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 Upper Cretaceous successions of the Gir Bir Formation (Cenomanian-Early Turonian) 

were studied in 15 wells from northwestern Iraq. The formation is composed of 

recrystallized, partly dolomitized limestone with local silicification. Benthonic 

foraminifera (Miliolids, Alveolina, and Orbitolina), rudist and peloids are the main 

constituents. The studied succession has been affected by several diagenetic events such 

as; dolomitization, recrystallization, micritization, dissolution, compaction and 

silicification. Facies analysis revealed that seven microfacies subdivided into eleven 

submicrofacies could be distinguished, reflecting sedimentary environments including; 

deep shelf margin, slope/shoal, rudist buildups, back reef/shoal, and protected lagoon in 

a regressive shallowing-upward sequence. Lateral facies variation showed that reefal 

facies were commonly located in northwestern parts of the study area, whereas lagoonal 

facies existed in eastern and southeastern parts. Rimmed carbonate platform is the 

acceptable model for the Gir Bir Formation.  
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Introduction  

The Mesozoic carbonate platform systems of the Arabian Plate are one of richest hydrocarbon 

provinces of the world. This is mostly due to combination of their large dimensions and the presence of 

source and seal rocks within the same depositional system [1]. 

Iraq's largest hydrocarbon reserves are hosted in Cretaceous sediments, particularly in the Mesopotamian 

Basin [2]. The Cretaceous succession in Iraq is up to 3000 m thick [3] 

and represents part of the megasequences AP8 and AP9 of the Arabian plate sequence stratigraphy [4]. The 

Cretaceous succession has been extensively studied because it contains abundant reservoir intervals. It is the 

most productive interval in Iraq and contains about 80% of the country’s proven oil reserves [2]. 

The present work focuses on the upper Cretaceous (Cenomanian-early Turonian) Gir Bir succession in 

selected wells from north-western Iraq (Figure: 1). Carbonate rocks of the Gir Bir Formation are represented 

by limestones (mostly recrystallized), marly limestones and fractured dolomites. The aim of the study is to 

describe facies analysis and reconstruct the depositional environment of the Gir Bir Formation at several 

wells from northwestern Iraq. 
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Figure-1: Location of the studied wells from northwestern Iraq  

Geological setting 

The paleolatitudinal location of the Arabian Plate influenced Cretaceous sedimentary environment in 

Iraq. Progressive northward drift placed the Arabian plate in equatorial tropical latitudes [5]. Carbonates 

rocks form the main lithology in the Cretaceous successions of Iraq and most of the Middle East region due 

to prevalence of warm equatorial climates [6]. 

The upper Cretaceous successions in north-western part of Iraq have been eroded due to effect of 

several phases of tectonic movements [7], therefore, they are not completely documented from this part of 

the country. The study area was a part of the shelf during Cenomanian- early Turonian and was separated 

from paleoneotethys main basin [8] by the Mosul and Khleisia uplifts [9]. Prevailing of warm conditions on 

the equatorial Arabian Plate [10] promotes the deposition of reefal and lagoonal facies of the Gir Bir 

Formation in the area of study. According to Sharland et al. (2001) [4], the studied formations are present in 

two of the Arabian Plate Megasequences. The Gir Bir Formation is of Cenomanian-early Turonian age and 

represents the upper part of the late Tithonian-early Turonian AP8 megasequence. Tectonically the area of 

study lies in the Chamchamal-Butmah subzone of the Foot Hill zone of Iraq [11]. 

Gir Bir Formation was firstly recognized by Dunnington, 1956 in [12] in the subsurface type section 

at Mushorah-1 well as recrystalized limestone partly dolomitised. In Sfayia-4 well in northwestern part of 

the study area where the deeper parts of the basin exists, the formation reaches 231 m thick. Dunnington 

(1953) in [12] has mentioned that Gir Bir Formation is composed of neritic limestones that were deposited 

during Cenomanian-early Turonian. 

The stratigraphic correlation of the Cretaceous formations including the studied Gir Bir Formation in 

Iraq and neighboring countries is illustrated in Figure (2). The formation unconformably underlies by the 

dolomitic rocks of the Albian Qamchuqa Formation. The contact surface is characterized by presence of 

erosional conglomerate in the upper part of the Qamchuqa Formation in addition to indications of 

dissolution, moldic porosity and dedolomitization in this part of the underlying formation. The upper contact 
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with the Mushorah or Wajnah formations is also unconformable due to presence of bed of conglomerate or 

breccias at this surface Dunnington 1956 in [12] and [9]. 

Materials and methods  

About 950 thin sections from the Gir Bir Formation were investigated for petrographic study to 

identify the main depositional components and to distinguish the sequence of key diagenetic events.  

The age of the studied formation was determined according to biostratigraphic works of ( [13] , [14] and 

[4]). The time span for each bio-zone has been identified using time scale of [15]. 

 

 
Figure-2: Stratigraphic correlation of the Cretaceous formations including the studied Gir Bir Formation in Iraq and 

neighboring countries (after Al-Naqib, 1967) [16]. 

Results 

Petrography and diagenesis 

The Gir Bir Formation is generally composed of recrystallized, partly dolomitized limestone with local 

silicification. Petrographically, the main constituents are represented by skeletal and non-skeletal grains. The 

skeletal grains are composed of benthonic foraminifera (Miliolids, Alveolina, and Orbitolina), rudist while 

peloids and extraclasts form the main non-skeletal constituents. 

 The studied succession has been affected by several diagenetic events such as; dolomitization, 

dedolomitization, recrystallization, micritization, dissolution, compaction and silicification. Fine-grained 

dolomite rhombs, floating and contact rhombs, spotted, sieve and sutured mosaic dolomite textures were 

recognized. Recrystallization is recorded in the Gir Bir Formation where the micritic groundmass is altered 

to microspar and also in partial or total modification of the skeletal grains due to recrystallizion. The skeletal 

grains of the Gir Bir Formations were micritized shortly after deposition due to endolithic cyanobacteria 

action and micritic envelope. Dissolution was a more effective diagenetic process that improved the 

carbonate porosity. Dissolution is recorded as karst and fissures in the upper part of the Gir Bir Formation 

where conglomerate and breccias dominate in addition to several types of porosity as a result of dissolution 

on the studied rocks such as moldic porosity, vuggy porosity and channel porosity. 

In the Gir Bir carbonates, chemical compaction is recorded by various types of pressure solution or stylolitic 

textures. Pressure solution has resulted in the formation of dissolution surfaces, clay seams, and stylolites 

filled with organic material and other relatively insoluble particles.  

Silicification in the form of chert nodules are sporadically exists in distinctive zones in the Gir Bir formation.  
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Microfacies Analysis 

The petrographic investigation on the Gir Bir Formation revealed the presence of several microfacies 

represented by lime mudstone, pelletal lime mudstone, miliolid wackestone, bioclast wackstone, orbitolina 

wackstone, planktonic foraminifera-bioclast wackestone, alveolinia and miliolid packstone, pelletal 

packstone, peloid grainstone, echinoderm grainstone, lime floatstone, lime rudstone and lime bafflestone. 

Lime mudstone (Gm) 

micritic groundmass forms about 90% of this microfacies while skeletal grains (miliolids and bioclasts of 

gastropods, echinoderms and ostracods) form the rest of the components (Figure 3A). This microfacies has 

been partially affected by dolomitization, the common dolomite textures recognized are the floating and 

contact rhomb textures. While severe dolomitization is observed in the Gir Bir Formation some wells (such 

as Ib-1 and Bm-15) forming the sutured mosaic texture. This microfacies is also affected by cementation, 

recrystallization and stylolite formation (Figure: 3A). The facies existed in the lower and upper parts of the 

formation in the wells of (Sf-1, Mh-1, Ib-1 and Bh-1)) while it exists only in the upper part of the formation 

in the wells of (Gs-1, Bm-15 and Az-19). 

Interpretation: The lime-mudstone was deposited in calm water due to the absence of variable amount of 

skeletal particles. Most of lime mud may be derived from the abrasion and micrtization of the skeletal 

particle especially in the  

 restricted areas. This facies could be compared with standard microfacies SMF-19 that was deposited in 

facies zone FZ-8 according to Wilson (1975) [17] and Flügel (1982 and 2004) [18] and [19] which 

represents semi-restricted lagoonal environment.  

 

Pelletal lime mudstone (Gm2) 

Faecal pellets form more than 90% of the constituents that distributed in micritic groundmass with few 

bioclast of benthonic foraminifera (Figure: 3B). Recrystallization, floating dolomite rhomb texture and some 

dedolomitization are the main diagenetic processes affecting on these rocks. 

 Interpretation: Semi restricted coastal lakes of restricted circulation is the probable depositional 

environment for this microfacies. The predominance of micrite in between particles reflects quiet water 

condition. 

 

Miliolid wackestone (Gw1) 

Miliolids of Quinquiloculina, Pyrgo and Triloculia form about 60% of the constituents in addition to  other 

types of benthic foraminifera like Alveolina, Rotalia, Taxtularia , Peneroplis ,Nezzazata ,and  Dicyclina and 

few of ostracods, green algae and bioclasts (Figure: 3C). The main diagenetic processes affecting of this 

microfacies include; recrystallization, granular and drusy cements, stylolite formation and partial 

dolomitization effect. This microfacies alternate in different part of the studied formation. It exists in the 

hard thick limestone and dolomitic limestone beds and in marly and shaley limestone in the middle parts of 

the formation in the wells Sf, 4 and 38, Mh-1 and Bh-1. 

 Interpretation: This facies could be compared with standard microfacies SMF-18 that was deposited in 

facies zone FZ-8 according to according to Wilson (1975) [17] and Flügel (1982 and 2004) [18] and [19] 

which represents semi-restricted coastal lakes of restricted circulation.  

Bioclast wackestone (Gw2) 

This submicrofacies contains about 70% of bioclast which is represented by rudist, gastropods and 

echinoderm clasts in addition to few of benthic forams like miliolids and Alveolina, and ostracods (Figure: 

3D). The micritic groundmass is sometimes affected by severe dolomitization resulting in sutured dolomite 

texture specially in wells (Bm-15, Ib-1 and Ss-1). Other diagenetic processes affecting on this facies are 

inversion, recrystallization and selective silicification in addition to dissolution that lead to form moldic 

porosity. This microfacies exists in the upper parts of the Gir Bir Formation in the wells of Sfiya and Ain 
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Zala and Bh-1 well while it is found in different parts of the formation in wells (Bm-15, Gs-1, Gl-1, Ib-1 and 

Ss-1).  

 

.  

Figure -3: A- lime mudstone (Gm1) with stylolite in the Gir Bir Formation, Mh-1 well, B- pelletal mudstone (Gm2) in 

the Gir Bir Formation, Bh-1 well, C- miliolid wackestone (Gw1) in the Gir Bir Formation, Sf-4 well, D- bioclast 

wackestone (Gw2) in the Gir Bir Formation, Mh-1 well, E- orbitolina wackestone (Gw3) in the Gir Bir Formation, Bh-1 

well, F- planktonic foraminifera -bioclast wackestone (Gw4) in the Gir Bir Formation, Sf-38 well, G- miliolid 

packstone (Gp1) in the Gir Bir Formation, Bh-1 well, H- Alveolinia and miliolid packstone (Gp2) in the Gir Bir 

Formation, Mh-1 well. 
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Interpretation: The characteristics feature of this microfacies is similar to SMF-8 that is deposited in facies 

zone FZ-7 according to according to Wilson (1975) [17] and Flügel (1982 and 2004) [18] and [19] that 

represents the open circulation, low energy coastal lakes.   

Orbitolina wackestone (Gw3) 

Orbitolina forms more than 70% of the skeletal grains of the facies accompanied with some benthic formas 

like Taxtularia and Alveolina and some planktonic forams. Echinoderm bioclats also existed (Figure: 3E). 

This submicrofacies is affected by many diagenetic processes such as recrystallization that affects on both 

the micritic groundmass and the skeletal grains. Severe dolomitization was observed also leading to form the 

floating rhomb and sieve mosaic fabrics (Randazzo and Zachoa, 1984). Compaction is also observed in the 

form of stylolites. This facies present in the lower and middle parts of the formation in wells of Sfiya and 

Ain Zala oilfields and in Bh-1 and Mh-1 wells as well. 

Interpretation: The richness in orbitolina may indicate deposition of the facies in areas far from the coast and 

in front of the reef [20].   

 

Planktonic foraminifera-bioclast wackestone (Gw4) 

Principally, this microfacies is composed of planktonic foraminifera and bioclasts which is represented by 

small clasts of rudist and echinoderms in addition to presence of calcispheres and some benthic forams scuh 

as Taxtularia and Rotalia (Figure: 3F). The micritic groundmass contains floating dolomite rhombs due to 

dolomitization, while cementation in the form of granular cement in chambers of planktonic forams and 

calcisperes and syntaxial cement around echinoderm clasts are common. This facies exists in the middle part 

of the formation in wells of Sf-4 and 38, Mh-1 and Bh-1. 

 Interpretation: This facies could be compared with standard microfacies SMF-3 deposited in the facies zone 

FZ-3 according to according to Wilson (1975) [17] and Flügel (1982 and 2004) [18] and [19] which 

represents the basin margin or deep shelf margin. 

 

Miliolid packstone (Gp1) 

 This microfacies is composed mainly of various types of miliolids; such as Quinquiloculina, Pyrgo, 

Triloculina That form more than 70% of the total skeletal components. Other types of benthic forams and 

green algae in addition to pellets are also existed (Figure: 3G). Micritization on the outlines of the skeletal 

grains is the main diagenetic process in addition to recrystallization and compaction that lead to fitted fabric 

texture between grains. Drusy mosaic texture as a result of severe dolomitization is also observed. This 

facies existed in the lower and middle parts of the Gir Bir Formation in wells Sf-16, Bh-1, Mh-1, Gl-1, Gs-1 

and Bm-15. Interpretation: This submicrofacies correlates the standard microfacies SMF-18 that deposited 

in facies zone FZ-8 according to models of according to Wilson (1975) [17] and Flügel (1982 and 2004) [18] 

and [19] which represents the restricted coastal lakes. Predominance of more restricted miliolids indicating 

brackish water environment [21].    

 

Alveolinia and miliolid packstone (Gp2) 

This facies is composed of 60-70% of benthic foraminifera, Alveolina and large miliolid are the dominant 

types in addition to Taxtularia and Nezzazata and bioclasts (Figure: 3H). Recrystallization and cementation 

are the main diagenetic processes affecting on this submicrofacies while dolomitization is partially affects on 

some parts of the facies forming drusy mosaic and sieve textures. This facies exists in the middle and upper 

parts of the formation.  

Interpretation: This microfacies represents deposition in shallow open circulated coastal lakes as compared 

with the SMF-18 that is deposited in FZ-7 according to models Wilson (1975) [17] and Flügel (1982 and 

2004)  [18] and [19].      
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Figure-4: A- pelletal packstone (Gp3) in the Gir Bir Formation, Bh-1 well, B- peloid grainstone (Gg1) in the Gir Bir 

Formation, Bh-1 well, C- extraclasts (arrows) in peloid grainstone of the Gir Bir Formation, Sf-16 well and D- 

aggregated grains (lumps, arrows) in peloid grainstone of the Gir Bir Formation, Bh-1 well, E- Echinoderm grainstone 

(Gg2), Sf-38well,  F- lime floatstone microfacies (Gf) in the Gir Bir Formation, Sf-4 well, G- lime rudstone microfacies 

(Gr), in the Gir Bir Formation, Sf-4 well,  H- lime bafflestone microfacies (Gb) including rudist of family Radiolitiai in 

the Gir Bir Formation, Sf-4 well. 
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Pelletal packstone (Gp3) 

Faecal pellets form about 80% of this facies in addition to few of bioclast, miliolid and ostarcods (Figure: 

4A). Compaction effect is indicated from bedded stylolites and sutured texture. It exists in the lower and 

middle parts of the formation in wells of Sf-4, Mh-1, Bh-1, Gs-1 and Ab-1).  

Interpretation: This microfacies coincides with the SMF-16 that was deposited in FZ-8 according to models 

of  Wilson (1975) [17] and Flügel (1982 and 2004)  [18] and [19] which represents the restricted lagoon with 

moderate water circulation.  

 

Peloid grainstone (Gg1)  

It is composed of pellets that form about 70% of the main components. Most of them are resulted from 

micritization of skeletal grains in addition to few benthic forams (Figure: 4B), extraclasts and aggregated 

grains (lump), (Figure: 4C, D). This facies is affected by recrystallization and dissolution forming 

interparticle porosity. Severe dolomitization in parts of the facies led to formation of drusy texture. It exists 

in various parts of the formation but concentrated in lower and middle parts in wells Sf-4, Bh-1, Mh-1 while 

it exists only in the lower parts of the formation in wells Gs-1 and Gl-1. 

Interpretation: It is similar in characteristics with SMF-18 that was deposited in FZ-7 according to models of 

Wilson (1975) [17] and Flügel (1982 and 2004 [18] and [19]) which represents the shallow environment in 

open lagoon.  

 

Echinoderm grainstone (Gg2o) 

More than 70% of the skeletal components are composed of echinoderms in addition to few of rudist, 

ostracods, bioclast and pieces of micrite (Figure: 4E). 

Several diagenetic processes are dissolution that make moldic and interparticle porosity and syntaxial cement 

around echinoderms. It exists in the middle and upper parts of the formation in Sf-38 well. 

 Interpretation: This submicrofacies has great importance in environmental identification. It may indicate the 

setting where high energy marine currents exist which lead to washing f micrite [17]. This facies could be 

correlated with SMF-12 that deposited in FZ-5 according to Wilson (1975) [17] and Flügel (1982 and 2004 

[18] and [19]).   

 

Lime floatstone (Gf) 

The skeletal grains are composed of large rudist clasts with more than 2 mm size which belongs to the family 

Radiolitiai and reach up to 30% of the whole facies components accompanied with few of benthic forams 

and bioclasts and generally are mud-supported (Figure: 4F). The micritic groundmass is generally affected 

by recrystallization, partial silicification on rudist clasts and cementation. This facies is distributed in the 

middle and upper parts of the formation in wells Mh-1, Bh-1, Sf 4 and 38, Glr-1, Gs-1, Ab -1 and ain Zalah-

19. the presence of large rudist may refers to fall from reefal buildups [22].   

Interpretation: This microfacies correlates with the standard microfacies SMF-5 that is deposited in facies 

zones FZ 4 and 7 according to models Flügel (2004) [19] which represents the open shallow lagoon and 

those settings far from the reef slopes.                 

 

Lime rudstone (Gr) 

This is a grain-supported microfacies with skeletal grains reach more than 70% of the whole components 

which are composed mainly of rudist breakage and few of echinoderms and benthic and planktonic forams 

(Figure: 4G). It affects mostly by recrystallization, compaction and dolomitization in some parts of the 

microfacies resulting in drusy texture. The microfacies exists in the middle part of the Gir Bir Formation in 

wells Sf 4 and 38, Mh-1 and Bh-1. 
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 Interpretation: According to Flügel (2004) [19] this microfacies results from fall of large bioclats from reef 

slopes. It could be correlates with SMF-6 of FZ-4 according to model of Flügel (2004) [19] which represents 

the reef slope environment.  

 

Lime bafflestone (Gb) 

This microfacies is autchthonous source and is composed mainly of 80-90% of rudist in addition to other 

skeletal grains such as foraminifera, ostracods and bioclasts (Figure: 4 H). Dissolution in the form of small 

pores with rudist, selective silicification and recrystallization are the main diagenetic processes affecting on 

this microfacies. It sometimes exists in about 20m thick in the middle part of the formation in wells Sf-4 and 

38, Mh-1 and Bh-1 and in lesser thickness in other parts of the formation.  

Interpretation: According to James (1979) [22], rudist build bioherms at margin of platform. The presence of 

this microfacies in less thickness in the upper part of the formation may refer to patch reef in lagoonal 

environment. This microfacies correlates with SMF-7 that deposited in FZ-5 according to Flügel (2004) [19] 

models which represents the organic buildup environment. 

 

Discussion and conclusions 

A- Sedimentary environment 

 The present work shows that the succession of the formation was deposited in a wide spectrum of shallow 

marine environments; from the deep shelf margin to shallower intertidal and restricted lagoons. This 

variation in environment is deduced from the presence of different microfacies with varying skeletal, non-

skeletal and textural components. Therefore several lateral and vertical facies variations appeared. Based on 

that, the Gir Bir successions are divided in sub-environments in order to get a clear identification of the 

sedimentary environments responsible for the deposition of the formation. These sub-environments are as 

follow: 

1- Deep shelf margin sub-environment, 

it represents the deeper margin of the shelf which exists commonly in 100-200 of water depth. It is found in 

the middle part of the Gir Bir Formation in the wells of Sf-4 and 38, Bh-1 and Mh-1. The main facies in this 

environment are represented by planktonic foraminifera and bioclast lime wackestone submicrofacies and 

lime floatstone microfacies. Generally the rocks of this environment are fine grained and are composed of 

organic rich marly limestones and shale.  

It includes high amounts of planktonic forminifera, calcispheres, fine grained bioclasts (rudist and 

gastropods clasts). High planktonic forminifera in comparison to other skeletal components refers to deep 

marine conditions it the outer shelf setting [23] . Presence of rudist, gastropods and echinoderm bioclasts  in 

different sizes may refer that they were transported from shallow parts and deposited in the deeper parts of 

the outer shelf under effect of waves and marine currents [24]. Fine clay and shale refer to a relatively deep 

sedimentary environment [25] while the richness in calcispheres and planktonic foraminifera indicate 

deposition in water with depth of 100-200 meter during transgression [26]. 

2- Slope/shoal sub-environment 

This environment covers the area between the main reef body and the open shelf where gentle slope rudist 

buildups formed. The main facies are lime rudstone microfacies, lime floatstone microfacies and Orbitolina 

lime wackestone submicrofacies. The coarse-grained rudstone at the top of the platform grades into finer 

muddy groundmass wackstone-packstone facies towards sea in this environment [27]. The rudstone and 

floatstone microfacies are distributed in the middle parts of the formation in wells SF-4 and 38, Bh-1 and 

Mh-1 where rudstone facies form the main facies in the rudist buildups that is composed mostly of coarse-

grained rudist clasts eroded from the reef framework and is deposited in a groundmass of micrite in shallow 

fore-reef settings [28]. Some of angular coarse-grained, badly-sorted rudist clasts also present which may 

indicate physical and biological erosion due to the effect of sea currents and deposit in high-energy 

environments with low distance of transportation [29].  
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The presence of Orbitolina lime wackestone submicrofacies in large thicknesses in the lower parts of the 

formation in the above mentioned wells and their presence in lesser thicknesses in the middle parts of the 

formation refer to a fore-reef environment where orbitolina is common in these settings [20]. The presence 

of bioclasts and pieces of echinoderms with orbitolina indicate the outer shelf shallow environment too [30] . 

3- Reef/Rudist buildups 

The successions in this sub-environment is composed of reef- building organisms that is represented by 

rudist of Radiolitidae family and is considered as the main reef forming organisms in the Cretaceous [31] 

that is accompanied with other organisms sucha s echinoderms, benthic foraminifera, algae and coral [32]. 

Rudist buildups are different than others formed by coral and algae where it is build by baffling, therefore, it 

contains on good amount of sediments in between their columns. Most of previous studies classify it as 

rudstone microfacies formed in shoals, while [33] classify the reef and specially the rudist buildups as close 

cluster/frame reef in which the rudist columns are close to each other with spaces in between them filled by 

sediments. This environment exists in the middle parts of the formation in the wells Sf-4 and 38, Bh-1 and 

Mh-1 with increasing thicknesses in the wells locating to the west of Sfiya field (well Sf-38) where it ranges 

10-20 meter while thickness reduced in the well east to the field and also in Bh-1 and Mh-1 wells. 

The main facies characterizing this environment are bafflestone microfacies intercalated with rudstone and 

floatstone microfacies in addition to echinoderm lime grainstone submicrofacies. Bafflestone microfacies is 

the main facies forming the rudist biostorm [22] and [34]. 

The presence of rudist biostorms as of various sizes clusters may assist in accumulation of part of eroded 

bioclasts in spaces between them [28] and  [35] and this may interpret the association of rudstone and 

floatstone microfacies in small thickness and in different places within this environment.  

Presence of low amounts of orbitolina and alveolina in these microfacies is due to ability of the spaces to 

host large size skeletal grains like algae, benthic forams and echinoderms [27] and this may interpret the 

presence of echinoderm lime grainstone submicrofacies in between rudist clusters.  

4- Back reef/Shoal  

It represents the transitional zone between rudist buildups and the restricted lagoon subenvieonments. It is 

characterized by high energy environment as compared to the restricted lagoon and it  could be regarded as 

back reef shallow shoal setting. It exists in thicknesses range from 40-60 meter in the lower and upper parts 

of the formation in Bh-1 and Mh-1 wells while thickness reduced in wells of Sfiya oilfields and reaches 30-

50 meter. It forms the main succession of the Gir Bir Formation in the wells Ab-1, Gl-1, Gsr-1 and Az-7 and 

thickness reduces too in wells of Az-19, Bm-15, Ss-1 and Ib-1 where it exists only in the lower parts of the 

formation. 

The main facies include; peloid lime grainstone submicrofacies,  Alveolinia and miliolid Llme packstone 

submicrofacies and floatstone and Bafflestome microfacies. Dominance of pellets in lime grainstone facies 

refers to shallow marine environments (Shoals) mainly [36] and association with large different species of 

miliolids (Quinquiloculina ; Triloculina) and other from Rotalids family with pellets indicate that deposition 

took place in shallow shelf and shallow coastal lakes [37]. Presence of aggregate grains and lithoclasts also 

indicate such shallow marine environments. Generally the presence of these skeletal grains may refer to 

warm shallow marine water with depth range between 10-20 meter [38]. 

Presence of floatstone and bafflestone microfacies in small thickness in different places of this sub-

environment and generally in limited (local) distribution refer to patch reefs accumulation in shallow reefal 

settings where rudist grow in small clusters randomly dictributed in back reef shallow settings [39] where 

water circulation happened with suitable temperature and salinity condition available for their life [40]. The 

grainstone and rudstone facies near reef grades into packstone nad wackstone facies toward lagoons that 

indicate the reducing in depositional energy [27]. 

5- Restricted lagoon 

This sub-environment is characterized by their fine grained sediments with low diversity in skeletal grains, 

where one type is concentrated due to high salinity and low water circulation and depth [41]. It exists in the 

lower and upper parts of the formation in the wells located in the northwestern parts of the study area and in 
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various thicknesses. The higher thickness recorded is (60) meter in Mh-1 well while thickness decreases 

towards Sfiya field wells and Bh-1 

And that may relates to the erosion processes that remove huge amount of the upper parts of the formation in 

Bh-1 and Sfiya wells while lagoonal facies dominates in Ib-1 and Ss-1 wells. The main facies in this 

environment are fossilierous lime mudstone submicrofacies, pelletal lime mudstone submicrofacies, miliolid 

lime wackestone submicrofacies, bioclasts  lime wackestone submicrofacies and miliolid lime packstone 

submicrofacies. In addition to back reef microfacies such as pelletal lime grainstone submicrofacies, 

Alveolinia and miliolid lime packstone submicrofacies and floatstone microfacies. The dominance of 

muddy-supported microfacies refers to deposition in shallow protected calm marine conditions. High 

amounts of small-sized miliolids refers to shallow warm water conditions with no more than 40 meter depth 

with high salinity [42]. While presence of gastropods bioclasts in mudstone microfacies refers to protected 

marine environments [43], additionally, faecal pellets are the main non-skeletal components in coastal 

protected lake environments [44]. The shallow back-reef facies in this sub-environment may indicate their 

presence as tongues in the restricted lagoon [45]. 

B- Depositional model of Gir Bir Formation 

The rimmed carbonate platform is the most acceptable model for the succession of Gir Bir Formation based 

on the following criteria:  

1- Presence of shallowing upward sequence of sedimentary environments in the Gir Bir Formation that is 

characterized by seaward progradational system. In this system, there is an offlap relation between reef and 

reef slope facies and those of outer shelf [46]. 

2- Presence of slope in coarsening upward sequence which may refer to existence of shelf break area that 

support the rimmed platform model even this slope is a gentle one due to nature of rudist buildups that grow 

in clusters. Carannante et al. (1999) [29] identified this type of slopes in the Cretaceous successions in 

Sardinia of Italy. 

3- Dominance of back reef and restricted lagoonal facies and patch reefs in the upper parts of the formation 

promote the presence of marine barrier that allow the dominance of mud-supported facies [46]. 

4- Existence of rudist buildups in high thicknesses in the Gir Bir Formation of Sfiya oilfield that grade into 

slope and outer shelf deposits may reveal the rimmed platform. Rudist buildups have progradation system 

during Cenomanian ([47], [48] , [49] and [50].  

Based on facies analysis and vertical and lateral facies distribution, the depositional model of the Gir Bir 

Formation is drawn for the study area taking in consideration the paleogeography of the area in the 

Cenomanian-early Turonian period (Figure: 5). 
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C- Vertical and lateral distribution of facies. 

Distribution of facies both vertically and horizontally has great importance in recognizing and understanding 

of sedimentary environments and sea level changes. During regression, facies prograde seaward forming 

shallow-upward sequences where the supply of sediments exceeds the accommodation space while during 

transgression these facies retrograde landwards forming fining-upward sequences where supply is low than 

the accommodation space and it accumulates  aggradationlly when the supply is equal to accommodation 

space [46]. 

In order to show the facies distribution for the Gir Bir Formation in the area under study, two cross sections 

drawn (Figures: 6 and 7). Figure (6) is parallel to the axis of the Gir Bir basin of deposition starting from 

Mh-1 and ends with Ay -1 well, while Figure (7) is perpendicular to the axis from Mh-1 well and pass 

through wells of Sfiya oilfield and ends with Ab-1 well. Therefore, some important notes are excluded. The 

economic (reservoir) importance for the horizontal and vertical facies distribution in shallow facies (the 

reefal and its nearby environments) has its important role in revealing the thickness and development of 

petroleum reservoirs [51]. 

Concerning vertical facies distribution; In the lower part of the formation, the succession starts with facies of 

open platform (slope) that are represented by Orbitolina lime wackestone submicrofacies which dominates in 

most of the wells in the northwestern parts of the study area and they grade upward into shallow lagoonal 

facies. In the middle parts of the Gir Bir formation, the open shelf deep facies exists with small thickness as 

compared to the shallower marine facies that range from fore-reef to lagoonal facies that dominate over most 

succession of the formation in the wells under study. Most facies show retrograde succession starting from 

outer shelf/fore reef and ends with shallow lagoonal facies in coarsening upward sequence and in 

progradation system of accumulation. 

Figure-5: Depositional model of Gir Bir Formation 



JZS (2016) Special Issue, GeoKurdistan II (373-389) 

385 

Reefal facies of rudist buildups appear in two forms; the first if large biostorms where it reaches 20 meter 

thick in Sfiya oilfield, the other is small-sized patchy reefs in local distribution in the lower and upper parts 

of the formation in back reef and lagoonal facies in most of the studied wells.  

In the lateral facies distribution, the reefal facies concentrate in the northwestern parts of the study area 

(Sfiya oilfield) and in good thicknesses (Figure: 6), while  thickness decreases and form wedge shape 

towards the eastern part (Ain Zalah oilfield) and in Bm-15 well and also in south and southeastern parts of 

the study area (wells Ib-1 and Ab-1). The lagoonal shallow facies replaces the reefal facies in the wells of 

eastern, southern and southeastern parts while the facies of the Gir Bir Formation disappears in wells (kd-1, 

As-1 and Ay-1) in the eastern parts of the study area. 

The sedimentary basin shows some deepening toward the Syrian border in the northwest, where Gir Bir 

Formation correlates Masif Formation in Swaidiya oilfields of Syria that was deposited in different marine 

conditions ranging from shallow shelf and reef to deep marine environment (Nikolaevskil, 1972 in [52]). 

Presence of Gir Bir Formation in low thickness in the eastern parts; Ain Zalah oilfield, But-15, and 

southeastern parts (wells Gl-1, Ss-1, Ib-1) and southern parts (Ab-1 well), (Figure: 8) accompanied with 

lagoonal facies may indicate that these areas are close to the land where the Gir Bir Formation disappears in 

Kd-1, Ay-1 and As -1 wells. This facies variation is related to the paleogeography of the area under study.  

 

Figure-6: Lateral correlation of Gir Bir succession in the section A-A˝ parallel to basin axis 

 

The paleogeography of the region shows that effect of the Hail Arc was active in the Cenomanian-early 

Turonian period which separates the Mesopotamian basin from east Mediterranean basin  [53]. This may 

indicate that western parts of the arc were the area of the last wells in where the formation disappeared which 

was existed in a positive area during this period. 

The Gir Bir successions range from the shallow coastal areas near the arc (Ss-1, Ib-1 and Ab-1 wells) which 

are represented by shallow lagoonal facies into deeper area (reefal facies) in the western and northwestern 

parts (wells of Sfiya oilfield). Dominance of reefal facies in the last area may relate to presence of inherited 

paleohigh that support suitable conditions for rudist buildups to grow at shelf margin during Cenomanian. 

Sadooni (2005) [54] refers that most of rudist buildups in many of Cretaceous formations of Iraq (Shuaiba, 

Maudud and Mishrif) are grown on inherited paleohighs. 
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Figure-7: Lateral correlation of Gir Bir succession in the section B-B˝ perpendicular to basin axis 

This scenario indicate the hypothesis of separated basins with the main foreland basin that are formed on the 

passive margin due to listric faults affected on the basement rocks of the region. Ameen (1992) [55] has 

mentioned that Mosul and Kirkuk blocks affected by stress during subduction in which inversion in 

movement led to listric faults that led in turn to the formation of grabens and half-grabens. It is supposed that 

Gir Bir Formation was deposited in local basin within the main Arabian platform which is represented by the 

eastern areas of east Mediterranean during Cenomanian to early Turonian. 

 

Figure-8: Isopach map of Gir Bir Formation in the study area 
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