle swarm method to each residual anomaly to calculate the optimum-fit buried fault parameters, and (4) uses these parameters to determine the anticipated response, which is then matched vs. the observed gravity data.

Sensitivity analysis

Sensitivity analysis is a way to measures the impact of uncertainties of one or more input parameters of the model, which can led to uncertainty in the output model.

Moreover, it can be used to explore the robust and the accuracy of the proposed method.

Various methods have been used to predict the global model and reduced uncertainty in the final results such as Sobol [START_REF] Sobol | Global sensitivity indices for nonlinear mathematical models and their Monte Carlo estimates[END_REF], Morris sensitivity analysis [START_REF] King | Morris method of sensitivity analysis applied to assess the importance of input variables on urban water supply yield-A case study[END_REF], distance-based generalized sensitivity analysis [START_REF] Fenwick | Quantifying Asymmetric Parameter Interactions in Sensitivity Analysis: Application to Reservoir Modeling[END_REF], Bayesian Long Short-term Memory Networks [START_REF] Feng | Uncertainty Analysis in Well Log Classification by Bayesian Long Shortterm Memory Networks[END_REF]. Also, [START_REF] Yin | Fast assimilation of frequently acquired 4D seismic data for reservoir history matching[END_REF] 

Application of the suggested method

The analysis and justification of the precision and the benefits of the proposed method for calculating the two-dimensional (2-D) fault model parameters were examined through a synthetic gravity anomaly, which demonstrated the effect of imposed a thirdorder regional background, and five real gravity data sets from Iraq, USA, Egypt, and France as follows:

Synthetic model

The suggested method was studied through a 100 km profile for synthetic inclined two-sided fault model of K = 100 mGal, z1 = 4 km, z2 = 9 km, β = 50 o , d = 10 km and having a 3 rd -order regional anomaly using the next formula:

r = 100 %1 + ! & '() *! + , -*!s t + cot 503 - ! & '() *! + , -*!s v + cot 5036 + 0.001 ? + 0.002 " + 2 + 4 . ( 15 
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The composite gravity anomaly (Δg) without and with various random noise level (5% and 10 %) is subjected to the suggested approaches as follows: First for the free-noise data (Figure 3a), the second moving average operator was applied for several window lengths (s-values) to eliminate the regional background (Figure 3b) and then applied the global particle swarm for 100 models to assess the fault parameters (K, z1, z2, β, and d), which are displayed in Table 1. Table 1 shows that the limits of each parameter and the detected results for all parameters at several window lengths (s = 2, 3, 4, 5, 6, 7, 8, 9, and 10 km). Besides, it explains the average value (μ-value), uncertainty and the percent of error (ϕ-value) in all parameters and the ψ-value that explains the misfit among the Bouguer and assessed anomalies. In other words, Table 1 displays the limits of every parameter; the amplitude coefficient (K) is between 50-300 mGal , depth of shallow side (h1) is between 1-20 km, depth of the deeper side ( z2) is between 1-20 km, the inclination angle (β) is 10-180 o , and the location of the fault trace (origin; d) is between 1-20 km. So, the μ-values for K, z1, z2, β, and d are 100 mGal, 4 km, 9 km, 50 o , and 10 km, respectively. Besides, the ϕ-values and ψ-value for all parameter are equal zero.

The reliability of this method performance was investigated by introducing a 5% random noise in the synthetic model declared-above (Figure 3c). In addition, Figure 3d explains the second moving average residual gravity anomalies for s-value equals, 3, 4, 5, 6, 7, 8, 9, and 10 km. The predicated fault parameters by exploiting the particle swarm for the assumed noisy model are offered in Table 1, which shows the μ-values for K, z1, z2, β, and d as 97.2±1.1 mGal, 3.7±0.1 km, 8.6±0.1 km, 47.7±1.2 o , and 9.7±0.1, the ϕvalues as 2.8%, 7.5%, 4.4%, 4.6%, and 3.0%, respectively, and the ψ-value is 9.7 mGal.

Also, the misfit was shown in Figure 3h.

Moreover, a 10% random was imposed the composite gravity anomaly (Δg) (Figure 3e) to inspect the attainability of the present method. Using the similar procedures, the second moving averages residual anomalies are exposed in Figure 3f and the outcomes are presented and revealed in Table 1, which explains the estimated μ- values for K, z1, z2, β, and d are 94.3±1.9 mGal, 3.5±0.2 km, 8.3±0.3 km, 44.9±2.0 o , and 9.4±0.2 km, the ϕ-values are 5.7%, 12.5%, 7.8%, 10.2%, and 6.0%, correspondingly. The correlation between the Bouguer and the detected anomalies described, i.e., the ψ-value is 11.6 mGal. Furthermore, the geologic cross-section of the inclined two-sided fault was represented in Figure 3g and the misfit between the Bouguer gravity anomaly and the detected anomalies in each case was demonstrated in Figure 3h.

The attained fault parameters for noise-free and different noisy levels imposed in the composite gravity anomaly explain that the proposed method has able to eliminate the regional effect and noise and produced sound results.

Field examples

To carefully inspect the applicability of the suggested method, five field examples from Iraq, USA, France, and Egypt were investigated. The selected field examples were examined to demonstrate the robustness and efficiency of applying the combined between the second moving average operator and the global particle swarm algorithm.

Field 1: Kifl oil field faults, Iraq

The Kifl area is located at the center of Iraq. This area contains a high thickness (up to 8000 m) accumulation of sedimentary rocks and basement rocks. The age of these sedimentary rocks and basement rocks is from Eocene in the SW to recent sediments in the Euphrates area eastward. Besides, the Quaternary sediments characterized by faulting were covering the entire area. These faults belong to the Euphrates zone and an associated with the Najd fault. This area is considered as the boundary between the stable and unstable shelf (Mesopotamia and Tigris unstable subzone). The Mesopotamia basin was established on the Arabian plate and bounded to the west of the Zagros thrust zone.

Therefore, the study area is considered the boundary between the stable and unstable shelf and situated in the west flank of the Mesopotamia basin (Jassim and Goff, 2006;[START_REF] Mousa | The thickness of cover sequences in the Western Desert of Iraq from a power spectrum analysis of gravity and magnetic data[END_REF] (Fig. 4a).

Gravity anomaly along a line 4 profile (Al-Farhan et al. 2019; figure 12d) was applied to the current interpretation. The length of this profile is 16000 m and it is digitized at 250 m sampling intervals (Fig. 4b). This gravity profile was processed with the second moving average operator to terminate the regional anomaly impeded using numerous different window lengths (s = 500, 750, 1000, 1250, 1500, 1750, 2000, 2250, and 2500 m) (Fig. 4c). The particle swarm was utilized to estimate the fault parameters from these anomalies (Table 2). Table 2 shows that the evaluated results for the fault parameters at all s-values declared-above, the average value (μ-value), uncertainty, and the ψ-value, which demonstrates the misfit among the Bouguer and the detected anomalies. From Table 2, the results are K11 = -2.43±0.05 mGal, z11 = 1745.4±29.9 m, z2 The geological model is shown in Figure 4d, which was created from the estimated parameters of the two faults (F1 and F2) that form a graben structure, which is a potential target for oil exploration. Finally, the model of the two faults using the suggested method has good agreement with Al-Frahan et al. ( 2019) method results.

Field 2: Garber oil field fault, USA

The Garber oil field is located in north-central Oklahoma, USA and was discovered in 1916. The Garber oil field is located at the Nemaha Ridge, which extends from the Oklahoma center into Kansas and Nebraska and is characterized by several anticline structures [START_REF] Carey | The subsurface geology of the Garber area, Garfield County, Oklahoma, in Shale Shaker Digest[END_REF]. Besides the faults in this area, the rocks are classified as Ordovician in age (oil produced) located below the Pennsylvanian unconformity [START_REF] Gish | Garfield County, Oklahoma in Structure of Typical American Oil Fields[END_REF]. This oil field plays an important role in supplying the main resources for this state. [START_REF] Miser | Geological Map of Oklahoma[END_REF] stated that strike-slip movements took place at this reverse fault system during the Pennsylvanian (Fig. 5a).

A gravity anomaly profile with 20000 m length was taken from [START_REF] Ferris | Gravity anomaly resolution at the Garber field[END_REF] to estimate the target fault structure parameters (Fig. 5b). The profile was digitized in intervals of 250 m and treated with the second moving average method to execute the regional background field using various s-values (s = 500, 750, 1000, 1250, 1500, 1750, 2000, 2250, and 2500 m) (Fig. 5c). Moreover, these residual anomalies are interpreted through the particle swarm to guess the fault parameters (K, z1, z2, β, and d) (Table 3). The results in Table 8 are between them is presented in Figure 5e.

The estimated results were compared with the drilling information and other results estimated by using different approaches as damped least-squares [START_REF] Murthy | Automatic inversion of gravity anomalies of faults[END_REF], singular value decomposition [START_REF] Rao | Application of natural generalised inverse technique in reconstruction of gravity anomalies due to a fault[END_REF], and differential evolution algorithm [START_REF] Ekinci | Parameter estimations from gravity and magnetic anomalies due to deep-seated faults: differential evolution versus particle swarm optimization[END_REF]) (Table 4).

Field 3: Gazelle fault, Egypt

The Gazelle fault situated in the west of Lake Nasser, south of Aswan, Egypt.

This fault is trending N-S with a 35 km length. The area that contains the Gazelle fault is characterized by upper Cretaceous sandstone and shale of the so-called Nubian Formations with a flat-lying, and gently dip westward with thickness as ranging between 200 m and 400 m. The fault is a strike-slip fault with a normal-fault. A near-surface damage zone with fractures is developed. This area is very important in evaluation because its near to the Lake Nasser and High Dam. Moreover, it is characterized by repeated earthquakes [START_REF] Issawi | The Geology of Kurkur-Dungul Area[END_REF]Woodward-Clyde Consultants, 1985;[START_REF] Sawires | Earthquake engineering-from engineering seismology to optimal seismic design of engineering structures[END_REF] (Fig. 6a).

A Bouguer gravity profile measured along the Gazelle fault, west of Lake Nasser, south of Aswan, Egypt was interpreted to assess the fault parameters using the suggested method (Fig. 6b). The length of the gravity profile is about 5000 m and digitized in intervals of 62.5 m. Following the same approach as described above for the full complete interpretation of this anomaly, the second moving average residual gravity anomalies were obtained for several s = 125, 187.5, 250, 312.5, 375, 437.5, 500, 562.5, and 625 m) (Fig. 6c). Then, the global particle swarm was applied to estimate the parameters (Table 5). Table 5 explains the limits of all parameters as follows: K from 0.5 to 50 mGal, z1 from 50 to 1500 m, z2 from 50 to 1500 m, β from 5 to 180 o , and d from 500 to 5000 m. Also, Table 5 shows that the expected results for all parameters at each svalue, the average value (μ-value), uncertainty, and the ψ-value, which exhibits the misfit among the Bouguer and the gauged anomalies. Based on this approach, the expected results are K = 3.3±0.2 mGal, z1 = 199.1±9.9 m, z2 = 456.9±62.1 m, β = 54.4±1.6 o , and d = 2429.1±8.1 m, and the ψ-value is 1.1 mGal. The deduced forward model using the appraised parameters is explained in Figure 6b and a sketch diagram showing the buried fault was presented in Figure 6d. The misfit between the Bouguer gravity anomaly and the detected gravity anomaly is shown in Figure 6e.

Furthermore, this explanation agrees well with the results achieved from several published literatures (Table 6). Table 6 displays the comparison results for the estimated parameters (K, z1, z2, β, and d) with the results from drilling information [START_REF] Evans | Estimating aquifer parameters from analysis of forced fluctuations in well level: An example from the Nubian Formation near Aswan, Egypt: 1. Hydrogeological background and large-scale permeability estimates[END_REF] who demonstrated that the depth to the shallow-side is approximately 200 m) and published inversion methods such as a least-squares window curves method (Abdelrahman et al., 2013; they presented the depth to shallow side, z1, equals 173 m and the inclination angle equals 62.5 o ), the variance analysis method [START_REF] Essa | Gravity interpretation of dipping faults using the variance analysis method[END_REF]; who delineated the value of z1 which equals 208 and β =40 o ), three least-squares minimization approaches [START_REF] Abdelrahman | Three least-squares Minimization Approaches to Interpret Gravity Data Due to Dipping Faults[END_REF]; they estimated the values of K, z1, and β which are 2.4 mGal, 202 m, 57.7 o, respectively).

Field 4: Mersa Matruh fault, Egypt

The Marsa Matruh area is situated in the Northwestern coastal zone of Egypt and considered as a part of the north Western Desert, which has a great economic importance, because it contains some major hydrocarbon fields. between the Middle Cretaceous and the Tertiary and probably throughout the Quaternary (Fig. 7a) [START_REF] Shata | An introductory note to the geology of the northern portion of the western desert of Egypt[END_REF][START_REF] Said | The Geology of Egypt[END_REF][START_REF] El-Shazly | Geomorphology and pedology of Mersa Matruh area (Western Mediterranean littoral zone)[END_REF][START_REF] Holail | Diagenetic trends of the Pleistocene calcareous ridges, Mersa Matruh area, Egypt[END_REF].

The Mersa Matruh fault is a suitable example from the Mersa Matruh basin and trends NE-SW as evaluated from the boreholes stratigraphy MM (Mersa Matruh) and S (Siqueifa) in the study area (Fig. 7a). According to [START_REF] Said | The Geology of Egypt[END_REF] and [START_REF] Barakat | Contribution to the lithostratigraphy of the Lower Cretaceous sequence in Mersa Matruh area, North Western Desert, Egypt[END_REF], the fault is Lower Cretaceous in age, its throw is about 610 m, and the fault extends to more than 4000 m depth. Figure 7b shows a gravity profile of 43200 m length, which is digitized at an interval of 450 m. This Bouguer gravity profile was processed by the second moving average operator utilizing different s-value (s = 900, 1350, 1800, 2250, 2700, 3150, 3600, 4050, and 4500 m) (Fig. 7c). Next, the global particle swarm was used to the output moving average residual anomalies to achieve the fault parameters (Table 7). Table 7 presents the best fit detected results, which are K = 14.6±0.7 mGal, z1 the ψ-value equals 0.2 mGal. The optimal model owing to the assessed parameters was drawn in Figure 7b and a sketch diagram displaying the buried fault was offered in Figure 7d. The misfit between the Bouguer gravity anomaly and the detected gravity anomaly is displaced in Figure 8e. The detected fault parameters are consistent with borehole information and with the results achieved from drilling and using other published resources (Table 8).

Field 5: Pyrenees faults, France

After a Mesozoic extensive, transtensive and/or transpressive history, the convergence of the Iberian and Eurasian plates since 85 Ma led to the edification of the Pyrenees [START_REF] Teixell | Crustal structure and evolution of the Pyrenean-Cantabrian belt: A review and new interpretations from recent concepts and data[END_REF]. The current orogen consists of a doubly vergent chain Ebro flexural foreland basins are overthrust by the NPF and the SPZ, respectively (Fig. 8a) [START_REF] Chevrot | The non-cylindrical crustal architecture of the Pyrenees[END_REF].

A gravity profile of length 72000 m was digitized at an interval of 1000 m (Fig. 8b). The Bouguer gravity profile was subjected to the same full interpretation workflow as described above. The second moving average residual gravity anomalies were obtained for several s = 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, and 10000 m (Fig. 8c). Subsequently, the global particle swarm was applied to obtain the fault parameters (Table 9). Table 9 and Figure 8d explain the best fit detected results for three faults (F1, F2, and F3), which are detected during the interpretation. The optimum models produced from the estimated parameters were drawn in Figure 6d. The misfit (ψ-value equals 0.52 mGal) between the Bouguer gravity anomaly and the detected gravity anomaly is shown in Figure 8e.

Finally, the proposed method has been successively applied to interpret faults in hydrocarbon and mineral exploration projects in Iraq, USA, Egypt, and France and can be extended to explore different regions around the world.

Discussion

The estimated results of the synthetic model without random noise and even include different level of noise (5% and 10%) and included a regional background reflect the efficiency of the proposed method to extract the fault parameters (the amplitude coefficient, the depth to the upthrown block, the depth to the downthrown block, the dip angle and the position of the fault) and eliminate the impact of regional anomaly.

Moreover, the results of the gravity data of different field data sets from Iraq, USA, France, and Egypt demonstrated the applicability of the proposed method.

In case of using gravity data Gravity anomaly along a line 4 profile in Kifl oil field, the depths of the two faults (F1 and F2) is compared with that obtained by Al-Frahan et al. (2019). Also, the results of the fault parameters (especially, the depth) in the Graber oil field area are reasonable and compared with other published results (Table 4).

In addition, the results achieved due to gravity anomaly of the Gazelle area agrees very well with the results obtained from the drilling information (especially the depth of the upthrown) and from other published method such as Abdelrahman et al. (2013[START_REF] Essa | Gravity interpretation of dipping faults using the variance analysis method[END_REF], and Abdelrahman and Essa (2015) (Table 6). Furthermore, the estimated model parameters, i.e. z1 = 4014.5 m, in the case of Mersa Matruh area is compared with other obtained information from drilling (z1 > 4000 m) and from published numerical methods such as Abdelrahman and Essa (2013) that the z1 is equal 3940 m and Anderson et al.

(2020) in which z1 = 3982.5 m (Table 8). Finally, the interpretation of the gravity profile of Pyrenees area explains that the area included three faults (F1, F2, and F3) that depth ranging from nearly 6000 m to 10850 m (Fig 8d). The delineating of these three faults will informative for more future investigations in this area. Moreover, the results for the real examples from Iraq, USA, and Egypt are found in good agreement with the drilling and published results.

Finally, the advantages of applying the present method are that it can be utilized for any search problem without a priori information with fast convergence, easy in use, computational efficient and stable in detecting the fault parameters compared with other published methods [START_REF] Abdmouleh | Review of optimization techniques applied for the integration of distributed generation from renewable energy sources[END_REF]). However, this approach limitation is slow search around the global solution.

Conclusion

The proposed global optimization is accomplished to evaluate the parameters of the faults (the amplitude coefficient, the depth to the upthrown block, the depth to the downthrown block, the dip angle, and the position of the fault) from the gravity anomaly.

This method firstly depends on appraising the second moving average residual anomalies using numerous window lengths to eliminate the regional background. Secondly, the global particle swarm is applied to evaluate the fault parameters. Synthetic data and field data hydrocarbon and mineral exploration projects in Iraq, USA, Egypt, and France are presented in our study that demonstrated the stability and efficiency of the proposed method. Therefore, the estimated parameters should be incorporated with the available geological and geophysical information to support solving any encountered up normal solutions in geophysical exploration. Due to these facts, the application of this method can be extended to solve numerous geophysical problems in the future. Table 1. Numerical results for applying the global particle swarm algorithm to interpret the second moving average residual gravity data using several s-values for a two-sided dipping fault model (K = 100 mGal, z1 = 4 km, z2 = 9 km, β = 50 o , d = 10 km, and profile length = 100 km) generated and containing a third-order regional background without and with various level of noise. 

=

  2342.4±28.1 m, β11 = 50.6±1.3 o , and d11 = 8926.3±31.8 m for F1, K12 = -2.61±0.08 mGal, z12 = 1641.6±14.4 m, z2 = 2342.4±30.7 m, β12 = 43.3±3.5 o , and d12 = 14640.6±68.8 m for F2, and the ψ-value equals 0.07 mGal. The model produced from the estimated parameters is outlined in Figure 4b and a sketch diagram showing the buried fault was presented in Figure 4d. The misfit between the Bouguer gravity anomaly and the detected gravity anomaly was demonstrated in Figure 4e.

  K = 1.58 mGal, z1 = 720.1 m, β = 122.8 o , and d = 7985.2 m. It has to be noticed that the estimated value for the deep side of the fault (z2) is not presented, because z2 is located too deep (Fig.5d). The comparison of the responses (Bouguer and detected anomalies) are shown in Figure5band the misfit (ψ-value = 0.02 mGal)

(

  figure XX). The Axial Zone (AZ) is mainly formed by exhumed Hercynian basement rocks. Northward, the North Pyrenean Fault (NPZ) limits the AZ and the North Pyrenean Zone (NPZ) made of Hercynian basement blocks and thick Mesozoic series. Southward, we find the fold-and-thrust belt of the South Pyrenean Zone (SPZ). The Aquitaine and
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 2 Figure 2. Flow chart for the proposed method.

Figure 3 .

 3 Figure 3. (a) Noise-free composite anomaly (K = 100 mGal, z1 = 4 km, z2 = 9 km, β = 50 o , d = 10 km, and profile length = 100 km) and a deep seated regional structure. (b) Second moving average residual gravity anomalies for the anomaly in Figure 3a. (c) A 5% noise imposed in gravity anomaly of Figure 3a. The detected anomaly (blue dots) is also shown. (d) Second moving average residual gravity anomalies for the anomaly in Figure 3c. (e) A 10% noise imposed in the anomaly in Figure 3a. The detected anomaly (orange dots) is also shown. (f) Second moving average residual gravity anomalies for the anomaly shown in Figure 3e. (g) Sketch diagram of a buried fault model. (h) Misfit among the observed and detected anomalies in all cases.

Figure 4 .

 4 Figure 4. (a) Location and geologic map of the Kifl oil field area, Iraq (after Al-Farhan et al., 2019). (b) Observed and detected gravity anomalies for the Kifl oil field, Iraq. (c) Second moving average residual gravity anomalies for the anomaly in Figure 4a. (d) Geologic sketch of a buried fault model. (e) Misfit among the observed and detected anomalies.

Figure 5 .

 5 Figure 5. (a) Geologic map of the Garber oil field area, USA (after Ferris, 1987). (b) Observed and detected gravity anomalies for the Garber oil field, USA. (c)

Figure 6 .

 6 Figure 6. (a) Location and geologic map of the Gazelle fault, west of Lake Nasser, south of Aswan, Egypt (after WCC, 1985). (b) Observed and detected gravity anomalies for the Gazelle fault, Egypt. (c) Second moving average residual gravity anomalies for the anomaly in Figure 6a. (d) Sketch diagram of a buried model. (e) Misfit among the observed and detected anomalies.

Figure 7 .

 7 Figure 7. (a) Location and ggeologic map of the Mersa Matruh basin, Egypt (after Holail, 1993). (b) Observed and detected gravity anomalies for the Mersa Matruh fault, Egypt. (c) Second moving average residual gravity anomalies of the observed anomaly in Figure 7a. (d) Geologic sketch of a buried model. (e) Misfit among the observed and detected anomalies.

Figure 8 .

 8 Figure 8. (a) Location and geologic map of the Pyrenees area, France (after Chevrot et al., 2018). (b) The observed and detected gravity anomalies for the Pyrenees area, France. (c) Second moving average residual gravity anomalies for the anomaly in Figure 8a. (d) Sketch diagram for the buried multi-fault models. (e) Misfit among the observed and detected anomalies.

  particle swarm algorithm for interpreting gravity data with a 0% noise s = 2 km s = 3 km s = 4 km s = 5 km s = 6 km s = 7 km s = 8 km s = 9 km s = 10 km μ-value ϕ-value

  particle swarm algorithm for interpreting gravity data s = 500 m s = 750 m s = 1000 m s = 1250 m s = 1500 m s = 1750 m s = 2000 m s = 2250 m s = 2500 m μ-value

  

  

  studied the application of Morris sensitivity analysis and Ensemble Smoother with Multiple Data Assimilation (ES-MDA) to investigate uncertainty parameters in reservoir models. The uncertainty and accuracy of the proposed method are studied through the application on synthetic model with different level of noise and five read data sets from different places, which are discussed below.

  The Mersa Matruh Basin has special importance, because of its position with respect to many nearby oil fields. Geologically, it is a part from the unstable shelf of Egypt. The exposed sedimentary rocks in this area are Middle Miocene (Marmarica Limestone Formation in all area) to Quaternary (includes Pleistocene represented by oolitic limestone, and Holocene deposits) in age. The northwestern coastal zone is characterized by folds and faults; most of them developed in

the Late Cretaceous-Early Tertiary, and have a NE-SW direction that follows the trend of Syrian Arc system. The structures were caused predominantly by rotation of stresses

Table 2 .

 2 Numerical results for applying the present approach to interpret the gravity anomaly for the Kifl oil field faults, Iraq.
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Table 3. Numerical results for applying the present approach to interpret the gravity anomaly for the Graber oil field faults, USA. 
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