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TheMiddle Miocenewas a active tectoniperiodin the eastern province of Saudi Arablhere
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themixed carbonatsiliciclastic sequens®f this formation

A regionaltraverse composed dive locaions werestudied to investigate theegional Dam
Formationsedimentology andtratigraphy. Faciesharacteristicglithology, rock color, texture,
fossils, sedimentary structures, bedding, biogenic featamelsiacies associatiomjere described
and analyzed through the logging of stratigraphic sectibhe samples were preparédr thin
section petrographyand analysis. X-Ray diffraction analysis (XRDyand Scanning Electron
Microscope (SEMwereused for mineralogical investigations. Major and minor elements were

analyzed using routine-Ray fluorescence (XRF)

Seventeen lithofacies were identified through the regional travEngy. are{D1) Planar Cross
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CHAPTER ONE

Introduction

1.1Introduction

Theindustry is faced with seriowhallengesn obtainingmaximumhydrocarbon recoverideom
carbonate reservair The heterogeneityof carbonate reservoirs and limitéaformation from
within the interwell spacemake it difficult to characterizethar facies lateral and vertical
variations(Pringle, 2000) In order to overcome this problem, outcrop approach is introduced to
enable better evaluation, and to pick the variations within thewekispaceat theoutcrop scale.
Understanding the reservoproperties andheir efficiency is playing a major role in the
explorationanddevelopment stages of oil and gas productMoreover,evaluations atlifferent
scales are neededstarting from outcrop scale, hand specimen, core, thin section, andstéateo
usingoptical andSEM imagesUnderstanding theutcropanalog will improve the understanding

of subsurface reservoaomplexity and heterogenengrtically and laterallyn different directions
(Bellian, et al.2005)

Outcrop approaclseprovide precious information that could help in characterizing the facies
boundaries, internal facies distribution, and their Higlguency cycles (Lindsay and Hughes,
2010). Also, theoutcrop @proache contain valuable information about the dimensions of
geobodies, their volume, orientation in 2D or 3D, and thprbgucts of the diagenesis which are
difficult to acquire from the subsurface (Eltom et al.,20All these lead tabeter understanding

of thereservoir sedimentology, stratigraphy and heterogeneity, and their effect on the reservoir

guality and architectur€Consequently, this will assist to obtain more accurate results in reservoir



characterization and permit decisioakers to take confident solutions related to the development

and management of oil and gas reservoirs (Hodgetts, 2013)

The Spectral Gamma Ra{SGR) data relate to lithofacies identification and correlation,
stratigraphic sequences, and palaeoenvironmegttahstruction. Knowledge of these geological
characteristics can greatly increase the understanding of the equivalent subsurface reservoir, and
enhance the reliability of subsurface welyj interpretation and correlation.
Many previous studies havehown that the applications of outcrop analogs for reservoir
characterization arguitable in numerous aspects as fokow

1 Provides better understanding of facies architecture and environment.

1 Determinesthe geometry of the rock bodies within the reservoir

1 Describasthe macro and megweterogeneity of the reservaoir.

1 Provides correlation guidelines.

1 Helpsto interpret the controls on sediment architecture.

1.2 Problem Statement

Theeconomic requests to incredle production of oil and gas fields and the recent technological
developments have led to an evolution of more advanced techniques. Understanding the reservoir
properties and efficiency is playing a major role in the exploration and the developmesioftage

oil and gas production

The heterogeneity within the carbonate resenvsidifficult to understand from the subsurface
due tothe limitations of the data. This heterogeneity idaitdepositional or diagenetfpost
depositional) and occsiindifferent scales fromra to km and it has a major effect on the reservoir

heterogeneityguality andarchitecture



Regionalsedimentologicaktudy, petrographyand outcrop Spectral Gamma Ray (SGR) logging
were conductedon the Miocene Dam Formatiohe toolbox defined in thigesearch was

considered to answer many research questions relatied sedimentology study

Thisthesisis designed to answer the followingsearch questions:

1 Can theobseredregionalvertical and lateral lithofacies variations describe the reservoir
heterogeneityn the outcrop so as to provide a better understanding for the reservoir
properties?

1 Can the correlation based on SGR tool provide a better regional correlation guide?

1 How the integration between theregional sequence stratigraphy and the

chemostratigraphwill enhance the reservdireterogeneityguality andarchitecture

1.3 Objectivesof this study

Themain objectives othis study are

1 To dharacterize th&thofacies angbaleoenvironmentand depositionadettings

1 To establishregionalhigh resolutiorsequencstratigraphianodel forDam Formation

1 To determine and evaluate the impact on lithofdeétsrogeneityqualityandarchitecture.
1 Test the chemostratigraphiesponse inmixed carbonatesiliclastic sequencasing SGR

and XRF.

1.4 Study Area
The Miocene rocks are widely distributedla east and the north east arelathe ArabiarPlate
Figure (1.1). The study areas of the Miocene strata are located within the Neogene rocks in the

detaikd geological majigure (1.2). Jabal Al Lidam is the typbocality of Dam Formation (N



26A2106420606)), aBundi79 KothétebstaPndammam city on the western side on the
Riyadh- Dammam highwaywWherethe lower unit of the formation crops out (Powers et al., 1966).

The formationboundaries were definday Steinekeand Koch (1935) theymeasured théasal

units in the easterrside of Jabal Al Lidam and the upper beds at Aldyghir at 89.8m interval

(N 26A1703808400 E.48A Jabal Al Lidam type, t
is located directly at the abrupt change from the Hadalfkticsbelow to fossilifeous Dam

above. At the top ithe upper contact between limestone and marl with marine fossils of the Dam

and overlyinghe clasticof theHofuf formation (Powers et al., 1966)

There are manyNNW striking outcros of the Mioceer Dam Formation such asSalawa,

Udhailiyah, Lidam, Um Rabiyah, Hanith, ElSarrar, Mughati, and EINuiamgalge from ten to

thirty metershigh with a few hundredneterslong where the uppgrart of DamFormation is

exposedn Lidam area

Remnantpatches of the Miocene Damitsindicate thathetransgression dhe middle Miocene
seareachedabout120 klometerfrom the current coastal area, and invaded larges aaeging

from souttern partof Qatar to the end of Ghawield and AlNuairyah at the north (N 273 1 B

48° 2 3.any about 450 krparallel to the coagtigure(1.3).

The regional traverse is 240 km long, extending from Lidam, Um Rabiyah, Hanith, ElSarra and
EINuairiyah areas. Um Rabiyah is located at the western direction from Lidam area, and the other
areas are treling NorthWest direction.

Um Rabiyah Area is |l ocated 140 km west of Da
approximately 33 m thicknessani t h Area is | ocated 160 km we:
E 48A 35.9950) with aFSarranAxea islacated 190 krh Borth wedt of ¢ k n e

Dammam (27A 1.2666, O6E 48A 23. 2Elblariyaiarenisan ap



located 220 knNorth Westo f Dammam ( N27A 31.0006, E 48A 23
73m thicknesg$igure (1.4) At the boundaries, the marine dam formation chahgeontinental

deposits rapidlythe thickness variation of Dam formation are highly variable from 90 m at the

type secon to 30 m at different localitieshe full succession may reach 100(lRrowers et aJ.

1966).
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Figure 1.1: Geologic map of the Eastern Province of Saudi Arabia, showin@®ahne, Hofuf,
Hadrukh, Dammam, Rus and Um er Radhu#uemationanodified after (EIEnezi, 2004).
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Miocene: Aquitanian to Messinian (23.8-5.3 Ma)
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Figurel.3 Paleoenvironments of the Miocene distribution of Hadrukh, D&tofuf, Fars, Agha
Jari, and Gachsaran formations, and their regional equivalents, together with massive salt deposits
after(Ziegler, 2001)
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Figurel.4: The Miocene Darfrormation within theeastermprovince of Saudi Arabia and adjacent
countries, extending from Qatar, Salawa at the Saudi borders, Udyliyih, Er Rus,
AlKharasaniyahNusabiyah, Um Rabiyah, Hanith, Iglati, AlSarrar, AlIHussay, Mulayjah, and
AlNuairiyah, the circles represents the studied outcrops adopted from (DGMR, 1994).



1.5 Prevoius Work

Atayyib (2007) studied the depositional setting impact on the Portland cement grade of limestone
of the Dam Formation at twelve different locations and proviéggbnal geological updates to
explain the rapid lateral and vertical variations of the Dam Formation along the eastern region of
Saudi Arabia Figurel(5).

Alkhaldi (2009) investigated the controls on sedimentary hierarchy of the Miocene Dam
Formationstrata in a high resolution sequence stratigraphic model and he defined three composite
sequencesstromatolites, thrombolite, and biohermghe studied outcrop Figuré.6).

Bashri (2015) conducted a igh resolutionfaciesanalysis andsequencestratigraphy ofmixed
clastic-carbonatedeposits of Miocene Dam Formatiaatcrops,and he definethree composite
sequencesand stromatoliteddaroon(2015)studied the igh-resolution stratigraphic architecture

and sedimentological heterogeneity withine tMiocene Dam Formatioand he concluded that

the clastic content increas& the northwest direction of the study areabdelkarim (2015)
characteried the porosity andpermeabilitywithin the lithofacies famework of Miocene Dam
outcropand hedefined that the Dam Formation is highly heterogenous laterally and vertically

within the same bed and between individual beds.

Abdaltawab (2015%tudied the dpositional andliageneticcontrols onporosity evolution of the
Miocene Dam Formationarbonatesat Al-Lidam area He defined a good relationship between

thediagenesis and sequence stratigraphy.
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Figurel.5: Lithologic and facies analysa Salwa, Udhailiyah, Nusabiyah, Um Rabiyah, Hanith, ElSarrar,
Mughati, AlHussay, Mulaijah, and EINuairiy@Attayyib, 2007).
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Figure 1.6: Composite sequence of Dam Formation at Lidam Asfeawing three composite
sequences, four high frequency sequences, cyclesiftzofdciesanalysis The quartz grainsize
and percentagesTheblack box coloindicates theéeworkedsource of sandgray colorindicates
the windblown sourcef sandgqafter AlKhaldi, 2009)
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Chapter Two

Literature Review

2.1Introduction
This chaptersummarize some ofheexistingliterature ortectonic setting, paleogeograpam

Formationsedimentology and stratigraphy in the outcFaogure(2.1).

2.2 Literature review

Dam Formation was introduced by Steineke and Koch (193@&ninnpublished Aramco report
(Figure 2.2. The Dam formation was formalized by Thralls and Hasson (1956).

Steinke(1958 described the NESW trending Lidam Escapmethiatis more than 40 km long and
formed mainly by exposures of thertiary continentalHadrukh, marine Dam andcontinental
Hofuf Formations.Powers et a(1966 described the Miocene Daformation as 9Im thick
sequenceof white, gre/, and pink marl, and olive tgreen red clays, with small amounts of
interbedded santte beds and coquinas.

Tleel (1973 described the Miocene Dam Formation in the Damraaga (periclinal structurai
Jabal Midra ajnoubi which consists of algatorallinemolluscanreef complex in the middle of
the dome The sequencgrades into molluscarrich calcarenites and calcirudites with subordinate
stromatolites and argillaceous listenes on the western flankthe dome. These authaeported
that a middle Miocene marine transgression covered the eastern province of Saudi Arabia to
produce tidal flat, sheltered lagoon, and pinnacle reef environmidatd.et al (1973) believed

that the transgression

13



Figure 2.1 Distribution of Dam Formation ireastern province of Saudi Arabi@n Salwa,
Udhailiyah, Nusabiyah, Um Rabiyah, Hanith, ElSarrar, AlHussay, Mughati, Mulaijah,
EINuairiyah, AlKharasaniyah, and Um Er Rus areas)d adjacent countries in Qat&ahrain
after(DGMR, 1993.
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