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ABSTRACT

The present study deals with the geophysical processing and transformation of the available potential field data in the area to study the extensions of the existing sedimentary ridges and basins and their relations to the operating swells and ridges of the basement, to delineate and establish the workable tectonic deformations of area.

Qualitative and quantitative interpretations have been executed utilizing several methods, not only in space domain but also in frequency domain. Regarding the gravity and magnetic analysis, a lot of transformation and enhancement techniques have been executed. Filtering and emphasizing the near surface (local) anomalies from or at the expense of the deep seated (regional) ones, using five orders polynomial surface and their corresponding residuals, as well as the low pass and high pass filters throughout the moving average and the Laplacian operators.

The effective features and the directional elements in the 3-D topographic shape utilizing the edge enhancement and sun-shading technique was made.

Also, the derivatives (i.e. 1st, 2nd and 3rd ) of the field data and their related complex gradients and analytical signal components have a valuable influence in the quantitative analysis. Moreover, the strike filtering techniques is applied to remove the geologic noises cutting across a feature of interest.

Finally, the tectonic elements and structural map of the study area was constructed.
Introduction

The area under study lies between latitudes 22º 00` to 22º 45` N and   longitudes 34º 30` to 36º 45`E Fig.(1). The interpretation can be successfully employed not only in the search for gravity and magnetic bodies but also in locating buried structures including hills, faults, intrusions and uplifts that are associated with oil and gas fields. 
The area is of a sedimentary terrain, ranging in age from Late Cretaceous to Early Eocene, and has a limited subsurface information, because of the limited drill holes and few geophysical and geological studies. Therefore, it is aimed in this work to identify the subsurface structures affecting the basement complex and overlying sedimentary cover. For this purposes the interpretation of the gravity and magnetic anomaly maps and available geological structural features prevailing in the study area were executed.

A pair of programs have been established for the filtering of the map data, in both the space and frequency domains (Cooper, 1997). GravMap and PFproc programs have been written to carry out the basic filtering operations on the available map data sets. These programs are set by the 640 K memory limit of DOS. GravMap program takes data values from the scattered locations (such as gravity or magnetic stations), grids and contours to produce a map. This map may then be filtered using the vertical continuation and polynomial surface fitting. In addition, linear profiles may be generated at any angle across the map.

PFproc program operates in similar manner to the GravMap program, in which the filters that may be applied to the data are strike filtering, vertical derivatives, edge enhancement, sun-shading, low-pass/high-pass filtering, and pole reduction.

Analysis of Gravity and magnetic Data

The gravity anomaly map Fig. (2), and magnetic anomaly map Fig. (  ), are interpreted, The R.T.P. map Fig(3), shows that the magnetic gradient becomes more intensive and steeper where giving rise to more resolution in both encountered structural and lithologic inferences. Furthermore, the implied anomalies become more representatives for the actual geologic conditions prevailing the basement complex, and a related sedimentary sequence         The magnetic map was transformed to the reduced to the pole magnetic map (RTP). This was followed by application of different separation techniques to isolate the shallower components using different grid intervals. The faulting picture at different levels might represent the geotectonic behavior affecting the earth’s crust in a manner that the characteristic features of a given set of anomalies are related to certain function of the total affecting stress. The structural  features are mainly  faults  trending  E-W , N65 E , N45 W , N25 E  and 

N25 W. in order to construct the basement and tectonic maps of the study area. Different analytical techniques were carried out. An important step in the potential interpretation is to filtrate the anomalies, that reflect the shallow seated causative bodies (residual) from the deep seated ones (regional).

Such gravity and magnetic filtration is executed using some active transformation techniques. Several potential filters can be applied in space domain options but other ones can be applied in frequency domain using the (FFT) which places various restrictions upon the gridded data set to be processed. The polynomial surface fitting, the low pass, and high pass filtering represent the transformation tools applied on the gravity and magnetic  data.

I- Filtration and Transformation Enhancement Operation:

Filtration and transformation enhancement of potential data have a great importance in the interpretational operation where the resulted data will be more resolved and more interpretable. 

Two techniques are used. These are the polynomial surface fitting and the low-pass and high-pass filtering.

A- Polynomial surface fitting enhancement:

The performances of the orthogonal polynomial technique in the filtration of regional and residual anomalies have been evaluated with a view to minimizing personal biasing. The advantage of orthogonal over nonorthogonal polynomials is their ability to estimate an optimum order of polynomial to represent the predominant regional trend in the data using an approximate 2D different table and Z-matrix (Agarwal et al., 1992).

B- Low-pass/high-pass filtering operators:

The available gravity data are subjected to the second filtration process in the space domain, using the low-pass/high-pass filtering operators. There are two technique for low-pass and high-pass filtering : Moving average and Laplacian operator (Cooper, 1997).

 a- Moving average operator: 

 The moving average option replaces each grid point of the girding map with the average of it self and its eight neighboring grid cells, this is a low-pass filter. The resultant high-pass filtered map is merely the difference between the original map and the low-pass map. 

 b- Laplacian operator :
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 The Laplacian operator produces a high-pass map as given by Hord (1982).

II- Edge enhancement operation:

It worth to mention that, the edge enhancement produces a map, where the edges of features have been “sharpened up” using convolution Kernels, a process routinely applied in the image processing of geophysical and satellite data (Richard, 1993). The result edge enhancement gravity and magnetic maps was produced.

A- Sun-Shading Enhancement Operation:

The particular evaluation and azimuth of the sun-shading are very important parameters in the application of this filter. The lower sun elevation, the greater the “shadows” cast, and hence the greater the enhancing effect. Features lying normal to the sun azimuth are enhanced, whereas features parallel are reduced. 

 Three sun directions were selected for the application of the sun-shading filter on the gravity and magnetic data. The sun directions are 60º, 90º and 150º clockwise from the north with the sun elevation 20º from the horizontal. The resulted data are contoured as three maps, one for each direction.

Frequency Domain transformation options:

Several transformations of the potential data are performed in the frequency or wave number domain  involving the use of a Fast Fourier Transform (FFT).

Several transformations and enhancement operations are applied on the available gravity and magnetic data to be accomplished in the frequency domain, such as strike filtering, vertical continuation transform, vertical derivatives and others. 

B- Vertical Derivative Operator:

Derivatives of the gravity have an important value in qualitative and quantitative operations. The derivative may delineate qualitatively the position of potential lineaments, where the lineament (faults, contacts, impact) lie at the maximum rate (gradient)of change of the anomalies. Further more, the second vertical derivative has a great value in emphasizing the local component (residual) of the field and considered a sound tool in both the qualitative and quantitative interpretations (Elkins, 1951).

Derivative orders implementation:

 The vertical derivatives can be regarded as a type of high–pass filters, that enhance anomalies caused by small features, while suppressing longer-wavelength regional trends.

III- Strike Filtering Technique:

Another type of filtering, that can sometimes be used to  selectively suppress anomalies that have a preferred azimuth orientation. Features on a map, that have a particular orientation may be enhanced utilizing strike filter. This is often useful to remove “geological noises”, such as dyke anomalies cutting across a feature of directional filter tends to exaggerate and enhance trends in some chosen directions. Trends and aliguments that are “discovered” in the data set by the use of such filters must, of course be verified by referring back to original data set (Dobrin, 1988).

The author selected the angle 60° clockwise from the north as the filter direction and three severity levels (1, 2 and 3 Kms), for the application of this filter.

A - Enhancement:

 The resulted enhanced strike filtering features lying at angle 60° clockwise from the north at the three forementioned severity levels (1, 2 and 3 Kms), of the gravity and magnetic data were contoured and displayed in 2-D contour maps. 

B- Suppression:

In a comparable way of representation, the resulted suppressed strike filtering features lying at  angle 60° clockwise from the north at the three severity levels (1,2 and 3 Kms), of the gravity and magnetic data were contoured and displayed in the 2-D contour map.

Interpretation

Qualitative interpretation:

The available Bouguer gravity and magnetic transformed data have been subjected to a comprehensive descriptive interpretation either to define and delineate the main potential zones and the valuable anomalies or to configurate the structural pattern imposed in the anomalies 

Filtration and transformation enhancement:

Filtration process was accomplished, not only in the space domain, but also in the frequency domain utilizing several tools. In this respect, the deep-seated or regional bodies effect represented nearly linear segments towards the low frequencies, while the shallow-seated or local bodies signature illustrated relatively gentle slope linear segments pointing to the higher frequencies.

I- Polynomial Surface Fitting Enhancement: 

1-First order polynomial trend surface and its corresponding residual map:

   the visual inspection of the first order polynomial trend surface Fig.(--) reflects the earlier signature of the regional components. The map shows straight contour lines devoid from any geologic meaning. This is for the weakness of the polynomial surface at this order, that is not compatible with the regional configuration of the analyzed area.

The residual map of the first order polynomial trend surface  in Fig.(--) reveals mostly similar pattern to that of the original gridding data. The first order surface fitting gives no improvement in local elements implied.      
2- Second order polynomial trend surface and its corresponding residual map:

Third order polynomial trend surface Fig.( ) reveals the third trial for regional gravity and magnetic extraction from the original one. The elongated negative gravity anomaly occupied the eastern part and bounded from the west by a gentle gradient separating it from the positive gravity belt at the western portion. It reflects no conspicuous geologic meaning. 

The residual map of the third order polynomial trend Fig.(6) reveals nearly similar pattern to the first order map with slight improvement with a simple decrease in the relief and anomalies sizes. Accordingly, the true regarding of the local anomalies pattern is not quite observed, because the regional anomalies are not separated enough at this fitting surface.

3- Fifth order polynomial trend surface and its corresponding residual map:

The careful analysis of the fifth order polynomial trend surface Fig.(--), reveals a matter compatibility of the predominant regional elements with the used polynomial surface order. Therefore a positive anomaly occupied the western part and the other positive in the north which are separated by negative anomaly at the east.

Fifth order polynomial trend surface Fig. ( ). The continuous application of the polynomial surface fitting with larger order increases the powerful impact from the surface down to the subsurface level of the regional anomalies. This map elucidates more or less analogous configuration of the positive and negative gravity belts. The improvements are in the produced anomaly at the central part of the map as well as a negative anomaly at the eastern part of the map and negative anomaly in restricted at the western and eastern parts.

This fitting surface gives rise to larger anomalies of deep-seated occurrence and regional nature in the subsurface.

 The residual map of the fifth order polynomial trend surface Fig.( ), illustrates more or less similar pattern to that of the foregoing residual one.  The minor anomalies and the small undulations in the inherited gravity contours started to appear.

The residual map of the fifth order polynomial trend surface Fig.( ), introduces a lot of local elements of high and low polarities, continuous decreasing of the real extensions and steeper surrounding relief. Also, it reveals mostly similar anomalies positions and gradient trends. 

5- Sixth order polynomial trend surface and its corresponding residual map:

The sixth order polynomial trend surface Fig.( ), illustrates approximately prepositional regional pattern of the study area. This surface gives rise to larger anomalies of deep-seated occurrence and regional nature in the subsurface. Also, the minor and small undulations in the gravity contours mostly disappeared in this map, as compared to those in the original one. Generally, the last map reveals the positive gravity belts occupied the western portion, comprising three separated anomalies. This belt is bounded by negative belt in its eastern part through steep and moderate gravity gradient. 

The residual map of the sixth order polynomial trend surface Fig.( ), represents a lot of spot like local elements of high and low polarities, of smaller aerial extensions, steeper surrounding relief, low or vertical amplitudes and the reduction in the anomalies sizes. These anomalies are, more or less, of higher frequencies, sharper amplitudes and smaller magnitudes. It worth to mention that, by using the polynomial method, the sixth order surface is considerable the optimum for this separation. Therefore, these local anomalies Fig.( ), may reflect comparable lithologic inferences and structural manifestations of the sedimentary section and the related igneous bodies intruding this section.
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II-Low-pass and High-Pass Filtering:

Gravity and magnetic filtering is a particular type of geophysical data processing widely employed the low-pass /high –pass filtering to increase the signals on the expense of the noises or to enhance the signal characteristics of the available data.

As shown earlier, there are two techniques offered for the low-pass and high-pass filtering moving average and Laplacian.

1-Moving average low-pass filtered map:

 The moving average low-pass filtered map Fig.( ), shows considerable similarity with the original Bougeur map Fig.( ). The analogy can be seen in the locations, trends and gradients of the implied regional belts, but with minor exceptions regarding the decrease of the anomalies relief and slight noising in the contour lines.  These can be further exhibited by rejecting the small wavelength anomalies as seen in the positive anomaly located at the western part, as well as the central and the eastern parts of the map area. Besides, the more reduction of the noising in the contour lines, that represent the local anomalies. Therefore, this low-pass filter is a more smoothed distribution of the long-wavelength anomalies typically attributed to deep-crustal sources and termed the regional features.

2-Moving average high-pass filtered map:

The resulted high-pass filtered map Fig.( ), reveals high frequency content of moderately high and low gravity and magnetic anomalies of limited areal  extension, varying amplitudes, several trends and considerable vertical reliefs. These high-pass filters generally pass the short-wavelength anomalies (residual) usually associated with the shallow features. The positive local anomalies are shown in the central part and the negative ones are exhibited in the southern part of the map.

So the errors synthesized at the edges of the map are shown due to the average calculations of the anomalies in this filter.

III-Edge Enhancement technique :

The careful inspection of the edge enhancement map of the gravity and magnetic data Fig.(  ) reveals that, this technique produces a map where the edges of anomalies have been sharpened up using convolutions Kernels. Therefore, the available larger positive and negative anomalies are subdivided and reduced to several high relief anomalies of corrected edges and conspicuous improvements in their areal extensions. Accordingly, any trends analysis done by using the corrected data of enhancement will be far better.

1- Sun-Shading Technique:

Four sun directions (90°, 180° and 270°) were selected for the sun shading filter on the gravity data at one sun elevation (20°). Therefore, four resulting maps are constructed  and interpreted as follows:

The sun shaded gravity map from the sun direction of 60° clockwise from the north and elevation of 20° from the horizontal Fig. ( ), reveals the first anomalies seen at this angle (60°) relative to 3-D topographic representation. So, the features lying normal to the sun azimuth are enhanced, whereas the anomalies lying parallel are reduced. By this way, the majority of the resulting anomalies and their gradients are trending NW-SE and E-W directions. It worth to mention that, this map reflects the position and distribution of the investigated elements as if they have been regarded from the northeastern part of the map.

Moreover, by increasing the sun azimuth from 60° to 90° clockwise at the same elevation, the sun shaded gravity map from the sun direction of 90° clockwise from the north and elevation of 20° from the horizontal is constructed in Fig.(  ). This map reveals the more similarity in the distribution and the position of the produced anomalies. The analogy can be seen in the location and the amplitude, but a variation have been concerned regarding the change of the anomalies direction into nearly  NW-SE, NE-SW and E-W. Also, the sun azimuth of this filter means that, these anomalies have been viewed from the eastern direction of the map.

By continuous rounding of the sun direction around the anomalies with 150° instead of 20°, the gravity map sun shaded from the sun direction of 150°  clockwise from the north and elevation of 20°  from the horizontal is shown in Fig.(  ) . This map exhibits the difference in anomalies position and distribution. By the same reasoning, the anomalies parallel to the shadow direction are reduced, but the other ones lying normal to sun azimuth are enhanced. The positive anomalies and the negative ones as well as the gradients in-between are oriented in the NW-SE, NE-SW and E-W directions.

Moreover, the last application of the sun-shading technique on the gravity was performed with the sun direction 180°. The gravity map sun-shaded from the sun direction 180° clockwise from the north and elevation of 20°from the horizontal Fig.(  ), reveals the similarity in position and shape of the transformed anomalies. The anomalies are repeatedly oriented in the NW-SE and E-W directions. Also, the anomalies lying normal to the sun azimuth are enhanced and appeared, as shown at several parts of the map, whereas the parallel features are reduced. 

2- Vertical Derivative Transform:

Vertical derivatives can be regarded as a type of high pass filters, that enhance the anomalies caused by small features and suppressing the longer wavelength regional trends, to aid in the definition of the edges of source bodies.

The first vertical derivative gravity map Fig. (  ) reveals several local positive anomalies obscured by their broader regional trend, as exhibited in the northern, eastern and south-central part of the map area. Also, it reflects a number of local negative anomalies extending from the western part and continued to the southwestern corner of the map with some others occupying the northwestern corner. Generally, these local anomalies are based by the noise amplification problem.

Moreover, the second derivative gravity and magnetic maps Fig.(  ,  ), exhibits the enhancement of local anomalies observed by their broader regional trends and gives a larger definition of the edges of source bodies. Added, this map is marked by a numerous groups of small spot like anomalies wide spreading in all parts of the map area. These residual anomalies became more expressive about the local geologic conditions of interest in either the sedimentary section or the shallow basement.

 IV- Strike Filtering Operations :

It is useful to remove the geological noises accompanying certain geologic feature, such as dyke anomalies cutting across a sequence of interest.  The angle 60° clockwise from the north has been used as a filter direction and the severity levels( 1,2 and 3 Kms) were selected  filter parameters for this application.

A- Enhancement Implementation :

1-The enhanced strike filtering features lying at angle 60º clockwise from the north and at 1 Km. Shown in Fig.(  ) reflects the same configuration of the positive and negative anomalies, in addition to the major gradients. The analogy can be seen in the locations, trends, shapes and gradients of the interpreted anomalies. However, the effect of this filter is represented in the attenuation of some spot like anomalies and the suppression of the minor noising in the anomalies contour lines, giving rise to small anomalies. 

2- The enhanced strike filtering features lying at angle 60º clockwise from the north and at 3 Km. Shown in Fig. (  ), reveals that, by increasing the level of this filtering from 1 to 3 Km., the resulted anomalies tend to be more smoothed  by nearly the attenuation of the short wavelength anomalies, relative to their longer wavelength contour parts. This is shown the increase of the minor closures at the central and northern parts of the map and the reduction of the spot like noises in the southern positive anomalies.  

3- The enhanced strike filtering features lying at angle 60º clockwise from the north and at 5 Km. Shown in Fig. (  ), reveals that, a better enhancement of long wavelength anomalies scattered in the map area and the complete attenuation of the short wavelength anomalies. So the resulted anomalies are characterized by smoothed contour lines, low relief and nearly gentle gradients between them. It worth to mention that, this map represents a good indication about the regional configuration of the study area.
B- Suppression Implementation :

The property of the suppressed filter is similar to that of the enhancement filter, where this is normally suppressed the unwanted geologic noises from the significant ones.

1-The suppressed strike filtering features lying at angle 300º clockwise from the north and at 1 Km. Shown in Fig.(  ), shows mostly analogous anomalous pattern of the enhancement map at the same level. 

2- The suppressed strike filtering features lying at angle 300º clockwise from the north and at 3 Km. Shown in Fig.(  ), reveals more or less circular smoothed shape regional closures, such as those occupying the western and central parts. Also, the negative anomaly to the west is separated into two closed ones and other negative series located at the southcentral part is divided into three separated closures.

3- The suppressed strike filtering features lying at angle 60º clockwise from the north and at 5 Km. Shown in Fig.(  ), reflects valuable setting of the regional anomalies, as cleared from any noises between or inside the major circular anomalies. Besides, the map reveals a matter of reduction in the relief and amplitude of some scattered anomalies. The tectonic elements and structural map of the study area was constructed Fig.(  ).

Summary And Conclusion 
The present study is devoted to study the configurations of the existing sedimentary ridges and basins and related swells and troughs of the basement complex. In addition to give a reasonable picture about the shallow-seated and deep-seated structures intervening their rocks. The gravity data were subjected to several transformations and enhancement operations in order to be in more  interpretable forms. Moreover, the resulted data have been contoured and interpreted qualitatively. Qualitative interpretation has a great importance in detecting, delineating, and evaluating descriptively the shallow and deep-seated sources and their tectonic boundaries.     
          The available Bouguer gravity anomaly map is first resolved into its regional and residual maps   through one of the classical gridding methods. 

Also, filtration and transformation enhancement of gravity data help in filtering and emphasizing the near surface (local) anomalies on the expense of deep-seated (regional) ones, utilizing two main methods. The first one is the filtering method is a low-pass / high-pass tool, in which the low-pass filter is used to pass the long wavelength anomalies of deep sources with low frequency, but the high-pass filter pass the short wavelengths of local anomalies of shallow sources with high frequencies. Two tools are used in the low-pass/ high-pass filtering, the moving average and Laplacian. 

These available data have been subjected to the edge enhancement technique for producing maps, where the edges of interpreted features have been “sharpened up” and used as corrected data in the different interpretational issues.

The directional features of the gravity data are also enhanced using the sun shading technique, which considers the maps as if they were 3-D topographic surfaces. The particular elevation and azimuth sun shading are very powerful parameters in this filter, where the features lying normal to the sun azimuth are enhanced and the features parallel are reduced. 

The vertical derivative operator is applied to the gravity data to enhance the shorter wavelengths of local nature and focus the anomalies caused by small features, while suppressing the longer wavelengths of regional trends in the investigated area from the first to the third derivatives.      

The geological noise created from the dyke anomalies cutting across the features of interest have been removed using the strike filtering transform through two effective steps (enhancement and suppression) and two filter parameters (directional 60º clockwise from the north).

Close examination of the different types of the resulted maps reveal the  subdivision of the study area into northern high portion and southern low one by NEE-SWW major fault trend. The northern high part is composed of  three major gravity anomalies of nearly E-W trend, while the southern low bifurcates into two major gravity lows of NE-SW trend and separated by intermediate gravity nose of NNW- SSE trend. Each one of these gravity anomalies reflect the causable mass distribution of a determined shape, depth, density and configuration.              
      The gravity anomalies on the different maps were statistically analyzed to identify the correlation between these anomalies and tectonics. The detected tectonic trends were classified as N 45(W, E-W, N 45(E, N 65(E and N-S trends are affecting the shallow section, where as the N 65(E, N 45(E , E-W, N 35(W and N-S trends affecting the deeper one. 

On the other hand, the basement relief map Fig.(20) and the tectonic map Fig.(21)  show that the NE-SW trend is the important trend in the eastern and western parts of the study area and NW-SE trend ,mainly strike slip faults of right lateral type in the meddle portion. The faults of this trend include those bordering the Qattara Depression in the northeastern portion of the study area and the border of the Siwa Oasis in the western portion of the area. The origin of Qattara Depression and Siwa Oasis are probably controlled by the uplifted and downfaulted blocks of the basement. They are considered as major synclines striking in ENE-WSW direction having an axis slightly plunging to the southwest and northeast, respectively. Besides, four downfaulted basins were recognized. They are ; a NE of Bahrien basin, two SW basin, and El-Basur-Kohla basin.
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