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Abstract  

    The upward continuation technique was applied to the gravity and magnetic data 

to obtain the residual anomalies maps in eastern Iraq. A new processing method is 

introduced to calculate the crustal layers depending on the relation between the total 

range of the residual anomalies of gravity, magnetic data and the upward 

continuation, with multi-elevations. The significant relationship shows slope 

variations, which may reflect the maximum contrast in the physical properties 

(density and/or susceptibility) and the intersection point representing the depth of 

layer contacts. This method was applied to the eastern central part of Iraq, adjacent 

to the Iranian borders. It is found that the average depth range to the Jurassic 

formations, top basement rocks, transition layer (Curie point), and Moho 

discontinuity are   3.1- 4.8 km, 8-12.9 km, 20.9-22.4 km and 43.6 km, respectively. 

The Sedimentary cover in the study area ranges from 8 to 13 km. The maximum 

depth to the Moho discontinuity obtained by gravity data in the study area is 43.6 

km. The radially average power spectrum technique was applied in the study area to 

calculate the gravity depth and magnetic sources' depth. Three depth levels of 

sources from gravity and magnetic data were obtained. These depths are shallow 

sources, average basement rock and deep sources (Moho) at 3km, 13.2-12.1 km, and 

32.2-34km, respectively. The obtained results concerning the main layers in the 

crust were compared between the two methods, and the new method shows more 

reliable results. The detected depth levels refer to top Jurassic, basement rocks, and 

Moho discontinuity. The new method is believed to be used to detect the crustal 

layers depth with good results. 
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  الخلاصة 
الشذوذ         خرائط  للحصول على  والمغناطيسية  الجاذبية  بيانات  على  التصاعدي  الاستمرار  تقنية  تطبيق  تم 

بين   العلاقة  على  اعتمادًا  القشرة  طبقات  لحساب  جديدة  معالجة  طريقة  استخدمت  العراق.  شرق  في  المتبقية 
الشذوذ المتبقية للجاذبية والبيانات المغناطيسية ولارتفاعات متعددة للمجال المستمر   النطاق الإجمالي لحالات 
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لأعلى. امكن تحديد عدة اختلافات بارزة في الميل ، والتي قد تعكس أقصى تباين في الخصائص الفيزيائية )  
القشرة   في  الاساسية  الطبقات  بين  الحدود  تمثل  الميل  خطوط  وتقاطعات   ،) المغناطيسية  والحساسية  الكثافة 
مدى عمق   متوسط  أن  الإيرانية. وجد  للحدود  المحاذي  العراق  الأسلوب على وسط  تطبيق هذا  تم  الارضية. 

  4.8  -3.1الانتقالية )نقطة كوري( وانقطاع موهو هي    التكوينات الجوراسية وصخور القاعدة العلوية والطبقة
كم على التوالي. تم تحديد سمك الرواسب في منطقة الدراسة    43.6كم و    22.4-20.9كم ،    12.9-8كم ،  
كم. أقصى عمق تم الحصول عليه بواسطة بيانات الجاذبية في منطقة الدراسة والذي يرتبط بعمق    13-8بين  

هو    موهو   العمق    43.6انقطاع  لحساب  الدراسة  منطقة  في  شعاعيًا  الطاقة  طيف  تقنية  تطبيق  تم  كم. 
، والتي تمثل   المغناطيسية  الجاذبية و  السطح. حصلنا على أعماق ثلاثة مستويات لمصادر  للمصادر تحت 

بعد   موهو(على  لانقطاع   ( العميقة  والمصادر  القاعدية  الصخور  ومتوسط   ، الضحلة  المصادر    3أعماق 
كيلومتر على التوالي. تمت مقارنة النتائج المتحصل    34  -  32.2كيلومتر و    12.1  -  13.2كيلومترات ،  

عليها بخصوص الطبقات الرئيسية في القشرة بين الطريقتين. حيث تبين ان الطريقة الجديدة اعطت نتائج اكثر  
ان   يمكن  الجديدة  الطريقة  ان  يعتقد  موهو  وانقطاع  القاعدة  ، صخور  الجوراسي  اعلى  لانقطاعات  موثوقية  

 .تعطي نتائج جيدة في تحديد عمق الطبقات الاساسية للقشرة الارضية
 

1. Introduction 

     The gravity and magnetic methods are important geophysical surveys to delineate 

subsurface structures. These methods have been used to determine the sedimentary basin 

thickness and estimate the crustal layers [1 and 57]. The gravity method measures variations 

in the Earth's gravity field arising from differences in density between subsurface rocks [2]. 

The magnetic survey is one of the oldest geophysical surveys, which measures the Earth's 

magnetic field and object bodies that contain ferrous metals in their composition. The 

magnetic method deals with measuring magnetic susceptibility [3]. The geomaterial (i.e. 

rocks) loses its magnetic properties at a Curie temperature of 578°C [4]. The eastern central 

part of Iraq (including the study area) is characterized by many geological features and 

tectonic events that led to the formation of many folds and fault that appears morphologically 

as mountains (almost at the north and northeast parts) and the Mesopotamian basin (at the 

centre and south parts of Iraq), ( Figure 1),  [5, 6, 7,8 and 58].  

 

     The thickness of the sedimentary column in the eastern part of Iraq is relatively large. The 

deepest well in Iraq has not penetrated the basement. The challenge in geology and 

geophysics was deep formations. Therefore, the potential methods (Gravity and Magnetic) 

were used to estimate the depth of basement rocks. Many researchers [9, 10, 11 and 12] used 

geophysical methods such as gravity, magnetic and seismic to determine the basement, the 

Conrad discontinuity, Crust thickness, Moho discontinuity and Curie point depths in Iraq.  

 

      The residual anomaly separation is necessary to distinguish the gravity or magnetic effect 

of shallow sources. The separation process is done by determining the regional effect and then 

subtracting it from the original data to obtain the residual anomalies. The upward continuation 

method is a mathematical technique used to obtain the regional anomalies, which are then 

subtracted from the original maps to obtain the residual anomaly map [24]. The upward 

continuation is used to remove or minimize the effects of shallow sources and noise in grids 

[3, 25 and 27]. The upward technique transforms potential data (gravity and magnetic) from a 

surface to a higher level [26]. 

  

    The radially average power spectrum technique is used to determine the depths of 

subsurface sources and has been used by many researchers [27, 28, 29, 30, 31, 32, 33, 34, and 

35]. The radially averaged power spectra analysis of the data obtained is used to apply 

spectral analysis of potential field data to estimate the depth and extent of the gravity and 
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magnetic anomaly sources. Power spectrum analysis is a frequency domain technique that can 

separate data from various sources at various depths [46]. The process involves 2-D Fourier 

Transform (FT) of gravity and magnetic data and computation of transformed data's radially 

averaged power spectra [27]. 

 

     The gravity and magnetic maps were used to detect the main crystal layers in the study 

area using a new processing method depending on the upward continuation technique. The 

radially averaged power spectrum technique is used to check the result of the new method.   

 

2. Data acquisition  

2.1 Location of the site 

     The study site is located in eastern Iraq within Latitude 32.1 to 35.3N and Longitude 43.08 

to 46.7E (Figure 1). The study area is bounded from the west and southwest by the Tigris 

River, passing through the Mesopotamian zone towards the east (near the Iraqi-Iranian 

border). 

                                              Figure 1: Location site bounded the study map. 

 

 2.2 Geology and tectonic setting of the study area 

     The study area is covered mainly by Quaternary and Pre-Quaternary sedimentary 

formations [36]. The Pre-Quaternary sedimentary rock formation includes the Fatha (Lower 

Fars) Formation (Middle Miocene), is composed of carbonate and marl. The Late Miocene-

Pliocene age consists of a fluvial system of Fatha, Injana (Upper Fars), Mukdadiya (Lower 

Bakhtari) and Bai  Hassan (Upper Bakhtari) Formations [5]. The Tigris and Diyala Rivers 

deposited quaternary sediments of the Mesopotamian zone. Alluvial fans emanate from the 

surrounding elevated areas. Floodplain deposits include channel deposits and flood plain 

depression, Sabkha and deltaic deposits [37], (Figures 2A). According to the tectonics 

division, the study area is situated on an unstable shelf (Mesopotamia basin) in Iraq [38, 39, 

40 and 41]. The study area contains two longitudinal tectonic boundaries and three transversal 

fault systems [5] (Figure 2B). 
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Figure 2: (A) The Geological map for the study area modified after [36] (B) The Tectonic 

map of the study area modified after [5]. 

 

3. The Radially Average Power Spectrum 

     The Radially average power spectrum technique uses the Fast Fourier Transform (FFT) for 

Bouguer Gravity and RTP Magnetic data. This method calculates the depths of the sources 

using spectral analysis [28], and the depths of the sources H through the slopes of the linear 

spectral analysis resulting from the gravity and magnetic grid. That is done by dividing the 

resulting spectral slope by 4π. Usually, three or four parts of different linear slopes are 

detected, which reflect deep, shallow, and noise source components  .The high frequencies are 

associated with shallow sources, while low frequencies are associated with deep sources[46] . 

Estimation calculated by the Eq. (1). 

 

                                                     H = - slope/ 4π      [27]                                                      (1)    

Where H= depth 

               

 4. Materials and methods 

 4.1 Data acquisition and processing  

     The gravity ground surveys in Iraq, including the study area, were carried out in 1959 and 

1979; the gravity data were unified by the Iraqi geological survey company staff (32, in 33). 

The gravity data was reprocessed by Getech Group/ British in 2010. The regional view of the 

gravity map gives an approximate idea of the sedimentary basin in Iraq [44]. The Bouguer 

gravity anomaly grid with 1 X 1 kilometre has a range (from -22 to -64 mGal) (Figure 3A). 

The C.G.G French Company carried out the aeromagnetic surveys of Iraq at an elevation of 

140 meters above the topographic surface in 1974. The data were processed and interpreted to 

construct the basement depth map of Iraq [42]. The original data was reprocessed and 

reinterpreted by Getech for the oil exploration company and the geological survey of Iraq 

[43]. The Total Magnetic Intensity (TMI) values of the study area range (from 4835-5086 nT) 

(Figures 3B). The gravity and magnetic data are obtained from the Oil Exploration Company. 
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The dipole magnetic source effects in the aeromagnetic anomaly map were converted to a 

one-pole anomaly source using the Reduction to Pole (RTP) technique [27]. The RTP map of 

the study area is shown in Figure 3C. Many researchers discussed the density in Iraq, and they 

considered the density for the sedimentary cover from 2.5 to 2.61 cm/gm3 [17,47,  48, 49,  50 

and  51, and 52],  the basement to lower part of crust density range  2.77-2.95 cm/gm3 [17,32, 

43, 53], and to upper mantle density 3.25-3.3 cm/gm3 [32, 54]. The processing steps of 

gravity and magnetic data to obtain the depth of the main layers boundary within the crust 

were shown in the flow chart, Figure 4. 

 

 
Figure 3: (A) The Bouguer Gravity anomaly map (B) The TMI map (C) The RTP magnetic 

map of the study area [43]. 
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Figure 4: The flowchart summarises the processing steps to obtain the depth of the main 

layers within the crust. 

 

4.2 Regional - Residual separation methods 

     The residual anomaly separating is necessary to distinguish the relatively shallow geology 

features from the regional anomalies. This process is mathematically performed by 

subtracting the regional anomaly from the Bouguer or Magnetic maps [45]. Upward 

continuation is a clean filter process, without side effects like the other filters,  to obtain the 

potential data (gravity or magnetic) at different elevation levels. The obtained maps are 

considered regional maps subtracted from the original maps to obtain the residual anomalies 

map. These processing steps are achieved using  the   Oasis montaj™ software (2015, V. 8.4). 

The platform can be used for the separation process.  

 

5. Results  

     An upward continuation separation has been applied to the twenty-one elevations to obtain 

the regional - residual Bouguer gravity and RTP magnetic anomaly maps in the study area. 

The variation in regional gravity, regional RTP magnetic, residual gravity, and residual RTP 

magnetic anomalies maps were shown through the selected upward elevations 1 km, 6 km, 10 

km, 16 km, 32 km, and 50 km, respectively (Figures 5, 6,7 and 8). The gravity values in the 

regional maps increase toward the northeast study area, which coincides with the increasing 

basement depth (Figure 5). This is due to the increase in the thickness of the sediments from 

the surface to the basement, and this means that the effect of the basement is less effective on 

the surface, even if those rocks consist of dense igneous or metamorphic rocks. The RTP 

magnetic values in the regional map show two main anomalies: high values in the northern 

part and low values in the southern part of the study area. The maximum gradient at the 

regional RTP  
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Figure 5: (A) The upward regional gravity maps at elevation  (A) 2 km, (B)  6 km, (C)  10 

km, (D) 16 km, (E)  32 km, and  (F) 50 km. 
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Figure 6: The upward regional RTP magnetic maps at elevations (A)2 km, (B)  6 km, (C) 10 

km, (D) 16 km, (E) 32 km and (F) 50 km. 
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Figure 7: The upward residual gravity maps at elevations (A) 2 km, (B) 6 km, (C) 10 km, (D) 

16 km, (E) 32 km and (F) 50 km. 
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Figure 8: The upward residual RTP magnetic maps at elevations (A) 2 Km, (B) 6 Km, (C) 10 

Km, (D) 16 Km, (E) 32 Km and (F) 50 Km. 

 

      Magnetic map coincides with the Diyala River path, indicating one of the main transverse 

faults in Iraq (Sirwan Fault). The low magnetic values in the study area correspond with the 

main sedimentary basin (Mesopotamian basin), including the Kut- Dezful Fault (Figures 2B 

and 6). The residual gravity anomalies maps show many positive anomalies, most trending 
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northwest-southeast. The maximum residual gravity amplitude at Hamrin Anticline, East 

Samarra, and Baquba-Badra anomalies (Figures 2B and 7). The Residual RTP magnetic maps 

show many positive magnetic anomalies in the west Khanaqin, east Samarra, Badra, and 

Aziziyah anomalies (Figure 8). 

  

     The residual gravity and magnetic anomalies map, obtained from the upward continuation 

with elevations from 2-100 km and power spectrum techniques, were considered to delineate 

the crustal layers in the studied area. The total range of the residual gravity and the residual 

RTP magnetic anomalies (from the lowest values of the residua to the highest value) is 

compatible with the upward continuation elevation values. The upward elevation is plotted 

with the corresponding values of the total residual, residual gravity and residual RTP 

magnetic range,  

 

 
Figure 9: upward continuation elevation against the total range of the residual gravity of the 

study area. 

 
Figure 10: The Upward Continuation elevations against the total range of the residual RTP 

magnetic of the study area.               

    

     respectively (Figures 9 and 10). The upward continuation elevation values at the x-axis, 

and the corresponding total residual gravity or magnetic field content is on the y-axis (Figures 

9 and 10). The points are drawn on the graph and aligned in several straight segments. The 

points are drawn on the graph and aligned in several straight segments. Straight lines drawn 

from the gravity data were intersected at five points, while those drawn from the magnetic 

data intersected at four positions (Figures 9 and 10). The slope of the lines (Straight lines) is 

related to rock groups with identical physical properties (density or susceptibility). So, the 

intersection point’s position indicates the change in physical properties, which may detect the 

average depths of the main boundaries (Maximum variation in the physical properties of the 

layers). This method is considered a new one sensitive to significant changes in the physical 
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properties (density or susceptibility) and is not susceptible to small changes, as is the case 

between sedimentary layers.  

  

     Radially average power spectrum techniques were applied to the Bouguer gravity and RTP 

magnetic Data. The gravity and RTP magnetic data identified four linear slopes of the spectral 

analysis. These lines represent the  Deep, Shallow, nearest and noise sources. From gravity 

and magnetic data, three intersection points were detected. These three points correspond to 

the three-level depth (Figures 11 and 12). The level depths obtained from gravity data are 3 

km, 13.6 km and 32.2 km (Figure 11). The RTP Magnetic data shows four subsurface depth 

sources: 3.2 km, 9 km, 15.2 km, and 34 km (Figure 12). 

 

 
Figure 11: Radial Power Spectrum of the Bouguer gravity data for the study area. 

 

 
Figure 12: Radial Power Spectrum of the RTP Magnetic for the study area. 
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     The depths obtained by the two methods are tabulated in Table 1, which shows a slight 

difference in the values of the gravity and magnetic depths observed by each method, as well 

as obtaining a certain depth from one of the two methods and not obtaining a parallel depth 

using the other, This is due to the difference in the bases of the considered methods and the 

level of its sensitivity to changes at each depth, as well as the difference between the physical 

properties (density and susceptibility).   

 

Table 1:  Depth results from Gravity and Magnetic methods. 

No 

Depth(km) from the 

Upward  Gravity 

Method 

 

Depth(km) from 

Upward Magnetic 

method 

 

Depth(km) from 

Power Spectrum 

Gravity Method 

 

Depth(km) from the 

Power Spectrum 

Magnetic method 

 

1 3.1 4.8 3 3.2 

2 8 11.3 - 9 

3 12.4 12.9 13.6 15.2 

4 21 22.4 - - 

5 43.6 - 32.2 34 

 

     In previous studies, the basement depth in the study area was 8-14 km [13 and 14]. 

According to Iranian studies, the basement depth of the eastern study area on the Iranian side 

varies between 7-16 km [15]. Many researchers use gravity data to determine the crustal 

thickness; in the studied area, it ranges from 37 to 42 km [16, 17, 18 and 19]. In the study 

area, seismological studies indicate that the Conrad discontinuity depth ranges from 18 km to 

22 km whilst the Moho discontinuity depth ranges between 40 and 60 km. [20 and 21]. On the 

Iranian side the depth of the Moho was estimated between (38-46 km) [22, 23 and 10]. 

Comparison of the depth of the crust's main layers in the study of those obtained in this study 

seems more reliable than the layers depth from the other methods.  

 

6. Discussion 

     The change in the steepness of the lines found a relatively large slope at the beginning and 

then decreased gradually. The slope changes were found to be steep when the average depth is 

shallow or close to the surface (Figures 9, 10, 11, and 12). The gravity data shown in Figure 

9, the first intersection point with a depth of 3.1 km, confirmed the top Jurassic formations in 

the wells in the study area. The second and third intersection points lie at distances of 8 km 

and 12.4km, representing the variation of basement rock from the surface. The fourth point is 

at a distance of 21 km which may represent the average depth of the Conrad discontinuity or 

Curie point in the study area. The fifth intersection point at an average depth of about 43.6 km 

may represent the depth of Moho in the study area. The magnetic result in Figure 10 also 

displays five intersection points. As oil wells indicate, the first intersection is at 4.8 km, 

within the Jurassic formations. The second and third intersection points, with a depth of 11.3 

km and 12.9 km, coincide with the basement depth in the study area. The Magnetic Curie 

point depth may be located in the fourth intersection point at 22.4 km.  

 

     The variation in the depth of the boundaries depends on the variation effect of the physical 

properties ( density and susceptibility) as soon as on the theoretical basis of the processing 

methods. The thickness of sedimentary rocks ranged between 8-13 km within the study area. 

The results were compared with the previous researchers using different geophysical methods 

in the region and were almost identical. The process used in this study, which depends on 

determining the relationship between the total range of a set of residual gravity and magnetic 
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anomalies with the corresponding upward elevations, successfully detects the main crust layer 

in the study area. The new method used in calculating depths in this study from gravity and 

magnetic data successfully detected the main crust layer in the study area using a unique 

technique. The Radial Power Spectrum method shows three depth sources from gravity. The 

first depth level of 3 km refers to the shallow sources of rocks, and the second level depth of 

13 km refers to the basement rocks in the study area. The last level depth represents the Moho 

discontinuity in the study area at a depth of 32.2 km. Four depth sources result from RTP 

Magnetic. The first level depth at 3.2 km represents the shallow sources. The second and third 

level depths at 9 km and 15.2 km represent variations in the depth of the basement. The fourth 

level of depth refers to the Moho discontinuity in the study area at 34 km.  

 

7. Conclusion  

     A new method was successfully suggested for the first time in the study area to determine 

the crustal main layers using gravity and magnetic data. The average depth range of Jurassic 

formations, top basement rocks, and Conrad discontinuity or Curie point at the study area was 

found at depth 3.1- 4.8 km, 8-12.9 km, and 20.9-22.4 km, respectively. The Moho depth 

determines 43.6 from gravity. Therefore, the thickness of the sedimentary covers in the study 

area is approximately 13 km. The suggested method successfully determines the crustal main 

layers depending on the gravity and magnetic data interpretation. It is believed that the 

upward continuation process can be used to investigate the abrupt changes in physical 

properties (density and susceptibility). As a secondary technique, the power spectrum 

technique applied to the gravity and magnetic data compares its results with those obtained by 

the suggested method. The depth ranges from gravity and magnetic using the power spectrum 

for the study area are 3-3.2 km, 13.6-12.1km, and 32.2 km for the top Jurassic, basement 

rocks and Moho discontinuity, respectively. Comparisons between the two methods indicate 

that the results of the new method are more reliable and logical than the power spectrum 

technique. 
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