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ABSTRACT 
 

The present study aims at investigating the role of tectonic activities in and 

around the east Arabian hydrocarbon province in defining the regional and 

local hydrodynamics of the Upper Jurassic Arab-D reservoir.   

 

The tectonic activities in eastern Saudi Arabia have resulted in the 

generation of geologic structures that have affected all reservoirs. 

Eastward and northeastward regional dipping, faults, and folds are the 

main structures that can be observed on surface and subsurface geologic 

maps. The published hydrogeologic maps indicate that such structures 

have probable effects on the groundwater flow in the Tertiary aquifers; 

however, such effects were not studied for any reservoir in Saudi Arabia. 

This observation has inspired the interest in evaluating the effects of these 

structures within the context of the tectonic phases that generated them on 

the groundwater flow in the Arab-D reservoir; the main oil-producing 

zone in Saudi Arabia. To conduct this evaluation, the present study 

followed a structured methodology based on mapping and characterizing 

these  structures and  reservoir hydrodynamics of  the Arab‐D at  regional 

scale and in selected local areas and interpreting the groundwater flow in 

the light of the characteristics  of the mapped structures. Specifically, the 

study included review of all published literature on the stratigraphic and 

structural  settings  of  the  Arab‐D  reservoir  within  the  context  of  the 

geologic  framework  of  the  Arabian  plate,  generation  of  regional maps 

showing major structures, conducting  field work on selected structures, 

using the available subsurface data to generate maps for  local structural 

models,  constructing  regional  and  local  hydrodynamic  maps,  and 
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interpreting all generated maps  in an  integrated approach to reveal the 

relationship between the structures and groundwater flow. 

 

The present study establishes the regional hydrodynamic characteristics of 

the Arab-D reservoir in eastern Saudi Arabia for the first time. The 

hydrodynamic maps show that the groundwater in the Arab-D reservoir 

flows from the west margins of the Arabian basin at central Saudi Arabia 

and the eastern margins at Zagros Mountains towards the deeper parts of 

the basin in and near offshore Saudi Arabia. 

 

Two tectonic phases have affected the reservoir hydrodynamics of the 

Arab-D; the Late Jurassic extensional phase and the Late Cretaceous to 

present compressional phase. 

 

During the Late Jurassic extensional phase, the Arabian intra-shelf basin, 

which extends over eastern Saudi Arabia, was created and became the 

primary controller of the cyclic deposition of the carbonate and anhydrite 

units of the Arab Formation of which the Arab-D reservoir is the lower 

member. The non-permeable anhydrite at the top of the Arab-D member 

became a top seal for the underlying permeable carbonates resulting in the 

formation of a regional flow unit known as the Arab-D reservoir. The 

deeper parts of the Arabian intra-shelf basin have continued to exist in 

eastern Saudi Arabia since it was created. This has caused the groundwater 

to flow from the flanks of the basin in central Saudi Arabia in a down-dip 

direction towards eastern Saudi Arabia. 

 

During the Late Cretaceous to present compressional phase, the uplifting 

of the Zagros and Oman mountains, the regional eastward tilting of 
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Arabian Plate, the reactivation of the existing north-south faults, and the 

formation of the Central Arabian graben system have impacted the Arab-D 

hydrodynamics in several ways. The formation of the Zagros and Oman 

mountains and eastward tilting of the Arabian Plate created the present- 

day shape of the hydrogeologic basin in eastern Saudi Arabia. In this 

basin, the groundwater flows from the structurally and topographically 

high lands in central Saudi Arabia, Zagros and Oman mountains to the low 

lands in eastern Saudi Arabia. The reactivation of the north-south faults 

has generated faults in the Arab-D reservoir. These faults have fault core 

zones with calcite-filled fractures or fault breccia that act as barriers to 

groundwater flow surrounded by damage zones with open fractures that 

act as conduits for groundwater flow. These fault characteristics are 

responsible for the deflections in groundwater flow directions along the 

north-south faults such as the Ghawar and Khurais fields, the connectivity 

between the Arab-D and deeper reservoirs such as in south Haradh and 

Abqaiq field, and the flow of groundwater in the transfer zones between 

faults in west Khurais and Ghawar fields.  The Central Arabian graben 

system formed an east-west corridor of intensively fractured rocks which 

became a fast track for groundwater flow from the Arab-D outcrops in 

central Saudi Arabia towards deep areas of the hydrogeologic basin in 

eastern Saudi Arabia.    

 

 
 
 
 
 
 



 

 

v

CONTENTS 
 
           Page 

   
ACKNOWLEDGMENTS                 i 
 
ABSTRACT                 ii 
 
CONTENTS                 v 
 
LIST OF FIGURES              vii 
 
LIST OF TABLES                        xvi  
 
LIST OF APPENDICES                       xvi 

 
CHAPTER I: INTRODUCTION               1 
 
  1.1 Background               1 
  1.2 The hydrodynamic Phenomenon             2 
  1.3 Objectives of the Study              5 
  1.4 Study area                7 
  1.5 Methodology              14 
  1.6 Previous Work             16 

    
CHAPTER II: STRATIGRAPHY AND ARAB-D RESERVOIR 
                          PROPERTIES             40 
 
  2.1 Introduction             40 
  2.2 Regional Stratigraphic Setting           46 
  2.3 Jubaila Formation (Kimmeridgian)          53 
  2.4 Arab Formation (Kimmeridgian-Tithonian)         57 
  2.5 Yamama Formation (Berriasian – Valanginian)         76 

 
CHAPTER III: STRUCTURAL GEOLOGY OF EASTERN SAUDI 
                           ARABIA              81 
 
  3.1 Regional Structural Setting of the Arabian Plate         81 
  3.2 Major Structures in Central and Eastern Arabia         92 



 

 

vi

  3.3 Regional Arab-D Structure Map         107 
  3.4 Jinadriyah Anticlines - A Surface Analog 
        of the East Arabian Anticlines         113 
  3.5 Khurais Anticline - A Subsurface Model 
        of the East Arabian Anticlines         156 
  3.6 Fault Characterization in Eastern Saudi Arabia       168 

 
CHAPTER IV:  HYDRODYNAMICS OF THE ARAB-D 
                            RESERVOIR IN EASTERN SAUDI ARABIA       177 
 
  4.1 Introduction           177 
  4.2 Regional Hydrogeology of the Arabian Basin       188 
  4.3 Regional Hydrodynamics of the Arab-D Reservoir   193 
  4.4 Hydrodynamics of the Arab-D Reservoir in the  
                              Khurais Anticline           204 
  4.5 Indirect Indicators for Active Hydrodynamics  

      In the Arab-D Reservoir               209       

    
CHAPTER V: EFFECTS OF TECTONICS ON THE 
                          HYDRODYNAMICS OF THE ARAB-D 
                          RESERVOIR           211 
   

5.1 Introduction           211 
  5.2 Effects of Tectonics on the Hydrodynamics of the  
                              Arab-D Reservoir            224 

 
CHAPTER 6: SUMMARY AND CONCLUSIONS        275 
 
REFERENCES             281 
 
APPENDICES             299 

 
 
 
 
 

 



 

 

vii

 
LIST OF FIGURES 

 
Figure          Page 
           

 
1.1 Evolution of reservoir hydrodynamics in sedimentary           

basins.                 3 
 
1.2  Some of the effects of hydrodynamics on oil reservoirs.            6 
 
1.3  Location map of the study area.              8 
 
1.4  General map of the study area.              9 
 
1.5  Physiographic map of the study area.           10  
 
1.6  Correlation of the Arab and Hith Formations from 
              subsurface to surface.             20 
 
1.7 Structural provinces in Saudi Arabia and adjacent areas.         22 
 
1.8  The onset of the Late Proterozoic basement fabric.          24 
 
1.9  Structure contour map for top Hith Formation in  
             Harmaliyah field.              30
                
1.10   Kuwait Arch as indicated by depth structure map  
   of near base Gotnia.              32 
 
2.1   Lithostratigraphy of the Middle Jurassic to Lower  

 Cretaceous Section of Saudi Arabia.            41 
 
2.2 Powers classification of Upper Jurassic Arabian  

 carbonate rocks.              44  
                  
2.3  Dunham classification of carbonate rocks.            45 
 
2.4  Regional outcrop map for Saudi Arabia.           47 
 



 

 

viii

2.5 Paleoenvironments of the Late Jurassic; Early  
             Kimmeridgian.              50 
 
2.6  Paleofacies at the Middle Jurassic.             51 
 
2.7  Paleofacies at the Late Jurassic.             52 
 
2.8 Outcrops and type section locations of the studied formations.    54 
       
2.9 Generalized lithologic sequence of the Jubaila  

Formation in the type section.            56 
 
2.10 Field photographs showing the Lower and Upper  

 members of the Jubaila Formation.            58 
                       
2.11  Field photograph showing the Arab Formation outcrop.         60  
 
2.12  Field photographs showing examples of the Sulaiy  

 Formation collapse.              61 
 
2.13  Generalized lithologic sequence of the Arab Formation  

 from type and reference sections.            63  
 
2.14   Depositional model of the Arab Formation in the  

 western and southern Arabian Gulf.            65  
 
2.15   Typical Arab-D reservoir section from the Ghawar  

 Field showing the reservoir zonation, lithofacies,  
 and typical neutron-density log.            68 

 
2.16  Field photographs showing the Arab-D and Arab-C  

 outcrops in Wadi Nisah.             69 
 
2.17  Lithofacies of the Arab-D reservoir.            71  
 
2.18 Histogram of percent flow from Arab-D zones in  

 Haradh area of Ghawar Field.            73 
 
2.19 Thin sections of examples of typical limestones from the  

 Arab-D reservoir facies showing the variations in  
 reservoir porosity and permeability.            75  

 



 

 

ix

2.20 Porosity-permeability distribution of the Arab-D  
 reservoir.               77 
 

2.21 Generalized description of the exposed part of the  
 Yamama Formation at South Jinadriyah anticline.          80 

 
3.1  A schematic reconstruction of the Late Precambrian 
             accretion of the Arabian Plate.            84 
 
3.2 Hercynian subcrop map showing the Central Arabian  

 Arch and the reactivated N-S structural trends.          86 
 
3.3  Major structures in Central and Eastern Arabia.          88 
 
3.4  Geologic map for the Wadi Al-Batin area.           89 
 
3.5 Isopach map for the Permo-Triassic Khuff to the  

 Triassic Jilh Formations.             94 
 
3.6 Isopach map for the Triassic Jilh to the Cretaceous  

 Shu'aiba Formations.              95 
 
3.7 Isopach map for the Cretaceous Shuai’bah to Aruma 
             Formations.               96 
 
3.8 Field photographs of selected faults on the sides of the  

Buai’ja and Awsat Graben.             98 
 
3.9 Field photographs of selected structures within the  

 Awsat Grabens.              99 
 
3.10 Examples of north-south trending asymmetric fault- 

 propagation folds formed above high-angle reverse fault.       103 
 
3.11 Base Qusaiba to base Khuff isopach map illustrating the  

 uplifting of the Ghawar due to the Hercynian orogeny.       105  
 . 
3.12 Jilh to Khuff isochron map illustrating the uplifting of the  

 Ghawar structure in the Early Triassic.                     106 
 
 

 



 

 

x

3.13 Shua’iba to Pre-Aruma Unconformity isochron map  
 illustrating the uplifting of the Ghawar structure due  
 to the Late Cretaceous deformation.          108 

 
3.14 Time structure map of the Pre-Aruma Unconformity  

 illustrating the uplifting of the Ghawar structure due  
 to the Mid-Late Tertiary deformation          109 

 
3.15 Structure contour map of the pre-Neogene unconformity  

 in Eastern Saudi Arabia.           110 
 
3.16  Structure contour map of top Arab-D reservoir.        112 
 
3.17  Subsurface extension of the Central Arabian Graben system.    114 
   
3.18 Satellite image showing the general location of the  

 Jinadriyah anticline.            116 
 
3.19 Ground elevation map showing the relief of the north  

 and south Jinadriyah anticlines.          118 
 
3.20  Geologic map of the Jinadriyah and surrounding areas.       120 
 
3.21  Structure Map of the South Jinadriyah anticline.        121 
 
3.22 Google Earth image of the South Jinadriyah Anticline with  

 the syncline and anticline to the east of it.         123 
 
3.23  Field photographs of the South Jinadriyah anticline.        124 
 
3.24   Field photographs of the parasitic folds in the western  

 and eastern flanks of the South Jinadriyah anticline.        125 
 
3.25   Field photographs of fault (F11) in the South Jinadriyah  

 anticline.              127 
 
3.26   Field photographs of fault (F12) in the South Jinadriyah  

 anticline.             128 
 
3.27   Field photographs showing the calcite filling the zone of  

 fault (F3) in the South Jinadriyah anticline.         129  
 



 

 

xi

3.28    Transfer zone between Faults F12 and F13 in the South  
 Jinadriyah anticline.            131 

 
3.29    Selected field photographs for fractures in the southwestern  

 part of the South Jinadriyah anticline.         132 
 
3.30  Structure Map of the North Jinadriyah anticline.        133 
 
3.31 Field photograph showing a general view of the North  

 Jinadriyah anticline from the south.          136 
 
3.32 Selected field photographs for the west flank of the North 

Jinadriyah anticline.            137 
            
3.33 Selected field photographs of parasitic folds in the southern 

 segment of the North Jinadriyah anticline.         139 
 
3.34 Field photographs of the minor folds on the sides of fault  

 (F8) in the southernmost part of the North Jinadriyah  
 anticline.             140 

 
3.35 Field photographs of fault (F8) and fault zone calcite fill  

 in the Northern Jinadriyah anticline.          141 
 

3.36 Calcite 18O from the Jinadriyah faults on the calcite 18O  
 versus temperature curves for waters of varying 18O ratios.       143  

 
3.37 Selected field photographs for some of the belts of the  

 steeply dipping  beds associated with detachment faulting  
 between the folded beds of the North Jinadriyah anticline  
 and the unfolded beds to the east of the anticline.         144 

 
3.38 Field photograph and schematic drawing of the exposure  

 of the detachment fault (F12) in the North Jinadriyah  
 anticline.              146 

 
3.39 Selected field photographs of the extension fractures in the  

 North Jinadriyah.            147 
 
3.40  Seismic section crossing the North Jinadriyah anticline.       148 
 
3.41   Minor structures associated with flexural-slip folding.       151 


