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ABSTRACT

FULL NAME : MUHAMMAD ASIF ABBAS

GEOCHEMICAL AND PETROGRAPHIC STUDY OF
THESIS TITLE: SHARAWRA FORMATION, OLD QUSAIBA VILLAGE,
CENTRAL SAUDI ARABIA.

MAJOR FIELD: GEOLOGY

DATE OF
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The Silurian Sharawrkormation has great importance as it rests over the richest source
rock of the Quaiba Formation. The Sharawformation has four members including
Jarish, Khanafriyah, Nayyal, and Zubliyat. The formation mainly consists of sandstone
and siltstone with subordinate shale sequences. The lack of published research on this
formation requires fundamental studies that lzgnthe foundation for future research.
Three outcrops were selected from the Old Qusaiba Village in Central Saudi Arabia for
petrographical, petrophysical, and geochemical study. Quantitative mineralogical
characterizatiorwas performedusing stateof-the-art of techniques including scanning
electron microscopy energy dispersive spectroscopy, powdeax diffraction (XRD)

for both minerals, cements, and clay minerals (detrital and authigdiie) outcrops

were logged precisely and nine different Ifdaieshave been identified in the fieldthe

thin section study has revealed the Sharawra Formation is mainly subarkosic, while the
mica content increases near to its contact with the Qusaiba framniehe XRD data has

also reveked a prominent change imineralogy with inclusion of minerals like
phlogopite and microcline with depths. The other minerals occurring constantly

thoughoutthe formations are albite, orthoclase, and kaolinite. The porosity values do not
Xviii



vary much, as the average porosity for the sandstaciesis 15 percent, for the
siltstones it ranges around 7 percent. Tgermeability is variable throughout the
formation, the values range from 50 md to 300 md. Although sandstone has a good
porosity aad permeability the siltstonaciesexhibit poor petrophysical characteristics.
Due to repetitive siltstonéacies the Sharawra Formation should be considered as a
potentialunconventionateservoir. This study has provided a base for future quantitative
studies in siliciclastic formations in the ardéajor and trace elements geochemistry of
the Sharawra Formation indicatepassive continental margin as the tectonic setting of
the sandstone. The source adescriminatingplots show the probable sounaek forthe
Sharawra Formation to be acid, felsamd granitic. ClAand CIW indicated a moderate

wedhering in the source area of these Silurian clastic sediments.
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CHAPTER 1

INTRODUCTION

The SharawraFormation has faced diverse nomenclature variationstha last six
decades. Initially researchers considered it as a formation, whereas it has been mentioned
as a member by many authors. There has been no conclusive word on the name of this
unit. Helal (1964) named the entire Silurian sequence of Saudi Aralbiee Sharawra
Formation Janjou et al. (1996) included it #s SharawraFormationof the Qalibah

Group Vaslet (1987) grouped the Silurian units irttee Tayyarat Formation and
designated the Qusaiba and Sharawra as members. Mahmoud et al. (1992)lihabd Qa
Formationand named the loweshaledominaed part asthe QusaibaMember andthe
sanddominaed part asthe SharawraMember The SharawraMember of the Qalibah
Formationwas also used by AHajri (1998). Al Laboun (1982, 1986) named it tee
SharawraSandstone Membaf the TayyaratFormation Later, it was considered #se
ShararwraFormationof the Qalibah Group by Al-Laboun (2009, 2013) and Halawani
(2003).The Saudi Stratigraphic Committee (SSC) used the work of Janjou et al. (1996)

and oncluded it ashe Sharawrad=ormationof the QalibahGroup(SSC, 2013).

The SharawraFormationis well exposed along northwestern Saudi Arabia. Outcrop
exposures are present in the northern and central Arabia, and also in the subBoeface.
SharawraFormation consists of micaceous sandstone with thin siltstone layers, and
subordinate shale interbeds {Bboun, 2009). It is distinguished from the upper part of

the Qusaibaviemberon the basis of sandstone dominance. fpkin the Qasim region
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have thn gypsum layerspresent between the sahdds agecent depositsWithin the
SharawraFormation the sequence is coarsening upward. The upper part is more sandy,
while the lower part is more silty. High gamma radiation values ftbenSharawra

sandstoneare due to its micaceous nature (Mahmoud et al., 1992).

The Sharawr&ormationis underlain by the Qusailfarmation The contact betwedhe
SharawraFormationand the QusaibaFormationis gradational (Mahmoud et al., 1992).
The QusaibaFormationhas clay dominance throughout; however, the lower part of it is
mostly shale and upper part contains subordinate sandstone. The Silurianveoeks
deposited just after the glaciation event of Ordovician. The Qusaiba shalgvamit
deposited in deep magarconditions. This unit is one of the most prolific source rocks in
theworld. It is also namethe6 6 Qus ai ba hot s h aHusseibd 1992¥ic Gi | |
Mahmoud et al., 1992; Cole et al., 1994). The formation acts as a source rock for the
Paleozoic resepirs and also to some Mesozoic reservoirs. The formation underlies
disconformably to the Devonian Tawlormation and its correlative unitsThe
KhussayanFormationoverlies the Qalibah group in Wajid Plateau (Jones & Stump,

1999). Paleozoic units of Saulrabia are described in Figure 1.1.

Eurypterid remains and its polymorphs in the Sharawra formation are indicative of
shallow marine environment (Aajri, 1998). The lower partof the Sharawra
Formationhave shallow b deep subtiddiacieson stormdominated shelf and middle to
upper offshore to proximal offshofacies The upper part ahe SharawraFormationis
bioturbated and contains upper proximal upper offsfaces The QusaibaFormation
wasdeposited during the transgression, while ther&hea Formationdeposited undea

series of repetitive transgresssand regressiagiJanjou et al., 1996).
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Figure 1.1 Paleozoic geology of Saudi Arabia (Cole et al., 1994).

Three chitinozoandacies and palynological evidences indicaéeWenlock (Early to
Middle Silurian) agefor the SharawraFormation The lower part ofthe Sharawra

FormationcontainsS. solivdinaand AngochitinaMacclure and eight biozones have been
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identified in the Early Silurian (Paris et al., 1995). On the basis of trilobites and
tentacutiles, Janjou et al. (1996) gave a Late Wenlock to Early Ludlovian dage to
SharawraFormation Although no graptolites have been identified in the Sharawra
Formation, an Early to Middle Silurian age has been designated on the bagdlse of

identified biozones.

SharawraFormationhas been divided into four members Jarish, Khanafriyah, Nayyal,
and Zubliyat (Janjou et al., 1996, Halawani, 2008 JarishMemberis the basal unit of

the SharawraFormation It was namedfter Qian Jarish, located in the southeast of Al
Qalibah quadrangle. In the type section its thickness is about 70 meters. This member
contains greenish to yellowish, clayeand micaeous siltstoneThe sandstone is fine
grained and is greenish to greyish in color. Hummocky cross bedalirigmega ripples

are present in the sandstone. The massive sandstone also has ball and pillow structures.
The bioturbation is well developethe JarishMemberress over the Qusaib@ormation

and is overlain by the upper Khanafriydlember On the basis of macrofauna, this
member is dated as Early to Middle Silurian (Late Wenlockian). New species of
tentaculitidae have been reported by Janjou et al.,, (1996). Tlhedsemit of the
SharawragFormationis the Khamafriyah Member It was namedfterJibal al Khanafriyah

in the Al Qalibah Quadrangle.h& thickness of the membeas about 110 meterghe
Kharefriyah Memberhas a variegated lithology. The lower partidé member is mainly
yellowish siltstone and greenish sandstone, and has similar sedimentary strudiuees to
JarishMember Grey to yellow siltstone overlies these units havinguoid ripples and
fine-grainedsandstone lenticular beds. Burrows and traiesalso present. The overlying

unit has more sandstone and siltstone (clayey). The sandstone is finel gviiméeds
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having wavy andsulparallel laminae. Thetopmost part of this member is mainly
siltstone of yellowish and greenish color. It has conealuaminations and trails and
burrows of Cuziana. This member has a conformable upper and lower contactheith
Nayyal and Jarisinembes, respectively. On the basisBfongniartella janjouireported

by Janjou et al., (1996), the member is dated asliglitb Late Silurian. The third unit of

the SharawraMemberis the Nayyal Member named after Wadi Nayyal in northwest
Saudi Arabia. At the type sectiotihe Nayyal Memberis 125 meters thick. It also has
alternating sandstone and siltstone beds. The Ieardstone is fine grained, massive
bedded, and isf rusty brown color. This sandstone is highlytbibated. The ovéying

unit is yellow to pink, friable siltstone. The sidbne has redolored micre
conglomerates and phosphatic graiifte gltstone is overlain by brown to pink
bioturbated sandstone. The sandstone is lenticular and has massive ball and pillow
structures. Overlying the sandstone beds, is hummocky cross bedded silty sandstone. At
the top of the NayyaMember the sandstone becomes cearand thicker. It contains

fossil debris and phosphatic graififie Nayyal Memberhas a conformable contact with

the overlying ZubliyatMemberand with the underlying Khanafriyaldlember On the

basis ofBrongniartella bender{trilobite) at the basal padf the Nayyal Member it was

dated as Midle to Late Silurian. The@ppemostunit of the Sharawr&ormationis the
Zubliyat Member It was named after the Az Zubliyat Plateau in the northeast of Al
Qalibah town. The thickness of this member is 119 maete confains yellowish to
brownish finegrained sandstone at the base of the member. The sandstone has wavy
bedding and parallel ripples. It also contains reworked claystone chips. Above the

sandstone is the yellow to grey highly bioturbated siltstonés Rbrizon is coarsening
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upward. Above the siltstone are greyyellow sandstones having largeale ball and
pillow structures. At the top dhe Zubliyat Memberpale grey to violet siltstonis found
with bioturbation. The upper contact of the formatisn disconformable withthe
overlying Tawil formation. The lower contact of the formation is conformable thigh
Nayyal Memberof the Sharawra formation. The age of the Zublyat formation is Middle

to Late Silurian on the basis it$ stratigraphic positio.

My studyis focused on petrographical, mineralogical, and geochemical characterization
of the Sharawr&ormation An outcrop has beeselectedor this study. This work can be
correlated to the other outcrops in the northwestern Saudi Arabia and to the subsurface.
As the inorganic geochemical studies have been overlooked for the Silurian rocks in

Saudi Arabia, this study can opagateway for fture research for other Paleozoic rocks.

1.1 Problem Statement

The sandstone successiontloé SharawraFormationhas a very important stratigraphic
position. As it overlies one of the most prolific sourceksin the world, it can have
significant hydrocdron reserves as a result of upward petroleum migration. Moreover,
less consideration has been given to the geochemical characterization of the formation. It
is possible that this formation can act as a reservoir. Moreover, very few studies have
been perfaned and no published dadeeavailable on the inorganic geochemistry of this

formation
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1.2 Study Area

The study area lies icentral Saudi Arabia. This studyascarried out on a well exposed
section in Old Qusaiba Village in Qasim District, CenBaludi Arabia. In the outcrop
section the thickness of the formation ranges to about 85 metetsaljdun, 2013).
Silurian deposits extend along an area of six kilometers in this area from northwest to

southeast. The study area is shown in Figure 1.2.

1.3 Obijectives

The aim of this studyad been tanvestigate geochemical propertiagderstand the
petrograply, and conduct reservoir characterizationtloé SharawraFormation The
studyis based on field observations and laboratory work on the collected samples. The

core objective®f my research had bestatedas follows:

1 Recognition and characterizationfatiestypes
1 Determination of the geochemical variation
1 Porosity estimation of sastbnes

1 Assessments of mineralogical variations and relatidadies
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Figure 1.2 Location map of the study area
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CHAPTER 2

LITERATURE REVIEW

Paleozoic rocks can be located with reference to the Arabian Shield. Arabian Shield rocks
are mostly exposed towards the western part (Mahmoud et al., 1992). Arabia was
attached to Africa during the Paleozoic. All Paleozoic formations are exposed around
north, northeast, and south tiie Arabian Shield. The outcrops are present in-non
continuous and separated belts. Paleozoic sedimentary units are located in three major
zones,namelyTabuk region (NW), Qasim region (Central), and SW Saudi Arabia (Al
Dabbagh 2013;Jones & Stump, 1999)The Qalibah group is locateish the north and

northeastern part dlfie Arabian shield.

The central Arabian arch is a major surface and structural feature of the Arabian
Peninsula and it is assumttht the arch has major control over the reservoir potential of
central Arabia.The Idas orogeny and the Najd trend are the major events of the
Precambrian that established the major structural tends. Orogeny was followeatuby

in the central Arabia, tile intracontinental rift with evaporites formed in the
surrounding region@McGillivray and Husseini,1992) In the Cambrian and Ordovician,
central Arabia was subsiding shelf of the Gondwawantinenf hence the siliciclastics

of the Saq formationwere deposited duringhe Cambrian. The late Ordovician was
glacid period.The Sarah and Zargah format®meredeposiedduringthe glacial period.

The glaciation events subdivided the Cambr@rdovician Silurian succession into

three depositional cyclest preglacialcycle (Saq and Qasim formations),synglacial
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cycle (Zarga/Sarah formations), amrd postglacialcycle (Uglah, Qusiba, Sharawra
formations) (AtLaboun, 2013). The abrupt sea level rise during the Silurian deposited
the coarsening upward sequence of the hib&hQusaibaMember and the Sharawra
Member of the Qalibah Formation (McGillivray andHusseini, 1992). Climatic and
tectonic events are the reasons for the subdivisions of stratta@asdvariation on the
Paleozoic stratigraphy of Saudi Arabia {idboun, 2009; 2010). These hauddivided

the Paleozoic units into megadepostional cycles and smaller cycles. Three main events
took placein the Paleozoic history. An uplift event due to Tacotectonic events
followed by the glaciation event affected the rocks of Precambrian to Early Ordovician.
The Late Silurian tectonic event synchronous to the Acadian event affected the
Ordovician and Silurian deposits. The Acadian cycle also subdivideSilimgan and
Devonian successions into threie preAcadian cycle represents the Qusaiba and
Sharawra formations, the sycadian isthe Tawil Formation, and theostAcadian is
shown bythe Jawf Formation. The thick Silurian sequences tire Tabuk areaare
truncated inthe Qusaiba depression duettte subTawil unconformity (Laboun, 2013).

The third event is related to Hercynian actiyitly affected thewhole sequence from
Carboniferous to Precamén. Three unconformities: swubarga/Sara, sufbawil, and
subShajara are attributed to Taconic, Acadian, and Hercynian movements, respectively
(Al-Laboun, 2010).The Hercynian produced the deepest erosion in the Arabian

Peninsula, and changed the overall shape of Saudi Atadnas & Stump, 1999).

The Paleozoic successions are important for water reserves, as well as the oil and gas
potential in central Saudi Arabia #&labbagh, 2013)lhe Paleozoic petroleum system is
chargedoy thewidely spread and organrech lower Qusaiba shale of Silurian ageole
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et al., 1994)The whole Silurian succession deposited time span of 120 million years

and is grouped into supergroup IV. The supergroup IV formations are important source

and reservoir rocks (Jones & Stump, 1999dst of the reservoirs of Saudrabia are

hosted by the Mesozoic deposits; however, significant reservoirs have been discovered in

the Paleozoic deposits. Carbonate and clastic rocks have proved as Paleozoic reservoirs.
The carbonateeservoir is predominantly the Khuff formation. Thkastic reservoirs

include the Quwarah Member of the SagFormation the Sarah Formation of the
Ordovician,the SharawraMemberof the Middle to Late Siluian, the Tawil formation,

andthe JaufFormationof Devoni an age. The Ssitleumpost an Qu
important source rock with organic matté&% to 11% and type Il organic matter
preserved in the shale (Guoping, 2007). Total Organic Carbon (TOC) content of the
Qusaiba shaléMemberi ndi cat es it as organic rich sh:
shaledd sequence is 20 to 70 m thick in su
(McGillivray andHusseini, 1992) and 15 to wt % (Cole et al., 1994). Hydrocarbon shows

from the Sharawra=ormationhave also been reported by AAli et al., (1999).

The SharawraFormationis well exposed along the northwestern @arabia. Outcrop
exposures are present in the northern and central Arabia, and also in the subsurface (Al
Laboun, 2009). Type section of this formation is in the east of Wadi Al Qalibah in the Az
Zubliyat area. Te tickness ofthe SharawraFormationis about 422 meters and 510

meters in the type locality and the Tabuk region, respectivelyhdBa gda ar ea t
thickness is about 90 meters (Halawani, 2003). In the reference section, the thickness of
SharawraFormationis about 234 meters and has beerorega up to 35 meters from
Udaynanl well (Mahmoud et al., 1992). The thicknesstloé formation is double in
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subsurface thaim the outcrop. This has been determined from the isopach maps from 14
wells with complete section and 29 wells with eroded tdyahfnoud et al., 1992). In
outcrops of southwestern Saudi Arabia, the formation is only exposed in a narrow strip.
Here, the thickness is about 6 to 10 metersApi, 2015). Jones and Stumfl999)
reported thatite Sharawrdemberis rarely present ithe Wajid Plateau; however, it is
present in wellsThe thicknes®f Silurian deposits decreases from the northwestern part
in Tabuk to the Qusaiba depression in the east. The thicknéssiiarawra=ormation

in different regions of Saudi Arabia is shownm Figure 2.1. In terms of depositional
thinning, paleehighs are the major reason. The uppermost patieo@alibah is locally
eroded at places due to Hercynian and other younger structural activities (Mahmoud et
al., 1992).The QusaibaMember has beenlocally erodedand the moderately to well
sorted sandstone diie SharawraMlemberis depositedas fluvial channel fillgJones &

Stump, 1999).

The Sharawrd=ormationconsists of moderately sorted sandstone, siltstone, and shale
(Jones & Stump, 1999; Alaboun, 2009). The upper part of the formation is highly
bioturbated and has ferruginous surfaces. The conglomeratic sandstone at the top is also
phosphatic (Halawani, 2003). The formation is a coarsening upward sequence of
sandstone, siltstone, with intera®d shale. The upper part d¢fe formation is
bioturbated and burrowed, while the lower part contains phosphatic bioclasts and
conglomerates (Halawani, 2003). It is distinguished from the upper p#ré Qfusaiba
Memberon the basis of sandstone domiran©utcops in the Qasim region have thin
gypsum layers, probably are the recent deposits. WitterSharawraFormation the
sequence is coarsening upward. The upper part is more sandy, while the lower part is

32



more silty. High gamma radiation values fradhe Sharawra sandstones are due to its
micaceous nature (Mahmoud et al., 1992). The Qalibah formation of Halawani, (2003) in
the southwestern part of Saudi Arabia also consists of two mertiteetewer member is
shaledominated Qusaibaviemberand the ovdying is the clastic Sharawidember The
formation has been divided into four membéne Jarish, Khanafriyah, Nayyal, and

Zubliyat (Janjou et al., 1996; Halawani, 2013).

The Cambrian to Devonian units of Saudi Arabia unconformably ievitié basement
and are overlain by an erosional surface of late PermiarD@dbagh, 2013). The
Silurian succession is missing in the Qusaiba depression. In central Saudi #rabia,
SharjaraFormationoverlies the Dewaian to Paleozoic rocks (Alaboun, 2013). The
Silurian rocks are mainly divided into three units the Uglah Formation Qusaiba
Formation and Sharawr&ormation(Al-Laboun, 2009). Due to the presence of reworked
layer containing orthoclone debris, the lower contactthaf SharawraFormation is
disconformale with Qusaiba formation while, SharawFarmation is overlain with an
erosional disconformity bthe Tawil Formation(Halawani, 2003Jones & Stump, 1999
The Qalibah/Tawil unconformity exists between Wenlocleanly Ludlowvian part of
the Sharawrdvlemberand late Ludlowvian TawiFormation The contact othe Qusaiba
Member and SharawraMemberin the subsurface is gradational over a long vertical
distancerangng from 65 to 200 ftThe contact of Qusaiba and Sharawra is conformable
regionally (Joneg Stump, 1999).The upper part of Qusaiba member cannot be easily
distinguished from the Sharawkéemberon the basis of their lithostratigraphic features;
however, the upper contact of Sharalvramberwith the Tawil Formation is sharp and
prominent (AtHajri, 1998). In Wajid group outcrops, Sharavii@mation has a sharp
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and unconformable upper contact witie Khusayyayn formation of Devonian age {Al

Ajmi, 2015).

In Saudi Arabia, the Silurian clastics represent a progradational sequence. These units
depasited on a broad continental shelf after the deglaciation phase of Gondwana polar ice
cap. The micaceous sandstone and siltstonghefSharawraMember representa
prodeltaicfacies(Al-Hajri). The formationwas deposited on the stable continental shelf

in eastern Arabia. The Qalib&ormationand its overlying units prograded towards the
north and northeastward. The SharaWtramberdeposited as shallow water prodeltaic
clastics.The Sharawra membeavasdepositedn shallowerwater depths than the Qusaiba
member. The fact is supported by high flow regime structures, the grain size of
sandstone, absence of middle and outer shelf taxa, and increase in terrigenous organic
matter (Jones & Stump, 1999)he absence ofatbonates in # Silurian is due to high
paleclatitude position of Gondwana (Mahmoud et al.,, 1992). The lower parts the
SharawraFormationhave shallow b deep subtidalacieson stormdominated shelf and
middle to upper offshore to proximal offshdiacies The upper part othe Sharawra
Formationis bioturbated and contains upper proximal upper offsfamies The Qusaiba
Formation wasdeposited during the transgression, while the Shar&erenation was
deposited undea series of repetitive transgresss and regressiagyJanjou et al., 1996).

A pterygotid eurypterid from the lower part ofhe Sharawraindicates hyposaline

marginal marine conditions (Afajri, 1998).

Three chitinozoaraciesand palynological evidence indicate Wenlock (Early to Middle
Silurian) age ofthe SharawraFormation The lower part othe SharawraFormation

containsS. solivdinaand AngochitinaMacclure and eight biozones have been identified
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in the Early Silurian (Bris et al., 1995). On the basis of trilobites and tetitasuJanjou

et al. (1996) gave a Late Wenlock to Early Ludlovian agéhécSharawraFormation
Although no graptolites have been identified in the Sharawra formaioiarly to
Middle Silurianage has been designated on the basis of identified biozones. In terms of
biostratigraphy,the SharawraMember has not yielded any graptolites. This character
makes is highly different from the Qusaiba membehich is rich in graptolites.
Pterygotideurypteric from the lower part of Sharawheave also been reported {Aijri,

1998). The biozone Angochitina hemeri has been identified from the lower part of the
Sharawra member. Another spedie also found in abundaneg named a#\ngochitina
Macclure(Paris et al., 1995). The agetbk SharawraFormationranges from Middle to

Late Llandovery in the central Arabia and Pridoli in northern Saudia Arabia (Jones &

Stump, 1999).

The chitinozoan biozones and assemblages are correlative more with thosgaohmhd
Algeria and less to those of Spain. Few of the species discoversrifecantand can
be correlated for intecontinentdly between northern Gondwanaland and Baltica. The
species show no affinities to the AfBrazilian species, but show soraffinities with

China (Paris et al., 1995).

The correlatives of the Qalib&broupare present from east to north in Saudi Arabia and
extend to Jordan and to Oman and southern parts of Saudi Arabia. It also has equivalents
from Egypt to Morocco and southward into Ghana. The individual beds of the Qalibah
Formationalso correlate along large distance in the subsurface and have a4ikeet

geometry (Jones & Stump, 1999).
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Sandstones undergo variety of processes which are responsible for the alteraion in

physical and chemical propertieéghese processes include weathering, erosiansport,

and deposition (Johnsson, 1993). Moreover, the variation could have occurred before the

transport due to lithification and diagenesis. The composition of the rocks from which the

clastic rocks form has a great influence on them. The frameworkeoftains and

geochemistry of the bulk rock can provide information about the provenance of rocks.

Petrographic and geochemical studies can therefore, prove prolific to acquire information

regarding the provenance (Dickinson and Suczek, 1979; Dickinsan é883) and the

geochemistry of bulk rock (Bhatia, 1983; Bhatia and Crook, 1986; Roser and Korsch,

1986).
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Figure 2.1 Thickness variations of Sharawra formation from Tabuk quadrangle to Buraydah quadrangle (Al

Laboun, 2009).
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CHAPTER 3

METHODOLOGY

To carry out this research, methodology has lbeided into four main parts The first
segment is the geological field am&ta obtained from the field. The field work is
followed by sample preparatioffhe third major portion deals with different aysgs
carried out in the laboratories. The final segment is related to interpretation of the results

obtained from the field w& and laboratory analysis

3.1 Field Work

Threeoutcrops of the Sharawra Brmationwere selected from the old Qusaiba village
through a reconnaissance field tripanoramic photos were also taken during the
reconnaissance to have a better view of the outcrop, with visible differences in the units
(Figure 3.). For the field observations all the three outcrops ws&sdied, while two of

them wereusedfor the geochemidaanalysis These two outcrops are the complete
section ofthe Sharawra Formation, exposed in the study area. However, two more
outcrops were studied only for the field observations and correlations. Field work started
with taking panoramic photographs die Qusaiba Formation. The panoramic photos
were taken again to have better view of the outcrop, with visible differences in the units.
Zoomed in photos were taken for each unit. Global Positioning System (GPS) readings
werealsotaken for each location.hE emphasis of the field work was on measuring the
stratigraphic section for the two outcrops and to colieptesentativeample from each

interval of sandstone, siltstone and sh&amples were taken vertically in mastses,
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however; lateral equivates of every possible bed were also taken. The systematic
sampling strategy is illustrated in Fig23Vertical thickness of each bed was measured
very precisely A total of one hundred antiventy eight(128) sampleswere collected

from the two majoroutcrops.Detailed sample description was done by using hand lens.
Each sample was photographed with proper scale. Examples of sample photographs are
shown in Fig. 33 and Fig. 34. These samples are the represéveatof each bednd
servefor further use for detailed petrographic, geochemical, aetrophysical analysis.
Samples were properly numbered and packed well in the plastic bagbatod for each

sample location were also taken

Figure 3.1 Panoramic view of the Silurian units in Old Qusaiba Village.

38



Figure 3.2 Sample locatiors at the upper part of the outcrop 2

Figure 3.3 Sample photographfor sample UD-14-Q49.
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