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Interpretatin of geopotential field anomalies

ABSTRACT

The investigated area lies in the central part of Egypt (around Sohag). The present study aims at ohtaining information about the subsurface
geological conditions in the area from the analysis and interpretation of both gravity and magnetic data. The resuls obtained suggest a general
northward increase in basement depth (2-3 km). The basement rocks were influenced by major tectonic trends having NE-SW,NW-SE and
E-W directions. The course of the River Nile in the examined area is chracterized by small basement depth compared to the eastern and west-
em parts . In general the course of the River Nile is chracterized by subsidence in certain parts , while uplift is observed in its eastern and
western parts. Origin of the major gravity anomaly low (A), at the west- central part of the area, and that of magnetic low on the aero-
magnetic map at the same location may point to basement structures (of granitic type) or may suggest an increase of the sedimentary section
with varying subsurface sedimentary facies at the location. The depth to the causative bodies below the gravity anomalies (A&B), on the
Bouguer gravity anomaly map, varies from 1.5 to Skm. Origin of these anomalies is possibly due presence of basement bodies (e.g granitic)
of different types than the surroundings of basins filled with sediments of different facies than the surroundings. Drilling data are needed to
confirm this suggestion.

INTRODUCTION In oil exploration plans, it is common to start with
' gravity and/or magnetic surveys particularly in unexplored
The study area lies in the middle part of Egypt. It is limited areas, as the one under investigation . Interpretation of
by the latitudes 26° 00' to 27° 00' N; and the longitudes gravity and magnetic data gives information useful for
31° 00" to 32° 20' E, (Fig. 1). It covers about 14520 km? mapping sedimentary basins and defining other information
including the Nile Valley from Nag Hammadi to Tima and pertinent to hydrocarbon exploration and thereby help to
the surrounding eastern and western plateaux (Fig. 2). stimulate additional exploration procedures .
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The present study aims at throwing light on the sub-
surface geology of the area under study through the analy-
sis and interpretation of both gravity and magnetic data .

In the present study the Bouguer gravity anomaly map
of the area under investigation (Fig. 3) was provided by the
Egyptian General Petroleum Corporation ( E.G.P.C.) in
1977. The aeromagnetic map ( Fig. 4) represents a part
from the aeromagnetic survey of Southern Egypt carried
out by Compagnie General De Geophysique for CONOCO
Oil Company (1976-1977). The map represents the total
magnetic field measured at an altitude of 4000 feet bar-

) e

Fig. 3. Bouguer gravity
anomaly map  (After
E.G.P.C, 1977).
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Before going to the geological interpretation of gravity
and magnetic data it is necessary to isolate the combined
gravitational and magnetic effects of different structures
(i.e. extraction of residdal from regional). This process of

separation can be made by both graphical and/or computa-
tional techniques, using digital computers. The authors in
the present work have carried out the separation process us-

ing computational techniques in the Geology Department ,
Assiut University.

Fig. 4. Total aeromagnetic
fieid intensity map (after
CONOCO, 1977).
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Although the geology of this part of Egypt has been
studied by many workers, e.g. [1 - 3] there-is not any sub-
surface treatment due to the complete absence of deep drill-
ing activity . Compared with several surface geological
studies carried out on the area, little geophysical work has
been made on it [4,5].

"GENERAL GEOLOGY

The study area is chracterized by low to moderate relief
topography. The main topographic features present are the
limstone plateaux to the east and west of the River Nile,
Nile stream and its eastern and western banks (Fig. 2). The
limestone plateau reaches an elevation ranging between 200
and 400 m above sea level. The Nile Valley in the study
area has an average elevation between 60 and100 m above
sea level.

The floor of the Nile is covered with mud and recent de-
posits. The deltaic mouth of all wadis that drain into the
Nile in the study area are covered with boulder, pebble,
gravel and sand ( Fig. 2).

A. Stratigraphy

According to Hermina et al. [6], the stratigraphy of the
area can be summerized as follows :
a. Lower Eocene rocks

They are represented by two.formations of the Thebes
Group, namely from base to top are :

i- Seri Formation, composed of shelf and chalky lime-
stone . It crops out mainly in the southern and eastern parts
of the area.

ii- Durnka Formation, composed mainly of platform con-
cretions and local flint bands . It covers most of the Nile
banks.

b- Plio-Pleistocene deposits

They are represented by the Nile terraces located on the
floor of the wadis and the foot of the main scraps. They are
composed mainly of clay, gravel, sandstone and Nile silt.

B. Structure

No detailed structural studies have yet been carried out
to cover all of the study area. Studies were made by many
workers , e.g. [3,7]." Youssef et al. [7] believed that the
NW-SE faults that affect the Eocene rocks around Assiut (
north of Schag ) are of Post- Eocene movement and they
are dislocated by ENE-WSW left lateral strike-slip move-
ment. Ahmed [3] studied the surface structures in the area
west and south of Sohag and observed that the faults strik-
ing N 35-45° W.N 35° E,and N 1-10° E ( arranged in de-
creasing order of abudance ) are the most predominant def-
ormational features in the area with small drag folds.

METHODS OF ANALYSIS

The purpose of the present interpretation of gravity and
magnetic data is to infer the geological character of the sub-
surface structures in the study area. Furthermore , it aims at
obtaining the planimetric position and aerial extent of the
causative sources in the area . The methods applied include:
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1. Calculation of residual gravity anomalies.

2. Determination of the second vertical derivatives of both
gravity and magnetic fields.

3. Calculation of the downward continuation of both grav-

ity and magnetic fields.

Basement depth determination , from both Bouguer and

aeromagnetic anomalies.

5. Two-dimensional gravity modeling for some Bouguer
gravity anomalies.

A. Local-Regional Separation

The observed or measured potential field ( gravity and
magnetic ) is produced generally by the superposition of
the overlapping effects of many sources , whose individual
anomalies may be difficult to isolate . There are several
methods to separate the potential field to its component (re-
sidual and regional). According to Nettleton [8], regional-
residual separation techniques in the analysis of potential
data may be grouped into graphical and analytical methods
(averaging and continuation). The graphical method is slow
and is controlled by interpreter's intiution.

The analytical (averaging) methods are based on differ-
ent mathematical approaches on the observed field date .
Such methods generally require that gravity or magnetic
values be spaced in a regular array, and templates are de-
signed . Computer programs are usually used to operate di-
rectly by the data mapped from irregularly-spaced readings
. There are different methods for emphasizing the residual
field and carrying the separation process, directly from a
regular grid of potential field data such as those developed
by many authors, [9 - 11] . Moreover, it is emphasized that
the separation of the geopotential field to its components
will always be a problem in geopotential, since this prob-
lem is incapable of giving an exact solution, because of in-
herent ambiguity .

In this study, the authors apply the method of Griffin [9]
on all observed potential field data . It gives reasonable re-
sults only at the depth of separation 1 km. The residual val-
ue g (r) is determined by applying the following farmula:

(1)

4,

8 =8~ (g +g+..+ 8g)/8

where,

g, is the observed field in the centre of the circle (centre
of computation), g,, g,,....., g are the observed values at 8
points on the periphery of the circle .

Second vertical derivative values for both gravity and
magnetic fields of the study area are determined by ap-
plying the method of Rosenbach [12]. The selection is
based on the suitability and simplicity of the technique . All
the published second vertical derivative systems are of the
from,

C
gu=?2(wogo +w,g+.t wngn) 2)
where,
g,, is the second vertical derivative at the center of com-
putation,
C is constant for a particular system,
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S is the grid spacing,

W, W),..., Wy, are weighting factors,

8, is the potential value at the point of calculation, and

g » & - &, are the average values around the successive
rings selected for the computation process .

For both gravity and magnetic data suitable results of the
second vertical derivative values are obtained at a depth of
1 km.

The downward continuation field for both gravity and
magnetics is determined using the method of Con-
stantinescu and Botezatu [13] . It is considered as one of the
methods that utilize the Laplace equation in cylindrical
form by approximation of Fourier-Bessel function . The

working equation is:
4 4

g(s)=ag(0)+b Z gi(sy+c Z gi(sV 2) 3
i=1 i=1

where,

g(s) is the downward continuation value of the field,
g(0) is the potential field at the considered point,
gi(s), gi(sv2), are the averages on the concentric circles of
radii s,sﬁ_respectively, and a,b, and ¢ are constants .
The downward continuation values of both gravity and
magnetic data are determined at the level 3 km, where rea-
sonable results are obtained .
B. Basement depths

The values of the basement depths are determined from
gravity using the Sazhina and Grushinsky method [14] .
The aeromagnetic map is also used for basement depth de-
termination by applying the method of Koulomozine et al.
[15] and Sharma [16] .

C. Modeling

Computer modeling in the potential field (e.g. gravity in-
terpretation) has become a common process with the ad-
vantage of computer and geophysical software which fa-
cilitactes the computation of the theoretical anomaly
potential field . Several techniques were proposed by differ-
ent authors, [17 - 19] to compute the potential field pro-
duced from different model sources . They involve the solu-
tion of both direct and inverse problems .

In the present study a softward program, for two-
dimensional modeling of gravity, given by Begg et al. [20]
is used . The technique is applied only on two well-
represented gravity anomalies (A & B) on the Bouguer
gravity anomaly map (Fig. 3). The general steps of the tech-
nique can be summarized briefly as:

1. Choice of a geometrical model type and estimation of the

inital values of the model parameters .

2. Computation of the theoretical anomaly for the model .

3. Measurement (on some mathematical bases such as least
first-power or least square) of the fit between the ob-
served and calculated anomalies .

4. Investigation (e.g.through paratial derivatives) of the ef-
fect of variations of invidual model parameters on the
quality of the fit . '

5. Estimating increments to all modeled parameters to re-
vise the model in a way designed to approach agreement

between observed and calculated anomalies in the next
iteration .

6. Stop when changes in model parameters can no longer
improve the fit .

Due to the absence of available deep drilled wells in the
study area, the authors refer to the density contrast values
given in the literature . Youssef et al. [7] used density con-
trast ranges between 0.2 and 0.4 g/cm3 in the area east of
Assiut city (north of the study area) . Boulos [21] and Bou-
los et al. [22] gave a categorization of the basement rocks:
in terms of magnetic susceptibility, density in the Eastern
Desert of Egypt, with contrast between them and the over-
lying sediments . Accordingly, the density contrast in the
region lying south of the study area is approximately equal
to 0.35 g/cm3 . Moreover, the authors also have tried to cal-

‘culate the fault parameters using different density contrasts

ranging between 0.2 and 0.45 g/cm3. By comparing the re-
sulting depths to the basement surface(Z1), deduced from
the interpretation of the aeromagnetic data and those ob-
tained from published studies, it is found that there is a suit-_
able agreement between the results when using density con-
trast equal to 0.35 g/cm3. Accordingly, a density contrast of
0.35 g/cm? is used for all calculations in this work.

For proper interpretation of the geomagnetic field, many
points must be considered;

1. Where the basement rocks are covered with sediments,
most if not all of the observed magnetic anomalies can
be attributed to these rocks because their polarization is
much greater than that of normal sediments {16, 23, 24].

2. Magnetic anomalies can be produced by lithologic
changes within the basement, variations in thicknesses of
the magnetic bodies, topographic relief, structural fea-
tures such as faults and folds, and changes in magnettic
susceptibilities .

3. The magnitude of a magnetic anomaly is not only a func-
tion of the vertical extent of the causative body in con-
trast to the case of gravity Nettleton [8]. Thus, the mag-
netic anomaly of a small body at shallow depth can have
the same amplitude as that of a large body at a greater
depth . Only the horizontal dimension of the anomaly
will be different .

RESULTS AND DISCUSSION

A. Description of Gravity and Magnetic Anomalies and
their Correlation with Geology

The critical characteristics of both gravity and the aero-
magnetic anomaly maps (Figs.3, 4, respectviely), shows:

1. The gravity and magnetic fields are generally low along
the course of the River Nile (rifting valley), while the
field at its eastern and western parts increases except in
certain parts (e.g. west-central part).

2. The course of the Nile is generally occupied more or less
by linear gravity and magnetic contours which may point
to fractures (e.g. faults) crossing and more or less par-
allel to the Nile .
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3. The regional gravity and magnetic trend mainly NE-SW
NE-SE and E-W. All these directions appear on the maps
of gravity and magnetic anomalies as linear contours .
These linear anomalies are possibly due to fractures (e.g.
faults) affecting the basement rocks as well as the sedi-
mentary section . Generally, the direction of these linear
belts shows reasonable correlation with the direction of
the Nile Valley (NW-SE) and of its re-entrants, especial-
ly in the study area.

. Closed anomalies (gravity and magnetic) of different
trends, shapes and amplitudes are present . They have the
same location in some parts of the study area (e.g. anom-
alies at Sohag, Girga and west-central part) . The origin
of these anomalies, especilly the negative ones, may due
to down faulted basement blocks . It is observed that
some of these anomalies along the main stream of the
Nile are present where it bends . This may emphasize
that their origin is due to basement structures .

. Steep gravity gradients flank the eastern and western
parts of the Nile . They may be considered expressions
of major and steep angle faults .

. The absence of strong positive gravity anomalies with
strong positive magnetic anomalies may indicate the ab-
sence of any igneous intrusion the throughout the geo-
logic history of the study area .
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B. Topography and Structure of the Basement Rocks
Topography and structure of the basement rocks in -the

study area are obtaind from the interpretation of gravity and

magnetic data. Based on these results, the authors prepared

two basement depth maps, two tentative tectonic maps, and

two subsurface sections along the study profiles.

1. Results obtained from gravity
Visual inspection of the basement depth map (Fig. 5) and
basement tentative tectonic map (Fig. 6) reveals the fol-
lowing :
i. The depth to the top of the basement rocks in the study
area, ranges between 1.2 and 3.6 km (Fig. 5).
ii. The basement surface is chracterized by the presence
of many highs and lows . Two large lows (I,IT) can be
recognized to the west of the Nile Valley (I to the west of
Sohag city and II to the west of EL-Balyana), showing
maximum depth between 3.2 and 3.6 km. A large el-
ongated basement high (III) lies in the northwestern part
of the area (west of Tima) at a depth of 1.2 km on the
eastern side of the River Nile an elongated basement low
(V) (near Girga) is observed at a depth 3.6 km. The
configuration of the basement at the eastern side of the
area is not defined owing to the lack of the gravity data
in this sector . A general increase in the basement depth
can be reported from southeastern part to the north-
western part (Fig. 5).

Fig. 5: Basment topographic map interpreted from the Bou-
guer gravity anomaly field (Depth contours with 0.2 km in-
tervals).

Fig. 6: Tentative tectonic map of the basement rocks as de-
duced from the Bougueer gravity anomalies.
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iii. From the tentative tectonic map of the basement
rocks (Fig. 6), it can be noticed that the basement rocks
in the study area were affected by a sets of ENE-WSW,
NW-SE, WNW-ESE, NE-SW and E-W major tectonic
lines .

v. Major uplift (I) (At Akhmim) and two subsidences (IT)
(at Girga) and (IIT) (at the west-central part) are well ob-
served taking nearly E-W, WNW-ESE and NW-SE di-
rections, respectively (Fig. 6) .

vi. Two another major subsidences (IV,VI) separate a
NNE-SSW major uplift (V) in the southeastern part of
the study area. Another ENE-WSW major uplift is re-
corded in the northwestern part. Subsided and uplifted
basement blocks on both sides of the Nile Valley are dis-
sected by a NW-SE fault trend in the areas; north of Tah-
ta and between Girga and Akhmim.

2. Results obtained from the aeromagnetic inter-

pretation
Using the integrated results obtained from the previously
discussed techniques on the magnetic data, a basement
topographic map (Fig. 7) and basement tentative tectonic
map (Fig. 8) are prepared. The careful study of them
shows: N
i. The depth to the top of the basement rocks in the arca
under consideration ranges between 1 and 2 km (Fig. 7) .
ii. The basement rocks are affected by a set of major tec-
tonic lines (mainly faults) oriented predominantly in the
E-W, NE-SW and NW-SE directions and they are no-
ticed on the basement tectonic map (Fig. 8). Also, there
is a major uplifted block (I) bounded by two subsided
ones (I & III) occuping the central part of the study
area. This feature is also recorded previously on the
basement tectonic map deduced from gravity data.
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Fig. 7. Basment topographic map interpreted from the mag-
netic field (Depth contours with 0.1 km intervals).
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iii. Faults are also observed between the uplifted block
(I) and the subsident one (IIT) (Fig. 8).

vi. Further subsided and uplifted basement blicks
(IV,V&VI) are observed . They are approximately ex-
tending from NE-SW to ENE-WSW direction (Fig. 8).

(B)

3200

1

Fig. 8: Tentative tectonic map of the basement rocks as in-
terpreted from magnetic data.

C. Interpretation of Selected Gravity and Magnetic Pro-
files

Two subsurface sections (Fig. 9) are constructed along
the study profiles AA'&BB'. They have nearly the same di-
rections and locations on the gravity and magnetic maps
(Fig. 3&4). The information from these sections is used to
recognize the gemeral structural picture of the basement
rock, and also within the sedimentary section in the study
area.

The authors in these profiles used all information ob-
tained from the Bouguer gravity anomaly and total intensity
aeromagnetic maps, and their derivatives (downward con-
tinuation maps, S=3 km, the second vertical derivative
map, S=1 km., and the residual gravity map, S=1 km.).
Fault trends deduced from both gravity and magnetic maps
with their parameters (H,Z1 and Z2) are also used to con-
struct subsurface cross-sections along every selected direc-
tion mentioned before.

1. Subsurface sections interpreted from gravity data
Precise analysis of these sections (Fig. 9a) reveals:

a. The depth to the top of the basement rocks in the area
ranges between about 1.2 and 3.6 km.

b. A general increase of the basement depth to the north is
followed by a decrease, in contrast to the geological find-
ings.

c. A prominent basement subsidence lies to the east oc-
cupying the present path of the Nile River. It represents the
major subsidence along the Nile stream within the study
area.
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Fig. 9. Subsurface sections interpreted from gravity data (a)

and magnetic data (b) [A G: gravity values in mgal; AT:
Magnetic values in gamma ; Dr: derivative values; D: depth
in Km; SI: Sea level; —— observed field; -.-.-. Residual
field, S= 1 km; second vertical derivative field, s= 1
km; ...... - downward continuation field.

d. In general, basement uplift is always observed at the east-
ern and western sides of the River Nile.

€. Residual gravity, second derivative and the continued
downward fields with varying amplitudes in the east and
west suggest structures and density contrast within the base-
ment due to differential uplift. The central and the northern
parts of the gravity profiles show an alternation of anom-
alies with longer wavelength, implying local and widely-
separated structural and lithological variations within the
section of the sedimentary rocks.

2. Subsurface sections interpreted from aeromagnetic
data

The study of these sections (Fig. 9b) shows:

a. The depth of the basement surface as deduced from the
acromagnetic data in the area varies from about 1 to 2 km.
b. A general northward increase in basement depth is also
observed.

c. The same feature of the prominent basement subsidence,
observed from gravity interpretation is also observed here
(Fig. 9b) nearly at the same location.

d. The eastern and western sides of the Nile River are char-
acterized by different uplifts (ridges).

e. ‘Alternating high and low magnetic anomalies of and
longer gradients are observed.

f. In certain parts the area of the Nile is characterized by a
remarkable low magnetic anomaly.

D. Gravity Models
In the present study a software for two-dimensional mod-
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eling of gravity, proposed by Begg et al. [20], is used. The
technique is applied only or two selected gravity anomalies
(A) at the west-centeral part and (B) around Girga on the
Bouger gravity anomaly map (Fig. 3).

Two profiles are taken perpendicular to the long axes of the
selected anomalies (Fig. 3) . The residual gravity values
along these profiles are also taken from the residual gravity
values. So, the models are constructed using the observed
gravity values and their corresponding residual ones to ob-
tain suitable models which have a possible reasonible geo-
logic meaning.

The model parameters such as depth and density contrast
of the buried causative bodies are based on the results ob-
tained from basement depth information determined and de-
duced previously from the Bouguer gravity anomaly map.
Inspection of the obtained models (Fig. 9) shows:

1. The causative body below the gravity anomaly (A) is rel-
atively large and lies at a depth from 2 and 3 km Rea-
sonable fit between the observed and calculated values is
reached by assuming density contrast 0.35gm/cm> (Fig.
10a)

2. When the residual gravity values are used in the mod-
eling process, the large causative body detected pre-
viously is altered into four bodies a,b,c and d (Fig.10b).
They lie at depth ranging between 2.4 and 4 km. A suit-
able fit is reached by assuming density contrasts
0.05,0.01,0.06 and 0.02g/cm3 , respectively , for the bur-

ied bodies.
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Fig. 10. Interpreted models along the Bouguer gravity

anomalies A & B (AG: observed gravity field in magal; R:
Residual graivity field in mgal; D: depth in Km; ---- experi-

mental; 0.0.0. theoretical).

. The observed gravity anomaly (B) is possibly due to a
large ¢ausative body (probably sedimentary basin) locat-
ed at depth varies from 1.7 to 3 km. The fit is obtained
when assuming density contrast 0.35g/cm3 (Fig. 10c).

. When using the residual values, four separated causative
bodies a,b,c and d ( Fig. 10d) are recognized. Their
depth vary from 2.5 to 5 km. The best fit is obtained by
assuming density contrasts 0.05,0.04,-0.01 and 0.02 g/
cm3 for the buried bodies, respectively.

The different subsurface geological bodies recognized
here from the gravity modeling may be due to an occurence
of basement structure (of granitic type) having densities dif-
ferent from their surroundings or may suggest an increase
of the sedimentary section with varying facies at these loca-
tions.

CONCLUSIONS

Realizing the fact that the subsurface geological in-
formation in this work in the study area are yet to be de-
duced by more definitive seismic methods or others than
gravity and magnetic methods , below are the major ten-
tative findings from the present work.

1. Steep gravity and magnetic gradients flank the eastern
and western banks of the Nile River may considered as
indications of major and seep high angle faults.
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. Low-relief gravity anomalies with low-relief magnetic
anomalies along the banks of the Nile would indicate
thick sediments (possibly sedimentary basins).

. The origin of the major negative gravity anomaly and-the
high magnetic intensity in the west central part of the
study area may be due the abnormal thickness of the sed-
imentary succession ((possibly sedimentary basins). or
presence of basement structure (of magnetic type) at that
location . These anomalies are observed near the bend-
ing parts of the River Nile.

. The basement rocks in the area were influenced by major
tectonic lines (mainly faults) oriented manily in the di-
rections NE-SW,NW-SE and E-W.

. The course of the River Nile is chracterized by sub-
sidence while its eastern and wastern parts are character-
ized by a series of uplifts.

. A general basement deepening is observed along the
course of the Nile comparing with the adjacent areas.
The basement depth generally increases from south to
north.

. The depth and shape of the expected causative bodies be-
low the gravity anomalies (A & B) on the Bouguer grav-
ity anomaly map are recognized by applying gravity
models using different values of density contrast. Results
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Interpretatin of geoporemialﬁeld anomalies

obtained here need subsurface information (e.g. drilling)
Probably the origin of these causative bodies is due the
basement structure (of granitic type) or presence of ba-
sins filled with sediments having facies different from
the surroundings.

. The basement depth (1-2km) obtained from magnetic
data seems to be accepted in an area in middle Egypt in
which the expected basement depth range between 2 and
3 km. On the other hand, the depth (1.2-3.6 km) obtained
from gravity is also accepted, where the rising depth val-
ues (3.6 km) is observed only at Girga which may point
to presence of a sedimentary basin . The possible ap-
proach to the present difference in depth values is pos-
sibly due dependence of gravity on the assumed density
values owing to absence of drilling data, the presence of
highly brittle sandstones of Nubia, and the dependence
of magnetic on different factors such as magnetization.
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