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Abstract: Bouguer gravity and aeromagnetic maps and Landsat structural lineaments were used to delineate
the structural pattern and tectonics of the northern and central parts of Sinai Peninsula. Processing of the
available potential field data includes, regional-residual separation, second vertical derivative followed by trend
analysis technique. Depths to the basement surface along 28 magnetic anomalies were estimated using spectral
analysis technique. In addition, the gravity data were integrated with deep seismic refraction data, well logging
data and geological information to build-up six crustal models for the study area. Accordingly, three maps for
the basement surface; Conrad and Moho-discontinuities were constructedto determine the general crustal
structures.The results of trend analysis show that, the study area is affected by six tectonic trends namely;
ENE-WSW (Syrian Arc), NW-SE (Suez), NNE-SSW (Aqaba), E-W (Tethyan), WNW-ENE (Najd) and N-S (East-
African). The results of the crustal modeling indicated that: 1-The average depth to basement surface below
North Sinai attains about 5km, increases to 6km at the extremely northeast part and decreases to 0.5km toward
the southern Sinai massif. 2-The depth to the Conrad discontinuity ranges between 17km at the northwest, 16km
at the eastern part to about 25km at the southeast. 3-The depth to the Mohovaries from 27km at the
Mediterranean Sea coast and reaches 35km below the Aqaba Mountains. 
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INTRODUCTION polynomial method [1] and second vertical derivative

The study area includes the northern and central RTP magnetic and Bouguer gravity maps and Landsat
parts of Sinai Peninsula, which covers about 33860 Km structural lineaments map, to define the regional tectonic2

and lies between Latitudes 29°00’ N and 31°15’N and trends and local tectonic events, affecting the basement
Longitudes 33° 25’E and 35°00’E (Fig. 1). The total rocks and the overlying sedimentary cover. Depths to the
intensity aeromagnetic, Bouguer gravity and remote basement surface were estimated using spectral analysis
sensing maps, as well as the deep seismic refraction data technique [3] along 28 RTP magnetic profiles.
were used to deduce the regional framework of the buried
basement rocks and  the  overlying  sedimentary  cover. Geological Setting and Structural Features: Abdin and
As well as, the six 2-D models of the crustal structure Abdel Aal [4] defined six sedimentary basins in Sinai.
(Basement surface, Conrad and Moho-discontinuities) These are the central Sinai basin, Yelleg Basin, N. Falig
across the study areawas constructed. Different Basin, N. Maghara Basin, E. Maghara Basin and NE-Sinai
processing techniques were carried out on both the Basin (Fig. 2). El-Shazly et al. [5] deduced several
gravity and magnetic data. These include regional- structural lineaments, as inferred from the Landsat satellite
residual isolation using five orders of the least squares Images (Fig. 3).

technique [2]. Moreover, trend analysis was applied to the
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Fig. 1: Location map of the study area, showing locations Fig. 3: Structural  lineation  map of Sinai (after El-Shazly
of crustal modeling profiles (A-A',.. F-F') and deep et al. [5]).
seismic profiles no. 1 to 4 (after Ginzburg et al.
[16]) Magnetic  Data  Analysis  and Interpretation: The

Fig. 2: Sedimentary basins in Sinai (after Abdine et al. regional and residual components using the following
[4]). effective tools: 

compiled aeromagnetic map of the study area, is
published by the Geological Survey of Israel in 1980, is
statistically reduced to the  northern  magnetic  pole
(RTP), using Ervin's technique  [6]  and  then  reduced to
zero level (Fig. 4). This map shows different magnetic
anomalies in their frequencies and amplitudes. The
anomalies in northern Sinai seem to be of much lower
frequency     than   those   in   the   southern   portion.
This may reflect deep-seated basement rocks in the
northern part. However, occasionally there are some
magnetic anomalies of high frequency nearby the Gulf of
Suez and Gulf of Aqaba. Such anomalies are associated
with outcrops of basaltic and volcanic rocks, respectively
[7].

Magnetic  Separation:  It  is  always  useful   to    use
more than one processing technique to reveal the
concealed structures and the hidden tectonic. This is
particularly important for reducing the effects of
ambiguity in magnetic interpretationelements [8].
Therefore, the RTP magnetic map was separated into
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Fig. 4: RTP magnetic map of the study area, showing the Fig. 6: Second vertical derivative magnetic map at depth
spectral frequency analysis profiles. 3 km.

Fig. 5: Residual magnetic map of second order polynomial.

Least-Squares Method: The resulting maps from this
technique are very helpful in choosing the particular
anomalies to be analyzed and also in proving some
control on the choice of the regional, as indicated by the
low order of surface fitting [9]. Therefore, the magnetic
values were subjected to a separation technique using the
least-squares   method.  Regional  components  of  the
first  fifth   orders   were   fitted    to    the     input     data.

Table 1: Correlation coefficient results for the least-squares residual
magnetic maps.

Item 1  order 2  order 3  order 4  order 5  orderst nd rd th th

1  order 1st

2  order 0.967 1nd

3  order 0.961 0.997 1rd

4  order 0.884 0.946 0.943 1th

5  order 0.883 0.942 0.941 0.991 1th

The correlation factors between successive least square
residual (or regional) gravity and magnetic anomalies are
useful tools for quantitative studies of the potential data
[10]. The correlation coefficients between the successive
residual maps (Table 1) were computed, in order to
determine the optimum order of the regional surfaces to be
used. Accordingly, second order could be used as the
optimum one for the magnetic separation where, Fig. 5
shows the Residual magnetic map of second order
polynomial.

Second Vertical Derivative Method: This technique helps
in removing the regional anomalies and clearly realizing
these anomalies at shallow depths, bringing out the
hidden local variations in the magnetic data. Shazhina and
Crushinsky [2] method was applied at different depth
intervals (1-5km).The  second  vertical  derivative  map
(Fig. 6) shows shallow positive and negative anomalies on
the  basement  surface.  It  reflects high frequency
positive anomalies, at the southern area, due to  shallower
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Table 2: Depth estimation results along the magnetic profiles.
Profile No. Deep depth Shallow depth ProfileNo. Deep depth Shallow depth
Mp1 2.4 0.6 Mp16 2.3 0.49
Mp2 3.5 0.34 Mp17 2.03 0.45
Mp3 2.1 .1.01 Mp18 0.98 0.67
Mp4 4.3 0.59 Mp20 2.77 0.57
Mp6 2.44 0.94 Mp21 3.43 0.89
Mp7 3.5 0.51 Mp22 3.71 0.29
Mp8 3.95 1.07 Mp23 1.57 0.42
Mp11 2.33 0.58 Mp26 1.3 0.89
Mp12 1.86 .1.06 Mp27 2.33 0.4
Mp14 4.51 0.9 Mp28 1.16 0.45
Mp15 1.44 1.25 -- -- --

Fig. 7: Spectral analysis results of magnetic profiles Mp reasonable results are listed in Table 2. Fig. 7 shows
23 & Mp 8. profiles Mp 8 & Mp 23 for examples.

basement intrusions or structural highs. The negative Gravity Data analysis and Interpretation: The Bouguer
anomalies are believed to be associated with the down anomaly map of the study area was compiled by the G.P.C
faulted blocks, trough grabens, basins or synclinal (1985) with a scale of 1:500,000 and contour interval of 1
structures. Low frequency anomalies at the northern part mGals. This map is reduced to zero level (Fig. 8). The close
are attributed to the increase of the depth to the basement inspection of the map reveals the presence of three main
rocks and/or the thick sedimentary cover. zones of different gravity patterns. The first zone

Depth Estimation: This was achieved using the spectral (minimum), reaching down to -73 mGals, along the Gulf of
analysis method. The 2-D power spectral analysis using Suez basin. This basin (Sudr Basin) thickness reaches up
[3] method was carried out along  28  magnetic  anomaly 4.5km, as  inferred  from  depth  estimation  results in

Fig. 8: Bouguer gravity map of the study area.

profiles (Fig. 4) to estimate the average depths of the
causative sources. The power spectrum plot showed two
depth levels; average depths of about 2.6 and 0.57km for
the deep and shallow depth levels, respectively. The most

comprises a wide semi-oval shaped gravity low
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Table 2 (Mp14). It also distinguished by a strong positive
gravity anomaly (+30 mGals) of NW orientation which is
associated with uplifted basement rocks. The second low
gravity zone occupies the southeastern part alongside the
Gulf of Aqaba. It is characterized by NE-SW linear forms
and gravity minima reach up to -57 mGals. The third zone
comprises the other higher anomalies of different
amplitudes, shapes and sizes. It exhibits two main gravity
maxima reaching up to +21 mGals at the northwestern
portion of the map. They are interpreted as due to
thinning of the crust (as inferred from the crustal modeling
profiles), while most other anomalies may be due to
density variations.

Residual Gravity Anomalies: In order to emphasize the
gravity anomalies caused by crustal density changes,
these anomalies were separated from the deep-seated
source anomalies using polynomial trend surface fitting
[1]. The regional components of fifth orders trend surface
were calculatedand subtracted from the Bouguer map to
give the residual ones. The correlation coefficients
between the successive residual maps were calculated to
define the optimum order. The results show that, the
regional field in the study area can be represented by the
fourth order surface and chosen as the optimum one [11].
Accordingly, the least-squares fourth order regional and
residual maps are the most applicable for gravity anomaly
interpretation. It was found that, the fourth-order
polynomial surface adequately determined the regional
gravity field of the study area. The fourth- order
polynomial surface, in general, mirrored the known
configuration of the Moho surface, whereas the remaining
residual gravity anomaly field (Fig. 9) represents mainly
the upper crustal variations in the thicknesses and
densities of the sedimentary rocks and basement rocks.
Comparing the Bouguer gravity (Fig.8) and residual
gravity (Fig.9) anomaly fields, one can see that the
residual gravity anomalies correlate with the known
structural elements. This map was used for interpreting
the uppermost crustal density variations. Anomaly (1)
(Fig.9)  associates with the Central Sinai Basin (Fig. 2).
The residual gravity anomaly map suggests that this
basin is not a simple depression but contains at least two
separate sub-basins (two different gravity minima, one
trends NE and the other trends NW). Anomalies (2 & 3)
locate with the central transitional area (Fig.2) and
associate with the S. Yelleg Basin and N. Fallig Basin,
respectively (Fig. 2). Meanwhile, anomaly (4) is not a
simple   depression,   but   contains   two    sub-basins
(two different gravity minima taking a NW direction)  and

Fig. 9: Residual gravity map of fourth order polynomial
showing locations of inferred basins (1-9).

correlates with E. Maghara Basin. Also, anomaly (5)
correlates with the N. Maghara Basin. Ultimately, anomaly
(6) correlates with the extension of the NE.SinaiBasin.
Anomalies (7, 8 and 9) may be considered as additional
basins.

Tectonic Trend Analysis: The aim of this technique is to
define the major tectonic trends, as well as the possibility
of inferring the tectonic forces, that affected the basement
rocks and the overlying sedimentary cover of the study
area. Statistically, trend analysis has been applied for the
axes of anomalies, as well as the prominent steep
gradients [12] as traced from the RTP magnetic and
Bouguer gravity maps (Figs. 4 & 8). The results of this
analysis are plotted as frequency curves (Fig. 10),
showing the distribution of the magnetic and gravity
trends in the study area. These results are also compared
with the trends deduced from Landsat lineaments (Fig. 3).
Four main tectonic trends are deduced from the magnetic
maps namely, WNW, ENE (E 75°E), NW (N45°W) and
NNE (N25°E). Meanwhile, four major tectonic trends are
inferred from the gravity map, these are; WNW, ENE (E
75°E), NW (N 25°W) and NNE (N 25°E) trends. The
tectonic trends inferred from the Landsat lineaments show
that, the N-S is considered as a younger trend. However,
the NW, ENE and NNE are interpreted as younger and
older tectonic trends.
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Table 3: Correlation coefficient results for least-squares residual gravity maps. 
Item 1  order 2  order 3  order 4  order 5  orderst nd rd th th

1  order 1st

2  order 0.839 1nd

3  order 0.823 0.847 1rd

4  order 0.691 0.727 0.823 1th

5  order 0.599 0.635 0.719 0.863 1th

Table 4: Density model and density correlation chart.
Jacobs Makris Ginzburg Setto Makris Omran Ismail Omran Azab Present

Layers (1959) (1959) (1987) Abdel-rahman (1991) (1994) (1998) (1998) (2001) (2009 study
Sediments -- -- 2.50 2.45 2.46 2.36 2.30 2.40 2.37 2.42 2.45
U. Crust 2.67 2.82 2.80 2.68 2.68 2.82 2.67 2.70 2.67 2.78 2.75
L. Crust 3.00 2.90 2.96 2.90 2.90 2.90 3.00 3.10 3.07 2.93 2.90
U. Mantle 3.30 3.34 3.25 -- 3.30 3.38 3.30 3.47 3.44 3.31 3.21

Fig. 10: Frequency curves of the trend analysis parameters detected from Landsat, Bouguer and RTP magnetic maps.

Fig. 11: Seismic model derived from 2-D ray tracing of the sedimentary cover, the first crustal layer (granitic), the
deep seismic refraction data along profiles1 to 4 second crustal layer (basaltic) and the upper mantle,
(after Ginzburg et al. [13]).Numbers in respectively. The results of density models are
parenthesis are the p-wave velocities in Km. summarized in Table 4.

Gravity Modeling: To obtain a more quantitative Results of Gravity Modeling: The modeling technique is
representation of the subsurface structures of central and used on the basis of Talwani [22] and Grant and West [23]
northern Sinai, regional gravity models were constructed methods. Final models (Figs 12-17) were obtained through
along six profiles; A-A', B-B',…FF'. The locations of these trial and error processes until the calculated gravity
regional field profiles are shown in Figure1. The thickness curves matched the observed curves.
and sequence shape of the crustal layers was determined,
using some bore-hole data and eight deep seismic Profile A-A': The modeled profile A-A' (Fig.12)
refracted profiles [13, 14]. These profiles run across the exhibits a normal continental crust below central part
central Negef and northern Sinai in different directions. of Sinai. The crust can be divided into two layers, an
Fig. 11 represents some of the deep seismic sections, as upper  crust  probably of acidic (granitic)
an example. composition and a lower crust of basic (basaltic) 

Density Model: The density model of the study area is
defined by the comparison and correlation of rock density
values from the previously different studies, such as
Jacobs  et al. [15], Ginzburg and Ben Avraham [16],
Abdel-Rahman et al. [17], Setto [18], Makris et al. [19],
Omran et al. [20] and Azab [21]. In the present study, the
density values (1.94, 2.64, 2.85 and 3.20 g/cc) are used for
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Fig. 12: Crustal modeling along profile A-A'.

rock  composition. It reveals that the eastward crustal 20.5km and to Moho are from 28 to 32.5km. The
thickening is agreed with the regional gravity sedimentary cover thickness ranges from zero at the
decrease. Moho discontinuity shows maximum southern Sinai Massif to about 4.5 km near the
smoothing and varies in thickness from 29 to 35km Mediterranean shoreline.
from the west to the east, respectively. The Conrad Profile D-D': The modeled profile D-D' (Fig.15) covers
makes an inclined surface, with an average depth of laterally the northern portion of Sinai in E-W
21 km that increases eastward to 23km and decreases direction. The depth to the crust–mantle interface is
westward to 18 km. The basement relief described as approximated to vary from 30 km at the western part
a rough surface, comprising some local basins. Depth to about 32km at the eastern portion. Similarly, the
to the basement attains zero alongside of Gulf of estimated depth to the Conrad discontinuity along
Aqaba while reaches about 5km at the Gulf of Suez this trend ranges between 17 and 18km, while for the
geosyncline. basement surface is about 2.5-5.5km. The basement

Profile B-B': Profile B-B' (Fig. 13) shows that the observed gravity profile.
Moho and Conrad discontinuities are running in Profile E-E': Profile E-E' (Fig. 16) shows that the depth
parallel sequence dipping gently toward the south. to the upper and lower crustal layers are decreasing
The Moho-discontinuity occurred at a depth ranging toward the north. The model confirms that the
between 28km below the northern Sinai and 34.5 km regional gravity high is closely correlated with
below southern Sinai massif. Likewise, the Conrad- uprising of both Moho (from 27 km to 35km.) and
surface occurs at a depth varies from 14km to 17km. Conrad (from 19 km to 22 km) discontinuities.
The basement relief is generally dipping toward the Meanwhile, depth to basement surface is
north, forming a wedge-like shape. It is loaded by a significantly dip inopposite direction toward the
thick sedimentary section that may exceed than 5.5km north. It ranges from zero where the basement is
along the Mediterranean Sea coast. cropping out alongside the Gulf of Aqaba, to about
Profile C-C': Profile C-C'(Fig. 14) indicates the lower 5 km near the Mediterranean Sea coast.
crustal discontinuities (Moho and Conrad) are Profile F-F': Profile F-F' (Fig. 17) suggest that the
slightly deeper to the south meanwhile the upper regional gravity field is explained by deepening of the
discontinuity surface (basement) is conversely Moho (average depth=26.5km) and Conrad
deepening toward the north. The model shows that discontinuities (avg. depth= 17km) to the southeast.
the regional gravity field is visibly correlated with Maximum thickness of the crust reaches about 34km
variationin thickness of the earth's crust. As well, the beneath the southern Sinai Massif and minimum is
amplitudes of the gravity anomalies are much 28km at the Mediterranean Sea coast. The basement
connected with the basement relief. The depths to the relief is described as a corrugatedsurface, lies at
Conrad discontinuity range between 18 km and depth ranges between 2km and 5.5km.

relief along this trend is so matched with the
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Fig. 13: Crustal modeling along profile B-B'.

Fig. 14: Crustal modeling along profile C-C'.

Fig. 15: Crustal modeling along profile D-D'.
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Fig. 16: Crustal modeling along profile E-5'

Fig. 17: Crustal modeling along profile F-F'.

Fig. 18: Tentative basement surface depth map of the study area.
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Construction of Crustal Maps: Three crustal maps northeastern portion). Contours are generally open and
(Basement surface depth map or sedimentary sequence sub-parallel at the southern portion, while at the central
depth map, Conrad depth map and Moho depth map) were part they become closed oval shaped.
constructed by plotting the values resulted from the
modeling on all profiles and contouring them on the base Conrad  Depth  Map:  The  Conrad  discontinuity map
map. (Fig. 19) represents the base of the first crustal layer

Basement Surface Depth Map: Fig. 18 shows an (granitic layer), occurring at  depth  ranging  from  17km
increase of the basement depths from the south to the (at the northwestern portion) to 24 km (at the
north.  The  depths  to  the  basement  surface range southeastern corner of the map). The map also shows
between 0.5km (at the southeastern part of  the  study thinning of the granitic layer eastwards and comparable
area) and increases to more than 4.5km (at the  extremely thickening at the southeast, nearby the Gulf of Aqaba.

Fig. 19: Conrad depth map of the study area.

Fig. 20: Moho depth map of the study area.
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