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The reservoir-bearing Arab-C carbonate in Khursaniyah field (150 ft thick) is an overall 

fining-upward composite sequence that can be subdivided into six high-frequency sequences. 

Each of these high-frequency sequences can be further subdivided into multiple fining-upward 

small-scale cycles. 

 

A high resolution sequence stratigraphic framework for the Arab-C carbonates and the 

underlying and overlying evaporites is built and the associated depositional models within the 

sequence stratigraphic framework of Khursaniyah field are also generated. 

This work aims to enhance the understanding of both the sedimentological and 

depositional models of the Arab-C reservoir. Also, to understand the stacking pattern of the 

carbonates / evaporite succession within a high resolution sequence stratigraphic framework. 

This should make it possible to better resolve the scale of correlation and to map the reservoir 

facies within this framework; hence, define the geologic factors that control the reservoir quality 

(sedimentological and sequence stratigraphy). This could provide insight into the depositional - 

stratigraphic style of the Late Jurassic near the equator, and thus offer additional insights on 

possible global climate and tectonics controls for this time period. Moreover, provide a 
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predictive conceptual model of reservoir development grounded in the fundamentals of process 

sequence stratigraphy and sedimentology. 
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البترولي من العصر العرب ج الوصف العالي الوضوح للمتتابعات الطبقيه الزمنية لمكمن عنوان الرسالة: 

المملكة العربية السعودية شرق, حقل الخرسانيهالجوراسي في   

الجيــــولـوجيـــــــا التـخـصـــص:  

0202 يونيو تاريخ التخرج:  

قدم من  01-01الحبيبيه التي يعلوها  قدم من الصخور الحبطينيه و 021تتكون طبقة العرب ج الخازنه من 

التتابع الطبقي لطبقة العرب ج في التمكن منن التنبؤ بأماكن وجود الطبقة  الجبس الالمائي. تكمن أهمية معرفة

توقع خصائصها و تحديد مدى امتدادها جغرافيا و . 

تعلوها  عالي الدقه للتتابع الطبقي لطبقة العرب ج الجيريه والصخور التبخيريه التي م نموذجاهذه الدراسه تقد

مقترح يفسر آليات الترسيب التي  و تدنوها في حقل خرسانيه. هذا النموذج يقدم في إطار تسلسل بيئي

 .تمخضت عن ايجاد هذه الصخور في الخرسانية

ط تتابع وتعاقب الصخور الجيرية و التبخيرية في إطار فهم أعمق هذه الدراسه تهدف الى تعميق فهمنا ألنما

للعوامل المؤثرة في ترسيب هذه الصخور وإنشاء تراكيبها البنائية. نتائج هذه الدراسه ستقوم بال أدنى شك 

بحل اإلشكاالت السابقة التي واجهت العاملين على طبقة العرب ج في تحديد اإلطار الزمني األمثل إلنشاء 

ط التزامن بين صخور العرب ج، و ستمكننا من رسم خرائط المتدادت العرب ج الجغرافيه و امتدادات خطو

ليس هذا فحسب، بل إننا تمكنا في هذه الدراسة  .السحن ذات الخصائص الخازنه للنفط بداخل طبقة العرب ج

طبقية المؤثره في الجودة من تحديد العوامل الجيولوجية الفاعلة في تغيير الخصائص الرسوبية و التتابع 

النوعية لصخور العرب ج من حيث كونها خازنة للنفط أو غير خازنة. إن هذه الدراسة تلقي الضوء على 

األنماط الرسوبية و التتابع طبقية التي كانت سائدة في العصر الجوراسي على الجزيرة العربية التي كانت 

ها تلقي الضوء أيضا على مدى تأثير عوامل المناخ و متمركزة حول خط االستواء في ذلك الوقت؛ كما أن

حركة الصفائح على ترسيب الصخور الجيرية في ذلك الوقت. إن النموذج التتابع طبقي العالي الدقة المقدم في 
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هذه الدراسه قادر على التنبؤ العلمي بنشوء و نمو السحن الخازنة للنفط بناء على أساسيات علم تتابع الطبقات 

لرسوبياتو علم ا  
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CHAPTER 1 

 

 

 

INTRODUCTION 
 

 

 

 Khursaniyah is located onshore in the Eastern Province of Saudi Arabia, near the 

Arabian Gulf coast (Figure 1.1). The field was discovered by the Khursaniyah-01 well in 

1956.  The main reservoirs in Khursaniyah are Jurassic carbonates within the Arab-A, -B, 

-C, and -D Members of Kimmeridgian to Tithonian age. Subordinate oil occurs within 

the Hanifa Formation. 

 

This study focuses on the Arab-C and “Sub-C” reservoirs, which are Upper 

Jurassic (probably Kimmeridgian) in age and consist of limestones, dolomitic limestones, 

and dolomites.  The Arab-C reservoir ranges from 120 to 160 feet in thickness. The 

underlying “Sub-C” reservoir, which is a carbonate unit that is time-equivalent to the 

evaporites between the Arab-C and Arab-D reservoir further to the south, ranges in 

thickness from 25 to 40 feet.  
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Earlier work on the Arab C in Khursaniyah was performed by Exxon in 1982.  

Cores were described in a very general sense and a correlation scheme was implemented 

that consisted of a single zone in the sub-C reservoir and two zones within the Arab C 

reservoir.  This work was useful at first, but now a higher resolution framework is 

needed.  For this study, much more detailed sedimentology was performed on the cores 

and a high-resolution sequence stratigraphic framework was developed that consists of 

six high-frequency sequences each comprised of multiple higher-frequency cycles.  This 

new correlation scheme should help to better model vertical and lateral facies variations 

that have an impact on reservoir quality and determine where bypassed oil may remain. 
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Figure 1.1. Map showing the location of Khursaniyah Field (within the dark-blue square outline). 
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1.1. Objectives 

The objectives of this study: 1) to build a high-resolution sequence stratigraphic 

framework for the Arab-C and sub-C carbonates and the underlying and overlying 

evaporites, and 2) to generate the associated depositional models within the sequence 

stratigraphic framework of Khursaniyah Field. Sequence stratigraphy is a powerful 

methodology for predicting facies and thus the depositional control on the spatial 

distribution of petroleum reservoirs and seals (Posamentier et al., 1988). 

 

1.2. Statement of the Problem 

The members of the Arab formation contain important Mesozoic carbonate 

reservoirs in Saudi Arabia and the adjacent countries of the Arabian Gulf (GCC).  This 

work aims to enhance the understanding of both the sedimentological and depositional 

models of the Arab-C and sub-C reservoirs. Also, to understand the stacking pattern of 

the carbonates / evaporite succession within a high resolution sequence stratigraphic 

framework. This should make it possible to better resolve the scale of correlation, and to 

map the reservoir facies within this framework and to determine the sedimentological and 

stratigraphic controls on reservoir quality.   

In a more global sense, this work could provide insight into carbonate and 

evaporite deposition and the depositional - stratigraphic style of the late Jurassic near the 
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equator, and thus shedding some possible insights on possible global climate and 

tectonics controls for this time period. Also, building a high resolution sequence 

stratigraphic framework for the Arab-C and sub-C carbonates and the underlying and 

overlying evaporites will help to break out facies with differing porosity and permeability 

relationships that can be imported into a 3D model. Moreover, this work will provide a 

predictive conceptual model of reservoir development grounded in the fundamentals of 

process sequence stratigraphy and sedimentology.  

 

1.3. Previous Work 

The Arab reservoir zones consist of carbonates which are separated by anhydrite 

layers with the Hith anhydrite Formation forming the uppermost regional seal. The 

official naming of most of the Arabian rocks came in 1952 in a publication that was 

written by Steineke and Bramkamp.  In 1952, Steineke and Bramkamp upgraded the 

Riyadh Formation to group and its members to formation, which are Arabs and Hith. A 

subdivision of the Arab Formation came in 1958 (Steineke et al., 1958) where the 

carbonate units were named from top to bottom A, B, C, and D members of the Arab 

Formation (Figure 1.2).  The anhydrite that separates the Arab-C from the Arab-D was 

assigned to the Arab-D formation and the anhydrite that separates the Arab-B from the 

Arab-C was assigned to the Arab-C Formation (Bramkamp et al., 1960).  
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Figure 1.2. Arab Formation type and reference sections which show the Arab-C Member 

(Powers, 1960). 

 

 



 7 

During Late Kimmeridgian to Tithonian time, carbonates and evaporites were 

deposited in shallow marine and sabkha environments over most of the Arabian Gulf 

area. Arab sedimentation formed with four main depositional cycles. Each of these cycles 

consists of a marine carbonate sequence overlain by an anhydrite (Powers, 1962). Few 

published works have been done on the Arab-C in the Middle East and most of the work 

was done in the early time. The Upper Jurassic Arab-C carbonate forms the main 

reservoir in Khursaniyah Field.  This reservoir is believed to be either Late Kimmeridgian 

or Early Tithonian in age (G. W. Hughes, personal communication; Figure 1.3).  

 The main previous work on the Arab-C reservoir at Khursaniyah was done by 

Lehmann et al,( 1984) and documented in an internal Saudi Aramco report. The 

following is a summary of their results. The Arab-C carbonate in Khursaniyah Field was 

deposited on a generally shallow carbonate shelf.  The fossil assemblages and 

sedimentary structures encountered suggest water depths mostly fluctuated in the range 

0-15m. Four depositional facies were identified in cores and thin sections from the 

studied intervals (Exxon Production Research Company, 1984). The Sub-C reservoir is 

comprised of grainstones that grade into algal boundstone. The Arab-C is comprised of 

ooid interclast–skeltal grainstone at the base and grades upward into interbedded algal 

boundstone and peloidal-pellets grainstone that are capped by anhydrite.  

In 1981, a study on the Arab-C at Qatif Field was documented by (Wilson, 1981). 

He divided the reservoir into three main facies. The first facies is the lower facies which 

is an oolitic-mollusk grainstone facies and it is the most porous and permeable facies. 

The second facies is a tight lime-mudstone facies, which is mainly found in the middle 

part of the reservoir, and it grades eastward to porous algal stromatolite boundstone. The 
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third facies is a lagoonal Clypeina algal and peloidal facies with high porosities and 

permeabilities. In 1998, a study on the Arab-C in Abu Dhabi was completed (Azer and 

Peebles, 1998). Three major facies were recognized, namely: (1) oolitic skeletal 

grainstones, Favreina, Prethecoprolithus pelletal grain/packstones; (2) ostracod lime-

mudstones, and (3) algal limestones with Clypeina sp. 
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Figure 1.3. Chart of Late Jurassic Stratigraphy of Saudi Arabia that shows the study interval of 

the Arab-C (Hughes, 1996). 
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In Abu Dhabi, the base of the Arab-C member is an iron-stained unconformity 

surface and the contact occurs between its basal dense lime-mudstones and the 

underlying large, flattened anhydrite nodules, which cap the Arab-D member. As seen in 

(Figure 1.4), the Arab-C Member (Arab-C Zone and the overlaying Arab-C Anhydrite) is 

composed of seven shallowing-upward parasequences (Azer and Peebles, 1998). 
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Figure 1.4. Arab-C cycle stacking patterns showing the coarsening-upward cycles (Azer and 

Peebles, 1998). 
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CHAPTER 2 

 

 

 

GEOLOGICAL SETTING 

 

 

2.1. Age 

 Many studies were conducted to determine the age of the Arab Formation in 

the Middle East beginning in the 1950’s until present time. Powers, et al., (1966) 

considered the Arab Formation outcrop in Saudi Arabia as probably Early Tithonian age 

based on outcrops studies. However, it is now believed to be either Late Kimmeridgian or 

Early Tithonian in age (G. W. Hughes, personal communication; Figure 1.3).  

 

2.2. Paleogeography 

Saudi Arabia was positioned on the equator during the Late Jurassic time (Figure 

2.1).  Storms did not play a big role in the sedimentation during that time because of 
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Saudi Arabia’s proximity to the equator, which had no hurricane activity during that time 

(Smith, 2009). Sharland et al., (2004) concluded in their study that the width of the plate 

and the resulting long distance system tracts, when combined with eustatic influences and 

generally low rate of subsidence, mostly produced low volumes of accommodation space. 

The main control on the sedimentary response in this kind of this structure is eustasy 

(Sharland et al, 2004). 

 

 

Figure 2.1. Late Jurassic paleogeography shows the location of Saudi Arabia with respect of the 

equator and the Tethys Ocean (Scotese, 2003). 
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2.3. Tectonic and Structural Setting 

 

The tectonostratigraphic megasequence of the Arabian plate during the Jurassic 

time can be divided into three subsidence realms progressively affected by rift 

subsidence. Toarcian rifting was pronounced at the northeastern end of the plate. The 

onset of the highly condensed Najmah formation in Kuwait (Strohmenger et al., 1998), 

and the Tuwaiq Mountain Formation in Saudi Arabia (Ayres et al., 1982; Enay et al., 

1987; McGuire et al.,  1993; Carrigan et al., 1994) and Qatar-United Arab Emirates 

(Droste, 1990) suggests that in the Late Collovian to Middle Oxfordian, subsidence may 

have propagated southwards through Kuwait and the Rimthan Arch into Saudi Arabia 

and the southern Arabia Gulf (Ali, 1995; Sharland et al., 2004, Figure 2.2). Elsewhere in 

the central area of the plate, subsidence rates were low and are interpreted to have been 

driven mostly by sediment load. A gentle subsidence followed the Early Jurassic uplift 

produced a low angle sediment ramp and slightly steepened ramp from the Callovian, at 

the end of the Jurassic, occurred at the southern end of the plate (Murris, 1980; de Matos 

and Hulstrand, 1995). 
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Figure 2.2. Schematic plate reconstruction and cross-section for megasequence. Progressive back 

arch rifting in the eastern Mediterranean in the Early Jurassic led to the development of a new 

northern passive margin (Sharland et al., 2004). 
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There was an outer high where the Zagros suture zone occurs and also some 

“inner high” features like the Rimthan Arch and the Qatar Arch between the Neo-Tethys 

and the study area. The outer high bounds the extent of the Hith to the east (Smith, 

personal communication). 

The basin where the Hadriya/Hanifa source rock was deposited was completely 

filled in by the end of Hanifa time – the Hanifa is capped by an exposure surface (Figure 

2.3 a). Khursaniyah Field lies on the southern margin of a Jurassic palaeo-high that 

extended from the Rimthan Arch towards northern Qatar. Khursaniyah Field (and all of 

Saudi Arabia) lies several hundred kilometers landward of the main platform margin 

which would have been far to the east in present-day Iran(Figure 2.3 b) 

The Khursaniyah structure is a NE-SW, doubly-plunging near domal anticline 

that probably resulted from deep salt tectonics.  The structure has maximum dips of 9º to 

10º, around the flanks.    Although the main period of structural growth at Khursaniyah is 

interpreted to have been during the Cretaceous, it is possible that initial structural growth 

had already started by the Late Jurassic. The structure of the Khursaniyah Field has been 

defined mainly on the basis of well data tied to 3D seismic data. 
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Figure 2.3.a. Late Jurassic facies map showing the shallow/deep marine shelf and the location of 

Khursaniyah Field with respect to the shelf margin (Ziegler, 2001). 

 

 

Shelf Margin 
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Figure 2.3.b. A schematic profile showing the location of Khursaniyah field (red dot) in the shelf 

margin based on (Ziegler, 2001) paleogeographic map. 

 

 

2.4. Regional Geological Setting 

The Late Jurassic Arab Formation contains some of the most important reservoirs 

in the Middle East. During this epoch, a carbonate platform was developed in most of the 

Arabian Gulf and extended to the Zagros Mountains in Iran and central Iraq (Figure 2.4). 

The Upper Jurassic sediments in the Arabian Peninsula are typically composed of 

shallow-water limestones and dolomites interbedded with restricted facies anhydrites. 

This interval contains the volumetrically largest reservoirs in the Middle East. This 

stratigraphic interval is probably the most important sequence to the world’s oil industry. 

It contains approximately 50 % of the world’s oil and gas reservoirs.  

Sediments that comprise the Arab Formation were deposited as an upward 

shoaling supersequence. The Jubaila/Arab-D cycle was initiated in somewhat shallower, 
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but still fairly deep water. This sequence shoaled to sea level and is sealed by sabkha and 

subaqueous evaporites. Each of the Arab-C, Arab-B, and Arab-A members were 

deposited as an upward-shoaling carbonate to evaporate cycle. Each cycle was initiated 

by rapid relative sea level rise followed by a comparatively slow fall in relative sea level. 

Sediments deposited during the regressive stage dominate each of the cycles. The 

evaporites provide seals for each Arab member cycle (Exxon Production Research 

Company, 1984). The Arab-C reservoir consists of an average 120 ft of packstone to 

grainstone reservoir overlain by 15 - 30 ft of anhydrite. 
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Figure 2.4: Jurassic environments of deposition in the Middle East (Murris, 1980). (a) After a 

depositional hiatus that spanned most of the Early Jurassic, a Toarcian transgression flooded the 

Arabian Peninsula. (b) A second depositional hiatus during the initial Aalenian phase of the 

Middle Jurassic was followed by a second transgression in Bajocian-Bathonian time. (c) During 

the Late Jurassic (Oxfordian and Early Kimmeridgian), source rocks (Hanifa and equivalents) 

were deposited in broad intra shelf basins. (d) In the Late Jurassic Tithonian, the deposition of 

four carbonate - anhydrite cycles constituted the dominant regional reservoirs and seal caprocks 

(Hussaini, 2000). 
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2.5. Sequence Stratigraphic Concepts                                                                                

Sequence Stratigraphy has been defined as “the sub-division of sedimentary 

basins fills into genetic packages bounded by unconformities and their correlative 

conformities” (Vail et al., 1991; Emery and Myers, 1996). Sequence stratigraphy is a 

descriptive tool used by stratigraphers to establish, or predict, the spatial patterns of 

deposition in a constrained sedimentary succession deposited during a sea-level rise and 

fall cycle (Vail et al., 1991; Emery and Myers, 1996; Vincent et al., 1998). Sequence 

stratigraphy is also defined as a stratigraphic method that uses unconformities (sequence 

boundaries) and their correlative conformities to package sedimentary successions into 

spatially and temporally constrained sequences (Vail et al., 1991; Emery and Myers, 

1996; Vincent et al., 1998). Using this definition, any unconformity bounded "sequence" 

can be divided internally into smaller-scale genetically related units (systems tracts) 

deposited during individual phases of sea-level change (i.e. transgression, high-stand, 

regression, and low-stand). This method is a powerful tool in modern stratigraphic studies 

because it integrates many aspects of stratigraphy including seismic stratigraphy, 

lithostratigraphy, cyclostratigraphy, event-stratigraphy, and biostratigraphy into a single 

stratigraphic framework. The development of a sequence stratigraphic framework for any 

given depositional basin provides the stratigrapher not only with a temporal framework 

for studying depositional change, but it also provides a spatial framework. 

Other related key definitions are as follows. Sequence stratigraphy is the study of 

rock relationships within a chronostratigraphic framework of repetitive, genetically 

related strata bounded by surfaces of erosion or non-deposition, or their correlative 

conformities (Van Wagoner et al., 1990). A sequence, which is a fundamental unit in 
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sequence stratigraphy, is a relatively conformable succession of genetically related strata 

bounded by unconformities or their correlative conformities (Mitchum, 1977). 

Parasequences and parasequence sets are the stratal building blocks of sequences (Van 

Wagoner et al., 1990). A parasequence is a relatively conformable succession of 

genetically related beds or bedsets bounded by flooding surfaces or their correlative 

surfaces (Van Wagoner et al., 1988; Van Wagoner et al., 1990). Parasequences form 

distinct stacking patterns within a sequence and are referred to as a parasequence set. 

Parasequence sets can display aggradational, retrogradational or progradational stacking 

patterns (Figure 2.5). 

 

Stratigraphic interpretations explain how sedimentary rocks acquire their layered 

character, lithology, texture, faunal associations, and other properties. The analysis of 

these properties can be used to explain how the mechanisms of sediment accumulation, 

erosion, and other inter-related processes produced the current configuration of these 

rocks. 

 

The sequence stratigraphy approach to the interpretation of sedimentary rocks 

contrasts with 1) the lithostratigraphic approach which maps lithofacies independent of 

subdividing external and internal boundaries, and 2) allostratigraphic analysis that uses 

bounding discontinuities including erosion surfaces, marine flooding surfaces, tuffs, 

tempestite, and/or turbidite boundaries as time markers independent of any model of base 

level change (De Matos, 1994). Sequence stratigraphy analysis applies allostratigraphic 
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models to interpret the depositional origin of sedimentary strata and assumes, though this 

is not always stated, an implicit connection to base level change. Sequence stratigraphy 

does this by establishing how the sequence of strata accumulated in the sedimentary 

section over a subdividing framework of surfaces (Kendall and Alnaji, 2002). The major 

bounding and subdividing surfaces are commonly represented by (Figure 2.5 and 2.6):  

 Maximum Flooding Surfaces (MFS) 

 Transgressive Surfaces (TS) 

 Sequence Boundaries (SB) 

 

A maximum flooding surface is a surface of deposition at the time the shoreline is 

at its maximum landward position (i.e., the time of maximum transgression) (Posamentier 

and Allen, 1999). A transgressive surface is a marine-flooding surface that forms the first 

significant flooding surface in a sequence. Sequence boundaries are identified as 

significant erosional unconformities and their correlative conformities. Sequence 

boundaries are the product of a fall in sea level that erodes the subaerially exposed 

sediment surface of the earlier sequence or sequences. These boundaries are diachronous, 

capping the previous highstand systems tract and eroding the surface of the downstepping 

sediments deposited during accompanying forced regression associated with the sea level 

fall (Catuneanu, 2002). 
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Figure 2.5.  A cartoon graph showing the major bounding and subdividing surfaces of the three 

major system tracts (Kendall, 2004). 
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Figure 2.6. Simplified cartoon graph showing the major bounding and subdividing surfaces 

(Smith, unpublished). 
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CHAPTER 3 

 

 

 

METHODOLOGY 

 

 

3.1. Methodology  

 

Nine wells were selected for this study having the most complete continuous 

cored interval in the Arab C and Sub-C Reservoirs in Khursaniyah Field, with a total of 

465 meters (1,440 feet) of core across the Jurassic Arab-C carbonate. The following 

methodologies are used to achieve the objectives of this study: 

1.  Geological characterization of core 

a.  Detailed, bed-by-bed, description of sedimentology from core displayed 

on description sheets specific for carbonate reservoirs developed in Saudi Aramco 

(Figure. 3.1). The core characterization was carried out using a hand lens and a binocular 

microscope at the Saudi Aramco Core Laboratory in Dhahran, Saudi Arabia. Displays are 

at 1:120 scale (1” = 10’) characterizing the following parameters: 
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i. Percent mineralogy including percent porosity 

ii. Percent pore type for each porous zone 

iii. Carbonate texture (modified Dunham, 1962) 

iv. Grain types                 

v. Sedimentary structures 

vi. Identification of surfaces and their types 

vii. Grain size 

viii. Relative abundance of macro and other visible fossils 

b.  Defining the carbonate/evaporate facies suite for the Arab-C in 

Khursaniyah Field, interpreted from the sedimentological observations 

c.  Defining the vertical cyclic organization of facies in each core 

d.  Defining the stacking pattern, and hierarchy, of the defined cycles in the 

stratigraphic succession 

e.  Defining fundamental surfaces and their hierarchy within the stacking 

pattern 
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2.  Log-to-core calibration 

a.  Plot any available core gamma-ray logs (using driller’s depth) to scale 

and match to the core characterization sheet 

b.  Plot the conventional lithologic/porosity suite of logs (gamma-ray, caliper, 

density, neutron, and sonic). Using core gamma against log gamma, porosity logs against 

measured and observed porosity, and using pure anhydrite intervals in core and on grain 

density measurements against bulk density logs while calibrating to caliper logs; perform 

core-to-log depth match/shift. This is done as bulk shift for each core run in each well. 

3.  Construct 2-D sequence stratigraphic cross sections to map cycles, cycle sets, 

high-resolution sequences and long term sequences. 

4.  Study thin sections for detailed investigation of the grain and pore types. A total 

of 100 thin sections were used in this study. 

5.  Construct a depositional facies model based on the detailed core logs and       

 correlation framework. 

6.  Define the distribution of porosity in the sequence stratigraphic cross-section. 
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Figure 3.1. A display of the Arab-C carbonate core description sheet for the KRSN-A well. 
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CHAPTER 4 

 

 

 

FACIES DESCRIPTION & FACIES ASSOCIATIONS 

 

 

4.1. Facies Description 

The following are descriptions of the main Arab-C facies from the most seaward to the 

most landward. 

 

 

4.1.1 Mollusk-rich Ooid Grainstones 

This facies consists of grainstones, grading to partially winnowed ooid grainstone. 

Associated grains include variably common, generally well-rounded ooids, intraclasts 

and skeletal grains.  The skeletal grains can include minor amounts of algal, 

foraminiferal, mollusk, bivalve and/or gastropod material (Figure 4.1). Grain size is 

typically coarse to pebble, and grain size profiles tend to be either blocky or fining 

upwards.  This facies, like the ooid grainstone, was deposited in a relatively high-energy 

setting where current activity was sufficient to winnow away most mud-grade material, 

and generate cross laminations. 
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Figure 4.1. Core slab, binocular, and thin section of mollusk-rich ooid grainstone.   

 

 

4.1.2. Ooid Grainstones  

 

This facies comprises carbonate rocks with a well-winnowed, often well-sorted 

grainstone depositional texture in which a conspicuous component of the grains consist of 

ooids and coated grains (Figure 4.2). Associated grains include variably common, 

generally well-rounded peloids (mainly representing micritized oolitic grains) and 
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subordinate pellets, intraclasts and skeletal grains.  The skeletal grains can include minor 

amounts of algal, foraminiferal, bivalve and/or gastropod material. 

 

Figure 4.2. Core slab, binocular, and thin section of ooid grainstone.   

 

Sedimentary structures in this facies mainly consist of planar horizontal 

lamination and cross bedding/lamination.  Grain size is typically medium to coarse, and 

grain size profiles tend to be either blocky or fining upwards.   

 

The well-winnowed depositional texture, degree of sorting, scarcity of 

bioturbation and common occurrence of oolitic/coated grains suggest that deposition 

occurred in a generally high energy, regularly agitated, shifting sand environment.  
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Deposition is believed to have occurred above normal wavebase, possibly across very 

shallow shoals, where day-to-day current activity promoted the continuous generation of 

oolitic grains. 

 

4.1.3. Intraclast-Peloid Grainstone/ Grain-dominated Packstone  

This facies consists of grainstones, grading to partially winnowed, grain-rich 

packstones, containing mainly intraclasts and peloids, sometimes accompanied by 

subordinate skeletal grains and rare ooids (Figure 4.3).  

 

Figure 4.3. Core slab, binocular and thin section peloidal grainstone 

 

 The intraclasts are commonly grapestone aggregates composed of variably 

micritized ooids and peloids.  The skeletal grains are dominated by calcareous algae and 
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foraminifera; bivalve and gastropod debris are also relatively common.   Pelletal material 

includes both Favreina and Prethrocoprolithus fecal pellets.  Grains typically range from 

fine to very coarse grained, although locally the facies contains up to pebble-sized 

intraclasts. 

The dominant sedimentary structures are similar to those of the ooid grainstone 

facies, namely horizontal and cross laminations.  Elongate grains are commonly aligned 

parallel to the lamination.  Burrows are rare, generally restricted to discrete burrowed 

surfaces.  Sedimentary packages commonly have been slightly scoured. 

 

The common occurrence of grapestone intraclasts resulting from early 

cementation/binding of ooids and other grains, together with the high proportion of 

micritized grains, suggest that grains resided for lengthy periods on the seafloor before 

final deposition.   

 

 

4.1.4. Thrombolites 

 

Thrombolites are made by cyceanobacteria – This group of depositional facies 

bind mud and grains and are similar to stromatolites but have a clotted rather than 

laminated texture (Figure 4.4). This facies consists of carbonates with predominantly 

mudstone/wackestone through to wackestone/packstone depositional textures, although 

these muddy sediments can be finely interlaminated with subordinate, generally very 

thin, grain-dominated layers.  The main grain types present in more grainy parts of the 
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facies are pellets, peloids and skeletal grains; intraclasts and ooids are rare to mainly 

absent. The sedimentary structures developed in this facies can include stromatolitic 

lamination or irregular, clotted, have also been observed in this facies. The muddy 

depositional textures indicate a low energy environment.  

 

Figure 4.4.  Core slab, binocular, and thin section thrombolite 

 

 

4.1.5. Nodular to Massive Anhydrite 

 

This facies consists of anhydrite with mainly nodular to chicken-wire textures, 

which occurs in the studied cores as intervals mostly < 2' thick, although occasionally up 

to 10' thick.  Anhydrite occurs capping the Arab-D reservoir, in and above the Sub-C 

Stringer and as a 15'+ thick layer sealing the Arab-C reservoir (Figure 4.5).   
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Figure 4.5. Core slab, binocular, and thin section anhydrite  

 

 

The fabrics seen in this facies in core are commonly consistent with a 

sabkha/salina depositional-diagenetic origin (Butler, 1969; Kinsman, 1969; Patterson and 

Kinsman, 1981). 

 

4.1.6. Muddy/Grainy (Stromatolites) 

The tidal flat (stromatolites) facies association is mainly represented by the 

muddy and grainy stromatolitic facies (Figure 4.6 a & b). This facies is observed in all 

the described cored wells in this study. The grainy tidal is similar to grainstone but has 

stromatolitic lamination structure. This facies has low porosity when it is dominated with 

mud (muddy stromatolites). 
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Figure 4.6.a. Core slab, binocular, and thin section of muddy stromatolites. 

 

 

 

Figure 4.6.b. Core slab, binocular, and thin section of grainy stromatolites. 
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4.1.7. Dolomitic Breccia 

 

 Another facies found in Arab-C is dolomitic breccia (Figure 4.7). This facies 

forms just above and within evaporites (lower part of the reservoir) and probably forms 

due to dissolution of interbedded evaporites during transgressions. This facies has tight 

porosity in most cases. 

 

 

Figure 4.7. Core slab and binocular of dolomitic breccia. 
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4.2. DEPOSITIONAL MODEL 
 

 

Most facies seen in core from the Arab-C reservoir were deposited on a shallow 

marine carbonate shelf affected by minimal influx of terrigenous sediment.  The 

depositional facies identified in core represent an energy transition, from a relatively low 

energy depositional setting represented by the sabkha/tidal flat facies to a high energy 

depositional setting represented by the ooid-grainstone/rudstone facies.  This energy 

transition most probably relates predominantly (although not exclusively) to a change in 

water depth.  The highest energy conditions are believed to have occurred on some of the 

shallowest parts of the shelf, where oolitic sand shoals were able to develop.  More 

muddy sediments accumulated in increasingly deeper parts of the shelf, which were less 

affected by either fair weather or, ultimately, storm wave/current activity.   

 

Overall water depths probably ranged from 0 to about 10 meters for deeper areas 

of the shelf dominated by low energy muddy stromatolites.  

 

The general relationship between depositional facies, facies associations and 

probable depositional setting is illustrated schematically in (Figure 4.8).  
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Figure 4.8. Conceptual depositional model of the Arab-C. 
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4.3. FACIES ASSOCIATIONS 
 

 

The nine depositional facies described in the text have been grouped into five 

facies associations, each of which represents a particular depositional environment 

ranging from low energy moderately deep shelf to supratidal sabkha.  The five facies 

associations/depositional environments identified are as follows: 

 Sabkha 

 Tidal flat (stromatolites) 

 Lagoon 

 Shoal 

 Foreshoal 

Each of these facies associations is summarized below. 

 

 

4.3.1. Sabkha 

The Sabkha facies association is comprised only a single facies.  This facies 

accumulated above mean sea level, on exposed, semi-arid to arid sabkha flats (Figure 

4.9). 
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Figure 4.9. Sabkha anhydrites setting on the depositional model. 

 

 

4.3.2. Tidal Flat (Stromatolites) 

 

The tidal flat (stromatolites) facies association is mainly represented by the grainy 

and muddy tidal flat facies.  These two facies represent deposition in a range of closely 

related environments, from restricted, very shallow, protected low energy lagoon to 

periodically exposed tidal mudflat and plant-colonized marsh/exposure surface.  The 

exposed areas represented by this facies association probably included both the isolated, 

exposed tops of abandoned shoals and more extensive tidal flats.  During subsequent 

Arab-C deposition, the climate must have been relatively arid, generally favouring the 

development of sabkha conditions rather than plant-colonized tidal flat environments 

during periods of exposure.  The facies association is often linked to the sabkha facies 

association in the Arab-C Formation (Figure 4.10) 
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Figure 4.10.  Tidal flat setting on the depositional model. 

 

 

4.3.3. Lagoon 

 

An interpreted lagoon developed in the Upper Arab-C.  The lagoon facies 

association is represented by the thrombolite and peloidal packstone and grainstone 

facies.  The restricted biota, the common occurrence of fecal pellets, intraclasts and 

heavily micritized grains, and the presence of bioturbation textures are all consistent with 

a lagoonal to backshoal depositional setting characterized by reasonable sediment 

stability and lengthy residence times for grains on the seafloor.  The algal colonization 

suggests very shallow water depths, high in the photic zone, and again relatively stable 

seafloor conditions (Figure 4.11).    
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Figure 4.11. Lagoonal setting on the depositional model. 

 

 

4.3.4. Shoal 

 

This facies association comprises facies containing significant oolitic and/or 

peloidal grain material, in this study the oolitic grainstones and oolitic-gain dominated 

packstone facies.  These facies are believed to have been deposited in or close to 

relatively high energy, constantly agitated environments where ooids/coated grains were 

able to form.  These environments probably included delta shoals and possibly high 

energy environments.  The ooid grainstone facies is believed to represent the highest 

energy component of this environment type (e.g., shoal crest settings), whereas the often 

less winnowed interclast peloidal grainstone facies represent slightly deeper and/or 

slightly protected areas where winnowing was less complete and where grains resided for 

longer periods on the seafloor, and were therefore more completely micritized producing 
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well-rounded peloids devoid of their original oolitic fabrics and cemented together 

forming grapestone intraclasts (Figure 4.12). 

 

 

 

Figure 4.12. Shoal setting on the depositional model. 

 

 

 

4.3.5. Foreshoal  

 

These facies are believed to have been deposited in or close to relatively high 

energy, constantly agitated environments where rudstones were able to form. The 

rudstone facies is interpreted and described fully in the facies description (Figure 4.13). 

 

  

 

SShhooaall  



 46 

 

 

Figure 4.13. Foreshoal setting on the depositional model.  
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CHAPTER 5 

 

 

 

SEQUENCE STRATIGRAPHY 

 

 

 

5.1. SEQUENCE STRATIGRAPHY 

 

Sequence stratigraphy concepts were developed to assist interpretation of thick, 

regionally extensive sequences observed on seismic lines (Vail, et al., 1977). Two of the 

more important concepts to originate from that work are: 1- that the development of 

depositional sequences is dominantly controlled by relative sea level change and 2- that 

sequences are separated by non-depositional stratigraphic surfaces termed sequence 

boundaries. It has been demonstrated by Vail, et al. (1977) and Haq et al. (1987) that 

sequence boundaries are of two types: surfaces of erosion and surfaces of non-deposition. 
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Sequence stratigraphy is simply defined by Mitchum and Van Wagoner (1991) as 

rock units genetically related in time and space that are bounded by sequence boundaries 

unconformities (surfaces of erosion or nondeposition) and their correlative conformities. 

 

Two types of sequence boundaries are recognized: type 1 sequence boundary 

(Fig. 5.1a) and type 2 sequence boundary (Fig. 5.1b). The type 1 boundary is the most 

common and develops when sea level falls below the depositional shoreline break. This 

boundary is characterized by subaerial erosion resulting from emergence and subaerial 

exposure. The type 2 sequence boundary, however, develops when sea level does not fall 

below the depositional shoreline break. This type of boundary can be marked by subaerial 

exposure, but no major subaerial erosion. A sequence is made up of systems tracts and 

their component parasequences and parasequence sets (Mitchum and Van Wagoner, 

1991).  

 

System Tracts and Surfaces 

In vertical succession, all depositional sequences are composed of the 

following elements in this order: sequence boundary, lowstand systems 

tract, transgressive surface, transgressive systems tract, maximum flooding 

surface, highstand systems tract, and the following sequence boundary 

(Posamentier and Allen, 1999).  
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LOWSTAND SYSTEMS TRACT (LST) 

The lowstand systems tract is the set of depositional systems active during 

the time of relatively low sea level following the formation of the 

sequence boundary. If a distinct shelf-slope break exists and relative sea 

level has fallen sufficiently, the lowstand systems tract may include two 

distinct parts, the lowstand fan and the lowstand wedge.  

TRANSGRASIVE SYSTEMS TRACT (TST) 

The transgressive systems tract consists of a retrogradational set of 

parasequences. It is underlain by the transgressive surface and overlain by 

the maximum flooding surface. As in any retrogradational set of 

parasequences, flooding surfaces within the transgressive systems tract are 

unusually prominent and display strong facies contrasts and pronounced 

deepening (Catuneanu, 2002).   

 

HIGHSTAND SYSTEMS TRACT (HST) 

The highstand systems tract consists of an aggradational to progradational 

set of parasequences that overlies the maximum flooding surface and that 

is overlain by the next sequence boundary. As the parasequences pass 
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from aggradational to progradational stacking, the flooding surfaces are 

increasingly subdued at the expense of overall shallowing (Catuneanu, 

2002). 

SEQUENCE BOUNDARY  

The sequence boundary is significant erosional unconformities and their 

correlative conformities. These boundaries are the product of a fall in sea 

level that erodes the subaerially exposed sediment surface of the earlier 

sequence or sequences. These boundaries are diachronous, capping the 

previous highstand systems tract and eroding the surface of the 

downstepping sediments deposited during accompanying forced 

regression associated with the sea level fall (Catuneanu, 2002).  

 

TRAGRESSIVE SURFACES 

The lowstand systems tract is commonly capped by a prominent flooding 

surface called the transgressive surface. The transgressive surface 

represents the first major flooding surface to follow the sequence 

boundary and is usually distinct from the relatively minor flooding 

surfaces that separate parasequences in the lowstand systems tract. The 

transgressive surface may be accompanied by significant stratigraphic 

condensation, particularly in nearshore settings, which may be starved of 

http://www.uga.edu/strata/sequence/transgressivesurface.html
http://www.uga.edu/strata/sequence/transgressivesurface.html
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sediment because of sediment storage in newly formed estuaries (Van 

Wagoner et al., 1990).  

 

MAXIMUM FLOODING SURFACES  

The maximum flooding surface caps the transgressive systems tract and 

marks the turnaround from retrogradational stacking in the transgressive 

systems tract to aggradational or progradational stacking in the early 

highstand systems tract. The maximum flooding surface represents the last 

of the significant flooding surfaces found in the transgressive systems tract 

and is commonly characterized by extensive condensation and the widest 

landward extent of the marine condensed facies (Catuneanu, 2002).   
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Figure 5.1. The depositional sequences with the systems tract and different sequence boundaries; 

(a) type 1 sequence boundary, (b) type 2 sequence boundary (modified after Van Wagoner et al., 

1990).  
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5.1.1 UPPER JURASSIC SEQUENCE STRATIGRAPHIC 

FRAMEWORK 

 

The Upper Jurassic Arab carbonates, up to 140 meters (450 feet) thick, are 

defined at the base by the Upper Jurassic Hanifa Formation and at the top by the massive 

Hith anhydrite (Figure 5.2). These Upper Jurassic carbonates consist of possible third-

order sequences, stratigraphically termed the Arab D, Arab C, Arab B, and Arab A 

sequences, where the Arab C is the focus of this study. The Arab C sequence ranges from 

50 meters (160 feet) to 45 meters (150 feet) thick and is the main oil reservoir in 

Khursaniyah Field.  
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Figure 5.2. The contact between the Arab-A carbonate and the Hith anhydrite.  
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Figure 5.3. Shows master cross-section for the four studied wells arranged from south-to-north as 

KRSN-F, KRSN-G, KRSN-H, and KRSN-I along the traverse.  
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5.1.2. ARAB C SEQUENCE STRATIGRAPHIC FRAMEWORK 

 

The Arab-C carbonate in Khursaniyah Field is divided into the Arab-C reservoir 

and sub-C reservoir where the Sub-C is equivalent to the Upper Arab-D Sequence in the 

sounding fields. 

 

This study tackled two composite sequences: The upper part of Arab-D sequence 

(AD) which includes the sub-C reservoir where the second sequence is the Arab-C 

sequence (AC). The first composite sequence (AD) is made up of two high-frequency 

sequences (HFS). These are defined by transgressive grainstone shoals (only in the two 

high frequency sequences that are included in this study) and anhydrite interbedded with 

laminated mudstones to structurless lime mud. 

 

 The second composite sequence (AC) is made of four high-frequency cycles 

(HFS). The whole sequence has dominantly coarse, grainy TST, and muddy HST. This 

sequences fines upward where the four sequence boundaries that have been picked are on 

top of the finer/muddier facies. The maximum flooding surface is picked on top of the 

shoal facies (oolitic rudstone facies) which represent the grainer facies of the whole 

sequence (most seaward facies). 

 

The main point is that the grainy facies are seen as a landward shift in facies – it 

doesn’t really get any deeper, and the facies that were farther out toward the sea (the ooid 

grainstone shoals) shifted landward during sea-level rise. That makes these the 



 57 

transgressive facies. Therefore, the sequence and cycle boundaries must be below them.  

The overlying muddy or finer grained facies are landward of the ooid shoals, which move 

seaward as sea level falls, so this is a seaward shift in facies.  

The important point to highlight is that water was never very deep so it isn’t just 

water depth change, but also landward and seaward shifting of facies. In fact, it might be 

deeper in the lagoon than it is where the shoal facies were deposited.  That is why the 

MFS is picked at the top of the shoal facies and at the base of the lagoonal facies.  

 

5.2. ARAB-C SEQUENCE AND ASSOCIATED ARAB-D SEQUENCE 

 

This sequence is up to 50 meters (160 feet) thick. The Arab-C sequence boundary 

corresponds with a prominent, regionally traceable signature on gamma-ray logs. This is 

also associated with a neutron-density log shift from tight anhydrite below the sequence 

boundary to limestone right above (Figure 5.3). The Arab-C reservoir in Khursaniyah 

Field is divided into Arab-C reservoir and sub-C reservoir where the sub-C is equivalent 

to Upper Arab-D sequence in the surrounding fields. In this study, two composite 

sequences have been identified (from bottom-to-top):  Upper Arab-D Composite 

Sequence, and Arab-C Composite Sequence. These composite sequences are defined 

based on the stacking pattern of their component high-frequency sequences (HFS) that 

generally are represented by upward thinning of HFS, reflecting an upward decrease in 

accommodation (Figure 5.4). 
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Figure 5.4. Correlation panel of Upper Arab-D Composite Sequence (AD) and Arab-C 

Composite Sequence (AC). 
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5.2.1 Upper Arab-D Composite Sequence (AD) 

 

This composite sequence, up to 11 meters (38 feet) thick, is made up of two 

high-frequency sequences (Figure5.5), stratigraphically: Upper Arab-D high-frequency 

sequence 1 (AD HFS 1) and Upper Arab-D high-frequency sequence 2 (AD HFS 2).  

 

 

 

 

 

 

 

Figure 5.5. Upper Arab-D composite sequence 1 (AD). 
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The upper part of a major Arab-D sequence is included in this study.  This 

includes a few feet of carbonates at the top of the Arab-D reservoir, a thin anhydrite unit, 

the sub-C reservoir and a capping anhydrite.  The anhydrites cap two high-frequency 

sequences within this interval that are herein called Upper Arab-D HFS 1 and 2.  Only 

the uppermost part of Arab-D HFS is included in this study.  Most of this interval 

correlates to what is called the Arab-D anhydrite to the south in Ghawar Field (Figure 

5.6).The high-frequency sequence names will be changed once the sequence stratigraphy 

of the Arab-D reservoir is completed.  

 

Upper Part of Arab-D 1 High-Frequency Sequence 1 (AD HFS 1) 

 

The upper part of a high-frequency sequence at the top of the Arab-D reservoir is 

included in the study interval.  This interval is up to 2 meters (6-8 feet) thick, and 

includes anhydrite interbedded with laminated mudstones to massive lime mud. The 

muddy facies are characterized by crinkly laminated microbial mats. These facies were 

deposited in shallow lagoon, tidal flat and sabkha environments and are part of the HST 

of Arab-D HFS 1.  These facies are interpreted to cap a high-frequency sequence in the 

Arab-D. 

 

Upper Arab-D High-Frequency Sequence 2 (AD HFS 2) 

Upper Arab-D High-Frequency Sequence 2, up to 9 meters (25-30 feet) thick, has 

a TST composed primarily of oolitic skeletal grainstones and rudstones. Cycles have 
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grainstone bases and mud-dominated caps. The MFS is picked near the top of the 

thickest, most widespread grainstone unit. The highstand system tract of this sequence is 

composed of peritidal grainy stromatolitic pack-grainstones, which are overlain by 

peritidal stromatolitic mudstones and 5-10 feet of sabkha anhydrites. 

 

 

 

 

 

 

Figure 5.6. Correlation panel showing the Arab Sub-C reservoir trend from KRSN towards 

Ghawar (Anhydrite in violet). 
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5.2.2. Arab-C Composite Sequence (AC)  

 

This composite sequence, up to 45 meters (130-140 feet) thick, is made up of four 

high-frequency sequences, stratigraphically: Arab-C High-Frequency Sequence 1 (AC-

HFS-1), Arab-C High-Frequency Sequence 2 (AC-HFS-2), Arab-C High-Frequency 

Sequence 3 (AC-HFS-3), and Arab-C High-Frequency Sequence 4 (AC-HFS-4). The 

whole sequence has a dominantly coarser and grainier TST and a finer-grained and 

muddier HST (Figure 5.7).  

 

Arab-C High-Frequency Sequence 1 (AC-HFS-1) 

 

Arab-C High-Frequency Sequence 1, up to 6 meters (15-20 feet) thick, is defined 

by a retrogradational set of oolitic skeletal grainstone to crinkly laminated grainstone 

bedding. The transgressive system tract of this sequence is composed of a thin layer of 

stromatolitic mudstones and oolitic skeletal grainstones. This represents a backstep of the 

seaward ooid grainstones over the landward peritidal and lagoonal mudstones. The MFS 

is picked at the top of the ooid grainstone facies.  This sequence is capped by 6 feet of 

microbial stromatolitic grain dominated packstones. This whole high frequency sequence 

is a fining-upward sequence.   
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Figure 5.7. Arab-C Composite Sequence 2 (AC 2). 



 64 

 

Arab-C High-Frequency Sequence 2 (AC-HFS-2) 

 

Arab-C High-Frequency Sequence 2, up to 25 meters (70-80 feet) thick, is defined 

by a fining-upward sequence that starts with partly dolomitic oolitic skeletal grainstone, 

capped by bind muds and grains that are clotted microbial texture (thrombolites). The 

transgressive system tract of this sequence is composed of partly dolomitic oolitic 

grainstone and repetitive layers of rudstone with gastropods on them that has good visual 

porosity. This rudstones form in the front shoal and represent the maximum flooding 

surface of the Arab-C Composite 2 (AC2) and the flooding surface of the Arab-C 2 High 

Frequency 2 (AC2 HFS2).  The highstand system tract is composed of rudstones and 

oolitic grainstones that are overlain by 10-20 feet of muddy/grainy microbial clotted 

fabric thrombolites that formed in a lagoonal environment (Figure 4.12). 

 

Arab-C High-Frequency Sequence 3 (AC-HFS-3) 

 

Arab-C High-Frequency Sequence 3, up to 15 meters (30-45 feet) thick, is defined 

by a retrogradational set of peloidal grainstone and grain dominated packstone. The 

transgressive system tract of this sequence is composed of peloidal grainstones, grain-rich 

packstones, containing mainly intraclasts and peloids, sometimes accompanied by 

subordinate skeletal grains and some ooids. The intraclasts are commonly grapestone 
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aggregates composed of variable ooids and peloids. This system is deepening toward a 

thin layer of laminated mudstones that represent the flooding system of this sequence. 

The highstand system tract of this sequence is composed of peloidal grainstones that fine 

upward to grainy and muddy stromatolites that formed in a tidal flat environment. This 

highstand system tract is capped by sabkha anhydrites interbedded with laminated 

stromatolitic mudstones. 

 

Arab-C 2 High-Frequency Sequence 4 (AC 2 HFS 4)  

 

Arab-C 2 High-Frequency Sequence 4, up to 9 meters (20-25 feet) thick, is part of 

regressive set of cross-bedded skeletal ooid grainstones capped by sabkha anhydrite. The 

transgressive system tract of this sequence is composed mainly of cross-bedded skeletal 

oolitic grainstones and subordinate pellets deepening to a thin layer of mudstones. The 

highstand system tract is composed of 10 feet of sabkha anhydrites and a very thin layer 

of stromatolitic mudstones.  

 

 

 

 

 

 



 66 

 

 

5.3. Discussion 

One of the critical questions in any carbonate sequence stratigraphy project is to 

determine whether cycles and sequences are coarsening or fining upward.  There are 

examples of both in the literature and both can be correct in different settings. Cycles in 

the Arab-C are interpreted here to be fining-upward rather than coarsening-upward as a 

whole. Sequences are interpreted as coarsening-upward in the TST and then fining 

upward in the HST. This choice was made based on the facies present and an analysis of 

the tectonic and stratigraphic setting.  

 

Figure 5.8 shows a conceptual model by (Smith,  personal communication) that 

explains how fining-upward sequences and cycles would form to the landward of the 

shelf margin and coarsening-upward sequences and cycles would form seaward of the 

shelf margin. Coarsening-upward cycles suggest that the muddy facies at the base of the 

cycle was deposited in the deeper water environment that was seaward of the coarser, 

grainy shoal facies.  These cycles could also be called shoaling-upward cycles. Fining-

upward cycles are deposited when the grainy-shoal facies at the base of the cycle was 

seaward of muddy facies deposited in a lagoonal or tidal flat environment.   
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Most of the models for sequence stratigraphy are made from the margin seaward 

(see Figure 2.5 the Kendall figure from earlier).  Little attention seems to be paid to the 

area landward of the margin in most models.  Khursaniyah Field (and all of Saudi Arabia) 

lies several hundred kilometers landward of the main platform margin that would have 

been located far to the east in present-day Iran (Figure 2.5).    

 

Shoaling or coarsening-upward cycles would be common from the margin 

seaward on the sequence stratigraphic figure that is presented in Kendall’s figure, but 

landward of the margin fining-upward cycles should be more common.   

 

Although there were some minor local structural features, the Arabian platform in 

this area appears to have been mainly flat. The anhydrite between the Arab-C and the 

Arab-D would have filled any lows making an even flatter surface prior to Arab-C 

deposition. This lack of relief and the location far landward of the shelf margin makes a 

setting where fining-upward cycles are far more likely to form. 

 

Sequences and cycles in the Arab-C in this area are produced more by seaward 

and landward shifts in facies than major changes in water depth (Figure 5.9). The shoal, 

lagoonal, and tidal flat facies all may have been deposited within a few meters of sea-

level. The Arab-C was deposited during a greenhouse time of low amplitude sea level 

changes (Scotese, 2003).  Because the sea-level changes are so minor, sea-level rise 
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appears to cause landward shifts in facies rather than major increases in water depth.  

Sea-level falls appear to cause seaward shifts in facies.  Ongoing subsidence creates 

accommodation space despite the fact that eustatic sea-level is falling. 

 

As a result, sequences in the Arab-C commonly coarsening-upward in the TST as 

shoal facies backstep over finer tidal flat and lagoonal facies, are coarsest around the 

maximum flooding surface, and then generally are fining upward to the sequence 

boundary. This model best fits the data and should be considered as a possibility in other 

studies of the Arab-C and other formations in Saudi Arabia that were deposited in a 

similar tectonic setting. 
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Figure 5.8. How fining-upward sequences and cycles would form to the landward of the shelf 

margin and coarsening-upward sequences and cycles would form seaward of the shelf margin. 

 



 70 

 

 

 

 

 

 

 

Figure 5.9. A conceptual depositional model of Arab-C shows the seaward and landward shift in 

facies that control the Arab-C cycles. 
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CONCLUSIONS  

 

 

 

1. The reservoir-bearing Arab-C carbonate in Khursaniyah Field is an overall fining-

upward composite sequence that can be subdivided into six high-frequency 

sequences. Each of these high-frequency sequences can be further subdivided into 

multiple fining-upward small-scale cycles: 

 

a. The upper composite sequence is the Upper Arab-D Sequence (AD) and it is 

made up of two high-frequency sequences: Upper Arab-D High Frequency 

Sequence 1 (AD HFS-1) and Upper Arab-D High Frequency Sequence 2 

(AD HFS-2).  

 

b. The upper composite sequence is the Arab-C sequence (AC) and it is made 

up of four high-frequency sequences: Arab-C High Frequency Sequence 1 

(AC HFS-1), Arab-C High Frequency Sequence 2 (AC HFS-2), Arab-C High 

Frequency Sequence 3 (AC HFS-3), and Arab-C High Frequency Sequence 4 

(AC HFS-4). 
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2.  The grainy facies are seen as a landward shift in facies – it does not really get any 

deeper, but facies that were farther out toward the sea (the ooid grainstone shoals) 

shifted landward during sea level rise. The ooid shoals are the transgressive facies 

so the sequence and cycle boundaries are below them.  The overlying muddy or 

finer grained facies are landward of the ooid shoals which move seaward as sea 

level falls, so this is a seaward shift in facies.    

3.   Several trends have been observed in this study; the evaporite package thins 

toward the northeast of the field which indicates the direction of the basin. 

Another observation is that dolomite increases in the southeast of the field. In 

addition, thrombolites decrease on the crest of the field because the crest is 

structurally high (Figure 5.3).  

4. The main conclusions that can be made concerning reservoir quality in this study 

are as follows: 

a.   Depositional facies is the dominant control of reservoir quality and 

behaviour. 

b.   Grainstones are more common in the reservoir and the best productivity is 

coming from these facies. 

 

 

 



 73 

 

RECOMMENDATIONS 

 

 

 The sequence stratigraphic framework resulting from this study is recommended 

for use in further reservoir characterization studies by integrating geological data 

and engineering data (e.g., pressure data, petrophysical, etc.). 

 The results of this study provide the sequence stratigraphic and sedimentologic 

template, based upon which further studies of existing wells that are cored across 

the Arab-C reservoirs can be used to expand upon this sequence stratigraphic 

framework using stratigraphic markers and hanging-data to tie them to this study. 

 Regional sequence stratigraphic correlation between Khursaniyah and other 

nearby fields is recommended in order to understand the stratigraphic framework 

of the Arab-C regionally. 

 Isotope studies for the Arab-C reservoir are recommended for understanding the 

diagenesis elements, climate, and stratigraphy of the formation. 

 Some of the facies such as the peloidal grainstone are cemented and there are only 

a few thin sections available from this facies. It is essential to know the digenesis 

and the source of the cement in this facies. 
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 There are parts of the field that do not have good core- it is recommended to 

acquire new core in those areas and add them to the study. 

 This study was performed over a very small area. Our understanding of the 

depositional environment and the sequence stratigraphy will be enhanced by 

expanding this study regionally. 

 Applying a similar approach to other fields will result in better geological models 

for those fields and improved understanding of the Arab-C reservoir.  
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