Iragi Bulletin of Geology and Mining Vol.10, No.2, 2014 p 59 —85
Papers of the Scientific Geological Conference Part 1

GRAVITY AND MAGNETIC SURVEYS TO DELINEATE
SUBSURFACE STRUCTURES IN HOR AL-HUWAZAH AREA,
SOUTH IRAQ

Ghalib F. Amin', Abbas M. Yass', Hayder A. Al-Bahadily?and Ahmed S. Mousa?

Received: 05/ 09/ 2013, Accepted: 13/ 03/ 2014
Key words: Gravity, Magnetic, Hor Al-Huwaizah, Iraq

ABSTRACT

Gravity and magnetic surveys were carried out to study an area located between, Amara
and Qurna Cities, The results of the present survey are merged with those of the previous
surveys carried out exIPC; using Oasis Montaj software to produce a unified database, which
considered a new addition to update the gravity and magnetic field maps of Iraq.

The most impressive result of the present gravity survey is the negative anomaly (A),
found in the middle part of the studied area with NE — SW trend. This anomaly is
a completion of the more extended important negative anomaly present in the vicinity of
Qalat Saleh — Uzair — Qurna. It is surrounded by high gravity gradient that may be related to
fault and/ or contact and may reflect the occurrence of a restricted basin, or it may reflect the
negative background of Zagaros root effect. It is worth to mention that most oil fields occur
along the high gradient flanks of this anomaly.

The expressive positive gravity anomaly (G1 and G2), are located in the upper middle
part of the area with a trend of NW — SE extending beyond the studied area. It may be
attributed to uplift in the sedimentary cover corresponding to uplifts in the basement, as
indicated in the basement relief map of exIPC. This anomaly may be attributed to the
presence of coral reef or anhydrite elongated body present within the sedimentary column.

The magnetic map of the studied area reflects mainly the effect of the basement, but
several local anomalies are also detected, some of which are related to local buried iron
artifacts, which act as sources of noise. Therefore, some filters were applied to enhance the
magnetic picture.
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INTRODUCTION

Gravity and magnetic surveys were carried out to detect and delineate the subsurface
structures at a region that extend from Amara to Qurna cities. The studied area was previously
covered with marshes, especially Al-Huwaizah marsh. Both surveys were performed by 1206
stations distributed along roads and tracks present in the studied area (Fig.1).

Processing and interpretation of gravity and magnetic data revealed good results
complementing the gravity and magnetic data of the surrounding areas, which were achieved
previously by exIPC. These results are finally presented in this study using different computer
techniques. The studied area (figure 4), lies within Latitude 30° 45' to 32° 00' N and
Longitude 47° 00" to 47° 45" N.

= Scope of Work

The scope of this survey is to detect and delineate the subsurface structures as well as to
fill a gap in the available gravity survey. This gap in the area was previously covered by water
of Hour Al-Huwaizah, except an area in the northern part of Hor Al-Huwaizah that is still
filled by the water of Hor Aum Al-Na'age. Also to achieve regional geophysical mapping
characteristically entails measurements on stations distributed along polygons lying along
paved and unpaved roads as well as tracks (Fig.1).
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Fig.1: Network of gravity and magnetic stations in the studied area
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GENERAL GEOLOGY OF THE STUDED AREA

According to Fouad, (2012) the studied area lies within the Outer Platform
(Mesopotamian Fore deep) (Fig.2). No structural features observed on the surface throughout
the area; however, it contains a broad subsurface syncline and narrow anticline trending
predominantly NW — SE (Jassim and Goff, 2006). Iragi National Oil Company referred to the
presence of subsurface structure in the study area (1.P.C., 1979) (Fig.3).

Geological correlation of the drilled boreholes indicates that most part of the studied area
lies within the deeper parts of the Mesopotamian Quaternary basins (syncline) (Yacoub,
1994).

The studied area is completely covered by Quaternary sediments that have mainly fluvial
and lacostrine origin and partly Aeolian. Marine-estuarine sediments of Quaternary age are
also recognized in subsurface sedimentary sequence, the Quaternary deposits are represented
by; sheet run-off sediments, flood plain sediments, shallow depression sediments and marsh
sediments, (Fig.4).
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Fig.4: Network of gravity and magnetic stations superimposed on geologic map
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» Data Collection and Methodology

The Topographic measurements were conducted using Total Station Top con 7501, 721
(with accuracy of one second) and total station Leica 405 instruments (with accuracy of
five seconds). The coordinates of each station are given in UTM and geographic system
using GPS — GARMN-XL12 (with accuracy of £ 5 m).
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The stations spacing was chosen to be 1 Km to fulfill such regional survey. The gravity
survey was carried out with CG-5 (Scintrex Autograv System) gravity meter, with reading
resolution of 1 puGal.

The triangulation point number (43027) was chosen to be a reference basic station with
absolute gravity value of 979406.44 mGal, proper reference. Two local auxiliary basic
stations (Bs1 and Bs2) were established in the studied area and tide with the reference basic
station (Fig.1). The same gravity basic stations were used as magnetic basic station to conduct
the magnetic survey using Proton magnetometer (with maximum sensitivity of 1 nT) as
a portable magnetometer, while ENVI PRO magnetometer, which measures and saves reading
automatically with three minute interval, was used as a stationary system to monitor the
diurnal variation for each workday. The mean quadratic square error (W) in this survey is
+ 0.02264 mGal for gravity survey and g = £ 2.195 nT for magnetic survey

DATA PROCESSING
» Gravity Data

It is necessary to apply many corrections to the raw meter readings to obtain the gravity
anomalies that are the target of a survey. This is because geologically uninteresting effects are
significant and must be removed. This correction comprises: Drift correction, latitude
correction, free air correction, and Bouguer correction, the corrected data introduce Bouguer
values, which are plotted as a map (Reynolds, 2003) (Sheriff, 2006).

= Magnetic Data

Diurnal correction and normal field correction (Geomagnetic correction) are applied to the
raw magnetic data to eliminate the effect of magnetic diurnals and the systematic increase of
the magnetic field with latitude. Figure (5) shows the aeromagnetic total field map of Amara —
Basrah Quadrangles, which represent the surrounding of the studied area; some parts of which
are not covered by C.G.G. (1974) aeromagnetic data.

Figure (6) represents the geomagnetic survey as total magnetic intensity field (TMI) at the
studied area, which partly has no aeromagnetic data. Comparison between Figs. (5 and 6)
gives the same magnetic picture. The anomalies A, B and G have the same location and
shape, as in the aeromagnetic map; this is also true for the positive anomaly E that has its
negative part towards the north.

Several positive and negative anomalies within the studied area are related to noise due to
buried iron materials and the near occurrence of high-power lines.

The reduction to the pole (RTP) filter reduces the dipolar field to a monopole field. The
analytical signal calculated from the vertical integration of the magnetic field is very close to
the optimum function represented by the gravity field over the anomalies (Fig.18), (Blakly
and Simposn, 1986).

RTP grid has been converted also to pseudogravity map (Fig.7); this map may define the
relation between the gravity and magnetic anomalies in such a way that, if the magnetic and
gravity anomalies are coincident, it will confirm that the gravity anomalies are related to the
same deep sources. Otherwise, then it may indicate different sources or effects of remnant
magnetization.

The Energy Spectrum is a 2D function of energy relative to wave number and direction.
The radials averaged spectrum is a function of wave number alone, and is calculated by

65



Gravity and Magnetic Surveys to Delineate Subsurface Structures in Hor Al-Huwazah
Area, South of Iraqg Ghalib F. Amin et al.

averaging the energy for all directions for the same wave number. The above estimates can be
used as a rough guide to the depth of the magnetic and gravity sources.

Figures (8 and 9) that illustrate the typical reduction in energy with increasing wave
number; the depth estimated from the spectrum file are statistical depth estimated to the top of
the sources (Spector and Grant, 1970).
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DATA INTERPRETATION
» Gravity Data

Bouguer gravity maps of Iraq and that which cover Amara — north part of Basrah
Quadrangle, both obtained from IPC data (Figs.10 and 11, respectively) include an area
without gravity data located between latitude 30° 45' — 32° 00" N and longitude 47° 00" —
48° 00' E.

The main aim of this study is to fill this uncovered area with land gravity survey. The gap
in the area was successfully covered, except the area of Hor Aum Al-Na'age, the northern part
of Hor Al-Huwaizah that is still filled with water. Figure (12) shows the same area in
Fig. (10) After merging the data with the gravity data of the studied area using Oasis Montage
Software.

Figure (13) shows the Bouguer gravity map of the studied area deduced from the gravity
surveys. Some of the inferred gravity anomalies (symboled as G, Gr and F for regional
residual and fault, respectively) have the same extension and complement as that of the
surrounding area, such as G1, G2, G3, G4 and the main negative anomaly within the studied
area. G2 and G3 are the main two positive anomalies within the studied area, which may
represent the southeastern part of Ramadi — West Amara High Gravity Anomaly, which
extends farther to the SE across the Iraq — Iranian border (Fig.12), (Al-Bdawi et al., 2010).
These two highs may be related to the same source and may represent an uplift or antiform
with NW — SE direction.

The main negative anomaly (A) is bounded from the north and south by two gravity
gradients interpreted as normal faults (F2 and F3, respectively) the anomaly F1 could be also
interpreted as a normal fault because of its high gradient. It has two parts displaced from each
other's by the gravity high G1, which may be interpreted as local antiform or nose imposed on
the main gravity high G2, which extends almost WNW - ESE direction and has a deep
source. The residual positive anomaly Gr5 may be interpreted as an important anticline
structure superimposed on local gravity low, which could be affected by the occurrence of salt
similar to several cases, such as Zubair, Rumaila and Nahr Umar structures in the
Mesopotamia foredeep. The same is true for the residual positive gravity anomaly Gr7,
imposed on the main gravity low A.

Another residual positive gravity anomaly (Gr8) is imposed on the regional gravity high
G4, located in the southeastern part of the studied area. The latter may represent the northern
part of the Kuwait Arch, where most of the hydrocarbons traps are distributed along its flank
(Al-Bdaiwi et al., 2010). The same condition is right in the studied area, where the oil fields
are distributed along the flank of the gravity gradient F1, F2 and F3.

There is another gravity gradient represented by the anomaly F4 located in the
northeastern part of the studied area, it may be interpreted as a strike slip fault according to its
effect that disturbs the gravity field and affect the located gravity anomalies, within its
vicinity, (Fig.13).
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Studied area (C.1. = 0.5 mGal)
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Fig.14: Bouguer gravity interpretation imposed on VDV filter of Bouguer
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Fig.15: Bouguer gravity interpretation imposed on THD filter of Bouguer
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Figure (16) shows regional gravity map after application of the third order trend surface of
polynomial regression filter. The regional anomalies G1, G2 and A re still exist; G1 becomes
one anomaly with negative gradient towards the east and the G2 with negative gradient
towards the north, which means they have depth extent.

Figure (17A) shows correlation profile along C — C' between Bougure (BOUG) vertical
derivative (VDV) and total horizontal derivative (THD) filters for gravity data (Figs.14
and 15 respectively) these filters were applied to ascertain the main anomalies within the
profile by enhancing the response of these anomalies and make them easier to be located and
recognize. These anomalies are as fallows; F1, F2 and F3 interpreted as normal faults,
whereas G1, G2, Gr7 and Gr8 as a gravity highs. G1 and Gr7 are two positive gravity highs
superimposed on the main gravity high and low in the studied area (G2 and A, respectively).

= Magnetic Data

Figure (18) shows the reduction to the pole map (RTP) of the studied area; this correction
simplified the complex magnetic anomalies shapes, so that they appear as positive anomalies
located directly above (induced magnetized) sources; as if they were at magnetic pole.

The main magnetic highs within the studied area are as fallows; M1 and M2 are located in
the NW, M3 and M6 in the N, M7 in the NE, M4 and M5 are two magnetic highs
superimposed on the regional magnetic low A and affect the sedimentary cover through its
expression in the gravity field (Fig.13).Anomalies M8, M9 and M10 may relate to intrusions.
Whereas M8 and Gr7 may relate to the same deep source affecting the sedimentary cover.
The magnetic anomalies F1, F2, F3 and F4 were interpreted as normal faults.

Figure (19) shows the regional RTP magnetic field at the studied area after application
third order trend surface of polynomial regression filter. At northern part of the map. There is
a trend of high positive gradient, while at the southern part of the map, there is a dipolar
anomaly with negative pole to the north (at the middle) and positive pole to the south, and
both anomalies represent deep sources.

Figure (17B) shows the same correlation profile along C — C' between reduction to pole
(RTP), total horizontal derivative (THD) and vertical derivative (VDV) filters for RTP data.
In this profile, the main interpreted anomalies are as fallows; F2 interpreted as a normal fault,
whereas M1, M3 and M8 as a magnetic highs, Mr4 and Mrl12 are residual magnetic highs,
whereas M3 and Mr4 are two positive magnetic highs superimposed on the main magnetic
low A, while Mrl12 is a residual magnetic high superimposed on the magnetic low B, these
anomalies have affected the sedimentary cover through its expression in the gravity field in
the same localities. On the other hand, M8 is well correlated with Gr7, which is imposed on
the main gravity low A indicating the possibility of salt occurrences (see Figs.13 and 18).

76



Iragi Bulletin of Geology and Mining Vol.10, No.2, 2014 p 59 —85
Papers of the Scientific Geological Conference Part 1

3520000 -

3510000 -

3500000 -

3490000 Poa =

3480000~ L

Nprthing (m)

3470000 E =
3460000 20 L
3450000 pgn
3440000 B

® City
3430000 -

I 20
(0] 10 20 km

3420000 ‘ ‘ ‘ ‘
700000 720000 740000 760000

Easting (m)

Fig.16: Regional Bouguer gravity map of the studied area (C.l. = 0.5 mGal)
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DISCUSSION AND CONCLUSIONS
= Gravity Method

It is essential to say that the Bouguer gravity map of the studied area (Fig.13) reflects
mainly the structures that lie above the basement, i.e. intrasedimentary anomalies and these
anomalies complete those of the surrounding map area (Fig.12). Inspection of this map may
delineate several anomalies.

The analytical signal calculated from the vertical integration and pseudogravity filters,
(Fig.7) is very close to the optimum function represented by gravity field over the anomalies
in presented Fig. (13).

It's believed that the anomalies G1, G2 and G3 are parts of one extended positive
anomaly, which trends NW — SE; this positive anomaly has long extension outside the studied
area (Al-Badawi, et al., 2010). This anomaly may be caused by uplift in sedimentary cover as
indicated in the basement relief map of IPC (Fig.20). Part of this uplift occurs or may be
caused by antiform structure represented by G1 that extends along the proposed fault F1
(Fig.13), or interpreted in term of coral reef or anhydrite elongated body present within the
sedimentary column (Al-Badaiwi, et al., 2010).

The anomaly Gr5 could be important positive anomaly imposed on a local gravity low it is
related to Halfaya anticline (Fig.3), but probably the occurrence of salt has caused its negative
background signature.

The negative gravity anomaly A is the complementary of the negative anomaly outside the
studied area. This anomaly is surrounded by high gravity gradient that may be related to
presence of faults (F2 and F3). This anomaly may reflect the occurrence of a depression filled
with low-density materials such as salt (Fig.3).

The positive gravity anomaly G4 at the southern part of the map (Fig.13) may reflect the
northern part of Nahr Umer anticline, and could represent the northern flank of the Kuwait
Arch as mentioned by Al-Badaiwi et al., (2010). The positive gradient F3 could be due to the
effect of fault structure bounding the negative anomaly A from the south and it may be related
to Majnoon oil field.

Another feature seen in the Bouguer map is the location of some oil wells, at the flanks of
the high gradients of anomalies F1, F2 and F3, (Figs.13 and 14).

Jassim and Goff (2006) mentioned that there are groups of buried anticlines of relatively
low amplitude associated with longitudinal faults, along the Ramadi — Musaiyib and the
Tikrit — Amara Faults Zones, These anticlines are associated with sharp gravity gradients, and
the same is also seen in the studied area.
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= Magnetic Method

The magnetic anomalies of the studied area show the same features as those of the
surrounding areas surveyed eromagnetically by C.G.G. in (1975), but the most important
thing is that the area is very noisy due to the occurrence of the high-power lines and different
buried iron objects.

The positive magnetic anomalies M1, M2 and M3 (Fig.18) may be related to the effect of
the same source, represent the eastern part of the positive magnetic anomaly located at Amara
city, which in turn represents the extension of the long positive anomaly South Najaf —
Al-Shatra anomaly, (Al-Badaiwi et al., 2010).

Anomaly M8 is the main magnetic high in the studied area. This anomaly extends to the
east and to the surrounding area and its complements. This anomaly is well correlated with
the residual gravity anomaly Gr7, imposed on the main gravity low A, indicating the
possibility of salt occurrences (see Fig.13, 17 and 18).

Anomaly M11, which is located in the southern part of the studied area, could be extended
farther to the south outside the studied area. The direction and location of this magnetic
anomaly is well correlated with the gravity high G4: both trending NW — SE. The latter may
represent the north part of Kuwait Arch, where most of the hydrocarbon traps are located
along its flank (Al-Bdaiwi et al., 2010). The same condition is seen in the studied area, where
the same oil fields are distributed along the flank of the high gravity gradients F1, F2 and F3.
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