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Summary 
The Kirkuk Group is an Oligocene to earliest Miocene shallow marine carbonate succession 

deposited in a ramp setting. The carbonates of the group constitute the most prolific oil-producing 

reservoirs in northern Iraq. The reservoir quality of the group has been affected by both 

depositional facies and subsequence diagenetic modifications. This study addresses the 

diagenetic evolution of the group and its effect on the reservoir quality of the strata by using 

petrographic properties of the rocks and deciphering their paragenetic sequence. The recognized 

diagenetic features include eogentic (micritization, peloidal marine, aragonite replacement, 

dolomitization, neomorphism and non-ferroan calcite cement), mesogenetic (ferroan calcite 

cement, fractures, and mechanical and chemical compaction) and telogentic (dissolution and 

fractures). These diagenetic features affected the pore volume by either reducing (e.g., 

micritization, neomorphism, cementation, and compaction) or enhancing the porosity (e.g., 

aragonite replacement, dolomitization, fracturing and dissolution). The overall volumetric porosity 

of the studied rocks is estimated at an average of 20% which underscores the excellent reservoir 

quality of the rocks of the Kirkuk Group. 

Introduction 

The Paleogene strata of the Kurdistan Region of northern Iraq is well known for its hydrocarbon 

production. Most of the reservoirs in the region are carbonate rocks accumulated in a shallow 

marine ramp platform. Among the prolific strata includes the Oligocene to earliest Miocene Kirkuk 

Group. The latter consists of 9 carbonate formations that include Anah, Azkand, Ibrahim, 

Bajawan, Baba, Tarjil, Shurau, Sheikh Alas and Palani (Bellen, et al., 1959). This research intends 

to document an overall diagenetic evolution of the Kirkuk Group, paragenetic sequence of the 

diagenetic features and their effect on the reservoir qualities of these carbonate rocks.   
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Method 
Rock description and sample collection from three outcrop sections of the Kirkuk Group were 

carried out in northern Iraq (Figure 1). Sampling was designed to capture all major lithologies 

including changes in petrophysical properties. More than one-hundred standard thin sections 

were prepared, and half stained with a mixture of Alizarin Red-S and Potassium Ferricyanide 

using standard staining technique of Dickson (1965, 1966).  Thin sections were examined under 

polarized petrography microscope in order to determine different diagenetic stages. Besides that, 

20 samples were also studied under SEM analysis.  

 

Figure 1: Geological map of the studied area (Modified from Ameen Lawa and Ghafur, 2015). 

Results and Conclusions 

1. Facies Associations: 

 In this study the latest classification scheme of Wright (1992) has been adopted for limestone 

classification. Three groups of facies associations have been identified from the studied sections:  

1.1 Inner ramp facies association: Peloidal, bioclastic packstone/grainstone: This microfacies is 

characterized in the field by mainly thick bedding. It is laterally extensive for tens of metres up to 
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several hundreds of metres. In most of the localities comprises the uppermost unit of the 

carbonate succession of the Kirkuk Group. Evidence of both horizontal and vertical borrowing is 

present on the uppermost layer of this microfacies. 

It is comprises medium to coarse sand grade, skeletal packstone (partially grainstone). The 

bioclasts in this microfacies are mostly composed of larger porcellaneous benthonic foraminifera 

such as: miliolids, Peneroplis, Austrotrillina; Dendritina; Archaias; Praerhapydionina with minor 

components include Biloculina; Triloculina; Quinqueloculina and Spirolina, in addition to other 

skeletal grains such as: echinoid fragments; bivalves and gastropods are also present (Figure 

2A). The peloids in this microfacies appear as one form, they are composed of small-sand-grade 

sized round to ellipsoidal shaped pellets. Laminoid type fenestrae with 1-2mm long and 0.2-

0.5mm high, parallel to slightly sub-parallel to bedding planes are present (Grover and Read, 

1978). 

The main diagenetic features associated with this microfacies are cementation by non-ferroan 

calcite cement and syntaxial overgrowths of calcite cement around echinoid fragments, as well 

as blocky calcite spar filled fractures, vugs and fenestrae. Micritization is also present. Very rare 

chemical compaction as low amplitude stylolite is present. There is no evidence of dolomitization. 

1.2 Mid Ramp facies association: Nummulites-Coralline red algae packstone/wackestone with 

Coral bioherm: The packstone/wackestone facies is characterized in the field by thick massive-

bedded limestone, laterally extensive for tens to several hundreds of metres and it is interbedded 

with coral bioherm facies.  The microfacies comprises wackestone, locally packstone with fine to 

coarse grained bioclasts such as Nummulites, rotalids, red algae. Asterigerina, coral fragments, 

echinoid fragments, with rare miliolids, Austrotrillina, Spirolina, Borelis, Victorella and bivalves 

(Figure 2B). This facies contains rare, scattered dolomite crystals (average 1% in volume). The 

main diagenetic features associated with this microfacies include echinoid synthaxial cement, and 

fracture-filling non-ferroan calcite cement. Very rare dolomite euhedral crystals are also present.  

Coral Bioherm: This lithofacies is characterized in the field by mostly very thickly bedded (up to 

1.5 m) limestone. In few of the localities it appears as patchy reef associates with mid ramp 

microfacies except in a locality is well developed. The main digenetic feature in this microfacies 

is the dissolution of the primary aragonite composition of the corals are replaced (or 

recrystallized/neomorphosed) by stable low-magnesium calcite (LMC) cement (Fig. 2C).  
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1.3 Outer ramp facies association: Planktonic foraminifera calcite-mudstone: this lithofacies is 

characterized in the field by thin bedded limestone, laterally extensive for tens to hundreds of 

metres, according to the location. The outer ramp facies is composed of calci-mudstone (partially 

wackestone) with main bioclasts of planktonic foraminifera in addition to coccolith in the micritic 

matrix base (Figure 2D). The diagenetic features in this microfacies are fracture-filling non-ferroan 

calcite cement and clay compaction seams. More information about depositional model and 

environmental interpretation is in Figure 3. 

 

Figure 2: A. Photomicrograph of peloidal, bioclastic packstone/grainstone with 1) miliolids, (2) 
Austrotrillina, (3) Peneroplis, (4) peloids, B. Photomicrograph of Nummulites-Coralline red algae 
packstone/wackestone microfacies (1) Nummulites, (2) red algae, C. Photomicrograph of colonial 
coral which aragonite replaced by non- ferroan calcite cement, D. Photomicrograph of 
calcimudstone with planktonic foraminifera.  
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Figure 3: Depositional model and microfacies variation across the ramp during Oligocene 
(modified from Ghafur 2012 & 2015). 

2. Diagenetic process: 
The petrographic study of the samples from the Kirkuk Group shed light on the diagenetic 

evolution of the sediments. The recognized diagenetic features and their paragentic sequence 

allowed to decipher the pathway of porosity evolution and preservation of the actual reservoir 

properties of the rocks. The recognized diagenetic features are inferred to include eogenetic, 

mesogentic and telogenetic products (Choquette and Pray, 1970). The features of the eogenetic 

stage represent those micritization, peloidal marine cement, aragonite replacement, 

neomorphism, dolomitization, fracture and non-ferroan calcite cementation. The features of the 

mesogenetic stage including ferroan calcite cement, fracture and compaction. The last stage of 

the telogenesis is characterized by fracturing and dissolution.  

 

Paragenetic Sequence  
Previously, the diagenetic stages were subdivided into eogenetic, mesogenetic and telogenetic 

stages for describing the diagenetic history of the Kirkuk Group is used. In the eogenetic stage, 

the Kirkuk Group was affected to a considerable degree by early marine diagenesis. Little amount 

of early marine peloidal cement can be recognized in the upper part of this group; it fills the space 

around grains and the intra-skeletal cavities or occurs in small isolated micro-cavities. In addition, 

there is micritization in different forms which affects most of the shallow marine carbonate facies. 

A variety of calcite cements were widely precipitated before deep burial in the Kirkuk Group; 
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meteoric vadose cement occurs in the form of pendant cement and is common 10 metres below 

the sub-aerial exposure surface which is present in the top of this group. Moreover, early cements 

were associated with hardgrounds developed during phases of reduced sediment input on the 

top strata of Kirkuk Group. Meteoric (phreatic) cement is usually composed of non-ferroan calcite 

cements; it is represented by the blocky and drusy textures that develop mainly in the middle and 

lower parts of the Kirkuk Group. More diagenetic features can be recognized in the early phases 

of diagenesis near the surface, such as dissolution of aragonite. The dissolution of skeletal grains 

took place near the surface, caused by the influx of meteoric waters derived from updip, this was 

followed by partial precipitation of non-ferroan calcite spars. Due to the aragonite dissolution, 

considerable volumes of secondary porosity were produced. This may occur in the meteoric 

vadose or upper part of the meteoric phreatic zone. Additionally, neomorphism is present in the 

form of aggrading neomorphism. Furthermore, early dolomite, with a very limited presence, 

occurs as scattered rhombs in the matrix, may illustrate that the original carbonate matrix mud 

consists of metastable mineral such as, high-Mg calcite and/or aragonite. During mineralogical 

stabilization, high-Mg calcite replacement by low-Mg calcite leads to the release of Mg ions into 

the pore water and forming dolomite rhombs. By analyzing samples under SEM, empty 

square/rhombic pits were found; they might be casts of microdolomite which were formed during 

the stabilization of metastable mineral.  

The second stage of diagenesis is the mesogenetic phase; it comprises mechanical compaction 

which can occur in shallow burial due to a lack of extensive early cementation. The mechanism 

of chemical and post-cement compaction is attributed to burial. Chemical compaction which 

developed widely in deeper burial realm and resulted in the forming of stylolites and clay seams, 

lead to the precipitation of the ferroan calcite cement and occluding porosity around the stylolite 

on the one hand, and developing secondary porosity along the stylolite line on the other hand, 

although it is minor. Another form of diagenesis present in this stage is deep burial cement, 

including ferroan calcite cement which precipitated in an anoxic environment. Cementation, 

mechanical and chemical compactions are three main components reduce porosity during burial.   

 One of the features in the telogenetic stage of diagenesis is fractures and veins, this can be found 

in different stages of diagenesis from early to late, present in different forms and sizes. In this 

stage fractures have been filled with meteoric calcite cements which cross-cut late ferroan 

cement. After uplift, the upper part of the Kirkuk Group was affected by dissolution and 
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karstification which caused by the influx of meteoric water. As a result, large amount of secondary 

porosity was produced which results in enhancing the overall amount of hydrocarbon storage in 

these successions and leading to increase the overall amount of porosity close to 20%. In this 

stage of diagenesis. there is no evidence of dedolomitization present in the Kirkuk Group. The 

summary of relative timing of diagenetic processes along with porosity estimation is summarized 

in Table 1.  

Table 1: Diagenetic features and their paragenetic sequence along with their diagenetic realms 
and effects on porosity are shown. 

 

Conclusion 

Petrographical and sedimentological studies offer evidence indicating that sub-aerial exposure 

and meteoric diagenesis were the most important diagenetic processes affecting the shallow 

carbonate facies of the Kirkuk Group. This meteoric dissolution resulted in significant 

enhancement of the secondary porosity. On the other hand, occluding primary porosity took place 
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during stabilization of metastable minerals besides cementation and compaction. However, the 

deeper marine outer ramp carbonate facies remain without significant changes to primary porosity 

with no evidence of enhancing of secondary porosity. Current overall estimated porosity of the 

Kirkuk Group is about 20%. 
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