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ABSTRACT

Full Name . Ibrahim Mohamed Yousif Mohamed

Thesis Title  : Sedimentology and Reservoir Characteristics of Middle Ju
Dhruma Formation, Outcrop Approach, Central Saudi Arabia

Major Field : Geology

Date of Degree: May 2017

Thecurrent study aims to characterize the lithofacies, paleoenvironmentesiglution
stratigraphic architecture and reservoir characteristics of Dhruma Formation in outcrops in
central Saudi Arabia. Accessible and wetbosed outcrops of Dhruma Formativare
analyzed for this purpose. The outcrops are located southwest of Riyadh city near Khashm
Mi 6dad area in central Saudi Arabia. The ||
have been carried out mainly based on petrography andrésglution 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 pelgiedutitic 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 cadienenvironment thatangefrom
distatto-proximal carbonate ramp setting. However, the detailed lithofacies and

stratigraphic analysis of studied sections of carbonates Dhruma Formation show that they

XVi



belongto the D5 and D6 Members based on lithofacies and biocomponent especially
benthic foraminifera.

The detailed stratigraphic analysis revealed aroidyBles and cycle sets witff fo 6"

order magnitude. The thickness of parasequeracegefrom centineters up to six meters

with an average thickness of Intetes. Those are stacked to form four hifyaquency
sequences (HFSs) with thickness range from one meter up to fourteen meters. The latter
were grouped into a gjte depositional sequence ¢ 8rder 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 shift8® values seems

to be an indication of a subaerial exposurdage which located just above the thick
amalgamated unit of cros®dded peloidal skeletal oolitic grainstone and oolitic
grainstone lithofacies. The Jurassic maximum flooding surface (MFSJ30) has been placed
and indicated within the thick transgressithale/mudstone of the D5 Member.

Different pore types were recognized which include: fracture, intraparticle, moldic and
intercrystalline porosities. The dominant pore typedractureand intraparticle porosities.

The moldic porosity and intraparticlenosity are the dominant ones in tngoer mospart

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. Theakctors thateducingthe reservoir qualitynclude: cementation,

grain compactionand stylolites. The meteoric calcite cementation significantly blocked
most of the original pore space in grainy rock texture. However, diagenetic alterations such
asdedolonitization is changeable and it is difficult to interpret their effects on porosity

evolution and reservoir quality of the D5 and D6 Membergeaaltof intensive meteoric
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dissolution, porosity and permeability logs along vertical stratigraphic sect®n ar
relatively high for the two lagoonal lithofacies: skeletal foraminiferal peloidal packstone
(LFT8) and skeletal foraminiferal wackestone (LFT9) inupper mospart of the section
which representan outcrop equivalent of the Lower Fadhili reservoithe subsurface.

The micro porositywas also observed in the same interval. Three groups have been
established based on rock texture: gidmminated, muddgrainy and muedominated. It
showscatteregattern and their boundaries are not sharp and they eaa$ other due to
complexity in pore geometry. Therefore, nine hydraulic flow units and five global
hydraulic elements (GHEGHE-5) have been introduced for the D5 and D6 Members
which have flow zone indicator range from (0.0938 to 1.5). The correlagiwveen carbon

and oxygen stable isotope signatuemd the porosity log along vertical stratigraphic
section shows clearke positiverend of these variables. However, the transgressive part
is dominated by heavier isotope composition comparedthéttegressivelominated part.

The 3D outcrop lithofacies model was established by using sequential indicator simulation
algorithm (SIS) and it shows layer cake in toggolution. However, thin layers cause a
problem in upscaling of the field data. The pelygical 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 theupper mospart within the zone 1 wbh is mainly lagoonal deposits andhévebeen
subjected to intensive phreatic meteoric dissolution and created abundant moldic pores in
this interval. The lithofacies and porosity models also show that withirpakential
reservoir units there angorosty and permeability barriers which are lithologically and

diagenetically controlled.
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The findings of this higiresolution outcrop analog scale analysigvidedetailed insight
into reservoir description, architecture and quality prediction within theabictterwell
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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CHAPTER 1

INTRODUCTION

1.1 Introduction

Carbonate rockkave greakeconomic significansince itcontainsa vast amount of the
worl débs oil and gas reserves. |t contains
of its gas reserves. However, there are great challenges in interpretation and prediction of
their arclitecture and reservoir qualitfhe heterogeneity of carbonates is controlled by
both lithofacies and their subsequent diagen®terprint,which causes great variability

in petrophysicalparametergSchlumberger, 2007)Subsurface reservoirs models have
limitations to show the real geologic characteris{iebom 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 lsédemd when it

comes toevaluae 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 sealsubsurfacearbonate 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 characterizelitmfacies depositional environment, and
related diagenesis. @lously, 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 largeveiter
spacing within oil fields.Nevertheless, the high cost associated wlith acquisition
processing, and interpretation of the subsurface hizdaalso a prime contributiofithe
outcropanalogacts as a quantitive approach where reservoir lithofagiebitectureand
quality can be evaluated within the real intezll spacing. Vertical and lateral profiles can

be achievedeasily and studied idletail Moreover, the 3D geostatistical modeling of
lithofacies and petrophysical properties (i.e. porositymarmeability can be obtained to
understand their spatial distribution. Thell-exposedPhanerozoic outcrops in Saudi
Arabia provide a goodpportunity for outcrop analog tesubsurfaceformations and
reservoir(Alsharhan and Kendall, 1986)hey provide a complete stratigraphic context
where the individual beds can be trat¢a@rally for large distance$hese outcrops also
allow close description and evaluation of rocks variabilities and their effect on quality and
architecture of theeservoir. This can be achievbg utilizing geological, petrophysical,

and geostatistical approaches. Similar approaobiesg utilized byEltom et al. 2014, 2013

to charaatrize and model the uppJurassic AralD reservoir iroutcrops. The contribution

of high-resolution sedimentological arsdratigraphical analysis, whids performed on
outcrop scalewill allow capturing reservoir heterogeneity in a meter scale andqpiregli
reservoir quality of equivalents. Therefore, this study integratessedimentological
stratigraphical petrophysical and geostatistical data to characterize the reservoir rocks
within Dhruma Formation. The findings of this study might help to undeitstad predict

the reservoir quality andrchitectureof subsurfaceequivalent within the real intewell

spacing.



1.2 Scope and Objectives

The current study aims to characterize and model the detailed microfacies,
Paleoenvironmentsreservoir quality andrchitecture in carbonate Dhruma Formation
using outcrop analog from central Saudi Arabia. The-eglosed outaps of Dhruma
Formation willbe examinedrom the sedimentological, stratigraphical and petrophysical
point of view. The geostatistical apprbawill 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 whidhclude
1. Describe the detailed microfacies and interpret their depositional environment.
2. Establishhigh-resolutionstratigraphic framework.
3. Characterizeeserwir characteristicand quality.

4. Construct a static model for lithofacies and petrophysicalgsties.



1.3 Study Area

The area of the study is situatedhe central Saudi Arabia near Riyadh city, ¢apital of

Saudi Arabia(Figure 1.1) It is located in a roadut 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
(Figurel.2). The main direction of Dhruma outcrgpctions is NWSE and having total
thickness of aboui8 meters and extend laterally for atdnce of more than 680 meters.
Accessible and wekkxposed outcrops of carbonate Dhruma Formatioroaeted near
Khashm Mi.&dllacled sampea were systematicallyalyzed indetails from
sedimentologicalstratigraphical, and reservoir quality point of view. The latprefiles
havebeen generated &nable capturing and mapping lithofacies and architecture within

the real intetwell spacing througthe outcrogphotomosaic(Figure4.24).



Figure 1.1: Satellte image showing the study ar@acentral Saudi Arabia (after Google Earth,
2017).
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Figure 1.2: Geological map shows the study area and outoodf@hruma Formationn central

Saudi Arabigmodified fromEL-Sorogy et al., 2017)




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
throughoutthe Arabian Plat¢Bell, 2004; Konert et al., 2001)n 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 sfdgese tectonic phases are
responsible for wide unconformities in the stratigraphic column of the Arabian Plate.
Sharland et al., 20Q&lated the largscaleunconformityboundedsedimentary sequences

to tectonic phases and named thenteatono stratigraphimegasequence$TMS) that
affected either all or most of the plat@-igure 1.3). Eleven (11)Tectono Stratigraphic
Megasequences were recognized (ARR11) and extend from Late Proterozoic to
Tertiary time. The Jurassic sequenbag been linked to the AP7 phases which lasted for

33 Ma and was dominated by Jurassic carbonate platfamp,and basis within the

shelf.

The intrashelf basins were developed as result of subsidence of basement blocks during
Middle Jurassic (Calloviartp Late Jurassic (Middle Oxfordian), attte subsidence was
statedby extension in the ¥ main fallt system. Threstress regime have beeonsidered

to control the structural evolutionintra-continental basins development, and the
depositional patterrand style of the Arabian Platform (Edgell, 199®)ese were evolved

during the midProterozoic, Proterozeoi®lesozoic, and Cenozoic.
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Figure1.3: Schematic diagram summarizes the Arabdate sequencgratigraphy overing the
time from Precambrian to Phanerozoic. Twelve Tectsnatigraphic Megasequence (TMS) have
been established and their related geologieants which affect the development of the
stratigraphy and petroleusystem. The Jurassicgsence has been linked to AP7, andgppears

in the highlighted red square (Sharland et al., 2001).



The Mid-Proterozoic stress regime resulted in the formation of three structural trends; these
include; 1) nortirending structures, 2) northweséndingstructures, 3) andortheast
trending structuresthe northtrending structures are located in the eastern Arabian Plate
and they have regular space. They include Summan Platform, Dibdibah TrowgtarGh
Anticline, and Qatar Arch, antthey believed to b&ormed during Amar Collisiori640

620) Ma.Following Amarcollision, widespread extensional break down of the Arabian
Nubian Shield took place between (6280) Ma due to Aype granitic pluton(Al-
Husseini, 200Q) The northeastrending structures located around the Arabian Gulf and
include the NEoriented intracontinental rift basins of Oman, Zagros Mountainsg a
Arabian Gulf, these were described as {aylart basins and they associated with the left
lateral dislocation induced by the Najd fault sys{@&iHusseini, 2000)Later these basins
were filled byathick succession dflastic, carbonateand saltrocks 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 verticsthear(Edgell, 1992) During the Late
Devonian Early Carboniferous times, the Hercynian orogeny took place and was lasted
for about 25 Ma and causesosionof several kilometers of sediment above uptifareas
(Alsharhan and Nairn, 2003; Konert et al., 2001; Sharland et al., .ZDxbughoutthe

late Early Permian, a major continental rifting and crustal stretchinghamaing took
place inWest Pangaea. This rifting phase has separated whst isalledCimmerian
continent from Gondwana and resulted in the formation of-Nabys Ocean at the
expense of the Palebethys(Alsharhan and Nairn, 2003 he extension of tHdeo-Tethys

Ocean was associated wdlegionaluplift in the Arabian Plate and hence resultethe



formation of a Plateavide unconformity, which is the smalled PreKhuff unconformity.
Besides the continental uplifting, this opening was associated with theriticsal regional
marine transgressive event on the Arabian Plate, which has established the fistd@ate
carbonate succession of Khuff formatigh-Jallal, 1995) Following the Late Permian
opening of the Nedethys, is the formation of series of inshelf basins (e.g., Arabian

ard GotniaBasins), these were most probably of tectonic and/or eustatic origin with the
later sediment load playing a role in increasing subsidencqAbdlearhan and Nairn,
2003; Sharland et al., 2001; Ziegler, 2Q0Ihe intrashelf basins whichdevebpedin
Jurassic were associated with reservoir and source rocks. In the Early Late Cretaceous, the
closing onset of the Nedethys Ocean and the formation of significant and widely spread
unconformity, which is the socalled PreAruma Unconformity (Sharland et al., 2001)
Following the subduction of the AfrArabian Plate beneath Eurasia (consumption of the
Neo-Tethys Ocean}hecontinentakollision took pbace along the presexfay Zagros fold

belt (Alsharhan and Nairn, 2003; Sharland et al., 200§ presentiay boundaries of the
Arabian Plate comprise all the whole typésectonic styles (Figurg .).ihey encompass
rifting and spreading of the sea floor in the Red Seala@ulf of Aden collision along

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

along the Arabian Plate from the interior Iranian microplétemert et al., 2001)
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Figure 1.4: Location andthe main tectonic elemés of the Arabian Plate with thereseniday

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