/
o2o Resmits
0.00 Publishing

International Journal of Geosciences, 2017, 8, 151-166
http://www.scirp.org/journal/iig

ISSN Online: 2156-8367

ISSN Print: 2156-8359

Qualitative Interpretation of Gravity and
Aeromagnetic Data in West of Tikrit City
and Surroundings, Iraq

Emad Mohammed Salah Al-Heety!*, Mahmoud Abdullah Al-Mufarji2, Losyan Habeeb Al Esho3

'Department of Applied Geology, University of Anbar, Rammadji, Iraq

*Department of Geology, University of Kirkuk, KirKuk, Iraq

3Department of Geology, University of Mosul, Mosul, Iraq

Email: *salahemad99@gmail.com

How to cite this paper: Al-Heety, E.M.S.,
Al-Mufarji, M.A. and Al Esho, L.H. (2017)
Qualitative Interpretation of Gravity and
Aeromagnetic Data in West of Tikrit City
and Surroundings, Iraq. International Jour-
nal of Geosciences, 8, 151-166.
https://doi.org/10.4236/ijg.2017.82005

Received: November 26, 2016
Accepted: February 6, 2017
Published: February 9, 2017

Copyright © 2017 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

The qualitative interpretation of anomalies of the gravity and the magnetic
fields at the west of Tikrit City and surroundings, Iraq, was carried out. Ac-
cording to the tectonic framework of Iraq, the study area is classified as a part
of the stable shelf unit. The polynomial technique was employed to separate
the residual-regional anomalies as a first step in the qualitative interpretation.
Bouguer gravity anomaly map did not exhibit any clear closures. The magnet-
ic maps showed remarkable high closure in the central eastern part of the
study area. The regional gravity and magnetic fields values decline towards the
eastern parts of the maps (Mesopotamian Basin) in consistent with the in-
crease in the sedimentary cover (basement depth). The residual gravity and
magnetic maps displayed several positive and negative closures. The gravity
and magnetic lineaments were depicted and superimposed on the tectonic map
of the study area. The rose diagram showed that the dominant orientation of
the gravity and magnetic lineaments was toward NE-SW.
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1. Introduction

Gravity and magnetic methods are effectively used in basic geological, geother-
mal studies and engineering applications [1]. Interpretation of gravity and mag-
netic data is one of the most proper techniques to find buried traces because they

show some significant structural elements which we won’t have the capacity to
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take after utilizing morphotectonical tools [2]. The interpretation of gravity and
magnetic data may be classified as qualitative and quantitative. Qualitative in-
terpretation of gravity anomalies may be accomplished by analogy to mathemati-
cal or experimental surveys over known structures [3]. In some instances, it
may be considered as diagnostic. For example, a gravity low located in a favora-
ble geologic province may be indicative of the presence of a salt dome. The qua-
litative interpretation of magnetic data straightforwardly represents geological
information by taking a gander at an aeromagnetic map without any computa-
tion [4]. In the qualitative interpretation of gravity and magnetic maps, geophy-
sicists are usually interesting in linear anomalies (Lineaments) as indicator of
subsurface faults, contacts, and other tectonic features. Al-Banna [5] used gravi-
ty data to contribute to the tectonic evaluation of area next to and to east of the
study area. Towfik [6] investigated geophysically and geologically the region lo-
cated between Baquba and Tikrit. The present work employs the qualitative in-
terpretation of gravity and magnetic anomaly maps of the west of Tikrit and
surroundings to: 1) characterize the shapes and patterns of the gravity and mag-
netic anomalies, and 2) detect the lineaments in both maps. The study area was
selected for the lack or scarcity of geophysical studies carried out in spite of its
geological and tectonics importance. The findings of the present study contri-
bute to obtaining information on the subsurface geology and evaluating its tec-
tonics. It also emphasizes the importance of qualitative interpretation of Bouguer
gravity and magnetic anomalies in determining the structural and/or lithological

features that cause those anomalies.

2. Geologic Setting

The area of study is located at the west of Tikrit City between latitudes 34°00'
and 35°00' N and longitudes 42°00' and 43°00' E (Figure 1). The total area of the
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Figure 1. Location map of study area [7].
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studied area is 18,830 km’. Geomorphologically, the majority of the study area is

flat except for the nature of the south-western part and the eastern bank of Lake

Tharthar, in which the region is crossed deep valleys and tributaries and lead to

a form of hills and barren land. The highest and lowest elevation (above sea

level) within the study area is 50 meters 335 meters respectively. The outcropped

formations within the study area have ages ranging from Oligocene to Pliocene

with the presence of different types of Quaternary deposits (Figure 2). The stra-

tigraphic sequence of the formation in the study area from the oldest to the
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Figure 2. Geologic map of the study area (modified from geologic map of Iraq prepared by [8]).
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youngest is as follows: Anah Limestone Formation (Upper Oligocene), Euph-
rates Formation (Lower Miocene), Fat’ha Formation or Lower Faris (M. Miocene),
Injana Formation or Upper Faris (U. Miocene), Mukdadiya Formation or Lower
Bakhtiari (Upper Miocene—Pliocene) and Quaternary Deposits (Pleistocene—
Holocene). Quaternary deposits include alluvial fans deposits (Pleistocene), gyp-
sum crust (Pleistocene—Holocene), etc.

3. Tectonic Setting

Tectonically, the study area locates within the stable shelf (Figure 3). The stable
shelf covers most of the central south and west of Iraq and extends westwards

into Syria and Jordan and southwards into Kuwait and Saudi Arabia. The stable

t
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Figure 3. Tectonic map of the study area (modified from tectonic map of Iraq prepared by [9]).
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shelf is a tectonically stable monocline little affected by Late Cretaceous and Ter-
tiary deformation. The orientations of the structures in this tectonic unit were
influenced by the geometry of the underlying basement blocks and faults, Pa-
lacozoic epirogenic events and Mesozoic arching [10]. It is divided into three
major tectonic zones comprising the Rutba-Jezira zone in the west, the Salman

zone, and the Mesopotamian zone in the east [11]:

3.1. Rutba-Jezira Zone

The Rutba-Jezira Zone is an inverted Paleozoic basin; the inversion began in the
late Permian. The Anah-Qalat Dizeh Fault divides the Rutba-Jezira Zone into
more stable Rutba Subzone on the south and the Jezira Subzone in the north.
Both subzones contain large basement highs; the Rutbah-Ga’ara high in the
south and Deir AlZor-Khlesia high in the north. The unit between the two highs
is the Anah Graben. The Rutba Subzone is the most extensive and uplifted part
of the Rutba—]Jezira Zone. The Rutba Uplift dominated due to inversion of the
Paleozoic basin of western Arabia during Latest Permian—Middle Eocene time.
The Jezira Subzone was uplifted in Late Miocene—Recent time. It is dominated
by the Khlesia basement uplift which is part of the N-S trending Rutba Uplift.
The Jezira subzone segmented by two E-W trending grabens; these are the Anah,
Tayarat and Khlesia grabens. The Anah graben lies between the Rutba and Jezira
subzones. The graben appears narrow at the surface. At it is bounded by a series
of E-W trending step faults. Small anticlines occur throughout the subzone.
They have been mapped at the level of the Middle Miocene Fatha (Lower Fars)

Formation.

3.2.Salman Zone

The Salman Zone is part of the Salman-Summan Zone [12] which extends into
west Kuwait and Central East Saudi Arabia. The Salman Zone has a shallower
basement that Rutba-Jezira Zon to the west and the Mesopotamian Zone of the
East. It comprises NE-SW and prominent NW-SE trending uplifts and depres-
sions, bounded by faults. The most conspicuous structures in the Salman Zone
strike NW-SE. They are relatively narrow, long anticlines, often accompanied by
faults. Other parts of the zone contain relatively short anticlines and structural
noses, many of which locate along transversal faults. In the north, these struc-
tures trend N-S to NW-SE. The northern part of the zone has fewer faults.

3.3. Mesopotamian Zone

The Mesopotamian Zone is the easternmost unit of the Stable Shelf. The zone
was probably uplifted during the Hercynian deformation but it subsided from
Late Permian time onwards. The Mesopotamian Zone is a relatively flat terrain
with a gradient of less than 10 cm per kilometer extending from Baiji in the NW
to the Arabian Gulf in southeast. The Mesopotamian Zone has buried faulted
structures below the Quaternary cover, separated by broad synclines. The fold

structure mainly trend NW-SE in the eastern part of the zone, an N-S on the
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southern part. The Mesopotamian Zone is divided into three subzones: the Zu-
bair Subzone in the S with N-S trending structures in the south, the Euphrates
Subzone in the west, and the Tigris Subzone in the NE with NW-SE trending
structure. The Tigris Subzone is the most The Tigris Subzone is the most broad
and motile unit of the Mesopotamian Zone. It has broad synclines and narrow

anticlines trending predominantly NW-SE, accompanied by long normal faults.

4. Data Acquisition and Methodology

The gravity data source of the study area is the Bouguer gravity map of Iraq
compiled by [13]. The map has scale of 1:1,000,000 with contour interval of 0.5
mGal. The aeromagnetic map of Iraq carried out by [14] was used to obtain the
magnetic data of the study area. The scale and contour interval of the aeromag-
netic map are 1:1,000,000 and 5 Gamma, respectively. The original Bouguer
gravity and magnetic maps of the investigated area are shown in (Figure 4 and
Figure 5). The measured gravity and magnetic fields consist of the superposition
of anomalies from a variety of sources. They include: 1) the so-called residual
anomalies, which are the anomalies of particular interest in a study, 2) the long-
er-wavelength regional components derived largely from deep, large-volume
geologic sources, and 3) the shorter-wavelength noise due to observational and

data reduction errors and small, shallow sources [15]. The process of removal of
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Figure 4. Gravity Bouguer anomaly map of the study area (after [13]).
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Figure 5. Aeromagnetic map of the study area (after [14]).

the interfering regional and noise components in the anomaly field is the resi-
dual-regional problem which is one of the critical steps in anomaly interpreta-
tion. It is solved by either isolating the residual anomaly through elimination or
attenuation of the regional and noise anomalies or enhancing the residual rela-
tive to the interfering effects. The isolation and enhancement of gravity and
magnetic anomalies is a filtering process in which only the spatial wavelengths
of interest are passed and the remainder are eliminated or at least highly atte-
nuated. Residual anomaly separation may be based on a variety of anomaly
attributes such as magnitude, shape, sharpness or gradients, orientation, and
correlation with other data. The residual-regional separation is the critical prob-
lem in gravity and magnetic anomaly interpretation [15]. There are a number of
methods can be applied to isolate the residual anomaly from the regional ano-
maly were reviewed by a number of investigators (e.g. [15] [16] [17]. In this
study, polynomial method was employed for residual-regional separation. This
method represents the residual-regional anomalies as least squares polynomial
approximations or trend surfaces [18] [19]. Trend surface analysis is one of the
most flexible analytical techniques for separating regional anomaly from residual
anomaly [20]. Trend surface analysis involves fitting a surface to the data through
use of a polynomial series, normally of low order. The selected surface is consi-
dered to be the regional field. The residual anomaly is estimated by subtraction
the regional anomaly values from the observed anomaly values. The polynomial

method was employed in many studies (e.g. [16] [17] [21]-[27]. Polynomial fit-
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ting can be applied in local and regional surveys with high-resolution results
[16] [25] [26]. As a first step of the qualitative interpretation, a residual-regional

isolation was performed analytically.

4. Results and Discussion
4.1. Bouguer Anomaly Map

The visual inspection of the Bouguer anomaly map (Figure 4) shows a linear
trend elongated in SW-NE and NW-SE directions at the central western parts of
the studied area. The clear feature is decreasing of Bouguer values towards the
eastern parts of the map. This remarkable feature may show increasing of sedi-
mentary cover thickness or basement depth. Basement depths range from 7km
in the south to 10 km in the north of the Jizera area that occupies the western
parts of the study area. Basement depth in the Salman zone (central parts of the
study area) is mostly 6 - 7 km; along the boundary with the Mesopotamian Zone
(the eastern parts of the study area) the basement depth increases to 8 - 9 km
[28]. The basement depth in the Mesopotamian zone increases to 13 km. Bouguer
gravity values decline gradually as the basin deepens. The gradual decrease in
Bouguer values indicates a gradual increase in the crustal thickness [29]. The
seismological and gravity studies have been carried out in Iraq showed that the
crustal thickness in Iraq increases from the western parts (Iragi-Jordanian and
Syrian borders) towards the eastern parts (Iraqi-Iranian borders) [30] [31].
Generally, the gravity anomaly field of the study area is not complex. The com-
plexity of the gravity anomaly field can be indicator of crustal instability. The
study area is classified as a part of the Stable Shelf that is a tectonically stable
monocline little affected by late Cretaceous and Tertiary deformation [28]. The
stability of the study area may be affected in the little relative simplicity of the
gravity anomaly field of it. In general, the Bouguer anomaly map of the investi-
gated area shows high gravity gradient zones in the western parts relative to the
eastern parts. The horizontal gradient maxima (highs) values are indicative of
lateral density contrasts. These density contrasts can be interpreted in terms of
geological contacts or structural accidents. The Bouguer anomaly map of any area
is a continuation of gravity effects of the various litho-stratigraphic units com-

posing the sedimentary cover as well as that of the basement complex [32].

4.2. Regional and Residual Gravity Anomaly Maps

The regional and residual gravity anomaly maps of the study area are shown in
(Figure 6). The regional map obtained with the polynomial method presents
linear contour in NE-SW direction (Figure 6(a)). The regional gravity values
decrease towards E, from —4 to —40 mGal. The residual anomaly map (Figure
6(b)) showed that the residual values range from —8.5 to 5.5 mGal. The residual
map revealed several positive and negative closures. These anomalies reflect the
lateral variation of density in the basement related to geological structure. The
main positive anomaly is trending in NE-SW. The maximum value of this posi-

tive anomaly is greater than 5 mGal. The main negative anomaly has direction of
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Figure 6. (a) Regional gravity anomaly map, (b) Residual gravity anomaly map including the lineaments.

NW-SE with the maximum value less than —5.5 mGal. Many linear features that
have different trends appear at the residual map. The profiles of Bouguer, re-
gional and residual anomalies along E-W trend were plotted (Figure 7). The all
profiles showed decreasing of the gravitational acceleration towards the eastern
parts of the study area. There is coincidence between Bouguer gravity and re-
gional gravity trends. This coincidence may be interpreted in term of common
deep source (basement and/or crustal structure) and this deep source contri-
butes the most amount of the Bouguer gravity field of the study area compared

with the contribution of the shallow source.

4.3. Aeromagnetic Map

Qualitatively, the aeromagnetic map of the study area (Figure 5) shows that the
magnetic values range from 4905 to 5055 Gamma. The map reveals that the
main high magnetic anomaly has a NE-SW trend with the amplitude of 55
Gamm and its dimensions are 84 km in length and 49km in width. High mag-
netic nose with maximum value of 5025 Gamma with E-W trend appears in the
southeastern part of the map. Low magnetic anomaly with an amplitude of 4905
Gamma and NW-SE trend appears to the south of the main high anomaly. There
are a number of low and high magnetic noses with trends of NE-SW and differ-
ent magnetic amplitudes. The magnetic gradient shows low values in the central
western parts and high in the southern parts of the study area. The configuration
of high magnetic anomalies may be attributed to basement structure and com-

position.

4.4. Regional and Residual Magnetic Anomaly Maps

The regional magnetic anomaly map reveals that the regional values range from
4915 to 5055 Gamma (Figure 8(a)). The residual magnetic anomaly map (Figure

8(b)) showed several positive and negative magnetic anomalies. The residual
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Figure 8. (a) Regional magnetic anomaly map, (b) Residual magnetic anomaly map including the lineaments.

values range from —30 to 45 Gamma. The map reveals main positive anomaly of
NE-SW trend with amplitude, of 40 Gamma. There are positive and negative
magnetic noses with trend of NE-SW. There is a clear matching between the
magnetic field and residual magnetic field (Figure 9). This may reflect the fact
that the source of the magnetic field of the study area is shallow and contributes
the major percentage of the magnetic field compared to the deep sources. The
regional trend is not in coincidence with trend of the original aeromagnetic map
(Figure 9). The regional magnetic trend is in coincidence with the regional
gravity trend and both decline towards the eastern parts of the study area con-
firming increasing of basement depth in this direction. This result means that
the basement structure and/or composition may be the source of the regional

gravity and regional magnetic anomaly.

4.5. Gravity and Magnetic Lineaments Analysis

The gravity and magnetic lineaments were detected from the original Bouguer
gravity anomaly and the original aeromagnetic maps. The basic features used to
delineate the linear features in the gravity and magnetic maps are the abrupt
changes in orientation of the contours or close spacing of the contours [33] [34]
and locations of horizontal gradients and anomaly boundaries [16] [35] [36] [37].
Steep, straight faults are commonly expressed as subtle potential field linea-
ments, which can be gradients zones, alignments of separate local anomalies of
various types and shapes aligned breaks or discontinuities in the anomaly pat-
tern. Horizontal gradient maxima occur over the steepest parts of potential field
anomalies and minima over flattest parts. Horizontal gradient maxima highlight
areas with abrupt change in density, interpreted either faults or geologic contact,
as intrusive information [38] [39]. Trends analysis of lineaments deduced from
the residual gravity and magnetic maps and their rose diagrams are given in
(Figure 10). The rose diagrams showed that the trend of majority of gravity and

magnetic lineaments is toward NE-SW. To compare the gravity and magnetic
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lineaments with the structural and tectonic features of the study area, they are
superimposed on its tectonic map (Figure 11). Generally, the orientation of
gravity and magnetic lineaments is in coincidence with that of the structural

elements in the study area.

5. Conclusions

According to the results of the current study, we drew up the following conclu-
sions:

1) The little relative simplicity of the Bouguer anomaly map may be controlled
by stability of the study area.

2) The gradual decreasing of Bouguer gravity values towards the eastern parts
of study area indicates a gradual increase in thickness of the crust beneath it.

3) The coincidence of the Bouguer gravity trend with the regional gravity
trend may be attributed to the common deep source which subscribes the largest

amount of the Bouguer gravity field of the study area.
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Figure 11. Gravity and magnetic lineaments superimposed on the tectonic map of the study area.

4) The horizontal gradient maxima in the western parts of the study area are
indicative of lateral density contrasts.

5) The matching of the magnetic field with the residual magnetic field may be
interpreted in terms of a shallow source which contributes the major quantity of
the magnetic field of the study area.

6) The orientation of majority of the residual gravity and magnetic lineaments
is toward NE-SW. In general, the orientation of gravity and magnetic lineaments

is in coincidence with that of the structural elements in the study area.
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