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The Silurian Sharawra Formation has great importance as it rests over the richest source 

rock of the Qusaiba Formation. The Sharawra Formation 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 can lay the 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 

characterization was performed using state-of-the-art of techniques including scanning 

electron microscopy ï energy dispersive spectroscopy, powder x-ray diffraction (XRD) 

for both minerals, cements, and clay minerals (detrital and authigenic). The outcrops 

were logged precisely and nine different lithofacies have been identified in the field. The 

thin section study has revealed the Sharawra Formation is mainly subarkosic, while the 

mica content increases near to its contact with the Qusaiba Formation. The XRD data has 

also revealed a prominent change in mineralogy with inclusion of minerals like 

phlogopite and microcline with depths. The other minerals occurring constantly 

thoughout the formations are albite, orthoclase, and kaolinite. The porosity values do not 



xix 

 

vary much, as the average porosity for the sandstone facies is 15 percent, for the 

siltstones it ranges around 7 percent. The permeability is variable throughout the 

formation, the values range from 50 md to 300 md. Although sandstone has a good 

porosity and permeability the siltstone facies exhibit poor petrophysical characteristics. 

Due to repetitive siltstone facies, the Sharawra Formation should be considered as a 

potential unconventional reservoir. This study has provided a base for future quantitative 

studies in siliciclastic formations in the area. Major and trace elements geochemistry of 

the Sharawra Formation indicate a passive continental margin as the tectonic setting of 

the sandstone. The source area discriminating plots show the probable source rock for the 

Sharawra Formation to be acid, felsic, and granitic. CIA and CIW indicated a moderate 

weathering in the source area of these Silurian clastic sediments. 
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 ϽлϯгЮϜ ϥϳϦ ϣЂϜϼϹЮϜ Ьы϶ ев .ϣтϽϷЊ ϤϝзϳЂ ЙЃϦ пЯК РϽЛϧЮϜ бϦ .ϣузуЃЮϜ ϣЛІцϜ ϸнуϲм ̪сжмϽϧЫуЮшϜ ϽлϯгЮϜ

дϒ ϽлЗт ϟГЧϧЃгЮϜ  йзуϠ ЭЊϝУЮϜ ϹϳЮϜ ϞϽЦ ϝЫугЮϜ бЪ ϸϝтϸϾϜ Йв ϾнЪϼцϜ ϥϳϦ нк ϜϼмϽІ днЫϧгЮ ЁуϚϽЮϜ днЫгЮϜ

 ϩуϲ ХгЛЮϜ Йв сжϹЛгЮϜ онϧϳгЮϜ сТ ϝДнϳЯв ϜϽуПϦ ϣузуЃЮϜ ϣЛІцϜ ϸнуϲ ϣузЧϦ ϭϚϝϧж ϽлЗϦм .ϣϡуЋЦ днЫϧв еуϠм

 дϸϝЛгЮϜ ев оϽ϶ϒ ϤϜϹϮϜнϦ ϽлЗϦ .ϥтϝϠнЦнЯУЮϜ м еуЯЪмϽЫугЮϜ бЪ ϸϜϸϿтвϜ пЯК ϜϼмϽІ ϸϜϹϧ ϥуϡЮцϜ ̪ϿуЯЪнϪϼцϝЪ

 Ь сЯвϽЮϜ ϽϷЋЮϜ ϤϝзϳЃЮ ϣувϝЃгЮϜ ЩЂнϧв ЭЋт .ϥузуЮмϝЫЮϜм15 Ь ЭЋϦ еуϲ сТ %7  ϽϷЋЮϜ ϤϝзϳЃЮ %

 .етϽПЮϜ еуϠ ϣтϺϝУзЮϜ буЦ  ϰмϜϽϧϦ50  м300  ϹЛϦ ̪ϜϹуϮ ϝжϜϿ϶ сЯвϽЮϜ ϽϷЋЮϜ ϤϝзϳЂ ϹЛϦ еуϲ сТ .сЂϼϜϸ сЯЯв

ϽЗжм .ϜϽуЧТ ϝжϜϿ϶ етϽПЮϜ ϽϷЋЮϜ ϤϝзϳЂ ϽуО ϝжϜϿ϶ ϜϼмϽІ днЫϧв ϼϝϡϧКϜ еЫгт ̪етϽПЮϜ ϽϷЋЮϜ ϤϝзϳЂ ϸϹЛϧЮ Ϝ

 сжнϧЫϦ ЙЎнЪ ϣзЪϝЂ ϣтϼϝЦ ϣТϝϲ ЙЎнЯЮ ϢϼϸϝзЮϜм ϣуЂϝЂцϜ ϽЊϝзЛЯЮ сϚϝугуЫЮϜ ЭуЯϳϧЮϜ ϭϚϝϧж ϽуЇϦ .ыгϧϳв рϹуЯЧϦ

.ϣЧГзгЮϜ иϻк сТ ϤϝжнЫϧгЯЮ ϣуЯϡЧϧЃгЮϜ ϣугЫЮϜ ϤϝЂϜϼϹЯЮ ϝЂϝЂϒ ϣЂϜϼϹЮϜ иϻк аϹЧϦ .сЯвϽЮϜ ϽϷЋЯЮ   

 

  



21 

 

1 CHAPTER 1 

INTRODUCTION  

 

The Sharawra Formation has faced diverse nomenclature variations in the 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 Arabia as the Sharawra 

Formation. Janjou et al. (1996) included it as the Sharawra Formation of the Qalibah 

Group. Vaslet (1987) grouped the Silurian units into the Tayyarat Formation, and 

designated the Qusaiba and Sharawra as members. Mahmoud et al. (1992) used Qalibah 

Formation and named the lower shale-dominated part as the Qusaiba Member, and the 

sand-dominated part as the Sharawra Member. The Sharawra Member of the Qalibah 

Formation was also used by Al-Hajri (1998).  Al- Laboun (1982, 1986) named it as the 

Sharawra Sandstone Member of the Tayyarat Formation. Later, it was considered as the 

Shararwra Formation of 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 concluded it as the Sharawra Formation of the Qalibah Group (SSC, 2013). 

The Sharawra Formation is well exposed along northwestern Saudi Arabia. Outcrop 

exposures are present in the northern and central Arabia, and also in the subsurface. The 

Sharawra Formation consists of micaceous sandstone with thin siltstone layers, and 

subordinate shale interbeds (Al-Laboun, 2009). It is distinguished from the upper part of 

the Qusaiba Member on the basis of sandstone dominance. Outcrops in the Qasim region 
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have thin gypsum layers, present between the sand beds as recent deposits. Within the 

Sharawra Formation, the sequence is coarsening upward. The upper part is more sandy, 

while the lower part is more silty. High gamma radiation values from the Sharawra 

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

The Sharawra Formation is underlain by the Qusaiba Formation. The contact between the 

Sharawra Formation and the Qusaiba Formation is gradational (Mahmoud et al., 1992). 

The Qusaiba Formation has clay dominance throughout; however, the lower part of it is 

mostly shale and upper part contains subordinate sandstone. The Silurian rocks were 

deposited just after the glaciation event of Ordovician. The Qusaiba shale unit was 

deposited in deep marine conditions. This unit is one of the most prolific source rocks in 

the world. It is also named the óóQusaiba hot shaleôô (McGillivary & Al-Husseini 1992; 

Mahmoud et al., 1992; Cole et al., 1994). The formation acts as a source rock for the 

Paleozoic reservoirs and also to some Mesozoic reservoirs. The formation underlies 

disconformably to the Devonian Tawil Formation and its correlative units. The 

Khussayan Formation overlies the Qalibah group in Wajid Plateau (Jones & Stump, 

1999). Paleozoic units of Saudi Arabia are described in Figure 1.1.   

Eurypterid remains and its polymorphs in the Sharawra formation are indicative of 

shallow marine environment (Al-Hajri, 1998). The lower parts of the Sharawra 

Formation have shallow to deep subtidal facies on storm-dominated shelf and middle to 

upper offshore to proximal offshore facies. The upper part of the Sharawra Formation is 

bioturbated and contains upper proximal upper offshore facies. The Qusaiba Formation 

was deposited during the transgression, while the Sharawra Formation deposited under a 

series of repetitive transgressions and regressions (Janjou et al., 1996).  
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Figure 1.1 Paleozoic geology of Saudi Arabia (Cole et al., 1994). 

Three chitinozoans facies and palynological evidences indicate a Wenlock (Early to 

Middle Silurian) age for the Sharawra Formation.  The lower part of the Sharawra 

Formation contains S. solivdina and Angochitina Macclure 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 age to the 

Sharawra Formation. Although no graptolites have been identified in the Sharawra 

Formation, an Early to Middle Silurian age has been designated on the basis of the 

identified biozones.  

Sharawra Formation has been divided into four members Jarish, Khanafriyah, Nayyal, 

and Zubliyat (Janjou et al., 1996, Halawani, 2003). The Jarish Member is the basal unit of 

the Sharawra Formation. It was named after 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, clayey, and micaceous siltstone. The sandstone is fine 

grained and is greenish to greyish in color. Hummocky cross beddings and mega ripples 

are present in the sandstone. The massive sandstone also has ball and pillow structures. 

The bioturbation is well developed. The Jarish Member rests over the Qusaiba Formation 

and is overlain by the upper Khanafriyah Member. 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). The second unit of the 

Sharawra Formation is the Khanafriyah Member. It was named after Jibal al Khanafriyah 

in the Al Qalibah Quadrangle. The thickness of the member is about 110 meters. The 

Khanafriyah Member has a variegated lithology. The lower part of this member is mainly 

yellowish siltstone and greenish sandstone, and has similar sedimentary structures to the 

Jarish Member. Grey to yellow siltstone overlies these units having linguoid ripples and 

fine-grained sandstone lenticular beds. Burrows and trails are also present. The overlying 

unit has more sandstone and siltstone (clayey). The sandstone is fine grained with beds 
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having wavy and subparallel laminae. The topmost part of this member is mainly 

siltstone of yellowish and greenish color. It has convoluted laminations and trails and 

burrows of Cruziana. This member has a conformable upper and lower contact with the 

Nayyal and Jarish members, respectively. On the basis of Brongniartella janjoui reported 

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

the Sharawra Member is the Nayyal Member, named after Wadi Nayyal in northwest 

Saudi Arabia. At the type section, the Nayyal Member is 125 meters thick. It also has 

alternating sandstone and siltstone beds. The lower sandstone is fine grained, massive 

bedded, and is of rusty brown color. This sandstone is highly bioturbated. The overlying 

unit is yellow to pink, friable siltstone. The siltstone has red-colored micro-

conglomerates and phosphatic grains. The siltstone 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 Nayyal Member, the sandstone becomes coarser and thicker. It contains 

fossil debris and phosphatic grains. The Nayyal Member has a conformable contact with 

the overlying Zubliyat Member and with the underlying Khanafriyah Member. On the 

basis of Brongniartella benderi (trilobite) at the basal part of the Nayyal Member, it was 

dated as Middle to Late Silurian. The uppermost unit of the Sharawra Formation is 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 meters. It contains yellowish to 

brownish fine-grained 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 siltstone. This horizon is coarsening 
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upward. Above the siltstone are grey to yellow sandstones having large-scale ball and 

pillow structures. At the top of the Zubliyat Member pale grey to violet siltstone is found 

with bioturbation. The upper contact of the formation is disconformable with the 

overlying Tawil formation. The lower contact of the formation is conformable with the 

Nayyal Member of the Sharawra formation. The age of the Zublyat formation is Middle 

to Late Silurian on the basis of its stratigraphic position.  

My study is focused on petrographical, mineralogical, and geochemical characterization 

of the Sharawra Formation. An outcrop has been selected for 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 open a gateway for future research for other Paleozoic rocks. 

1.1  Problem Statement 

 

The sandstone succession of the Sharawra Formation has a very important stratigraphic 

position. As it overlies one of the most prolific source rocks in the world, it can have 

significant hydrocarbon 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 performed and no published data are available on the inorganic geochemistry of this 

formation.  
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1.2   Study Area 

 

The study area lies in central Saudi Arabia. This study was carried out on a well exposed 

section in Old Qusaiba Village in Qasim District, Central Saudi Arabia. In the outcrop 

section the thickness of the formation ranges to about 85 meters (Al-Laboun, 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 Objectives 

 

The aim of this study had been to investigate geochemical properties, understand the 

petrography, and conduct reservoir characterization of the Sharawra Formation. The 

study is based on field observations and laboratory work on the collected samples. The 

core objectives of my research had been stated as follows: 

¶ Recognition and characterization of facies types 

¶ Determination of the geochemical variation 

¶ Porosity estimation of sandstones  

¶ Assessments of mineralogical variations and relation to facies 
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Figure 1.2 Location map of the study area 
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2 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 of the Arabian Shield. The outcrops are present in non-

continuous and separated belts. Paleozoic sedimentary units are located in three major 

zones, namely Tabuk region (NW), Qasim region (Central), and SW Saudi Arabia (Al-

Dabbagh, 2013; Jones & Stump, 1999).  The Qalibah group is located in the north and 

northeastern part of the Arabian shield.  

The central Arabian arch is a major surface and structural feature of the Arabian 

Peninsula and it is assumed that 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 followed by hiatus 

in the central Arabia, while intracontinental rift with evaporites formed in the 

surrounding regions (McGillivray and Husseini, 1992). In the Cambrian and Ordovician, 

central Arabia was a subsiding shelf of the Gondwana continent, hence the siliciclastics 

of the Saq formation were deposited during the Cambrian. The late Ordovician was a 

glacial period. The Sarah and Zarqah formations were deposited during the glacial period. 

The glaciation events subdivided the CambrianïOrdovicianïSilurian succession into 

three depositional cycles: a preglacial cycle (Saq and Qasim formations), a synglacial 

http://www.scopus.com/authid/detail.url?authorId=6603321264&amp;eid=2-s2.0-0027066634
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cycle (Zarqa/Sarah formations), and a postglacial cycle (Uqlah, Qusaiba, Sharawra 

formations) (Al-Laboun, 2013).  The abrupt sea level rise during the Silurian deposited 

the coarsening upward sequence of the both the Qusaiba Member and the Sharawra 

Member of the Qalibah Formation (McGillivray and Husseini, 1992). Climatic and 

tectonic events are the reasons for the subdivisions of strata and facies variation on the 

Paleozoic stratigraphy of Saudi Arabia (Al-Laboun, 2009; 2010). These have subdivided 

the Paleozoic units into megadepostional cycles and smaller cycles. Three main events 

took place in the Paleozoic history. An uplift event due to Taconic tectonic 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 subdivides the Silurian and 

Devonian successions into three: the pre-Acadian cycle represents the Qusaiba and 

Sharawra formations, the syn-Acadian is the Tawil Formation, and the post-Acadian is 

shown by the Jawf Formation. The thick Silurian sequences in the Tabuk area are 

truncated in the Qusaiba depression due to the sub-Tawil unconformity (Laboun, 2013). 

The third event is related to Hercynian activity, it affected the whole sequence from 

Carboniferous to Precambrian. Three unconformities: sub-Zarqa/Sara, sub-Tawil, and 

sub-Shajara 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 Arabia (Jones & Stump, 1999). 

The Paleozoic successions are important for water reserves, as well as the oil and gas 

potential in central Saudi Arabia (Al-Dabbagh, 2013). The Paleozoic petroleum system is 

charged by the widely spread and organic-rich lower Qusaiba shale of Silurian age (Cole 

http://www.scopus.com/authid/detail.url?authorId=6603321264&amp;eid=2-s2.0-0027066634
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et al., 1994). The whole Silurian succession deposited in a time span of 120 million years 

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

and reservoir rocks (Jones & Stump, 1999). Most of the reservoirs of Saudi Arabia 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 carbonate reservoir is predominantly the Khuff formation. The clastic reservoirs 

include the Quwarah Member of the Saq Formation, the Sarah Formation of the 

Ordovician, the Sharawra Member of the Middle to Late Silurian, the Tawil formation, 

and the Jauf Formation of Devonian age. The Silurian Qusaiba óóhot shaleôô is the most 

important source rock with organic matter (2% to 11%) and type II organic matter 

preserved in the shale (Guoping, 2007). Total Organic Carbon (TOC) content of the 

Qusaiba shale Member indicates it as organic rich shale. The highly radioactive óóhot 

shaleôô sequence is 20 to 70 m thick in subsurface having TOC content up to 6.15 percent 

(McGillivray and Husseini, 1992) and 15 to wt % (Cole et al., 1994). Hydrocarbon shows 

from the Sharawra Formation have also been reported by Abu-Ali et al., (1999). 

The Sharawra Formation is well exposed along the northwestern Saudi 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. The thickness of the Sharawra Formation is about 422 meters and 510 

meters in the type locality and the Tabuk region, respectively. In the Baqôa area the 

thickness is about 90 meters (Halawani, 2003). In the reference section, the thickness of 

Sharawra Formation is about 234 meters and has been reported up to 35 meters from 

Udaynan-1 well (Mahmoud et al., 1992). The thickness of the formation is double in 

http://www.scopus.com/authid/detail.url?authorId=6603321264&amp;eid=2-s2.0-0027066634
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subsurface than in the outcrop. This has been determined from the isopach maps from 14 

wells with complete section and 29 wells with eroded tops (Mahmoud 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 meters (Al-Ajmi, 2015).  Jones and Stump  (1999) 

reported that the Sharawra Member is rarely present in the Wajid Plateau; however, it is 

present in wells. The thickness of Silurian deposits decreases from the northwestern part 

in Tabuk to the Qusaiba depression in the east. The thickness of the Sharawra Formation 

in different regions of Saudi Arabia is shown in Figure 2.1. In terms of depositional 

thinning, paleo-highs are the major reason. The uppermost part of the Qalibah is locally 

eroded at places due to Hercynian and other younger structural activities (Mahmoud et 

al., 1992). The Qusaiba Member has been locally eroded and the moderately to well 

sorted sandstone of the Sharawra Member is deposited as fluvial channel fills (Jones & 

Stump, 1999). 

The Sharawra Formation consists of moderately sorted sandstone, siltstone, and shale 

(Jones & Stump, 1999; Al-Laboun, 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 intercalated shale. The upper part of the formation is 

bioturbated and burrowed, while the lower part contains phosphatic bioclasts and 

conglomerates (Halawani, 2003). It is distinguished from the upper part of the Qusaiba 

Member on the basis of sandstone dominance. Outcops in the Qasim region have thin 

gypsum layers, probably are the recent deposits. Within the Sharawra Formation, the 

sequence is coarsening upward. The upper part is more sandy, while the lower part is 
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more silty. High gamma radiation values from the 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 members: the lower member is 

shale-dominated Qusaiba Member and the overlying is the clastic Sharawra Member. The 

formation has been divided into four members the Jarish, Khanafriyah, Nayyal, and 

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

The Cambrian to Devonian units of Saudi Arabia unconformably overlie the basement 

and are overlain by an erosional surface of late Permian (Al-Dabbagh, 2013). The 

Silurian succession is missing in the Qusaiba depression. In central Saudi Arabia, the 

Sharjara Formation overlies the Devonian to Paleozoic rocks (Al-Laboun, 2013). The 

Silurian rocks are mainly divided into three units as the Uqlah Formation, Qusaiba 

Formation, and Sharawra Formation (Al -Laboun, 2009). Due to the presence of reworked 

layer containing orthoclone debris, the lower contact of the Sharawra Formation is 

disconformable with Qusaiba formation while, Sharawra Formation is overlain with an 

erosional disconformity by the Tawil Formation (Halawani, 2003; Jones & Stump, 1999). 

The Qalibah/Tawil unconformity exists between Wenlockian-early Ludlowvian part of 

the Sharawra Member and late Ludlowvian Tawil Formation. The contact of the Qusaiba 

Member and Sharawra Member in the subsurface is gradational over a long vertical 

distance ranging from 65 to 200 ft. The contact of Qusaiba and Sharawra is conformable 

regionally (Jones & Stump, 1999). The upper part of Qusaiba member cannot be easily 

distinguished from the Sharawra Member on the basis of their lithostratigraphic features; 

however, the upper contact of Sharawra Member with the Tawil Formation is sharp and 

prominent (Al-Hajri, 1998). In Wajid group outcrops, Sharawra Formation has a sharp 
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and unconformable upper contact with the Khusayyayn formation of Devonian age (Al-

Ajmi, 2015). 

In Saudi Arabia, the Silurian clastics represent a progradational sequence. These units 

deposited on a broad continental shelf after the deglaciation phase of Gondwana polar ice 

cap. The micaceous sandstone and siltstone of the Sharawra Member represent a 

prodeltaic facies (Al -Hajri). The formation was deposited on the stable continental shelf 

in eastern Arabia. The Qalibah Formation and its overlying units prograded towards the 

north and northeastward. The Sharawra Member deposited as shallow water prodeltaic 

clastics. The Sharawra member was deposited in shallower water 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). The absence of carbonates in the Silurian is due to high 

paleo-latitude position of Gondwana (Mahmoud et al., 1992). The lower parts the 

Sharawra Formation have shallow to deep subtidal facies on storm-dominated shelf and 

middle to upper offshore to proximal offshore facies. The upper part of the Sharawra 

Formation is bioturbated and contains upper proximal upper offshore facies. The Qusaiba 

Formation was deposited during the transgression, while the Sharawra Formation was 

deposited under a series of repetitive transgressions and regressions (Janjou et al., 1996). 

A pterygotid eurypterid from the lower part of the Sharawra indicates hyposaline 

marginal marine conditions (Al-Hajri, 1998). 

Three chitinozoan facies and palynological evidence indicate Wenlock (Early to Middle 

Silurian) age of the Sharawra Formation.  The lower part of the Sharawra Formation 

contains S. solivdina and Angochitina Macclure and eight biozones have been identified 
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in the Early Silurian (Paris et al., 1995). On the basis of trilobites and tentaculites, Janjou 

et al. (1996) gave a Late Wenlock to Early Ludlovian age to the Sharawra Formation. 

Although no graptolites have been identified in the Sharawra formation, an Early to 

Middle Silurian age has been designated on the basis of identified biozones. In terms of 

biostratigraphy, the Sharawra Member has not yielded any graptolites. This character 

makes is highly different from the Qusaiba member, which is rich in graptolites. 

Pterygotid eurypterids from the lower part of Sharawra have also been reported (Al-Hajri, 

1998). The biozone Angochitina hemeri has been identified from the lower part of the 

Sharawra member. Another species is also found in abundance is named as Angochitina 

Macclure (Paris et al., 1995). The age of the Sharawra Formation ranges 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 those of Libya and 

Algeria and less to those of Spain. Few of the species discovered are significant and can 

be correlated for inter-continentally between northern Gondwanaland and Baltica.  The 

species show no affinities to the Afro-Brazilian species, but show some affinities with 

China (Paris et al., 1995).  

The correlatives of the Qalibah Group are 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 

Formation also correlate along a large distance in the subsurface and have a sheet-like 

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

physical and chemical properties. These processes include weathering, erosion, transport, 

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 framework of the grains 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; Dickinson et al., 1983) and the 

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

1986). 

 

Figure 2.1 Thickness variations of Sharawra formation from Tabuk quadrangle to Buraydah quadrangle (Al-

Laboun, 2009). 
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3 CHAPTER 3 

METHODOLOGY  

To carry out this research, methodology has been divided into four main parts. The first 

segment is the geological field and data obtained from the field. The field work is 

followed by sample preparation. The third major portion deals with different analyses 

carried out in the laboratories. The final segment is related to interpretation of the results 

obtained from the field work and laboratory analysis.  

3.1 Field Work  

 

Three outcrops of the Sharawra Formation were selected from the old Qusaiba village 

through a reconnaissance field trip. Panoramic photos were also taken during the 

reconnaissance to have a better view of the outcrop, with visible differences in the units 

(Figure 3.1). For the field observations all the three outcrops were studied, while two of 

them were used for the geochemical analysis. These two outcrops are the complete 

section of the 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 of the 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 

were also taken for each location. The emphasis of the field work was on measuring the 

stratigraphic section for the two outcrops and to collect representative samples from each 

interval of sandstone, siltstone and shale. Samples were taken vertically in most cases, 
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however; lateral equivalents of every possible bed were also taken. The systematic 

sampling strategy is illustrated in Fig. 3.2. Vertical thickness of each bed was measured 

very precisely. A total of one hundred and twenty eight (128) samples were collected 

from the two major outcrops. Detailed sample description was done by using hand lens. 

Each sample was photographed with proper scale. Examples of sample photographs are 

shown in Figs. 3.3 and Fig. 3.4. These samples are the representatives of each bed and 

serve for further use for detailed petrographic, geochemical, and petrophysical analysis. 

Samples were properly numbered and packed well in the plastic bags and photos for each 

sample location were also taken.  

 

Figure 3.1 Panoramic view of the Silurian units in Old Qusaiba Village. 
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Figure 3.2 Sample locations at the upper part of the outcrop 2. 

 

 

Figure 3.3 Sample photograph for sample UD-14-Q49. 






















































































































































































































































































































































