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 مصر فى تفسیر البیانات المغناطیسیة الجویة لتحدید الفوالق المدفونة فى منطقة جبل الجرف وسط الصحراء الشرقیة

ــة ســطحیة. تعتمــد تحتالیقــوم هــذا العمــل علــى تحلیــل البیانــات المغناطیســیة لمنطقــة جبــل الجــرف وســط الصــحراء الشــرقیة، مصــر لرســم التراكیــب الســطحیة و  :الخلاصـ

الجیولوجیـة المدفونـة. تـم تأكیـد الفواصـل الجیولوجیـة باسـتخدام طریقتـي المشـتقة الرأسـیة وسلسـلة الاسـتمرار  الفوالـق معالجة البیانات المغناطیسیة الجویة لتحدیـد الطریقة على
ة أویلــر علــى بیانــات الشــدة المغناطیســیة الكلیــة تــم تطبیــق طریقــ .بیانــات الشــدة المغناطیســیة الكلیــة وذلــك عــن طریــق تحدیــد المشــتقة المائلــة ومعــدل التــدرج الأفقــيللأعلــى 

مـن تفسـیر البیانـات المغناطیسـیة أظهـرت النتـائج أن هـذه  .من تحلیل هذه النتائج تم تحدیـد أعمـاق الفواصـل علـى مسـتویات مختلفـة لمنطقـة الدراسـة .لتحدید عمق الفواصل
جنــوب غــرب. وهنــاك  -جنــوب شــرق، شــمال -جنــوب شــرق، شــمال غــرب جنــوب -مال غــربالمنطقــة متــأثرة بعــدة تراكیــب تحتســطحیة معظمهــا یأخــذ اتجاهــات شــمال شــ

 .غرب-شرقو جنوب  -بعض الاتجاهات السطحیة الموجودة بالمنطقة وهي شمال

ABSTRACT: The present work is based on the analysis of the total magnetic intensity map of Gabal El-Juruf area, 
Central Eastern Desert, Egypt to delineate surface and deep faults. Our technique consists of processing aeromagnetic 
data, so as to highlight the buried geological contacts. The study of the geological contacts is ensured by the first 
vertical derivative and upward continuation processing of total magnetic intensity map at various altitudes, followed by 
the determination of the tilt derivative and horizontal gradient magnitude for each altitude. Also, Euler deconvolution 
technique has been applied for total magnetic intensity map to determine depth to contacts. These results allow the 
determination of the contact systems for the survey area at each level. The interpretation of magnetic data indicates that 
the study area is affected by many subsurface structural trends. The NNW-SSE, NW-SE and the NE-SW are the major 
surface lineament trends. Other trends defined through the interpretation of magnetic data include the N-S direction 
and E-W direction. Most of these lineament trends are at shallow depths. 

INTRODUCTION
The area under study is located in the northern part 

of Central Eastern Desert, Egypt. The area extends from 
latitudes 27º 00’ to 27º 21’E and longitudes 32º 40’ to 
33º 16´ 43’’ N in the central eastern desert, Egypt as 
shown in fig (1). 

The study area can be reached from the famous 
Hurghada City on the Red Sea coast, through a desert track 
passing through W. Bali and then northward to the track of 
W. El Attrash. The area is arid, very hot in summer and 
cold in winter. Cultivation and natural vegetation are 
scarce, except some grasses and scattered trees. 

The magnetic method is frequently used to search 
for buried magnetic materials (Walsh, 1989). Another 
common application for the determination of the 
probable depth to basement beneath sedimentary rocks. 
The location of shallow magnetic materials such as 
buried container, pipes, metals debris are also enhanced 
with magnetic data processing together with 
enhancement procedures which substantially improve 
the interpretations of the magnetic data(Birch, 1984) . 
2. Geological Setting: 

The geological map of the study area (Fig. 2) is 
covered mainly by recent wadi deposits and gravel fills of 
Quaternary age and a group of Mesozoic formations that 
include Qusier Clastic Member, Taref sandstone 

Member, Wata Formation and Galala Formation units at 
the western part. Meanwhile the Central and Eastern parts 
of the area are covered by Precambrian basement Rocks 
including: Metagbbro-Diorite Complex, Alkali feldspar 
granite, trachytic dykes, Hammamat group, Dukhan 
Volcanics, Geosynclinal Metavolcanics,  (geological map 
of the Gebel El Urf Quadrangle, Egypt, 1983). 
3. Structural Setting: 

In general, the basement rocks, in the Eastern 
Desert, lie within the foreland folds and thrust bell of 
the Pan-African Orogeny. It is exposed in a series of 
swells along two geoanticlines trending in NNW - SSE, 
and coinciding merely with Idfu-MarsaAlam and Qena - 
Safage roads (El Gaby et al., 1988).For chronological 
and structural considerations, it was divided by Stern et 
al, (1985) into three domains,Southern, Central and 
Northern Eastern Desert (i.e. SED, CED and NED). 
SED and CED are characterized by the ophiolites and 
ophioliticmelanges with minor Late to Post-
orogenicplutonisms, low angle thrusts of NW - SE 
direction and the right lateral shears (e.g. Qena - Safaga 
Road), with the Najjd fault systems in the northern part 
of the CED which overprinted the ancient low angle 
thrusts but are absent in the SED and that is the only 
difference between these two terrains.  
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Fig. (1): Location map of the study area. 

 

 
Fig. (2): Geologic map of the study area (modified after EGSMA, 1983). 
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        Stern et al, 1985 concluded that the Najjd NW-SE 
oriented strike-slip faults are strongly related to the NE 
SW oriented normal faults characterize the NED with 
widespread Late and Post-orogeni granitic plutonisms 
which have relatively younger age than their equivalents 
in the SED. Other fractures such as the N – S and E - W 
are less frequent in the SED and CED but have 
considerable foundation in the NED. 

Ayoub (2003) studied the geology and 
radioactivity of the different basement rocks exposed in 
G. Um Tweir area that lies to the north of the 
investigated area. He classified the rocks of the area 
from oldest to youngest into; metavolcanics, quartz 
diorites, Dokhanvolcanics, Hammamat sediments, 
gabbro-granophyre associations, younger granites and 
post granitic dykes. The same author mentioned that the 
three significant joint and fault sets predominant in the 
area are NE-SW, NW- SE and E-W for the joints, and 
NE-SW, N-S and ENE-WSW for the faults. 

4. MATERIALS AND METHODS 
4.1. Aeromagnetic data: 

The magnetic data used in this study was obtained 
from the Egyptian Mineral Resources Authority 
collected by Aero Service Company (1983). 
Aeromagnetic surveys were flown with a flight height 
of 120 m and the average magnetic inclination was 39.5 
N and declination was 2 E. 

The total magnetic intensity (TMI) map (Fig. 3) 
was deduced by subtracting the theoretical geomagnetic 
field or IGRF (International Geomagnetic Reference 
Field). 

 
Fig. (3): Total magnetic intensity (TMI) map  

of the study area. 
4. 2. Methods: 

    For the purpose of this study, many 
interpretation methods were applied with the final goal 
of enhancing the signature of hidden faults, contacts and 
edges or boundaries of magnetic sources. The 
estimation of the locations of these structural 
discontinuities was achieved firstly by the application of 
First Vertical Derivative, Horizontal gradient 
magnitude, and Tilt derivative of the total magnetic 

intensity data and the  upward continuation at various 
altitudes (2, 4, 6 km). Finally, Euler deconvolution is 
applied to the total magnetic intensity data to detect 
contact depths of the area. 
4.2.1. First Vertical Derivative (FVD): 

This enhancement is designed to look at fault and 
contact features. The first vertical derivatives can be 
mathematically derived from the final total magnetic 
field anomaly map, and it can be measured directly 
when using a gradiometer instrument for taking 
measurements over the surveyed area. The first vertical 
derivatives are of particular use in sharper resolution of 
near-surface features. Practical procedures for 
determination of the derivatives involve taking average 
values over circles at different distances from a grid 
point and the process is repeated for each grid point 
(Sharma, P.V, 1997).In the present study, the total 
magnetic intensity map (Fig. 3) is processed to produce 
the FVD map (Fig. 6). 
4.2.2. Horizontal Gradient Magnitude (HGM) 

Horizontal Gradient Magnitude (HGM) method 
(Blakely and Simpson, 1986,  

Nasreddine and Haydar, 2001) is perhaps the 
simplest approach of estimating magnetic contact 
locations and depths because it does not require the 
calculation of vertical derivatives but only the 
calculation of the two first-order horizontal derivatives 
of the field. Thus, the HGM is given by: 

HG(x,y)    = 

 
Where ∂M/∂x and ∂M/∂y  are the field gradients in the 
x (East) and y (North) directions respectively. 

HGM is applied to TMI map (Fig. 5) and to every 
upward continuation map at altitudes of 2, 4, & 6 
km(Figs:9a,9b, & 9c) respectively. 
4.2.3. Tilt Derivative (TD): 

The tilt derivative (TDR) is defined by Miller and 
Singh (1994) as the arc tangent of the ratio of a vertical 
to a combined horizontal derivative: 

  
Where VDR and THDR are the first vertical and 

total horizontal derivatives of the TMI respectively. 
While VDR can be positive or negative, THDR is 
always positive. 

The principal objective of TDR is to delineate the 
vertical and horizontal edges of concealed magnetic 
structures (zero contour line = contact location). 
Theoretical studies of the TDR applied to the magnetic 
models are presented by Cooper and Cowan (2006); 
Fairhead et al., (2004), Verduzco et al., (2004), Salem et 
al. (2007, 2008). 
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Fig. (4a): Upward continuation map of TMI map at altitude of 2 km. 

 

 
Fig. (4b): Upward continuation map of TMI map at altitude of 4 km. 
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TD is applied to TMI map (Fig. 7) and to every 
upward continuation map at altitudes of 2, 4, & 6 km 
(Figs:10a,ab, & 10c) respectively. 
4.2.4. Upward Continuation: 

Upward continuation is considered a clean filter 
because it produces almost no side effects that may 
require the application of other filters or processes to 
correct. It minimizes the effects of shorter-wavelength 
(higher wave number) components associated with more 
local, shallower anomaly sources; thus it can be used as 
an effective smoothing technique for the separation of 
anomalies due to deeper sources.  

Also, upward continued data may be interpreted 
numerically and with modeling programs. This is not 
the case for many other filter processes. Geosoft 
formula to calculate upward continuation is: 

L(r) = e-hr 
Where (h) is the distance in ground units, to 

continue up relative to the plane of observation and (r) 
is the wavenumber  (Dobrin M. B., Savit C. H., 1988). 

Upward continuation is applied to TMI map at 
altitudes of 2. 4, & 6 km (Figs:4a, 4b, & 4c) 
respectively. 
4.2.5. Euler Deconvolution: 

The objective of the Euler deconvolution process 
is to produce a map showing the locations and the 
corresponding depth estimations of geologic sources of 
magnetic or gravimetric anomalies in a two-dimensional 

grid (Reid, 1990). Of many depth estimation techniques, 
the Euler deconvolution has become a popular choice 
because the method assumes no particular geological 
model. However, the conventional approach to solving 
Euler equation requires tentative values of the structural 
index (SI) preventing it from being fully automatic and 
assumes a constant background that can be easily 
violated if the singular points are close to each other 
(Dewangan, P.,  T. Ramprasad, M.V. Ramana, Desa, 
M., and Shailaja, B. 2007). 

In general, the unknown regional field (B) can be 
approximated using Taylor series as: 

 
Where B0 is the constant background at the center 

of the specified window and O (2) represents higher-
order terms in the Taylor series expansion. The 
anomalous field (T), can now be expressed as the 
difference between the observed (F) and regional (B) 
fields. 

 
Euler equation becomes nonlinear and is solved 

linearly by assuming tentative values of the SI 
(Thompson, D. T, 1982; Reid, A. B et al., 1990). The 
Euler equation can also be solved linearly assuming 
constant background (Gerovska et al., 2005). Euler 
deconvolution is applied to TMI map (Fig.8). 

 
Fig. (4c): Upward continuation map of TMI map at altitude of 6 km. 
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5. RESULTS AND INTERPRETATION 
5.1. Contact locations from the total magnetic 

intensity map: 
Inspection of the preparedhorizontal gradient 

magnitude map (Fig.5) from the original data showed 
that a lot of structural trends can be observed in NE, 
NW,ENE and WNW directions with some minor NS 
and EW directions. It is worth to note that the high 
frequencies of the anomalies produced by these trends 
are indicative for their shallow depth of the causative 
sources. 

First vertical derivative of original total magnetic 
intensity map (Fig. 6) show perfect match with HGM 
results. 

On the other hand, to ensure the obtained results 
the tilt derivative map (Fig. 7) has been constructed and 
revealed nearly the same structural patterns observed 
previously from the horizontal gradient map but with 
somewhat more tight clusters of anomalies and 
indicating shallow depths of sources as experienced 
from the obvious zero contour lines on the map. 

 
Fig (5): Horizontal gradient magnitude  

(HGM) of (TMI) map. 

 
Fig. (6): First vertical derivative map of TMI. 

 

The standard Euler deconvolution was applied to 
the total magnetic intensity map. For interpreting 
contacts, faults, structural index of 1 was found to give 
the best results (Fig.8). The results showed range of 
depths between 0.449 and 1.430km with trends of NW-
SE, NNW-SSE, & NE-SW directions. These results 
confirm the idea that the structural trends of the study 
area are indicative for their shallow depths of the 
causative sources. 
5.2. Contact locations from upward continuation 

maps:  
Again, to delineate at the locations and depths of 

the obtained structural trends and to ensure their 
probable continuity with depth, upward continuation of 
the original data has been carried out at three altitudes 2, 
4, 6 km (Fig:4a, 4b,&4c). 

Critical examination of the constructed horizontal 
gradient magnitude (Figs: 9a, 9b, & 9c) and tilt 
derivative maps (Figs:10a, 10b, & 10c) showed that the 
obtained trends exhibit a regional nature and express 
evidently the contacts between the rock units, and the 
residual nature of these trends obtained from the 
original data have disappeared ensuring the illustrated 
shallow depths. 

 
Fig. (7): Tilt derivative map of TMI map. 

 
Fig. (8): Euler deconvolution of TMI with SI = 1. 
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Fig. (9a): Horizontal gradient magnitude map of upward continuation map at altitude of 2 km. 

 

 
Fig. (9b): Horizontal gradient magnitudemap of upward continuation map at altitude of 4 km. 
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Fig. (9c): Horizontal gradient magnitudemap of upward continuation map at altitude of 6 km. 

 

 
Fig. (10a): Tilt derivative map of upward continuation map at altitude of 2 km. 
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Fig. (10b): Tilt derivative map of upward continuation map at altitude of 4 km. 

 

 
Fig. (10c): Tilt derivative map of upward continuation map at altitude of 6 km. 
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6. CONCLUSION 
The tilt derivative, first vertical derivative, Euler 

deconvolution, and horizontal gradient magnitude of 
total magnetic intensity map over the study area define 
shallow contact locations. The upward continuation 
process shows the attenuation of short-wave length 
anomalies with respect to the increase in the observation 
to source distance. The tilt derivative and horizontal 
gradient magnitude of upward continuation at various 
altitudes indicate deep seated structural contact 
locations. 

As a general conclusion it can be said that the 
predominant structural trends in the study area have a 
residual nature and therefore exhibit shallow depths. 
The fact that can be obtained through the following 
steps after upward continuation confirmed these results 
with a more regional appearance of the trends in the 
form of contacts between the rock units. 
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