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ABSTRACT 

 

Full Name : Ibrahim Mohamed Yousif Mohamed 

Thesis Title : Sedimentology and Reservoir Characteristics of Middle Jurassic 

Dhruma Formation, Outcrop Approach, Central Saudi Arabia 

Major Field : Geology 

Date of Degree : May 2017 

 

The current study aims to characterize the lithofacies, paleoenvironment, high-resolution 

stratigraphic architecture and reservoir characteristics of Dhruma Formation in outcrops in 

central Saudi Arabia. Accessible and well-exposed outcrops of Dhruma Formation were 

analyzed for this purpose. The outcrops are located southwest of Riyadh city near Khashm 

Miôdad area in central Saudi Arabia. The lithofacies analysis and stratigraphic architecture 

have been carried out mainly based on petrography and high-resolution outcrop photo 

mosaic analysis. Nine lithofacies types (LFTs) have been identified. Fissile shale (LFT3) 

represents the most dominant lithofacies type in studied sections of Dhruma Formation and 

constitutes about (36%) which followed by skeletal peletal spiculitic wackestone (LFT1) 

and skeletal foraminiferal peloidal packstone (LFT8) with (15%) and (12%) respectively. 

The rest of the lithofacies types have abundance range from (<1 to 7%). The identified 

lithofacies types were grouped into five major carbonate environment that range from 

distal-to-proximal carbonate ramp setting. However, the detailed lithofacies and 

stratigraphic analysis of studied sections of carbonates Dhruma Formation show that they 
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belong to the D5 and D6 Members based on lithofacies and biocomponent especially 

benthic foraminifera.  

The detailed stratigraphic analysis revealed around 53 cycles and cycle sets with 5th to 6th 

order magnitude. The thickness of parasequences range from centimeters up to six meters 

with an average thickness of 1.5 meters. Those are stacked to form four high-frequency 

sequences (HFSs) with thickness range from one meter up to fourteen meters. The latter 

were grouped into a single depositional sequence of 3rd order magnitude. The signature of 

carbon and oxygen stable isotope ratios are depleted in transgressive dominated intervals 

compared with that in regressive dominated part. The abrupt shift in 18 O values seems 

to be an indication of a subaerial exposure surface which located just above the thick 

amalgamated unit of cross-bedded peloidal skeletal oolitic grainstone and oolitic 

grainstone lithofacies. The Jurassic maximum flooding surface (MFSJ30) has been placed 

and indicated within the thick transgressive shale/mudstone of the D5 Member. 

Different pore types were recognized which include: fracture, intraparticle, moldic and 

intercrystalline porosities. The dominant pore types are fracture and intraparticle porosities. 

The moldic porosity and intraparticle porosity are the dominant ones in the upper most part 

of the vertical composite stratigraphic section which is equivalent to Lower Fadhili 

reservoir in the subsurface. The factors that enhancing reservoir quality include dissolution 

and dolomitization. The factors that reducing the reservoir quality include: cementation, 

grain compaction and stylolites. The meteoric calcite cementation significantly blocked 

most of the original pore space in grainy rock texture. However, diagenetic alterations such 

as dedolomitization is changeable and it is difficult to interpret their effects on porosity 

evolution and reservoir quality of the D5 and D6 Members. As result of intensive meteoric 
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dissolution, porosity and permeability logs along vertical stratigraphic section are 

relatively high for the two lagoonal lithofacies: skeletal foraminiferal peloidal packstone 

(LFT8) and skeletal foraminiferal wackestone (LFT9) in the upper most part of the section 

which represent an outcrop equivalent of the Lower Fadhili reservoir in the subsurface. 

The micro porosity was also observed in the same interval. Three groups have been 

established based on rock texture: grain-dominated, muddy-grainy and mud-dominated. It 

show scattered pattern and their boundaries are not sharp and they cross each other due to 

complexity in pore geometry. Therefore, nine hydraulic flow units and five global 

hydraulic elements (GHE1-GHE-5) have been introduced for the D5 and D6 Members 

which have flow zone indicator range from (0.0938 to 1.5). The correlation between carbon 

and oxygen stable isotope signatures and the porosity log along vertical stratigraphic 

section shows clearly the positive trend of these variables. However, the transgressive part 

is dominated by heavier isotope composition compared with the regressive dominated part. 

The 3D outcrop lithofacies model was established by using sequential indicator simulation 

algorithm (SIS) and it shows layer cake in low-resolution. However, thin layers cause a 

problem in upscaling of the field data. The petrophysical models were generated by 

assigning the average porosity and permeability values for each lithofacies in the three-

dimensions outcrop lithofacies model. Relatively good reservoir quality has been observed 

in the upper most part within the zone 1 which is mainly lagoonal deposits and it have been 

subjected to intensive phreatic meteoric dissolution and created abundant moldic pores in 

this interval. The lithofacies and porosity models also show that within the potential 

reservoir units there are porosity and permeability barriers which are lithologically and 

diagenetically controlled. 
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The findings of this high-resolution outcrop analog scale analysis provide detailed insight 

into reservoir description, architecture and quality prediction within the actual inter-well 

spacing of the D5 and D6 Members in the subsurface. Consequently, this might also serve 

to optimize reservoir exploration and development of subsurface equivalent reservoirs. 
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 ϣТмϽЛгЮϜ ϣТϝЃгЮϜ ϸмϹϲцϜ еуϠϣуГУзЮϜ ЬнЧϳЮϜ сТ ϼϝϠ. ϦРϹл ϣЂϜϼϹЮϜ ϣуЮϝϳЮϜ  ϣϛуϡЮϜ ̪ϤϝзϳЃЮϜ ЉϚϝЋ϶ ϹтϹϳϦ пЮϜ

 ̪ϣгтϹЧЮϜЇЫϧЮϜ сТ ̭ϝвϽЎ днЫϧгЮ ϣуГУзЮϜ евϝЫгЮϜ ЉϚϝЋ϶м ϣЦϹЮϜ сЮϝК сЧϡГЮϜ сЯ϶ϜϹЮϜ ̭ϝзϡЮϜ иϻк сТ .ϣуϳГЃЮϜ ϤϝУ

ϖ бϦ ϣЂϜϼϹЮϜ ϣЯлЂ ϤϝУЇЫϧЮϜ РϜϹлϧЂϝвϽЎ днЫϧгЮ СЇЫϧЮϜ ϢϹуϮм ЬнЊнЮϜϦ . ϣзтϹв ϞϽО ϞнзϮ сТ ϤϝУЇЫϧгЮϜ иϻк ЙЧ

сЧϡГЮϜ сЯ϶ϜϹЮϜ етнЫϧЮϜм ϤϝзϳЃЮϜ ЭуЯϳϦ .ϣтϸнЛЃЮϜ ϣуϠϽЛЮϜ ϣЫЯггЮϜ БЂнϠ ϸϜϹв бЇ϶ ϣЧГзв ев ϞϽЧЮϝϠ ЌϝтϽЮϜ  бϦ

 йϚϜϽϮϖ ̯ϝЂϝЂϜ ϸϝзϧЂϖ пЯК  бϦ ϣуϠнЂϼ ϤϝзϳЂ ЙЃϦ .ϣЦϹЮϜ ϣуЮϝК ϣϯвϹгЮϜ ϼнЋЮϜм ϽлϯгЮϜ ϥϳϦ ϣЧуЦϽЮϜ ϱϚϜϽЇЮϜ СЊм

.ϝлуЯК РϽЛϧЮϜ ) сЮϜнϲ ϣϡЃзϠ ϣϡЮϝПЮϜ ϣзϳЃЮϜ Эϫгт рϼϝГЇжшϜ ЭУГЮϜ36%ЙАϝЧгЮϜ сТ (  днЫϧв ев ϝлϧЂϜϼϸ ϥгϦ пϧЮϜ

ϝвϽЎ к пЯК рнϧϳгЮϜ днϧЃЪϜнЮϜ ϣзϳЂ ϢϽТнЮϜ ϩуϲ ев йуЯт рϻЮϜ м̪ЭЪϝу  рнϧϳгЮϜ днϧЃЪϝϡЮϜ ϣзϳЂ м ϤϝуЪнІм ϥуЯуϠ

) ϣϡЃзϠ ϾϹуЮнϠм ϜϽУузвϼнТм ЭЪϝук сЯК15%) м (12%сЮϜнϧЮϜ сЯК ( ев ЭЦϜ) ев ϰϜмϽϧϦ ϢϽТм ϝлтϹЮ ϤϝзϳЃЮϜ ϣуЧϠ .

1  сЮϜ7 сЮϜ ϣϡтϽЧЮϜ ϣЧГзгЮϜ ев ϰмϜϽϧϦ пϧЮϜм ϣуϦϝжнϠϽЪ ϤϝϛуϠ Ёг϶ сЮϜ ϝкϹтϹϳϦ бϦ пϧЮϜ ϤϝзϳЃЮϜ ЙугϯϦ бϦ .(%

ϼϹϳзгЮϜ ев ϢϹуЛϡЮϜ ϣЏУϷзгЮϜ ϣтмϜϿЮϜ мϺ сϡуЂϽϧЮϜ . ̪Ьϝϲ ЭЪ пЯКЂмϼϹгЮϜ ЙАϝЧгЯЮ сЧϡГЮϜ ЭуЯϳϧЮϜм ϣЯЋУгЮϜ ϤϝзϳЃЮϜ ϣ



  

   xxi 

 

Ў етнЫϧЮϝвϽ нЏЛЮϜ пЮϜ сгϧзϦ ϝлжϜ ϽлДϜ ϝϷЮϜЀϸϝЃЮϜм Ёв  ̯Ϝ̭ϝзϠ  ̯ϝЊнЋ϶ сϚϝуϲшϜ рнϧϳгЮϜ м ϤϝзϳЃЮϜ пЯК

.ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ 

 сЮϜнϲ сЧϡГЮϜ сЯуЋУϧЮϜ ЭуЯϳϧЮϜ ϱЎмϒ53  ϤϝуЮϜнϧгЮϜ ЩгЂ .ϣЂϸϝЃЮϜм ϣЃвϝϷЮϜ ϣϮϼϹЮϜ ев Ϣϼмϸ бЧАϜм Ϣϼмϸ

 сЮϜ ϤϜϽгϧзЂ ев ϰϜмϽϧт (ЁЃжнЫЂϜϼϝϡЮϜ)6 Ϝ Йв ЙгϯϧϦ ЁЃжнЫЂϼϝϡЮϜ иϻк .СЋжм Ͻϧв НЯϡт ЩгЂ БЂнϧгϠ ϼϝϧв

 сϧϲ ϹϲϜм Ͻϧв ев ϰмϜϽϧт ЩгЃϠ ϸϸϽϧЮϜ ϣуЮϝК ϤϝуЮϜнϧв ЙϠϼϜ днЫϧЮ ϝлЏЛϠ40  ϸϸϽϧЮϜ ϣуЮϝК ϤϝуЮϜнϧгЮϜ ЙугϯϦ бϦ .̯ϜϽϧв

зϧЂϜ еуϯЃЪцϜм днϠϽЫЯЮ ϢϽЧϧЃгЮϜ ϽϚϝЗзЮϜ ϽϪϒ ϟЃж .ϣϫЮϝϫЮϜ ϣϮϼϹЮϜ ев ϢϹϲϜм ϣуϠнЂϼ ϣуЮϜнϧв сТ пϧЮϜ ϤϜϽϧУЮϜ пТ ϤϻУ

жϼϝЧв ϽϳϡЮϜ аϹЧϦ ϝкϸнЃт м ϽϳϡЮϜ ЙϮϜϽϦ иϸнЃт рϻЮϜ ̭ϿϯЮϝϠ ϣ еуϯЃЪъϜ ϽуЗж буЦ пТ ϙϮϝУгЮϜ ЬнϳϧЮϜ дϒ мϹϡт18  ЬϹϦ

 ϣЛАϝЧϧгЮϜ ϤϝЧϡГЮϜ мϺ сϧуЮммъϜ сϡуϡϳЮϜ ϽϯϳЮϜ ϢϹϲнЮ ϣϡЪϜϽϧгЮϜ ϣЫугЃЮϜ ϢϹϲнЮϜ ФнТ ЙЧт рϻЮϜм сϚϜнк ϥϳϦ СЇЫϦ пЯК

 ЭЪϝук сЯК ϣтнϧϳгЮϜ  бЦϼ дϝЏуУЯЮ сЋЦцϜ ϹϳЮϜ ϱГЂ ЙЎм бϦ ϹЦм .сϧуЮммъϜ сϡуϡϳЮϜ ϽϯϳЮϜ Йв ϾϹуЯϠм30  сТ

 /ϣЯУГЮϜ ϼнϷЊ ФϝГж сТ сЂϜϼнϯЮϜЁвϝϷЮϜ нЏЛЮϜ сТ ϣЫугЃЮϜ еуГЮϜ.  

егЫгЮϜ ϢϸнϮ ЭуЯϳϦ бϦ ЀϸϝЃЮϜм ЁвϝϷЮϜ нЏЛЯЮ ЃгЮϜ ϤϝЗϲыгЮϜ пЯК ϸϝгϧКшϝϠ ̪ϣуЧуЦϽЮϜ ϱϚϜϽЇЮϜ ϣЂϜϼϸ ев ϢϝЧϧ

ϤϝЂϝуЦ  ̪сзуЃЮϜ ϸнуϳЮϜ ϥϧЇϦ ̪ϱЂϝгЮϜ сжмϽϧЫЮшϜ ϽлϯгЮϜ ̪ϣтϺϝУзЮϜм ϣувϝЃгЮϜ ϽϚϝЗзЮϜ ϼϝϪϜ м сзуЃЮϜ ϸнуϳЮϜ Ѝувм

Я϶Ϝϸ ,ϼнЃЫЮϜ :ЭгЇϦ пϧЮϜм аϝЃгЮϜ ев ϣУЯϧϷв ИϜнжϜ пЯК РϽЛϧЮϜ бϦ .еуϯЃЪъϜм днϠϽЫЯЮ ϢϽЧϧЃгЮϜ ϣуϡЮϝЧЮϜ ,ϤϝϡуϡϳЮϜ ϣу

пϧЮϜ ЩЯϦ м к ϢϹϚϝЃЮϜ ϣувϝЃгЮϜ .ϤϜϼнЯϡЮϜ еууϠ ϤϝϡуϡϳЮϜ Э϶Ϝϸ м ϣуϡЮϝЧЮϜ ϣувϝЃгЮϜ ϽϡϧЛϦ .ϤϝϡуϡϳЮϜ Э϶Ϝϸм ϼнЃЫЮϜ ϣувϝЃв с

ϿϯЮϜ сТ ϢϹϚϝЃЮϜ ϣувϝЃгЮϜ скпЂϒϽЮϜ ИϝГЧЮϜ сТ пЋЦцϜ рнЯЛЮϜ ̭  ЭУЂъϜ пЯуЎϝТ егЫгЮ ϙТϝЫв ϽϡϧЛт рϻЮϜм ϟЪϽгЮϜ

Ϯ пТ бЫϳϧϦ пϧЮϜм ϢϽ϶ϓϧгЮϜ ϢϓЇзЮϜ ϤϝуЯгК ев ϣϛІϝзЮϜ ϤϜϽууПϧЮϜ ЭгЇϦ .сϳГЃЮϜ ϥϳϧЮϜ ϣуϦϝжнϠϽЫЮϜ ϼнϷЋЯЮ егЫгЮϜ Ϣϸн

ϧгЮϝвϽЎ днЫ  ̪ЬыϳжшϜ ̪ϣϧзгЃЮϜ ̪ϸϹϷϧЮϜм ϽУϳЮϜ :сЯтϝв ϤϜϽуϪϓϦ ϝлЮ ϤϜϽуПϧгЮϜ иϻк .еТϹЮϜм ϣуЃЫЛЮϜ ϣϧгЮϹЮϜ /ϣϧгЮϹЮϜ

ϝУзЮϜм ϣувϝЃгЮϜ буЦ .дϜϿϷЮϜ ϢϸнϮ ϼнГϦ пЯК ϣУЯϧϷвпЂϒϽЮϜ сЧϡГЮϜ ИϝГЧЮϜ ЬнА пЯК ϣтϺ  ев еуϧзϳЃЮ ̯ϝуϡЃж ϣуЮϝК

ϡЮϜ ϤϝзϳЂϣзϳЂ :ϝгк ϣϳЮϝгЮϜ ϢϽуϳ днϧЃЪϝϡЮϜ рнϧϳгЮϜ сЯК ЭЪϝук ϜϽУузвϼнТм  ϣзϳЂм ϾϹуЮнϠмднϧЃЪϜнЮϜ рнϧϳгЮϜ 

цϜ сЯуЎϝТ днЫϧгЮ сϳГЂ ϙТϝЫв Эϫгт рϻЮϜм пЋЦцϜ онЯЛЮϜ ̭ϿϯЮϜ пТ ϜϽУузвϜϼнТм ЭЪϝук пЯКЂ ϱГЂ ϥϳϦ ЭУ

ЩЮϺ пТ ϟϡЃЮϜ ЙϮϽтм .ЌϼцϜ пЮϜ  пϧЮϜм ϼϝГвцϜ иϝугЮ ϣУϫЫгЮϜ ϣϠϜϺшϜ ϢϽТм ϽлЗϦ пϧЮϜм ϢϽуϫЪ аϝЃв днЫϦ пЮϜ Ϥϸϒ

ГзЮϜ Ϝϻк ЁУж пТ ϣуЧуЦϹЮϜ ϣувϝЃгЮϜ ϥЗϲнЮ ϝЏтϒ .еуϯЃЪцϜм днϠϽЫЮϜ ϟЃж сТ ̪ИϝГЧЮϜ ев ϣзуЛв ̭ϜϿϮϜ пТ  .Фϝ

ЮϜ ϥуЃЮϝЫЮϜм ϥзгЂ СуϫЫ  ϼнϷЋЮϜ пТ ϢϽуϡЪ ϣϮϼϹϠ дϜϿϷЮϜ ϢϸнϮ ев ЭЯЦ Ϝϻкм ϣуЯЊъϜ ϣуЮмъϜ аϝЃгЮϜ бЗЛв ХЯОϒ
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ЮϜ ϭуЃзЮϜ ϤϜϺрϽуϯЮϜ ϽϯϳЮϜ ϣзϳЂ Эϫв сϡуϡϳ сϧуЮммъϜ сϡуϡϳЮϜ Ђм сЪϝϡЮϜ ϭуЃзЮϜ ϤϜϺ ϤϝуЪнЇЮϜ ϣзϳ сТϽуПϧЮϜ .сϡуϡϳЮϜ

 ϥгϦм ϣуЃЫК ϣϧгЮϸ ϣуЯгК ϝлϧЛϡϦ ϣϧгЮϹЮϜ ϣуЯгК .ϝкϽуЃУϦ ϟЛЋЮϜ евм ϢϽуПϧв ϣуЃЫЛЮϜ ϣϧгЮϹЮϝϠ БϡϦϽгЮϜ ϣувϝЃгЮϜ

 ϣуЯгК .пЂϒϽЮϜ сЧϡГЮϜ ИϝГЧЮϜ ев ̭ϜϿϮъϜ ЍЛϠ сТ ϝлϧЗϲывϝЏтϜ ϣГϡϦϽгЮϜ ϢϽ϶ϓϧгЮϜ ϢϓЇзЮϜ еТϹЮϝϠ  ϢϸнϮ ев ϥЯЯЦ

 ϭуЃзЮϜ пЯК ̯ϜϸϝгϧКϜ ϤϝКнгϯв ϨыϪ пЮϜ ϝлгуЃЧϦ бϦ ϝлуЯК РϽЛϧЮϜ бϦ пϧЮϜ ϤϝзϳЃЮϜ .ЀϸϝЃЮϜм ЁвϝϷЮϜ нЏЛЯЮ егЫгЮϜ

ϣузуА ,ϤϝϡуϡϳЮϜ ϢϹϚϝЂ :рϽϷЋЮϜ- ϝлзуϠ ϸмϹϳЮϜм ϽϪϝзϧв Бгж ϽлЗϦ ϤϝКнгϯв ϨыϫЮϜ иϻк .еуГЮϜ ϢϹϚϝЂ м ϣϡуϡϲ ϥЃуЮ

 бтϹЧϦ бϦ ЩЮϻЮ .аϝЃгЮϜ ϣЂϹзк сТ ϹуЧЛϧЮϜ пЮϜ оϿЛт рϽϷЋЮϜ ϭуЃзЮϜ ЁУж пТ ϤϝТыϧ϶шϜ иϻк .ϝлзуϠ ϝгуТ ЙАϝЧϧϦм Ϣϸϝϲ9 

 пϧЮϜм ϹтϹϮ ϭлж мϜ ϣЧтϽА аϹϷϧЂϜ бϦ .ϢϸϝϧЛгЮϜ ϣувϝЃгЮϜ буЦм дϜϿϷЮϜ ϢϸнϮ ЭвϝЛв пЯК ̯ϜϸϝгϧКϜ йуЫуЮмϼϹук ХТϹϦ ϤϜϹϲм

ϽЊϝзЛЮϜ м НзуϡтϝϦмϽϧϡЮϝϠ РϽЛϦ сЫуЮмϼϹук ϽЋзК ) йуЫуЮмϼϹулЮϜ-1 пЫуЮмϼϹук ϽЋзК пЮϜ-5 ЁвϝϷЮϜ нЏЛЯЮ (

) ев ϰмϜϽϧт ХТϹϦ ФϝГж ϽІϕв ϝлтϹЮ сϧЮϜм ЀϸϝЃЮϜм0.0938  сЮϜ1.5 еуϯЃЪъϜм днϠϽЫЮϜ ϽϚϝЗж ϼϝϪϜ еуϠ ϢϝкϝЏгЮϜ .(

 .ϤϜϽуПϧгЮϜ иϻлЮ сϠϝϯтϜ иϝϯϦϜ ϰнЎнϠ ϽлЗϦ пЂϒϽЮϜ пЧϡГЮϜ ИϝГЧЮϜ ЬнА пЯК ϣувϝЃгЮϜ Ёϯвм ̭ϿϯЮϜ дϗТ ,ЩЮϺ Йвм

 ЙϡϧϧЮ .ϽϳϡЮϜ ϼϝЃϳжϖ ϝкϸнЃт ϢϽϧТ сТ днЫϧгЮϜ ЩЮϺ Йв ϣжϼϝЧгЮϝϠ ЭЧϪϒ рϽϚϝЗж етнЫϦ иϸнЃт ϽϳϡЮϜ аϹЧϦ ϢϽϧТ пТ днЫϧгЮϜ

 м ϣуϠнЂϽЮϜ ϤϝзϳЃЯЮ ϸϝЛϠъϜ сϪыϪ ϥϠϝϪ ϬϺнгж ̭ϝЇжϗϠ ϝзгЦ ,ϸϝЛϠϒ ϣϪыϪ пТ егЫгЮϜ ϢϸнϮ м пЯ϶ϜϹЮϜ ̭ϝзϡЮϜ БтϽϷϦ м

ϿуТмϽϧϡЮϜ ϝлЋϚϝЋ϶ ϢϝЪϝϳв ϣувϾϼϜн϶ аϜϹϷϧЂϗϠ СЇЫϧгЯЮ ϣуϠнЂϽЮϜ ϤϝзϳЃЯЮ ϸϝЛϠъϜ сϪыϪ ϬϺнгж ̭ϝЇжϖ бϦ .ϣуϚϝт

Ьϝϲ ЭЪ сЯК .ϣЏУϷзв ϣЦϸ сТ ϣуЧϡГЮϜ ϣЫЛЫЮϜ ЭЫІ ϤϽлДϜ пϧЮϜм ϣЛϠϝϧϧгЮϜ ϽІϕгЮϜ ̪ сТ ЭЪϝЇв ϣЧуЦϽЮϜ ϤϝЧϡГЮϜ ϥϡϡЂ

ϣуЯЧϳЮϜ ϤϝжϝуϡЮϜ бугЛϦ ϬϺнгзЯЮϣуϚϝтϿуТмϽϧϡЮϜ ϬϺϝгзЮϜ ϨϜϹϳϧЂϖ бϦ .  ЭЫЮ ϣтϺϝУзЮϜм ϣувϝЃгЮϜ БЂнϧв буЦ ЙуЦнϦ ХтϽА еК

Ϝ ϬϺнгзЮϜ пТ ϣзϳЂ̪ϣтϽϷЋЮϜ ϤϝзϳЃЯЮ ϸϝЛϠцϜ  пϪыϫЮ ЫгЮϜ ЙтϾнϧЮϜм ϝлуТ ϥгЫϳϦ ϣузϳЃЮϜ ϤϜϹϲнЯЮ сжϝ .ϝлЃУж ϤϝзϳЃЮϜ

 ̯ϝуϡЃжпТ ϝлϧЗϲыв ϥгϦ ϢϹуϮ дϜϿ϶ ϢϸнϮ  Ϻ ϤϝуϠнЂϼ ϝкϸнЃϦ рϻЮϜм ϹϲϜм бЦϼ ФϝГзЮϜ пТ рнЯЛЮϜ пЋЦъϜ ̭ϿϯЮϜ ϤϜ

.̭ϿϯЮϜ Ϝϻк сТ ϢϽуϫЪ ϣϡЮϝО аϝЃв ϥжнЪ пϧЮϜм ϼϝГвъϜ иϝугϠ ϢϹтϹІ ϣϠϜϺш ϥЎϽЛϦ пϧЮϜм ϱЮϝв рϽуϳϠ етнЫϦ 

 ϭϚϝϧж ϽТнϦ  ϣЂϜϼϹЮϜ иϻкϧЮϜм ,пЯ϶ϜϹЮϜ етнЫϧЮϜ ,егЫгЮϜ СЊнЮ ϣуЯуЋУϦ ϢϽЗж  ϣуϳГЃЮϜ ϤϝУЇЫϧЮϜ пЯК ϢϸнϯϠ ̭нϡз

ϠцϜ еуϠ ϣтϸϝуϧКъϜ ϣТϝЃгЮϜ егЎ егЫгЮϜϝϷЮϜ нЏЛЯЮ ϼϝЌϼцϜ ϱГЂ ϥϳϦ ЀϸϝЃЮϜм ЁвеЫгт ЩЮϻЮ ϣϯуϧжм .  рϸϕт дϒ

ϣуϳГЂ ϥϳϧЮϜ ϣϛТϝЫгЮϜ евϝЫгЮϜ ϽтнГϦм РϝЇЫϧЂϜ пТ ϢϹКϝЃгЯЮ пЯϫгЮϜ ϢϸϝУϧЂшϜ пЮϜ ЩЮϺ  
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1 CHAPTER 1 

INTRODUCTION  

1.1 Introduction  

Carbonate rocks have great economic significant since it contains a vast amount of the 

worldôs oil and gas reserves. It contains more than 60% of the worldôs oil reserves and 40% 

of its gas reserves. However, there are great challenges in interpretation and prediction of 

their architecture and reservoir quality. The heterogeneity of carbonates is controlled by 

both lithofacies and their subsequent diagenetic overprint, which causes great variability 

in petrophysical parameters (Schlumberger, 2007). Subsurface reservoirs models have 

limitations to show the real geologic characteristics (Eltom et al., 2013). The Jurassic 

carbonate reservoirs in Saudi Arabia have considerable economic significance, so they 

have been subjected to detailed studies in order to understand and enhance their reservoir 

characterization and modeling. Several important factors should be considered when it 

comes to evaluate carbonate reservoirs such as lithofacies, pore types, and sequence 

stratigraphy (Jordan and Wilson, 1994). The Middle Jurassic Dhruma Formation of 

Bajocian to Bathonian age hosts several subsurface carbonate oil reservoirs in the Eastern 

Saudi Arabian fields. These are from bottom to top: Faridah, Sharar, and Lower Fadhili 

reservoirs (Hughes, 2009a). For optimum exploration, development, and exploitation of 

these reservoirs, it is critical to characterize the lithofacies, depositional environment, and 

related diagenesis. Obviously, subsurface data source methods are limited to reveal critical 
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high-resolution stratigraphic and architectural elements. This is mostly related to two main 

reasons; the low resolution of 2D and 3D coverage of seismic data and the large inter-well 

spacing within oil fields. Nevertheless, the high cost associated with the acquisition, 

processing, and interpretation of the subsurface data has also a prime contribution. The 

outcrop analog acts as a quantitive approach where reservoir lithofacies, architecture and 

quality can be evaluated within the real inter-well spacing. Vertical and lateral profiles can 

be achieved easily and studied in detail. Moreover, the 3D geostatistical modeling of 

lithofacies and petrophysical properties (i.e. porosity and permeability) can be obtained to 

understand their spatial distribution. The well-exposed Phanerozoic outcrops in Saudi 

Arabia provide a good opportunity for outcrop analog to subsurface formations and 

reservoirs (Alsharhan and Kendall, 1986). They provide a complete stratigraphic context 

where the individual beds can be traced laterally for large distances. These outcrops also 

allow close description and evaluation of rocks variabilities and their effect on quality and 

architecture of the reservoir. This can be achieved by utilizing geological, petrophysical, 

and geostatistical approaches. Similar approaches being utilized by Eltom et al. 2014, 2013 

to characterize and model the upper Jurassic Arab-D reservoir in outcrops. The contribution 

of high-resolution sedimentological and stratigraphical analysis, which is performed on 

outcrop scale, will allow capturing reservoir heterogeneity in a meter scale and predicting 

reservoir quality of equivalents. Therefore, this study integrates sedimentological, 

stratigraphical, petrophysical and geostatistical data to characterize the reservoir rocks 

within Dhruma Formation. The findings of this study might help to understand and predict 

the reservoir quality and architecture of subsurface equivalent within the real inter-well 

spacing. 
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1.2 Scope and Objectives 

The current study aims to characterize and model the detailed microfacies, 

Paleoenvironments, reservoir quality and architecture in carbonate Dhruma Formation 

using outcrop analog from central Saudi Arabia. The well-exposed outcrops of Dhruma 

Formation will be examined from the sedimentological, stratigraphical and petrophysical 

point of view. The geostatistical approach will be utilized to develop a static model for 

lithofacies and petrophysical properties. The model will enable better assessment and 

prediction of analog quality and architecture. Therefore, a set of specific tasks are followed 

to develop the model which include: 

1. Describe the detailed microfacies and interpret their depositional environment. 

2. Establish high-resolution stratigraphic framework. 

3. Characterize reservoir characteristics and quality. 

4. Construct a static model for lithofacies and petrophysical properties. 
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1.3 Study Area 

The area of the study is situated in the central Saudi Arabia near Riyadh city, the capital of 

Saudi Arabia (Figure 1.1). It is located in a road-cut to Saudi White Cement Factory 

between 46° 17' 50.21" & 46° 17' 39.80" East and 24° 18' 15.82" & 24° 18' 34.92" North 

(Figure 1.2). The main direction of Dhruma outcrop sections is NW-SE and having a total 

thickness of about 58 meters and extend laterally for a distance of more than 680 meters. 

Accessible and well-exposed outcrops of carbonate Dhruma Formation are located near 

Khashm Miôdad area. Collected samples were systematically analyzed in details from 

sedimentological, stratigraphical, and reservoir quality point of view. The lateral profiles 

have been generated to enable capturing and mapping lithofacies and architecture within 

the real inter-well spacing through the outcrop photo mosaic (Figure 4.24). 
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Figure 1.1: Satellite image showing the study area in central Saudi Arabia (after Google Earth, 

2017). 
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Figure 1.2: Geological map shows the study area and outcrops of Dhruma Formation in central 

Saudi Arabia (modified from EL-Sorogy et al., 2017). 
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1.4 Geologic Setting 

The ongoing tectonic evolution of the Arabian Plate has a significant control on the 

Phanerozoic depositional setting, sediment types, and sediment distributional patterns 

throughout the Arabian Plate (Bell, 2004; Konert et al., 2001). In addition to the tectonic 

evolution, eustatic sea level changes and climatic changes were also believed to have an 

important control on the Phanerozoic sedimentary record of the Arabian Plate. 

The Arabian Plate has been developed over five tectonic stages. These tectonic phases are 

responsible for wide unconformities in the stratigraphic column of the Arabian Plate. 

Sharland et al., 2001 related the large-scale unconformity-bounded sedimentary sequences 

to tectonic phases and named them as tectono stratigraphic mega-sequences (TMS) that 

affected either all or most of the plate (Figure 1.3). Eleven (11) Tectono Stratigraphic 

Megasequences were recognized (AP1ïAP11) and extend from Late Proterozoic to 

Tertiary time. The Jurassic sequences have been linked to the AP7 phases which lasted for 

33 Ma and was dominated by Jurassic carbonate platform, ramp, and basins within the 

shelf. 

The intra-shelf basins were developed as result of subsidence of basement blocks during 

Middle Jurassic (Callovian) to Late Jurassic (Middle Oxfordian), and the subsidence was 

stated by extension in the N-S main fault system. Three-stress regime have been considered 

to control the structural evolution, intra-continental basins development, and the 

depositional patterns and style of the Arabian Platform (Edgell, 1992). These were evolved 

during the mid-Proterozoic, Proterozoic-Mesozoic, and Cenozoic.  
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Figure 1.3: Schematic diagram summarizes the Arabian plate sequence stratigraphy covering the 

time from Precambrian to Phanerozoic. Twelve Tectono-stratigraphic Megasequence (TMS) have 

been established and their related geological events which affect the development of the 

stratigraphy and petroleum system. The Jurassic sequence has been linked to AP7, and it appears 

in the highlighted red square (Sharland et al., 2001). 
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The Mid-Proterozoic stress regime resulted in the formation of three structural trends; these 

include; 1) north-trending structures, 2) northwest-trending structures, 3) and northeast-

trending structures. The north-trending structures are located in the eastern Arabian Plate 

and they have regular space. They include Summan Platform, Dibdibah Trough, Ghawar 

Anticline, and Qatar Arch, and they believed to be formed during Amar Collision (640ï

620) Ma. Following Amar collision, widespread extensional break down of the Arabian-

Nubian Shield took place between (620-530) Ma due to A-type granitic pluton (Al -

Husseini, 2000). The northeast-trending structures located around the Arabian Gulf and 

include the NE-oriented intra-continental rift basins of Oman, Zagros Mountains, and 

Arabian Gulf, these were described as pull-apart basins and they associated with the left-

lateral dislocation induced by the Najd fault system (Al -Husseini, 2000). Later these basins 

were filled by a thick succession of clastic, carbonates and salt rocks. During the Cenozoic 

time, the Arabian Plate subjected to drift towards NNE and it is broken up from Africa 

from Oligocene onward, a new set of stress conditions dominated in the basement and has 

resulted in the formation of two major vertical shear (Edgell, 1992). During the Late 

Devonian- Early Carboniferous times, the Hercynian orogeny took place and was lasted 

for about 25 Ma and causes erosion of several kilometers of sediment above uplifted areas  

(Alsharhan and Nairn, 2003; Konert et al., 2001; Sharland et al., 2001). Throughout the 

late Early Permian, a major continental rifting and crustal stretching and thinning took 

place in West Pangaea. This rifting phase has separated what is so called Cimmerian 

continent from Gondwana and resulted in the formation of Neo-Tethys Ocean at the 

expense of the Paleo-Tethys (Alsharhan and Nairn, 2003). The extension of the Neo-Tethys 

Ocean was associated with a regional uplift in the Arabian Plate and hence resulted in the 
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formation of a Plate-wide unconformity, which is the so-called Pre-Khuff unconformity. 

Besides the continental uplifting, this opening was associated with the first critical regional 

marine transgressive event on the Arabian Plate, which has established the first Plate-wide 

carbonate succession of Khuff formation (Al -Jallal, 1995). Following the Late Permian 

opening of the Neo-Tethys, is the formation of series of intra-shelf basins (e.g., Arabian 

and Gotnia Basins), these were most probably of tectonic and/or eustatic origin with the 

later sediment load playing a role in increasing subsidence rate (Alsharhan and Nairn, 

2003; Sharland et al., 2001; Ziegler, 2001). The intra-shelf basins which developed in 

Jurassic were associated with reservoir and source rocks. In the Early Late Cretaceous, the 

closing onset of the Neo-Tethys Ocean and the formation of significant and widely spread 

unconformity, which is the so-called Pre-Aruma Unconformity (Sharland et al., 2001). 

Following the subduction of the Afro-Arabian Plate beneath Eurasia (consumption of the 

Neo-Tethys Ocean), the continental collision took place along the present-day Zagros fold 

belt (Alsharhan and Nairn, 2003; Sharland et al., 2001). The present-day boundaries of the 

Arabian Plate comprise all the whole types of tectonic styles (Figure 1.4).They encompass 

rifting and spreading of the sea floor in the Red Sea and the Gulf of Aden, collision along 

the Zagrous and Bilits sutures, subduction along the Makran zone, and transform motion 

along the Arabian Plate from the interior Iranian microplates (Konert et al., 2001). 
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Figure 1.4: Location and the main tectonic elements of the Arabian Plate with the present-day 

Arabian Plate boundaries (Konert et al., 2001). 
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