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Abstract 

The study focused on the results of first paleostress from thrust fault slip data on Tertiary age of 

Hemrin North Structure, Northern Iraq. In the study area, the nature of the rock type is one of 

the most important parameters determining the style of deformation. Some beds have behaved 

as incompetent horizons in the stratigraphic column and the thrust plans in some instances 

follow the individual beds, so that bedding act as detachment surfaces.  The stress inversion for 

fault slip data was achieved using a developed right dihedral model, and then followed by 

rotational optimization (Georient Software). The trend of major stress axes (σ1, σ2 and σ3) and 

the ratio of the principal stress differences (R) show the main paleostress field is NE-SW 

compression regime. As well as using Mohr diagram and Lisle graph to determine the 

magnitudes of paleostress.  The values of the paleostress in the study area were σ1=1430 bars, 

σ2=632 bars and σ3=166 bar. The large magnitudes of the primary stress axes could be 

attributed to active tectonic processes that caused pre-Tertiary deformation. It is suggested that 

the study area was affected by continuous thrust faults of tectonic deformation and this area is 

unstable and the striated faults were reactivated by inhomogeneous stresses. 
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 شمالي العراق ،ل التركيبي لتركيب حمرين الشماليالتحلي

 الخلاصة:

 ،حًزيٍ انشًانيركشخ انذراسح ػهى َرائج الاجٓاد انقذيى الأل يٍ تياَاخ انصذٔع انشاحفح نؼًز انؼصز انصلاشي نرزكية 

شًاني انؼزاق. اٌ طثيؼح انصخٕر ْي ٔاحذج يٍ أْى انؼٕايم انري حذدخ ْيأج انرشٕيّ في يُطقح انذراسح، حيس أٌ تؼض 

انطثقاخ ذصزفد ػهى أَٓا يسرٕياخ غيز صهذج في انؼًٕد انطثاقي ٔاٌ يسرٕياخ انصذٔع انشاحفح ذثؼد ْذِ انًسرٕياخ 

 .سًى تسطٕح انفصمٔنٓذا فإٌ ْذِ انطثقاخ كَٕد يا ي

ذى ذحهيم الاجٓاد نًسرٕياخ انصذٔع تاسرخذاو طزيقح انرؼايذ انصُائي ٔ اسرخذو تزَايج انجيٕريُد نرًصيم انثياَاخ. أضحد 

اٌ الاجٓاد انقذيى  انحقهي  (.R) َٔسثح فزٔق الاجٓاد انزئيسح (σ1, σ2, σ3) انذراسح اٌ اذجاِ يحأر الاجٓاد انزئيسح
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جُٕب غزب ْٕ َظاو ذضاغطي. فضلا ػٍ اسرخذاو يخطظ لايم ٔ تزَايج يْٕز نرحذيذ قيى  –شزق انزئيسي ْٕ شًال 

كاَد قيًح  ،تار 1341( ْي σ 1)الاجٓاد انقذيى. قيى الاجٓاد انقذيى في يُطقح انذراسح كاَد قيًح الاجٓاد انزئيسي الاػظى 

 .( تار122)  (3σ)ٔكاَد قيًح  الاجٓاد انزئيسي الاصغز  ( تار246) (2σ)الاجٓاد انزئيسي انًرٕسظ 

أضحد انذراسح اٌ  انقيى انؼانيح نًحأر الاجٓاداخ انزئيسح رتًا ذؼٕد انى الاحذاز انركرَٕيح انري سثقد فرزج انؼصز  

ْذِ انًُطقح ذؼذ غيز  انصلاشي.  أٌ يُطقح انذراسح قذ ذأشزخ ترراتغ ػًهياخ انرصذع انًسرًزج أشُاء انرشٕيّ انركرَٕي ٔاٌ

 يسرقزج ٔاٌ انصذٔع انًحشسج قذ اػيذ َشاطٓا تسثة اجٓاداخ غيز يرجاَسح.

1. Introduction 

Hemrin North Structure is one of the important structures in Iraq, due to the possibility of 

existing hydrocarbon in it. Hemrin North Structure is asymmetrical anticline has NW-SE trend. 

It is located between latitudes (34° 40ʹ - 35° 10ʹ North) and longitudes (43° 35ʹ - 44° 20ʹ East) 

(Figure 1). Average of the dip of the northeastern limb is gentle (20°) and dip of the south 

western limb is steep (75°). Thus, the structure is vergency toward south western limb. 

Paleostress analysis refers to several methods which attempt to estimate regional stress tensors 

that have existed in the geological structures. Many different techniques for determination stress 

tensors have been proposed. The principal stress trends and relative values have been estimated 

from fault populations [1]. These methods are based on Bott-[2] assumption suggesting that slip 

orientation is parallel to the resolved shear stress on the faults plane [3; 4; 5; 6; 7; and 8]. The 

reactivated fault slip model has been applied by several researches to estimate the magnitudes of 

the paleostress [5; 9; 10; 11 and 12]. Mohr circles representation of the states of stress in three 

dimensions can be tested to represent the reactivation of the faults. This paper done using 

structural analysis of Hemrin North Structure depends on ten measurements that were taken in 

the field. The data was plotted in the sterograpgic projection using Georient Software. 

Determining the stress magnitudes connected with the tectonic history of rock masses is 

dependent on establishing a close association between the state of stress and the development of 

a noticeable parameter in the rock itself. However, this study includes determination structural 

of the paleostress (orientations, magnitudes and stress ratio), and understanding the dynamics of 

the study area. 
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Fig. (1) Satellite image showing the study area [13]. 

 

2. Tectonic and Geological Setting 

The study area is located in the low Folded Zone in the Unstable Shelf of Iraq (Figure 2).The 

stratigraphy sequence of the study area represents many sedimentary rocks that are exposed 

with age ranged from middle Miocene to Recent as shown in the geological map (Figure 3). The 

formations are described, from oldest to youngest as following:                                                                                                                         

Fatha Formation 

The formation is exposed on the surface; the maximum thickness of it reaches 288 m and 

occupies the core of Hemrin North Structure. It comprises anhydrite, gypsum and salt, 

interbedded with limestone and marl. The age of the formation is middle Miocene and its 

depositional environment was dominated by shallow marine (lagoon) [16]. 

 

 



Journal of Petroleum Research and Studies 

P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 36, September 2022, pp. 21-33      
  

 

 
24 

Injana Formation  

The thickness of formation is 132 m in the study area and composes of three members. The 

transition member, lower claystone member, and upper sandstone member. The latter two 

members are differentiated according to the prevalence of claystone and sandstone, respectively 

[17]. The environment of sedimentation is mostly continental and its age is late Miocene. This 

formation prevails on both limbs of Hemrin North Structure. The appearance of gravel layer 

above Injana Formation marks the beginning of Muqdadiya Formation.  

Muqdadiya Formation 

The thickness of formation is 180 m in the study area and is exposed continuously on both 

limbs of Hemrin North Structure. It consists of medium to coarse sandstone with pebbly 

sandstone in the lower part. The age of the formation is early Pliocene and its sedimentary 

environment represented by a fluvio-lacustrine [16 and 18].  

Bai Hussan Formation 

It consists of coarser grain size than Muqdadiya Formation and is younger in age. Bai Hussan 

Formation consists of two members: the conglomerate member and the claystone member with 

thickness of 137 m. The Bai Hussan Formation formed and deposited in a fluvio-lacustrine 

setting. Terrace gravels and/or alluvial deposits cover the formation, which is occasionally 

covered by Quaternary fine grain sediments [18]. 

3. Aim of the Study 

The main goal of this research is to detect the structural model and determine the trend and 

magnitudes of the paleostress that affected the study area. In this study, the structural and 

tectonic model was done in order to determine and estimate the stability of the study area and 

petroleum exploration methods. 

4. Methodology 

The fault slip data was utilized by several authors such as Al-Obaidi [10]; Al- Diabat [19]; Al- 

Obaidi, and Al-Kotbah [11]; Al-Hachem, and Al-Obaidi [12] and Al- Shwaily and Al-Obaidi 

[20] to calculate trends of the paleostress field. The right dihedral approach was used to identify 

the trend of the study area's principle stresses axes (1, 2, and 3).The maximum principal stress 

(σ1) and the intermediate principal stress (σ2) were horizontal, while the minimum principal 

stress (σ3) was sub-vertical. The dips of these faults were to the east direction in the study area 
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as shown in Figures (4) and (5). The orientations of principal stress axis were determined as 

earlier described (Georient, Ver. 9.5). 

 

 
Fig. (2): Tectonic map of Iraq [13]. 
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Fig. (3): Geological map of study area (modified from Al Naqib [14]). 

 

Fig. (4): Right dihedral method showing the distribution orientation of the principal stress 

axes in the study area. 
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     The lithostatic load and one of the principle stress axes can be used to estimate the value of 

the vertical stress (v). The depth and average density of overlying rock beds may be known at 

the time of tectonic events, and additional information on the value of one principle stress can 

be acquired using the following equation: 

σv = ρgz ……………… (1)                                   

Where:  

ρ: is average density of  the rocks (kg/mᵌ) .  

g: is the acceleration of gravity (m/s²).  

z: is the depth (m). 

The stress ratio can be calculated when the trend of the principal stress axes are known, for all 

faults individually, using Bott law [2] in equation (2). As well as Lisle graph and Mohr circles 

were used to represent the stress state (Figure 5).                                                                               

R = tan θ Im – I² n / n-n³ …………........…………(2)   

where:  

R: is ratio of the principal stress   

θ: is the pitch angle.  

(I, m, n): are cosine of the angles (α, β, γ) respectively as shown in Table (1). 
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Fig. (5): Lisle graph of the stress states representation [7]. 

Table (1) Magnitude of the stress ratios (R) for thrust faults in the area. 

R= tanɵIm - I² 

n / n-n³ 

(ɣ) (β) (α) tan (ɵ) Pitch 

(ɵ) 

Fault plane 

D.D/D.A  

NO. 

0.5 60° 36° 84° 2.74° 70° E 015/32° 1 

0.2 66° 30° 84° 3.73° 75° E 145/30° 2 

0.5 60° 35° 85° 3.73° 75° E 060/41° 3 

0.4 60° 39° 81° 2.74° 70° E 140/25° 4 

0.5 62° 38° 80° 2.74° 70° E 305/64° 5 

0.8 64° 36° 80° 3.73° 75° E 150/30° 6 

0.6 60° 38° 82° 2.74° 70° E 322/32° 7 

0.4 60° 39° 81° 2.74° 70° E 330/39° 8 

0.3 67° 30° 84° 2.74° 70° E 155/30° 9 

0.8 64° 36° 82° 3.73° 75° E 320/50° 10 
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5. Results 

The friction angles of fault planes were measured for different lithology’s based on practical 

sliding and field data. The smooth surface is predicted to be around 25°, whereas the rough 

surface is assessed to be around 35°. The average density of the sedimentary beds is estimated 

to be 2300 kg/m
3
. The depth of the bed rocks was measured at the field equal 737 m, the 

acceleration of gravity (g) equal 9.8 m/ s
2
, and the average depth of the bed rocks was measured 

at the field equal 737 m. As a result, vertical stress (v = 3) can be calculated. Finally, the rock 

cohesion magnitudes (0-100) bars were selected because published cohesion values typically 

fell within this range. 

       Mohr circles were drawn based on the stress ratio (R), magnitude (R=0.5), and the spots 

(fault poles) on these circles were plotted based on the angles. Above the sliding line and 

beneath the failure envelope, plot points in Mohr circles should be detected. The results of this 

method's use are summarized in Figures (6) and (7) and Table (2).                                                                                                                                  

 

Fig. (6): Mohr Circles to calculate the magnitudes of the principal paleostresses of the 

study area, when the friction sliding line 25°. 
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Fig. (7): Mohr Circles to calculate the magnitudes of the principal paleostresses of the 

study area, when the friction sliding line 35°. 

 

Table (2) Magnitudes of the principal stress (σ1, σ2, σ3) of the study area. 

σ1 

bar 

σ2 bar σ3=σv 

bar 

Depth 

(m). 

Density 

Kg/m³ 

Hydrostatic 

Pressure bar = 

(σ 1+ σ 2+σ 3) 

/3 

Cohesion 

Strength= 

(σ 1- σ 3) 

bar 

d2 bar    

 (σ 1- σ 2) 

d1 bar = 

 

(σ 2- σ 3) 

1430 632 166 737 2300 742.6 1264 798 466 

     

Thrust faulting in Hemrin North Structure involved a compression regime (σ1) which was 

almost horizontal, (σ3) was sub vertical extensional axes, and an intermediate axis (σ2) which 

was horizontal. 

 

6. Discussion 

    The field data, Mohr circles, Bott’s [2] equation, and Lisle diagram were used to evaluate the 

magnitudes of the paleostresses in Cenozoic Eara sedimentary rocks. The poles of the thrust 

faults are located between the sliding lines and the Mohr envelope, as shown by Mohr circles. 

Mohr circles depict the relationship between shear stress and the effective normal on fault 
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planes, as well as the proportional relationship between shear stress and fault reactivation. The 

stress ellipsoid was varied, and the magnitudes of the stress were not constant. This difference 

could reflect to the fact that the stress fields, depth variation, and stress magnitudes have altered 

throughout time. The large magnitudes of normal stresses could point to a vigorous tectonic 

event that caused the land to deform during the Cenozoic Era.                                                                                                                    

 

7. Conclusion 

    The displacement on thrust faults surfaces is one of the important parameters that were 

affected on the mechanism of the final deformation in the study area. Magnitudes of the 

principal stress were calculated depending on rupture friction law, depth of the rock units and 

stress ratio. Value of the paleostress ranges (166 – 1430) bars. These stresses magnitude are 

enough to produce or to reactivate faults in the study area.The stress ratio mean (R= 0.5) that 

indicates state of the stress was flattening stress, in other words, axial compression of stress (σ1 

> σ2 > σ 3). These faults could be formed at the early stage of the folding. These values are 

important in study stability of the area and petroleum exploration processes which can use to 

increases porosity and formation permeability that represent hydrocarbon reservoirs 

characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Petroleum Research and Studies 

P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 36, September 2022, pp. 21-33      
  

 

 
32 

References 

[1] Angelier. J. and Mechler, P., Sur une method graphique de recherché des contraintes 

principals egalment utilizable en technique et en seismologie: La method des diedres: Bulletin 

de Societie Geologique de France, Vol. 19, pp: 1309-1318. 1977. 

[2] Bott, M. H. P., “The mechanics of oblique- slip faulting”, Geological Magazine, Vol. 96, pp. 

109-117. 1959. 

[3] Angelier, J., “Determination of the mean principal directions of stresses for a fault 

population: Tectonophysics”, Vol. 56, pp. T17-T26. 1979. 

[4] Aydin, A., “Determination of the orientation of the principal stresses from three or more sets 

of contemporaneous faults”, Transaction of the American Geophysical Union, Vol. 61, pp. 11-

17. 1980. 

[5] Angelier, J., “From Orientation to Magnitudes in Paleostress Determinations using Fault 

Slip data”, Journal of Structural Geology, Vol. 11, pp. 37-50. 1989. 

[6] Hancock, P. L., Al-Kahdi, A., Barka, A.A. and Bevan, T. G., “Aspects of analyzing Brittle 

structures”, Annales Tectonic, Vol. 1, pp. 5-19. 1987. 

[7] Lisle, R.J., “Principal Stresss orientations from faults: An additional constraint”, 

International Journal of Structural Geology and Tectonics. Vol. 1, pp: 155- 158. 1987. 

[8] Hatzor, Y and Reches, Z., “Structure and paleostress in the Gilboaregion, western margins 

of the Dead Sea transform”, Tectonophysics. Vol. 180, pp: 87-100. 1990. 

[9] Sassi, W. and Carey – Gailhardis, E., “Interpretation mechanique du glissementsur les 

failles: Introduction dun critere de frottement”, Annales Tectonicae, Vol. 1: pp. 139- 154. 1987. 

[10] Al-Obaidi, M. R., “Stress field determination (Orientation and Magnitudes) and their 

relation to structural trends and overburden thickness for Sinjar and Bashiqa structures, North of 

Iraq”, Journal of Science, Iraq, Vol. 35, No. 2: pp. 365- 380. 1994. 

[11] Al- Obaidi, M. R. and Al-Kotbah, A. M. “The magnitudes of the paleostresses of Yemen 

Faults in the sedimentary cover”, Faculty of Science Bulletin, Vol.16, pp: 95-109. 2003. 

 



Journal of Petroleum Research and Studies 

P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 36, September 2022, pp. 21-33      
  

 

 
33 

[12] A-Hachem, A.E., and Al-Obaidi, M. R., “Determination of the Paleostress Orientations and 

Magnitudes for Missan Structures, Southeastern Iraq”, Journal of University of Babylon for 

Pure and Applied Sciences. Vol. 26, No. 10, pp: 213-223. 2018. 

[13] http:// www. Google earth image, 2020.  

[14] Al-Khadimi, J. A, Sissakian V.K, Fattah A. S., “Tectonic map of Iraq”, State Company of 

Geological Survey and Mining, Baghdad, Iraq. 1996. 

[15] Al Naqib, K. M., “Geology of the Southern area of the Kirkuk liwa”,_2
nd

Arab Petroleum 

Cong. Pub., London. 1959. 

[16] Buday, T., and Jassim, S. Z., “The Regional Geology of Iraq. Vol. 1, Stratigraphy and 

Paleogeography”, Dar Al- Kutib Publishing. Mosul, Iraq. 445p. 1980. 

[17] Deikran, D.B., “The study of Finite Strain in Henrin North Fold- Central Iraq”. Un 

published Ph.D. Thesis, University of Baghdad, Iraq. 177p. 2003. 

[18] Jassim, S. Z., and Goff, J. C., Geology of Iraq. Dolin, Prague, Czech Republic, 341p. 2006. 

[19] Al- Diabat, A. A. N., “Paleostress and Strain Analysis of Cretaceous Rocks in Eastern 

Margin of Dead Sea Transform, Jordan”, Unpublished, Ph.D. Thesis, University of Baghdad, 

Iraq. pp.178, 1999.  

[20] Al- Shwaily, A. K. and Al-Obaidi, M.R., “Determination of the Paleostress Magnitudes of 

the Eastern Part of the Low Folded Zone, E-Iraq”, Indian Journal of Natural Sciences, Vol. 9, 

pp. 15145-15152. 2018. 

 

 

 

 

 

 

 


