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Relevance. The study area is located at Mandisha village, El-Bahariya Oasis, Western Desert, Egypt. It is suffering from lack of surface water. So it’s 
important to search for another source of water (as groundwater) that important for everything for live. Based on the literature studies; the main aquifer 
in the study area is located in the Nubian sandstone aquifer, which located directly on the upper surface of the basement rocks. So the depth of the 
lower surface of the Nubian sandstone aquifer is equal to the depth of the upper surface of the basement rocks in the study area.
Objectives of the study. This study is used the analysis and interpretation of magnetic data to determine the depth of the basement rocks and the 
structural elements that affected on the basement rocks at Mandisha area in El-Bahariya Oasis, Western Desert, Egypt. 
Research methodology. The Magnetic methods were applied to achieve these goals. One hundred and seventy four magnetic stations were acquired 
by Overhauser magnetometer instrument (GSM-19 “V7.0”). The magnetic data were processed by using Geosoft Oasis Montaj program. 2D Magnetic 
Profiles and 3D Magnetic Modeling were established to construct basement relief map in the study area. First Vertical Derivative Technique, Source 
Edge Detection Method and 3D Euler Deconvolution method were established to determine the locations and directions of faults that affected on the 
Basement Rocks in the study area.
Work results. The most important results of this study: 1. The depth of the basement rocks in the study area ranges from 1200 m to 2000 m. 2. The 
northeastern, northwestern and western parts of the study area are characterized by shallow depth of the basement rocks, while the southern and 
eastern parts of the study area are characterized by deep depth of the basement rocks. 3. Deep faults (more than 2000 m) were located at northern 
part of the study area. 4. The main direction faults in the study area are NE–SW and E-W direction.

Keywords: Magnetic Data Interpretation, 3D Euler Deconvolution, 2D Magnetic Profile, 3D Magnetic Modeling, Basement Rocks, faults, Geosoft, 
El-Bahariya Oasis, Western Desert, Egypt.

Introduction
Th e study area is located at Mandisha village in El-Bahariya Oasis, Western Desert, Egypt. It is located between lati-

tudes 28° 16`22``N–28°19`14``N and longitudes 28°55`40``E–28°59`50``E with an area of 36.13 km2 (Fig. 1). 
Th e study area is suff ering from lack of surface water. So it’s important to search for another source of water that important 

for living and everything for live as groundwater. Based on the literature studies; the main aquifer in the study area is located in 
the Nubian sandstone aquifer (Cenomanian age), which located directly on the upper surface of the basement rocks [1]. So the 
depth of the lower surface of the Nubian sandstone aquifer is equal to the depth of the upper surface of the basement rocks in the 
study area.

Th e analysis and interpretation of magnetic data were used for mapping the relief of the basement rocks in the study area. So, 
the main purpose of this study is to analyze and interpret the magnetic data for determining the depth of basement rocks in the 
study area and the structural elements (Faults and/or cracks) that aff ected the study area.

Our pattern recognitions criteria are based on the interpretation of magnetic data that applied on the total intensity magnetic 
map reduced to the pole (RTP Map). Th e interpretation of magnetic data includes fi ve techniques which applied by Geosoft  pro-
gram: these techniques including First Vertical Derivative Technique, Source Edge Detection Method, 3D Euler Deconvolution, 
2D Magnetic Profi ling and 3D Magnetic Modeling. Aft er that; the Magnetic interpretations have been compared with each other 
to determine the location of faults with high resolution.

Geology of the study area
Th e geology of the study area was described from the geological map of El-Bahariya Oasis and the stratigraphic succession of 

well No. 1 (Box-1) that located at El-Bahariya Oasis. Th ese geological study includes surface and subsurface geology of the study area. 
a) Th e surface Geology of the study area has been described from the geological map of Egypt, Sheet No. (NH 35 SE BA-

HARIYA) with a scale of 1 : 500 000 [2]. It was built by the Egyptian General petroleum Corporation in 1986 (Fig. 2). Surface 
Geology of the study area refers to the upper Cretaceous “Cenomanian age” and Quaternary age: 1. Upper Cretaceous deposits 
were represented by Bahariya Formation (Early Cenomanian age). It has deposited at widespread of the study area. Bahariya 
Formation consists of fi ne to coarse Ferruginous Sandstone intercalated with Shale. 2. Quaternary deposits were represented by 



НАУКИ О ЗЕМЛЕ                                                                                 В. Р. Гавеиш и др. / Известия УГГУ. 2019. Вып. 2(54). С. 7-19

8   Гавеиш В. Р. и др. Magnetic data interpretation to determine the depth of basement rocks and structural elements of Mandisha 
village, El-Bahariya Oasis, Western Desert, Egypt // Известия УГГУ. 2019. Вып. 2(54). С. 7-19.  DOI 10.21440/2307-2091-2019-2-7-19

Sabkha deposits (which composed of Shale, Clay and Evaporate deposits). Sabkha deposits are concentrated at North Central part 
of the study area. 3. Structural elements which presented in the study area as cracks and/or fractures. The main direction of these 
fractures is NE–SW direction.

b) Subsurface stratigraphy of El-Bahariya Oasis were collected from well No. 1 (Box-1) that located at El-Bahariya Oasis 
with latitude 28° 19\ 27.5\\ N and longitude 28° 58\ 00\\  E with an Elevation 122 M (after [1, 3, 4]). A Brief description of the sub-
surface stratigraphic section of El-Bahariya Oasis from top to bottom layer is shown in (Table 1 and Fig. 3).

Methodology
In this study, the magnetic data were analyzed and interpreted for determining the depth of the basement rocks and the 

structural elements that affected on the basement rocks of the study area. 
1. Magnetic data acquisition
One hundred and seventy four magnetic stations were measured to cover the study area (Fig. 4, a). Magnetic data were 

carried out using one Overhauser magnetometers for both field survey and base station recordings. The model of Overhauser 
magnetometer, which used for magnetic acquisition, is ((GSM-19) V7.0), made in Canada (since 1980), with sensitivity 0.022 nT 
(Fig. 4, b and Fig. 4, c) [5]. Magnetic stations were measured in the study area every 300–500 m. The base station was recorded 
every 3–5 hours during field measurements. It was located at the Eastern part of the study area with longitude 28°59’30.99”E and 
latitude 28°17’57.4”N with an absolute value of 42592.5g. 

Figure 1. Location map of the study area.
Рисунок 1. Обзорная карта района работ.

Figure 2. Geologic map of the study аrea [2].
Рисунок 2. Геологическая карта изучаемого района [2].
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Table 1. Composite stratigraphic section of El-Bahariya Oasis (after [1, 3, 4]).
Таблица 1. Стратиграфический разрез оазиса Эль-Бахария (по данным [1, 3, 4]).

Formation name Age Lithology
Thick-

ness, m
Note

Olivin Basalt Early Miocene The olivine basalt consists of basalt flows and sills 20 Neogene rocks are 
represented by volcanic 
rocks “Olivine Basalt”

Radwan
Formation

Oligocene Radwan Formation consists of dark brown Ferruginous 
Sandstone

35 Olivine Basalt lies on 
Radwan formation

Hamra 
Formation

Middle & Late 
Eocene

Hamra Formation is composed of Limestone intercalated 
with clastic rocks, forming reef-like structures with dips 
of 10–40°

60 Radwan Formation lies 
on Hamra formation

Qazzun 
Formation

Middle 
Eocene

Qazzun Formation consists of white Limestone intercalated 
with hard Dolomitic Limestone

32 Hamra Formation lies on 
Qazzun Formation

Naqb Formation Early-Middle 
Eocene

Naqb Formation consists of chalk intercalated with 
Dolomitic Limestone

67 Qazzun Formation lies 
on Naqb Formation

Disconformity because the absence of Paleocene Sediments

Khoman Chalk 
Formation

Maastrichtian Khoman Chalk Formation consists of Chalk and limestone 
with hard dolomitic limestone at the top

42 Naqb Formation lies 
on Khoman Chalk 
Formation

El-Hefhuf
Formation

Turonian- 
Santonian

El-Hefhuf Formation consists of carbonate rocks 
intercalated with Dolostone rocks

43 Khoman Chalk 
Formation lies on 
El-Hefhuf Formation

El-Heiz 
Formation

Late Ceno-
manian

El-Heiz Formation is composed of carbonate rocks 
intercalated with Dolostone rocks

30 El-Hefhuf Formation lies 
on El-Heiz Formation

El-Bahariya
Formation

Cenomanian El-Bahariya Formation consists of Sandstone intercalated 
with Shale. El-Bahariya Formation consists of 4 zones. 
Zone A = 215 m, Zone B = 92 m, Zone C = 220 m and Zone 
D = 175 m

702 El-Heiz Formation lies 
on El-Bahariya 
Formation

Disconformity because the absence of Ordovician, Silurian, Devonian, Carboniferous, Permian, Triassic and Jurassic Sediments

Cambrian rocks Cambrian Cambrian rocks, composed of dense granite, with a depth 
of Basement rocks 1822 m

– –

Figure 3. Composite stratigraphic column of El-Bahariya Oasis, Western Desert, Egypt (after [3, 4]).
Рисунок 3. Стратиграфический разрез оазиса Эль-Бахария, Западная пустыня, Египет (по данным [3, 4]). 
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Magnetic readings were stored in the memory of Overhauser magnetometer, after that; all data were loaded from Overhauser 
magnetometer to the computer (Table 2) for preparing magnetic data for necessary corrections and interpretations.

2. Magnetic data processing
Magnetic data were corrected for daily variations correction before starting the interpretation. Daily variations in the Earth’s 

magnetic field sometimes had an amplitude more than 10 gammas (which caused by sunspots). Therefore, the base station was 
used for magnetic correction. The daily variations of the geomagnetic field were subtracted from the Magnetic field data. The cor-
rected magnetic values were contoured by Geosoft program with contour interval 2 nT [6] and represented by the total intensity 
magnetic map (Fig. 5, a).

Total Intensity Magnetic Map (TIM Map). TIM Map is a reflection of lateral changes in the magnetic properties of the 
Basement Rocks in the study area (Fig. 5, a). Thus, the magnetic expression of various structural features depends on the existence 
and magnitude of their magnetic contrasts. The qualitative interpretation of the Total Intensity Magnetic Map begins with a visual 
inspection of the forms and directions of the main magnetic anomalies. TIM Map has magnetic anomaly values between 42 500 
nT and 42 620 nT. The high magnetic anomalies indicate that the depth of basement rocks is shallow depth, so the thickness of 
sedimentary cover is thin. The high magnetic anomalies are represented at Northeastern part of the study area. On the other side, 
the low magnetic anomalies indicate on a deep basement rocks (thick sedimentary cover). The low magnetic anomalies are locat-
ed at the Southeastern part of the study area. Generally, the magnetic anomaly increases from Southeastern part to Northeastern 
part of the study area, which indicate that the depth of basement rocks increase from Northeastern part to Southeastern part of 
the study area.

 a b c 

Figure 4. Magnetic Data Acquisition. a – location Map of Magnetic Stations, base station and magnetic profiles in the study area; b – when 
measuring magnetic data in the study area; c – Overhauser magnetometer system (GSM-19 v7.0).
Рисунок 4. Получение магниторазведочных данных. а – обзорная карта магнитных пунктов, опорных пунктов и магниторазведочных 
профилей в районе проведения исследований; б – процесс получения данных магниторазведки в районе проведения исследований; в – 
магнитометр с датчиком Оверхаузера (GSM-19 v7.0).

Table 2. Examples of magnetic data that exported from an Overhauser magnetometer to the computer – in file format: XYZ format (linear 
oriented).
Таблица 2. Примеры данных магниторазведки, импортированных с магнитометра на компьютер, – в формате XYZ (прямоли-
нейные).

/ Gem Systems GSM-19GW 0103903 v7.0 15 II 2011 M ew5fpl.v7s

/ ID 0 file 01survey.m 23 II 96
/

/ X Y Elevation nT sq cor-nT Sat Time Picket-X Picket-Y

Line 000020

028.2996220 028.9952480 000150 42594.40 99 000000.00 07 045644.0 0.00 0.00

028.2996216 028.9952480 000150 42594.39 99 000000.00 07 045650.0 0.00 0.00

028.2996421 028.9952438 000150 42595.68 99 000000.00 07 045659.0 0.00 0.00

028.2996416 028.9952438 000150 42595.76 99 000000.00 07 045705.0 0.00 0.00

028.2996472 028.9952860 000152 42594.48 99 000000.00 07 045717.0 0.00 0.00

028.2996463 028.9952848 000152 42594.46 99 000000.00 07 045723.0 0.00 0.00

028.2996054 028.9952498 000152 42594.09 99 000000.00 07 045738.0 0.00 0.00
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The Total Intensity Magnetic Map Reduced to the Pole (RTP Map). The total intensity magnetic data were reduced to the 
magnetic pole (Fig. 5, b) to overcome the distortion in anomaly appearance. This appearance depends on the magnetic latitude 
of the survey area and depends on the dip angle of the magnetization vector in the body using magnetic parameters such as incli-
nation angle (41.2177°), declination angle (3.9282°), magnetic field strength (42488.2 nT) and the height of device’s sensor from 
earth surface (1 m). This mathematical procedure was first described by [7–11]. 

A general outlook to the magnetic map reduced to the magnetic pole (Fig. 5, b) in comparison with the total magnetic 
intensity map (Fig. 5, a) reflects the northward shift in the positions of the inherited magnetic anomalies due to elimination of 
inclination of magnetic field at this area. The RTP map exhibits different magnetic anomalies while ranging from 42 512 nT to 42 
607 nT. The northeastern and northwestern parts of the study area reveal high magnetic anomalies where the eastern, southern, 
and southeastern parts exhibit low magnetic anomalies.

3. Magnetic data interpretations
Interpretation of magnetic data includes five Techniques which applied by Geosoft program to determine the structural el-

ements (Faults) and the depths of the upper surface of the basement rocks that caused the magnetic anomalies in the study area. 
These techniques include (First Vertical Derivative Technique, Source Edge Detection Method, 3D Euler Deconvolution, 2D 
Magnetic Profiles and 3D Magnetic Modeling). 

a) First Vertical Derivative Technique (FVD Technique). Many authors were calculated First Vertical Derivative of poten-
tial data (Gravity and/or Magnetic data) as [12–17 and others].

The working equation of Rosenbach [17], equation (1):

( ) ( ) ( ) ( )( )4 4 8

1 1 1
18 8 ,

i i i= = =

∂
− − +

∂
∑ ∑ ∑

2

2

1= 96 0 2 524
g

g gi S gi s gi s
z                                            

(1)

where 
∂

∂

2

2

g

z  is the first vertical derivative of gravity or magnetic potential field. S is the grid spacing. g (0) is the gravity or magnet-

ic value at the point of calculation; ( ) ( ) ( )4 4 8

1 1 1
8, ,

i i i= = =
−∑ ∑ ∑2 5gi S gi s gi s  are summation of gravity or magnetic data 

values at the 4, 4 and 8 points lying on the three concentric circles of radials, ( )2s  and ( )5s  respectively.
FVD Technique acts as a filter. FVD Technique emphasizes the expression of local features of magnetic anomalies and elim-

inates the effect of regional anomalies. The first vertical derivative map was applied on RTP Map. In FVD Map (Fig. 6), zero con-
tour lines show the contact lines between highly polarized sources (which indicate that the depth of basement rocks are shallow) 
and less polarized sources (which indicate that the depth of basement rocks are deep) at the same level of measurement. These 
Zero contour lines indicate on the faults that affected on the basement rocks in the study area. The main directions of these faults 
are N–S, NE–SW and NW–SE directions. Negative magnetic values show deep basement rocks, which located at the Eastern and 
Northwestern parts of the study area. Where, the positive magnetic values show shallow basement rocks, which located at north-
eastern and western parts of the study area.

b) Source Edge Detection Method (SED Method). The source edge detection (SED) system is used to locate the approximate 
edges and down-gradient directions of source bodies from magnetic or gravity gridded data sets [18]. Blakely and Simpson were 

 a b 

Figure 5. Magnetic Data Processing. a – Total Intensity Magnetic Map (TIM Map); b – the Total Intensity Magnetic Map Reduced To the Pole 
(RTP Map).
Рисунок 5. Обработка данных магниторазведки. а – магнитная карта суммарной интенсивности (TIMMap); б – магнитная карта сум-
марной интенсивности, приведенной к полюсу (RTPMap).



НАУКИ О ЗЕМЛЕ                                                                                 В. Р. Гавеиш и др. / Известия УГГУ. 2019. Вып. 2(54). С. 7-19

12   Гавеиш В. Р. и др. Magnetic data interpretation to determine the depth of basement rocks and structural elements of Mandisha 
village, El-Bahariya Oasis, Western Desert, Egypt // Известия УГГУ. 2019. Вып. 2(54). С. 7-19.  DOI 10.21440/2307-2091-2019-2-7-19

used SED Method to calculate reduction to the pole grid and total horizontal derivative grid from the total magnetic field grid 
[18]. The Geosoft program was used to calculate RTP Grid and its horizontal gradient. Two maps were created by applying SED 
Method: First map is horizontal gradient Map of RTP Grid, which containing on oval-shaped magnetic anomalies and their axes 
indicate on the direction of faults that appeared in the study area (Fig. 7, a). Second Map is geological contacts Map (faults) that 
detected on RTP Map. This map shows the locations and directions of faults in the study area. The main directions of faults are 
NE–SW and E–W directions (Fig. 7, b).

c) 3D Euler Deconvolution. Recently, 3D Euler Deconvolution method has been widely used in the automatic interpretation 
of Magnetic and Gravity data. It has emerged as a powerful tool for direct determination of depth of the gravity and magnetic 
bodies. Also, it uses for determination the dykes and contacts with remarkable accuracy [19–24]. 

Usually the locations and depths of any sources (x0, y0, z0) can been determined by using the following equation (2):

( ) ( ) ( ) ( ) ,− + − + − = −
∂ ∂ ∂

∂ ∂ ∂
0 0 0 f

f f f
x x y y z z SI Β 

x y z                                                     
(2)

where ƒ is the observed field at location (x, y, z) and B is the base level of the field [regional value at the point (x, y, z)] and SI is 
the structural index or degree of homogeneity [19]. The equation (2) is solved for the source position by least-squares inversion 
of a moving window of data points. To obtain an accurate estimation of the source location, the field data used must adequately 
sample the anomalies present in the data.

In the present study, the 3D Euler Deconvolution technique was applied to determine the locations and depths of the faults 
in the study area. The obtained solutions of the interpretations of 3D Euler Deconvolution of magnetic data are shown in Fig. 8. 
Euler solutions were applied on RTP Grid by structural indexes 0, 1, 2, and 3 to select the best solution. Structural index zero “SI 
= 0” indicates on Contact/Step (Fig. 8, a), structural index one “SI = 1” indicates on Sill/Dyke (Fig. 8, b), structural index two “SI 
= 2” indicates on Cylinder/Pipe (Fig. 8, c) and structural index three “SI = 3” indicates on Sphere/Barrel/Ordnance (Fig. 8, d) [6]. 
The structural index SI = 0 gives better solutions than the structural indices 1, 2 and 3, because the data is concentrated in the 
study area (Fig. 8, a).

d) 2D Magnetic Profiles. 2D magnetic profiles were applied by GM-SYS program on RTP Map [25]. GM-SYS program pro-
vide an easy interface for creating and managing models to fit observed magnetic data.

GM-SYS program was used to estimate the depth of the upper surface of the basement rocks using the following parameters: 
1. International Geomagnetic Reference Field (IGRF) for a point in the study area (which located at longitude 28°57’29.988’’E, 
latitude 28°18’00’’N with Elevation 134 M, time of measurement 09.10.2015) to obtain the Total Magnetic Field = 42488.2 nT, 
Inclination Angle = 41.2177° and Declination Angle = 3.9282°. 2. The used Parameters for the sedimentary layer (almost 

Figure 6. First Vertical Derivative Map (FVD Map).
Рисунок 6. Карта первых производных (FVD Map).
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 a b 

Figure 7. Source Edge Detection Method. a – horizontal gradient Map of RTP Grid; b – geological contacts Map (faults).
Рисунок 7. Метод определения границ источника. а – карта горизонтального градиента RTP; б – карта геологического контакта (разломы).

 a b 

с d 

Figure 8. 3D Euler Deconvolution method. a – Euler Solutions of Structural Index = 0; b – Euler Solutions of Structural Index = 1; c – Euler 
Solutions of Structural Index = 2; d – Euler Solutions of Structural Index = 3.
Рисунок 8. 3D метод деконволюции Эйлера. а – решения уравнений Эйлера структурного индекса = 0; б – решения уравнений Эйлера 
структурного индекса = 1; в – решения уравнений Эйлера структурного индекса = 2; г – решения уравнений Эйлера структурного индекса = 3.
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Sandstone intercalated with Shale, Clay and Limestone): the average Density of the Sedimentary Layer is 2.5 gram/cm3, Magnetic 
Susceptibility = 0 CGS, Remanence Magnetization = 0 emu/cm3, Remanence Inclination= 0° and Remanence Declination = 0° 
(Fig. 9). 3. The used parameters for the Basement layer (almost Granite): the average Density of the Basement layer is 2.8 gram/
cm3, Magnetic Susceptibility = 0.00075 CGS, Remanence Magnetization = 0.00398 emu/cm3, Remanence Inclination = 41.2177° 
and Remanence Declination = 3.9282° (Fig. 9).

Seven magnetic profiles were applied on RTP Map (Fig. 4, a). The first profile (P1) passes through well (BOX_2) with di-
rection from South to North and other profiles (P2, P3, P4, P5, P6 and P7) were oriented from West to East. Profile “P1–P1\” is 
perpendicular on other profiles; it has a direction from South to North with a length of 6130 M. This profile passes through the 
borehole (Box_2), which is located at 28° 19\ 27.5\\ N and 28° 58\ 00\\ E with depth of Basement rocks 1822 M. The depth of Base-
ment Rocks along profile P1–P1\ varies from 1822 m to 1963 m (Fig. 9).

The other profiles (P2, P3, P4, P5, P6 and P7) were oriented from West to East. The second Profile “P2–P2\” has a length 7187 
M. Profile P2 passes through Profile P1 with depth of Basement 1929 M. The depth of Basement Rocks along Profile P2 ranges 
from 1820 m to 1998 m (Fig. 10, a). The third Profile “P3–P3\” has a length 7161 M. Profile P3 passes through profile P1 with 
depth of Basement 1960 M. The depth of Basement Rocks along Profile P3 ranges from 1630 m to 2150 m (Fig. 10, b). The fourth 
Profile “P4–P4\” has a length 7174 M. Profile P4 passes through Profile P1 with depth of Basement 1847 M. The depth of Basement 
Rocks along Profile P4 ranges from 1580 m to 1996 m (Fig. 10, c). The fifth Profile “P5–P5\” has a length 7161 M. Profile P5 passes 
through profile P1 with depth of Basement 1957 M. The depth of Basement Rocks along Profile P5 ranges from 1714 m to 2065 
m (Fig. 10, d). The sixth Profile “P6–P6\” has a length 7161 M. Profile P6 passes through profile P1 with depth of Basement 1701 
M. The depth of Basement Rocks along Profile P6 ranges from 1588 m to 1742 m (Fig. 10, e). The seventh Profile “P7–P7\” has a 
length 7174 M. Profile P7 passes through profile P1 with depth of Basement 1500 M. The depth of Basement Rocks along Profile 
P7 ranges from 1274 m to 1564 m (Fig. 10, f).

The results of 2D magnetic profiles were used to construct a depth map of the basement rocks in the study area by Geosoft 
program with contour interval 20 m (Fig. 11). The depth of the basement rocks in the study area is ranging from 1300 m to 2100 
m. The northeastern, northwestern and western parts of the study area are characterized by shallow basement rocks, while the 
southern and eastern parts of the study area are characterized by deep basement rocks. Thus, the depth of basement rocks is in-
creasing from northeastern, northwestern and western parts toward eastern part of the study area (Fig. 11).

е) 3D Magnetic Modeling. 3D Magnetic modeling was carried out on RTP Grid by GMSYS-3D software. GMSYS-3D is a 
package for 3D modeling of gravitational and magnetic grids. The model is determined by number of surface layers, with its den-
sity, magnetic susceptibility and Remanence magnetization that distributed and defined for each layer [26].

The GMSYS-3D program is used to perform 3D magnetic modeling in order to obtain the relief of the basement rocks and 
relief of the earth’s surface relatively to sea level using the following parameters: 1. The used parameters for Earth’s surface 
layer are: average Density 2.5 gram/cm3, Magnetic Susceptibility = 0 CGS, Remanence Magnetization = 0 emu/cm3, Remanence 
Inclination = 0° and Remanence Declination = 0° (Fig. 12, a). 2. The used parameters for Basement Layer are: average density 
2.8 gram/cm3, Magnetic Susceptibility = 0.00075 CGS, Remanence Magnetization = 0.00398 emu/cm3, Remanence Inclination = 
41.2177° and Remanence Declination = 3.9282° (Fig. 12, c).

Figure 9. 2D Magnetic profile “P1” and used parameters in GM-SYS program for the sedimentary layer and Basement layer.
Рисунок 9. 2D магниторазведочный профиль Р1 и применяемые параметры в программе GM-SYS для слоя осадочных пород и 

слоя подстилающих пород.
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After applying 15 iterations by GMSYS-3D software, the results of 3D Magnetic Modeling shows that the thickness of the sed-
imentary layer in the study area is ranging from –1200 m to –2000 m. The thin thickness of the sedimentary layer is located at 
the northeastern, northern and western parts of the study area (the depth of the basement rocks is more than –1450 m). While 
the thick thickness of the sedimentary layer is located at the eastern part of the study area (the depth of the basement rocks is less 
than –1700 m) (Fig. 12, b).

Discussion 
In this study, the depth of the basement rocks determined by 2D magnetic profiles and 3D magnetic modeling. The matching 

between the Basement Depth Map (Fig. 11) and 3D magnetic modeling (Fig. 12, b) is very high. The Basement Depth Map and 

 a b 

c d 

e f 

Figure 10. 2D Magnetic Profiles. a – 2D Magnetic Profile P2; b – 2D Magnetic Profile P3; c – 2D Magnetic Profile P4; d – 2D Magnetic Profile 
P5; e – 2D Magnetic Profile P6; f – 2D Magnetic Profile P7.
Рисунок 10. 2D магниторазведочные профили. а – 2D магниторазведочный профиль Р2; б – 2D магниторазведочный профиль Р3; 
в – 2D магниторазведочный профиль Р4; г – 2D магниторазведочный профиль Р5; д – 2D магниторазведочный профиль Р6; е – 2D маг-
ниторазведочный профиль Р7.
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Figure 11. Basement Depth Map.
Рисунок 11. Карта глубины залегания фундамента.

 a b c 

Figure 12. 3D Magnetic Modeling. a – used parameters in the GMSYS-3D program for the earth’s surface Layer; b – 3D magnetic modeling, 
including Basement layer, Earth’s surface layer and RTP Map; c – used parameters in the GMSYS-3D program for Basement layer.
Рисунок 12. 3D моделирование магниторазведочных задач. а – применяемые параметры в программе GMSYS-3D для слоя земной по-
верхности; б – 3D моделирование магниторазведочных задач, включая слой подстилающих пород, слой земной поверхности и магнитной 
карты суммарной интенсивности, приведенной к полюсу; в – применяемые параметры в программе GMSYS-3D для слоя подстилающих пород.
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3D magnetic modeling shows that; the deep depth of the basement rocks are located at the eastern part, and many places in the 
southern part of the study area. But the shallow depth of the basement rocks are located at northeastern, northern and western 
parts of the study area.

The basement rocks in the study area were affected by many faults that determined by First Vertical Derivative technique 
(FVD), Source Edge Detection method (SED) and 3D Euler Deconvolution method. The integration between results of SED 
method and RTP Map shows that; the down-through of faults were directed to low values of magnetic anomalies of RTP map (Fig. 
13, a). The Results of FVD method and 3D Euler Deconvolution with structural index (SI) = 0 determine the locations of faults in 
the study area (Fig. 13, b). Zero contour lines at FVD Map are show the contact lines between shallow and deep basement rocks 
at the same level of measurement. These Zero contour lines indicate on the locations of faults that affected on the basement rocks 
in the study area. 3D Euler Deconvolution with structural index (SI) = 0 also used to determine the locations and depths of these 
faults in the study area. The results show high matching between two methods. The main direction of these faults in the study area 
are NE–SW and E–W directions (Fig. 13, b).

The comparing between 3D Euler’s Deconvolution with a structural index = 0 and Basement Depth Map is showing that; 
many faults are deep faults (their depth more than 2000 m) and reaching to the basement rocks. These deep faults were deter-
mined at northern part of the study area (Fig. 13, c).

Results 
As mentioned in this research, the most important results of this study: 1. The depth of the basement rocks in the study area 

ranges from 1200 m to 2000 m. 2. The northeastern, northwestern and western parts of the study area are characterized by shal-
low depth of the basement rocks, while the southern and eastern parts of the study area are characterized by deep depth of the 
basement rocks. 3. Many faults are deep (their depth more than 2000 m) and dissect the basement rocks, these faults located at 
northern part of the study area. 4. The main direction faults in the study area are NE–SW and E–W direction.
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ция между методом FVD и 3D методом деконволюции Эйлера со структурным индексом = 0; в – интеграция между 3D методом деконво-
люции Эйлера со структурным индексом = 0 и картой глубины залегания фундамента.
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Èíòåðïðåòàöèÿ äàííûõ ìàãíèòîðàçâåäêè äëÿ îïðåäåëåíèÿ ãëóáèíû 
ïîðîä êðèñòàëëè÷åñêîãî ôóíäàìåíòà è ñòðóêòóðíûõ ýëåìåíòîâ 
ðàéîíà Ìàíäèøà, îàçèñ Ýëü-Áàõàðèÿ (Çàïàäíàÿ ïóñòûíÿ, Åãèïåò)
Ваэль Рагаб ГАВЕИШ1, 2, *,
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Àêòóàëüíîñòü. Ðàéîí èññëåäîâàíèÿ ðàñïîëîæåí â äåðåâíå Ìàíäèøà, îàçèñ Ýëü-Áàõàðèÿ, Çàïàäíàÿ ïóñòûíÿ, Åãèïåò. Îí ñòðàäàåò îò íåäîñòàòêà ïî-
âåðõíîñòíûõ âîä. Ïîýòîìó âàæíî îòûñêàòü äðóãîé èñòî÷íèê âîäû (íàïðèìåð, ãðóíòîâûå âîäû), íåîáõîäèìûé äëÿ æèçíåäåÿòåëüíîñòè âñåãî æèâî-
ãî. Íà îñíîâàíèè èíôîðìàöèè èç ëèòåðàòóðû îñíîâíîé âîäîíîñíûé ãîðèçîíò íà èññëåäóåìîé òåððèòîðèè íàõîäèòñÿ â Íóáèéñêîì ïåñ÷àíèêîâîì 
âîäîíîñíîì ãîðèçîíòå, êîòîðûé ðàñïîëîæåí íåïîñðåäñòâåííî íà âåðõíåé ïîâåðõíîñòè ïîðîä êðèñòàëëè÷åñêîãî ôóíäàìåíòà. Òàêèì îáðàçîì, 
â ðàéîíå èññëåäîâàíèé ãëóáèíà íèæíåé ïîâåðõíîñòè âîäîíîñíîãî ãîðèçîíòà íóáèéñêîãî ïåñ÷àíèêà ðàâíà ãëóáèíå âåðõíåé ïîâåðõíîñòè ïîðîä 
êðèñòàëëè÷åñêîãî ôóíäàìåíòà.
Çàäà÷è èññëåäîâàíèÿ. Â äàííîé ðàáîòå èñïîëüçóþòñÿ àíàëèç è èíòåðïðåòàöèÿ äàííûõ ìàãíèòîðàçâåäêè äëÿ îïðåäåëåíèÿ ãëóáèíû ïîðîä êðè-
ñòàëëè÷åñêîãî ôóíäàìåíòà è ñòðóêòóðíûõ ýëåìåíòîâ, êîòîðûå âîçäåéñòâîâàëè íà ïîðîäû ôóíäàìåíòà â ðàéîíå Ìàíäèøà îàçèñà Ýëü-Áàõàðèÿ, 
Çàïàäíàÿ ïóñòûíÿ, Åãèïåò.
Ìåòîäîëîãèÿ èññëåäîâàíèÿ. Äëÿ âûïîëíåíèÿ ïîñòàâëåííûõ çàäà÷ áûëè ïðèìåíåíû ìàãíèòíûå ìåòîäû. Ñîáðàíû äàííûå ñî ñòà ñåìèäåñÿòè ÷å-
òûðåõ ìàãíèòíûõ ñòàíöèé ïðè ïîìîùè ìàãíèòîìåòðè÷åñêîãî ïðèáîðà Overhauser (GSM-19 «V7.0»). Äàííûå ìàãíèòîðàçâåäêè áûëè îáðàáîòàíû ñ 
èñïîëüçîâàíèåì ïðîãðàììû Geosoft Oasis Montaj. Ïîêàçàíû 2D ìàãíèòîðàçâåäî÷íûé ïðîôèëü è 3D ìîäåëèðîâàíèå ìàãíèòîðàçâåäî÷íûõ çàäà÷ 
äëÿ ïîñòðîåíèÿ ðåëüåôíîé êàðòû ôóíäàìåíòà â ðàéîíå èññëåäîâàíèÿ. Äåðèâàòèâíûé ìåòîä, ìåòîä îïðåäåëåíèÿ ãðàíèö èñòî÷íèêà, 3D ìåòîä 
äåêîíâîëþöèè Ýéëåðà áûëè ïðèìåíåíû ñ öåëüþ îïðåäåëåíèÿ ìåñòîïîëîæåíèé è íàïðàâëåíèé ðàçëîìîâ, êîòîðûå ïîâëèÿëè íà ïîðîäû êðèñòàë-
ëè÷åñêîãî ôóíäàìåíòà â îáëàñòè èññëåäîâàíèÿ.
Ðåçóëüòàòû ðàáîòû. Íàèáîëåå âàæíûå ðåçóëüòàòû ýòîãî èññëåäîâàíèÿ: 1. Ãëóáèíà ïîðîä êðèñòàëëè÷åñêîãî ôóíäàìåíòà â ðàéîíå èññëåäîâàíèÿ 
êîëåáëåòñÿ îò 1200 äî 2000 ì. 2. Ñåâåðî-âîñòî÷íàÿ, ñåâåðî-çàïàäíàÿ è çàïàäíàÿ ÷àñòè ðàéîíà èññëåäîâàíèé õàðàêòåðèçóþòñÿ ìàëîé ãëóáèíîé 
ïîðîä ôóíäàìåíòà, à þæíàÿ è âîñòî÷íàÿ ÷àñòè ðàéîíà èññëåäîâàíèé – áîëüøåé ãëóáèíîé. 3. Ãëóáîêèå ðàçëîìû (áîëåå 2000 ì) áûëè îáíàðóæåíû 
â ñåâåðíîé ÷àñòè ðàéîíà èññëåäîâàíèé. 4. Îñíîâíûìè íàïðàâëåíèÿìè ðàçëîìîâ â ðàéîíå èññëåäîâàíèÿ ÿâëÿþòñÿ ñåâåðî-çàïàäíîå è âîñòî÷íîå.
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