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Abstract 

The Barremian succession in the present study is represented by the Zubair 

Formation which is the most significant sandstone reservoir in Iraq. The area of study 

is located in the Southern part of Iraq at the Luhais and Rachi oil fields, within the 

Mesopotamian basin. 

The petrographic study showed that quartz mineral is the main component of the 

sandstone in Zubair Formation with minor percentage of feldspar and rare rock 

fragments to be classified as quartz arenite. There are five lithologic changes 

(lithofacies) that are characterized the studied succession: - course to medium sandstone 

well sorted, fine sandstone well sorted, course to medium sand poorly sorted, clay 

sandstone poorly sorted, and shale. These lithofacieses were deposited in the deltaic 

environments as three associated facies [delta plane, delta front and lacustrine (marsh)]. 

The main diagenetic processes affected Zubair Formation in different intensity 

are cementation, compaction, dissolution, and dolomitization these processes affected 

porosity in different ways and stages. 

The different lithofacies contributed to division of the Zubair Formation into three 

distinct rock units, which were used in interpreting and distributing the suggested 

environments. The lower unit is composed of shale with lenses of fine sand with high 

organic matter, and it was deposited in the flood-delta plain environment. The presence 

of the delta plain associated facies overlaying the unconformity surface (SB1) referred 

to the transgressive system tract (TST). This stage has ended with a channel fills deposit 

to mark a high-stand system tract (HST). 

The middle unit is composed of sandstone with the shale inter layers with high 

amount of heavy minerals, which was deposited in the distributary-mouth-bar within 

the delta front environment. There are two sequences as TST in this part, which ends 

with the maximum sea level rise (mfs) to mark the upper part of the Zubair Formation. 

While the upper part is composed of shale with high amount of pyrite and organic 

matters. This represents the lacustrine (marsh) associated facies within the delta plain 

environment, which deposited during the high stand stage. The sea level rise marks the 

end of this stage with the deposition the upper part of Zubair Formation, and the 

beginning of deposition of the Shuaiba Formation as shallow carbonate marine. 

Key wards: - Facies Analysis, Sequence Stratigraphy, Barremian Succession, Zubair 

Formation, and Luhais and Rachi oil fields. 
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Introduction 

The Zubair Formation was introduced by Glynn Jones in 1948 from the Zubair 

oil field and amended by Nasr and Hudson in 1953 [1]. 

It is the most significant sandstone reservoir in Iraq, composed of fluvio- deltaic, 

deltaic and marine sandstones. It covers wide areas of the Arabian Plate including 

northern Saudi Arabia, Kuwait and most of southern and part of Central Iraq. The 

formation correlates with the Biyadah (Riyadh) Formation in Saudi Arabia [2]. 

The study area is located in the Southern part of Iraq at the Luhais and Rachi oil 

fields, within the Mesopotamian basin at the stable shelf. The studied oil fields are 

located in the southern desert, about 90 km south-west of the city of Basra, which lies 

about of 50 km southwest of the Northern Rumaila oil field (Fig.1). 

Rachi oil field in southern Iraq is located within the administrative border of the 

province of Basra, just 80 km south-west of the city of Basra southern Iraq. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1) Map Show the Study Area. [3] 

During the Hauterivian to Early Aptian age, the formation was deposition with 

380-400 

m of alternating shale, siltstone and sandstone [1]. The Zubair Formation is assumed 

to represent a prograding delta originating from the Arabian shield [4]. 
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The upper contact of the formation with the Shuaiba Formation are mostly 

gradational and conformable (Fig.2). The lower boundary is, however unconformable 

with Ratawi Formation [5] and this unconformity described by [6]. 

 

Figure (2) Schematic west-east profile across southern/ central Iraq illustrating 

stratigraphic position of Zubair Formation [2] 

Facies analysis and depositional environment interpretation and the stratigraphic 

development of the studied succession are the major 

Methodology: 

The present study was completed by two major stages: 

1. Field observation and sampling stage: 

This stage is represented by going to the Luhais and Rachi oil fields where the 

studied section to collectand sample the core and cutting samples (table 1). In dditional 

to describe the selected cores and capture photos (Fig.3) are deserved along with the 

and viewing the information and available final reports. 
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Figure (3) shows the collected cores from studied oil fields 

Table (1) shows the interval sampling, number of sample. 

 

Lithofacies Analysis 

The geological and reservoir properties of sedimentary rocks depend upon an 

interplay of tectonics, sea level, and sediment supply, physical and biological processes 

of sediment transport and deposition, and climate. At the basin scale, these processes 

interact to produce the geometric arrangement of different depositional environments 

or systems tracts through time, known as the stratigraphic architecture of the basin [7]. 

One of the first steps in the facies analysis of a clastic reservoir is the description 

and interpretation of available conventional core [8]. An important result of core 

description is the subdivision of cores into lithofacies, defined as subdivisions of a 

sedimentary sequence based on lithology, grain size, physical and biogenic sedimentary 

structures, and stratification that bear a direct relationship to the depositional processes 

Well No. Formation Top Bottom  Number of  Type of samples 

     samples   

Lu-2 Zubair 2760 3195  32  Cores 

Lu-3 Zubair 2777 3210  44  Cutting 

Lu-5 Zubair 2770 3200  25  Cores 

Lu-8 Zubair 2780 3220  25  Cores 

Lu-12 Zubair 2785 3218  67  Cutting 

Rc-1 Zubair 2938 3400  no  Cutting 

Rc-2 Zubair 2947 3998  no  Cutting 
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that produced them. Lithofacies and lithofacies associations (groups of related 

lithofacies) are the basic units for the interpretation of depositional environments. 

According to the available parameters, there are 8 lithofacies in the Zubair 

succession. 

I. Course-moderates Sandstone Well Sorted Lithofacies 

This facies consist of coarse sized quartz arenite sandstone, well sorted and well 

bedded about 10-20cm thick bed (Plt. 1A). 

II. Fine Sandstone well sorted lithofacies 

This facies consist of fine grained quartz arenite sandstone, well sorted and 

laminated bed sedimentary setructure (Plt. 1B). 

III. Course-moderate Sand poorly sorted lithofacies 

Poorly sorted quartz arenite characterizes this lithofacies with graded bedded and 

wavy lamination (Plt. 1C) 

IV. Clay Sandstone poorly sorted 

The sandstone in this lithofacies is classified as wacke quartz arenite because it 

contains amounts of clay at rates exceeding 25% (Plt. 1D). This lithofacieschractrized 

by presenting of flaser lamination. 

V. Shale lithofacies 

Consisted mainly of mud (more than 50%) and less amounts of sand (quartz 

grains) with lenticular (Plt. 1E). 

Plat (1) 

 

A  B  C 

     

 

Course-moderate sandstone well Fine Sandstone well sorting Course-moderate Sand poorly 

sorted Lu-2 (2845.25-2845.52) Lu-2 (2850.25-2851.25) sorted Lu-2 (2794.55-2795.55) 
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Diagenetic Processes 

Diagenesis alters the original pore type and geometry of a sandstone and therefore 

controls its ultimate porosity and permeability. Early diagenetic patterns correlate with 

environment of deposition and sediment composition. Later diagenetic patterns cross 

facies boundaries and depend on regional fluid migration patterns [9]. Effectively 

predicting sandstone quality depends on predicting diagenetic history as a product of 

depositional environments, sediment composition, and fluid migration patterns. 

Diagenesis may also play an extremely important role in postdepositional 

modification of porosity, causing either adecrease in porosity as a result of compaction 

and cementation or increase in porosity owing to solution processes. Thus, the 

economic importance of a particular sandstone body as a reservoir rock for petroleum 

[10]. 

Diagenesis refers primarily to the reactions which take place within sediment 

between one mineral and another, or between one or several minerals and the interstitial 

or supernatant fluids [11]. 

There are four types of diagenesisthat were distinguished in the studied succession, 

as follows: 

1. Compaction 

2. Dissolution 

3. Cementation 

4. Dolomitization 

The effects of diagenesis on sandstone reservoirs include the destruction of 

porosity by compaction and cementation, and enhancement of porosity by solution for 

that it is control regional variations of reservoir quality the main processes to include:- 

 

 

 

Clayey Sandstone poorly sorted Shale lithofacies 

Lu-2(2789.69) Lu-5(K2805b) 
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Compaction 

This is the process of volume reduction and consequential pore- water expulsion 

within sediments [12]. 

The degree of compaction dependent on sorting, clay content, percentage of 

ductile fragments and burial depth or tectonic stresses [13]. 

1. Compaction of Sandstone 

There are two types of sandstone compaction, physical and chemical (pressure 

solution) [10]. 

• Physical compaction 

The physical compaction can be noted from its effects: - 

a. Ternary concourse to grain of quartz that is contact relation between grains in 

ideality state on impact of mechanical precision (Plt 2A). 

b. Quotient deformation to wake grains (Plt. 2B). 

c. The fissures are happening to grains (Plt. 2C). 

Plat (2) 

A                                                                                      B 

 

 

 

 

 

 

 
 

C 

A. Ternary concourse to grain of quartz contact relation between grains. Lu-2 (2828.35-2829.35). 

B. Quotient deformation to wake grains. Lu-2 (2828.35-2829.35) 

C. The fissures are happening to grains. Lu-2 (2845.25-2845.52) 
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• Chemical Compaction 

It can continue during burial. The solubility of silicate minerals tends to increase 

with increasing pressure and temperature [12]. 

After the initial physical rearrangement of grains, chemical compaction can 

continue during burial in further porosity loss. The solubility of silicate minerals tends 

to increase with increasing pressure and temperature [12]. 

Pressure dissolution is compaction response of sandstone during burial to increase 

the surface area of grain – grain contacts. Thus point – contacts evolve through straight 

– elongate to concave – convex and even sutured contacts (Burley, 2003 (Plt. 3 A & B). 

Plat (3) 

A B 

A & B Chemical compaction, point – contacts evolve through straight – elongate to concave – 

convex and even sutured contacts. Lu-2 (2845.25-2845.52). 

2-Compaction of Muds 

Modern muds contain > 60% water, which can be squeezed out by exerting little 

pressure. Muds can be compacted because grains are ductile (flexible) and can pack 

easily [13]. This type of compaction is common in the all shale units in the studied 

succession (Plt. 4 A&B) 

Plat (4) 

A B 

A & B shale compaction in Zubair Formation. Lu-2(2836.2). 
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Cementation Refers to growth or precipitation of minerals in pore spaces [12] so it 

hasa special important in the reservoir studied. 

In the studied area, there are four types of cement: Silica cement, Carbonate 

cement, Iron oxide cement, Clay cement. (Plate 4) 

Silica cement 

Quartz overgrowths 

Quartz overgrowths develop by the precipitation of silica directly from aqueous 

solution as well-ordered, low (alpha) quartz. The most common form of quartz cement 

is an overgrowth, a syntaxial rim with the same crystallographic orientation and optical 

continuity as that of the detrital grain. Overgrowths are one variety of [13]. sedimentary 

(low-temperature) quartz and are megaquartz in [14] size classification of sedimentary 

quartz. This type of cement is abundant in the sandstones of Zubair Formation in the 

studied sections (Plt. 5A & B). 

Plat (5) 

A B 

A. Quartz overgrowths. Lu-2 (2794.55-2795.55). 

B. Quartz overgrowths under the polarized. Lu-2 (2794.55-2795.55). 

Mico-crystals Quartz Cement 

Other polymorphs of silica that occur as cements in sandstones are fibrous 

microcrystalline quartz. Almost all occurrences of these polymorphs are in silcretes, 

indurated products of surface silica diagenesis (Plt. 6A & B). 
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Plat (6) 

 

A B 

A & B Micro crystalline Quartz cement. Lu-2 (2845.25-2845.52). 

Clay cement 

The average of this cement is less than 1% (Plt. 7A). The source of this cement is 

partly from dissolution to rock fragment and feldspar. This cement has an important 

effect on permeability [12]. 

Carbonate cement 

The carbonate cement is also uncommon in sandstone of Zubair Formation. Some 

sandstone has carbonate cement with silica and iron cement. The average of it is 1% in 

the studied wells. Sometimes it appears as patches between quartz grains. The source 

of carbonate cement from Ratawai and Shuaiba Limestone Formations (Plt. 7B). 

Plat (7) 

A B 

A. Clay cement 

B. Carbonate cement 
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Dissolution 

Rock fragments and low stability silicate minerals dissolved because of 

increasing burial temperatures. There are two types of dissolution; the first is the 

pressure solution (see compaction) and the second is the dissolution which leads to 

increase in secondary porosity [10] (Plt. 8A & B). 

Plat (8) 

 

A B 

A & B Dissolution in shale unit of Zubair Formation 

Dolomitiztion 

Is a process whereby limestone or its precursor sediment is completely or partly 

converted to dolomite by the replacement of the original CaCo3, by magnesium 

carbonate, through the action of Mg bearing Water, [15]. 

The size of crystals is about 0.18-0.6 mm (medium, coarse and very coarser) as well 

as most crystals have rhombohedral shape where selective dolomitization attacks the 

limestone forming dolomitic limestone, where the original depositional texture may be 

preserved [15]. 

At the studied succession, the dolomite is occurred in some parts of shale unit as 

a secondary pervasive zoned dolomite (cloudy rim) (Plt. 9A) and scattered fine crystal 

dolomite (Plt. 9B). 

Plat (9) 

 

A B 

A. Secondary pervasive zoned dolomite (cloudy rim). 

B. Scattered fine crystal dolomite. 
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Diagenesis History 

The concept of diagenetic systems is a broad framework that relates diagenetic 

processes to the evolution of sedimentary basins. Three conceptual systems are 

commonly recognized: early diagenesis (eogenesis), burial diagenesis (mesogenesis) 

and uplift-related diagenesis (telogenesis). This terminology was adopted from a 

scheme developed initially by [16] to describe limestone diagenetic processes, but is 

now more generally applied: correctly so, the same fundamental processes and controls 

operate in clasticdiagenesis and in carbonate diagenesis. Alternative schemes (e.g. the 

Russian system including such terms as catagenesis and epigenesis have been used but 

are less commonly applied now [17]. This is because systems and classifications 

defined by the maximum temperature of burial run into the difficulty of the effect of 

varying time spent at a given temperature—a direct consequence of the kinetic control 

on the rate of diagenetic reactions. 

The Zubair formation in the study area is affected by many diagenetic processes 

throw deposition represented by (Fig .4). 

After cleaning, the sand deposition of sand is affected by the compaction in low 

amount follows by chemical dissolution, which leads to make the secondary quartz 

precipitated in the original grains. This decreases the primary porosity, increase the 

compaction process, and destroys the quartz and rock fragment grains to be associated 

with chemical solution that leads to precipitate extra grains of quartz as a small grain 

decreasing the porosity. After this process, the change in chemical and physical 

properties of depositional basin leads to precipitate the calcite cements, and finally as a 

result of organism activity calcite dissolved and produced the secondary porosity. 
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Figure (4) Diagenetic history of Zubair Formation in the Study Area 
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Associated Facies and Depositional Environments 

There are three main association of deltaic facies in the studied succession: - 

1. Delta plain (Upper delta plain- flood plain deposits) 

2. Delta Front (Subaqueous delta plain) 

3. Back shore (Upper delta plain- Lacustrine delta-fill) 

These different facies contributed to division of the Zubair Formation into three 

distinct rock units, which are used in interpreting the suggested environments above: - 

Lower Part:- 

The main composed of this unit is shale with the lenses of fine sand with high 

organic matter. The lower contact of this unit is unconformable with the Ratawi 

Formation according to [1]. This unit is characterized by high gamma ray values with 

abundant of coarse up-ward (Funnel shape), with exception of the part near the lower 

contact which shows fine up-ward (Bell shape) (Fig. 5). The main lithofacies in this 

unit is shale lithofacies (V) additied to Clayey Sandstone poorly sorted (IV). This 

represents the delta plain succession deposited in the flood-delta plain environment. 

Figure (5) the direct correlation between facies and a variety of sonic and GR log shapes 

for the lower part of The Zubair Formation (Lu-3) 

Middle Part:- 

The main composed of this unit is sandstone with the shale inter layers with high 

amount of heavy minerals. This unit is characterized by low gamma ray values with 

two cycles of fine 

Up-ward (Bell shape) in the lower zone of this part, and coarse up-ward (Funnel 

shape) in the 
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upper zone divided the serrated shape into two cycles of pure sandstone 

(Fig. 6). 

Figure (6) The direct correlation between facies and a variety of sonic and GR log 

shapes for the Middle part of The Zubair Formation (Lu-3) 

The main lithofacies in this unit is Course-medium sandstone well sorted 

lithofacies (I) and fine Sandstone well sorted lithofacies (II), In addition to Clayey 

Sandstone poorly sorted (IV). 

This represents the delta plain succession deposited in the distributary-mouth-bar 

within the delta front environment. 

Upper Part:- 

The main composed of this unit is shale with high amount of pyrite and organic 

matters. 

This unit is interlaying with sandstone in the lower zone of the upper part. 

The main lithofacies in this unit is shale lithofacies (V) and Clayey Sandstone 

poorly sorted (IV), while in the lower zone of this part, the Course-moderate Sand 

poorly sorted lithofacies (III). 

This part is characterized by high gamma ray values with major trend of coarse 

up-ward succession (Funnel shape) (Fig. 7). 
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Figure (7) the direct correlation between facies and a variety of sonic and GR log shapes 

for the upper part of The Zubair Formation (Lu-3) 

Sequence Stratigraphy 

Sequence stratigraphy is the study of rock relationships within a 

chronostratigraphic framework of repetitive genetically related strata bounded by the 

surface of erosion or nondeposition, or their correlative conformities [18]. The 

stratigraphic signatures and strata patterns in the sedimentary rock record are the results 

of the interaction of tectonics, eustasy, and climate. [19]. 

Stratigraphic Development 

During the deposition of the Zubair Formation, the siliciclastic shelf followed a 

cyclical pattern of evolution from the delta depositional mode to lacustrine mode. A 

sequence boundary type-I separates the Basinal shale of Ratawi Formation from the 

overlying deltaic influenced Lower Zubair Formation (Figs. 8, 9, 10). 

The lower part of Zubair is characterized by wide spread mud -dominated delta 

plain associated facies. They seem to vertically separate relatively multi-storied mode 

and multi- 

Lateral changes deltaic channel sand bodies resulting in compartmentalized 

reservoir architecture. 

The presence of the delta plain associated facies overlaying the unconformity 

surface (SB1) refers to the transgressive system tract (TST). This stage has ended with 

appearance of the channel fills deposit to mark a high-stand system tract (HST). The 

fluctuation point between the TST and HST represents a maximum flooding surface 

(Figs. 8, 9, 10). 

The middle part of Zubair Formation is characterized by moderate to well sorted 

quartz arenite sandstone with appeared bands of the shale overlaying the sand body. 

This succession was deposition in the delta front environment with steps of sea level 

rise during the transgressive stage. There are two sequences as TST in this part which 

end with the maximum sea level rise (mfs) to mark the upper part of the Zubair 

Formation. The next stage shows high concentrations of organic matters and pyrite 

mineral indicating that the sedimentary environment has been reduced to the marshes 

environment during the HST. This stage is not clear in the Rachi oil field, where rock 

characteristics indicate that they belong to the middle part as a TST. 
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The upper part of the Zubair Formation shows a more shallow environment with 

shale dominated rocks associated with high organic matters and pyrite. This highlights 

to the finning up-ward mode during highstand stage when the deposition environment 

being changed from delta front to marsh environment. The sea level rise marks the end 

of this stage when deposition the upper part of Zubair Formation, and the beginning of 

deposition the Shuaiba Formation as shallow carbonate marine. 
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Figure (8) Stratigraphic columnar section for the Zubair Formation in the Lu-3.
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Figure (9) Stratigraphic columnar section for the Zubair Formation in the Lu-12. 
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Figure (10) stratigraphic columnar section for the Zubair Formation in the Ra-2. 
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