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ABSTRACT

The thickness of the earth's crust
(depth to the Moho surface) in North Egypt
was calculated using the regional components
of gravity and magnetic data . The regional
gavity component was separated from the
Bouguer anomaly map along two sets of profiles,
one passing by points at equal depth to the
basement and the other parallel along sets
of profiles oriented N-S and E-W directious.

Correlation study of different emperical
formulae relating gravity component with the
thickness of the crust was carried out. Known
values of crustal thickness along deep seismic
profiles in North Egypt were used. A new
emprical relationship between crustal thick-
ness and gravity anomalies in the area
under study was deduced.

Using the vertical magnetic data the
thickness of the earth's crust was also
calculated.

Accordingly a map for. the Moho Surface
was constructed. the thickness oif the crust
was found to range from more than 31 km in
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the southern part; to less than 31 km in the
northern direction. This change is probably
due to the transition from continental crust
in the North Africa into intermediate crust
in the Mediterraneansea.

Moreover, the depth to the lithosphere-
asthenoshpere boundary was calculated and a
tentative lithosphere thickness map was con-
structed.

INTRODUCTION

The Moho surface forms the fundamental background

of the gravity field of the earth [5, 6, &, 13] . Several
emperical formulae representing the relationship between
the gravity anomalies and the crust structure, deduced from
deep serismic sounding, were calculated foy different areas
in the world [ 5 -5 - 15 ,18] . ,

In Eeypt many authers had continuwed inthis field and diff-
erent formulae were established for different areas in

Northern Egypt [4, 9 , 153, 20].

In the present work the study area located between
Latirude 28" 00 N to Mediterranean sea and Longitudes
25° ooE to 31° 30E (Fig. 1) . Assuming the regional gravity
field changes linearly, it is possible to get this change
along prefiles passing by points of equal depth to basement.
From such profiles it is possible to calculate the regional
field which must be due to very smooth change in the thick-

ness of the earth's crust.
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Asimilar study has been applied by using a vertical

magnetic field [1, Z, 5,].

METHODS AND TECHNIQUES
1) Gravity Methods:-

The gravity data used in the present study includes
the Bouguer anomaly map, provided by the General petroleum
Company 1984 (a scale 1 : 500,000 and contour interval 2
milligal), Due to the technical difficulties, this map was

replotted ina scale 1: 2000, 000 with contour intervals of
':10 milligal (Fig 2). Drill hole information, deep seismic
refraction profiles and published material were also used.
Sixteen main profiles passing by wells reaching the basement
were constructed. Using Abu Roash well as a bas, the regi-
onal gravity values were calculated along these profiles,
Seconﬁéry profiles oriented in N-S and in E-W directions
were also used ; and the regional component at the points
of their intersection with the main profiles had been cal-
culated and used for constructing the regional anomaly map
of the area (Fig. 3).

Eight emperical relationship are given in table (1).
Each of them was used for calculating the crustal thickness
(H} corresponding to each value of regional component
(&g).
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The correlation between the gravity anomaly and the
depth to the Moho boundary (from seismic refraction profi-
les) in the area under study, was carried out using the
regression analysis (Spiegel , 1972), assuming a linear

model of the subsurface medium,

Table I. Lmperical Relations Between Crustal

Thickness (H) And Regional Gravity Anomalies (G)

FORMULA REGTON REFERLNCE
H o= 350 1 - tanch 0.00%4g) Whole earth iemenitskaya , 19358
H o~ 12 - 0.08sg Wilole earth Woolard 1999
H = 40,5-32.5 taoch Whole enrth Woolard snd Strange, 19A2

(ag + 75) / 2715

H = 35+ 0,073 ag Whole earth Sazhina and Grushinsky, 1271
H= 19,970,075 a3 NE. Egypt Riad. 1969

H = 32.93 - 0.11 48 {uattrara aven Darwish , 19/9

o= 32,93 - U.11ag Gaatlara aren Daruwish , 1979

Il = 32.88 - U, 007 oy Paliatiy area Sharaf . et _al . 1un3

1= 31.003-0.05) g Fovpl Chalun: 1944

Magnetic Melhods

considerings two-dimensions! body, trtoarte alosy
le Y _neie themn o
Lire i -avly, LB .. “
it ST

&
5
BdY Dy

= J ana ita curvature
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would be defined as

d'u 3 u |2 2 }; u )2]% é? u
R= = - —— .. R =
[(éy\ THRARE 3XdY 3x 2
g u ‘v
According to Laplace's general equation , +2_+
éx: ayz
2
D u
t5zm— =0
g u
thus, for the two- dimensional case, — =0 , and
Ay’
2 2 2
u u
2" ind So R e DU eeeees (1)
> x* d7° Az

where U is the gravitational potential due to the mass of
a body with a uniform density

If the same body is magnetically polarized vertically,

then according to poisson,

7 = _I ( dDu ) where X is the gravitational constant
%o >Z°

S R (2)

L 3 — %w

Thus, the vertical magnetic effect of a vertically
polarized two - dimensional body is of the same form as its
curvature, and by using the proper constant one may be

converted to the other. With certain a pproximations, the
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curvature in this case is expresscd according te Nettelton
(1940) as follows:-

' u _ 2ot x

R = —
ax’ x* o+ z!

where (t) is the depth

substituting this in equation (2), we get :

g 21tx = 21t = xfz = ... (3)
x> +z° z (x / z)'+1
Also, according to Nettelton, 72 = (21t) F; ( %— ) B (4)
2

where FK { %— y =TI in the two dimensional case

Therefore, expression (4) would be in the form of

az = 2T I bt (5) where ( A z) is the difference
z

of the vertical magnetic field values between two arbitrary
points in gamma,( At) is the difference in the depth at
these two points in kilometers; (Z) is a given depth to the
Moho- surface and (1) is the mean intensity of magnetization

of the crust ; where I = Z/2 TI.

If we consider the depth ot the Moho at Abu Roash is equal fo
32.5 km After Riad [15], Tealeb, | 4 } and Sharaf [19] and
taken as a reference point; the depths to Moho at other places
were calculated from the vertical magmetic map (Fig 4) using

the previously equation (5).
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CRUSTAL THICKNESS

The regional anomalies and the corresponding values
of the crustal thickness, along the deep seismic refraction
profiles and for each point previously calculated, were
plotted (Fig. 5) and used for calculating the regression
equation. Using the least square method the best fit line

was found to satisfy the following relation :-

HC = 32.78 - 0.069 L8 .eie.. (6)

S.D. =1,09 C.C= -0.93

The standard deviation (S5.D) and correlation coeffi-
cients (c.c ) show that the equation (6) is more reliable

formapping the crustal thickness (Hec) in North Egypt.

All data deduced from the gravity and magnetic values

used for mapping the crustal thickness (Fig.6).

TENTATIVE LITHOSPHERE TBICKNESS

The lithosphere-asthenosphere boundary (Lithosphere
thickness) is supposed to reflect their behaviour on the
character of the regional gravity. Tentative lithosphere
thickness map for the area under study was compiled using

the emperical formulal-
H =123 20.476 g (1°)

Which was previously calculated for Egypt and Africa
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[16], [9] and [17] on the basis of a model for standard

African crust and lithosphere [3].

Averaging anomalies to the wavelength ( = 250 kms) of
the Bouguer field over a 1° grid; Fig 7; were considered to
reflect the behaviour of the lithosphere-asthenosphere.
boundary. Tentative lithosphere thickness map was const-—
ructed (Fig 8).

The lithosphere thickness in the north-west corner
of the area reachs about 100 km and increases southwards.
To the southeast and southwest, the lithosphere thickness

increases gradually, to more than 140 km in both corners.

CONCLUSION
From the analysis and interpretation of the gravity
and magnetic data in the Northern Western Desert, the

following are concluded:-

1- The regional Bougue anomaly values are closely
related to the crustal structure. The bestfit
equation relating the crustal thickness to the
regional values was found (HC = 32.78 - 0.069 g )
and used for mapping the crustal thickness.

2- Also, the magnetic values were used, confirm the

gravity data , for calculating the crustal thikness
using equation Az = 277l ot
Z
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1-

2=

3-

The thickness of the earth's crust changes regularly
in NW direction which reaches the minimum value
(less than 31 km) at the northern part and the
maximum value ( more than 36 km ) at the southern

part of the area.

_The Bouguer anomalies averaged over 1° grids (long.

wavelength) were used for mapping the depth to the
lithosphere-asthe-nosphere Boundary. Tentative
lithosphere thickness map was constructed . Thinn-
ing of the lithosphere was obtained, along a NW-SE
trend, in the Northern Egypt.

The change in the thickness of the crust is probably
due to the transition from continental crust in North
Africa into intermediate crust in the Mediterranean
Sea.

The shape of the reliefs of the Moho and lithosphere-
as—themosphere boundaries in North Egypt showed that
it is structurally and tectonically related to syrian

Arc and the Mediterranean region systems.,
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