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Abstract: 

 Kirkuk Group Formations (in addition to Avanah and Jaddala Formations) of 
southern Kurdistan were studied in order to determine biostratigraphy, 
chronostratigraphy and sequence stratigraphic relationships, in addition to major 
sediment producing environments and type of platform configuration. As well as to 
determine the paragenetic sequences with special attention to micrite diagenesis 
and its effect on microporosity. 

 Five biozones were identified in the study area in which two of them from Middle-
Late Eocene: Alveolina biozone (AL) and Discocyclina biozone (DI) with three 
biozones from the Oligocene-Early Miocene of Kirkuk Group: Nummulites fichteli 
biozone (NF); Praerhapydionina delicata biozone (PD) and Austrotrillina howchini 
biozone (AH). 

 Twenty two microfacies were identified and interpreted as having been deposited in 
a ramp setting based on lateral variations of the microfacies; gradual deepening with 
no evidence of slope break or effective barrier. A depositional model has been 
generated from the overall palaeoenvironmental interpretations of the microfacies in 
which the analysed microfacies indicates palaeoenvironments ranging from 
terrestrial to open marine settings; nine major depositional environmental zones 
have been identified and correlated with the standard Cenozoic ramp model of 
Buxton and Pedley (1989). These zones distributed across the ramp setting dipping 
southwest, in which zone 1 is terrestrial deposit; zone 2, 3, 4 and 5 are belonging to 
inner ramp; zone 6, 7 and 8 are belong to middle ramp and zone 9 is belong to outer 
ramp and basinal settings. 

 A paragenetic sequence has been derived recording eleven diagenetic processes 
affecting the Kirkuk Group which are subdivided into an eogenetic, mesogenetic and 
telogenetic stages. Furthermore, micrite matrices were studied from both shallow 
and deeper marine settings using SEM, trace elements and carbon/oxygen isotopes; 
the result shows the different sources; inner-mid ramp muds have a hemi-pelagic 
source and could have been mostly sourced from high-Mg calcite benthic 
foraminifera and red algae, and possible partial aragonite dominating; in contrast, the 
outer ramp matrices, were sourced from plankton, are largely composed of low-Mg 
calcite, as they are mineralogically stable. Although the exact origin would be difficult 
to ascertain after diagenesis. From the above two different rock fabrics, two distinct 
pore systems were identified: (1) low microporosity inner-mid ramp microfacies, it 
was sourced from metastable precursors and were recrystallized and replaced under 
meteoric waters, undergoing loss of primary porosity; (2) higher microporosity outer 
ramp/basinal microfacies, composed of more stable low-Mg calcite that underwent 
less recrystallization and retained some primary porosity. 

 The Kirkuk Group succession comprises of two shallowing upward 4th order cycle 
within one 3rd order cycle located between two unconformable surfaces at lower and 
upper boundaries which can be correlated to the global regression of sea level. The 
first 4th order cycle is located at Rupelian and composed of only the Sheikh Alas 
Formation and the second 4th order cycle is located at Chattian-Early Aquitanian 
and composed of the Bajawan, Anah, Azkand and Ibrahim Formations. Two different 
depositional sequences with different thicknesses were developed due to the 
synsedimentary Khanaqin Basement Fault which cross-cuts the study area and was 
activate during deposition. 
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Chapter One 

Introduction: 

 

1.1 Aims and objectives of the study: 

 Since the early twentieth century, the discovery of extractable oil and gas 

from the Kirkuk Group of the Kirkuk Oil Field has been a major focus of 

attention and it is the subject of numerous studies. This work concentrates on 

the Oligocene-Early Miocene of the Kirkuk Group which outcrops outside the 

Kirkuk field where there is a serious lack of research in south of the Kurdistan 

region with special attention to the Late Eocene formations in order to 

separate them with Kirkuk Group. The study will try to clarify the significance 

of the lithostratigraphic key surfaces, facies distribution and the depositional 

environments of the Oligocene-Early Miocene. Another aspect of this study is 

the porosity development of the Kirkuk Group carbonates in the studied area, 

evaluating the effects of the global sea level changes on the styles of 

deposition and reservoir potential.  

 

Specific objectives: 

1. Proving the presence or absence of whole or partial of the Kirkuk 

Group formations (see Bellen, 1956; 1959 in section 1.3) in the study 

area with special attention to their lithostratigraphy, biostratigraphy, 

chronostratigraphy and sequence stratigraphic relationships.  

2. To assure the age of the Nummulites rich layer which underlies Kirkuk 

Group is Late Eocene Avanah Formation not Early Oligocene Sheikh 

Alas Formation. 
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3. Establishing the chronostratigraphic framework for the studied units 

using index fossils, either macro or micro fossils, especially benthic 

foraminifera. 

4. Select and utilize outcrops in the southern part of the Kurdistan region 

to identify sediment composition, strata geometries, major sediment 

producing environments (carbonate factories) and type of platform 

configuration for the Kirkuk Group interval (Figure 1.1). 

5. To determine paragenetic sequences with careful attention to micrite 

diagenesis affecting microporosity that impacts upon reservoir quality in 

the study areas. 

6. To determine and identify the main stratigraphic divisions and stages of 

major stratigraphic surfaces to develop regional sequence stratigraphic 

model. 

7. To compare sequence stratigraphic interpretations with regional data 

sets in order to identify both regional and local controls on the 

depositional environment. 

 

The hypotheses tested in this thesis include: 

1. The Kirkuk Group depositional environment is on a ramp setting rather 

than reef. 

2. That the Kirkuk Group age is not totally restricted to Oligocene age, 

and it may extend to early Miocene. Thus, the age of the Nummulites 

layer can include to either the Kirkuk Group or Avanah Formation. 

3. New techniques can be used to determine the source of matrices in 

matrix rich limestones. 
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Figure 1.1: Geological map of the studied area located in the northeastern part of Iraq. Red lines are tectonic division 
lines of Kurdistan. 
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Figure 1.2: Comparison of the Kirkuk Group Formations and their regional equivalents with their sequence 
stratigraphic position (modified from Aqrawi et al., 2010). 
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Figure 1.3: Late Eocene Pila Spi Formation separated from red claystone of 

Fatha Formation (Early Miocene) by the Basal Fars Conglomerate (BFC). 

 Jassim and Goff (2006) reported two belts of varying thickness ranging from 

the northwest to the southeast of the Oligocene successions (Fig.1.4). One 

belt lies in the southwest between the Iraq-Syria border, southwest of Al Qaim 

and Amara, and the other one from Mushorah in the northwest to the Iraq-Iran 

border in the southeast. The greatest thickness of the Oligocene succession is 

between the Kirkuk and Kor Mor structures and it is more than 370m. The 

recorded outcrops of the Oligocene formations in Iraq are in the Qara Chuq 

structure south of Erbil.  This is situated in the Euphrates valley between 

Haditha and Anah, and other outcrops include Jabal Sinjar and Jabal Bamu, 

located along the Iraq-Iran border (Jassim and Goff, 2006). 

Pila Spi 
Formation 

Basal Fars 
Conglomerate 

(BFC) 

Fatha 
Formation 
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Figure 1.4: Thickness of the latest Eocene-Oligocene succession (Jassim and 

Goff, 2006). Note: dark areas are left without any explanation in Jassim and 

Goff (2006). 
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 Cretaceous and Tertiary foraminifera were investigated by Grimsdale (1977) 

in the Middle East. Fifteen species have been described over the sequence 

from Senonian to Oligocene. The Oligocene species have been classified into: 

1. Abundant Heterillina hensoni sp. nov. and Austrotrillina (?) 

paucislveolata sp. nov. These two species are important additions to 

the fauna which was previously described by Henson (1950b), as the 

Archaias operculiniformis, Peneoplis glynnjonesi and Praerhapydionina 

delicata. These fauna occur in limestone, with abundant Miliolidae, in 

wells at Kirkuk, Iraq, in the Lower Oligocene age. 

2. Nummulites vascus Joly and Leymerie var. semiglobulus (Doornink). 

This is associated with Nummulites fichteli, N. intermedius and N. 

vascus in the Oligocene of Kirkuk. 

3. Nummulites bouillei de la Harpe which is known from the lowest beds 

of the Oligocene in Kirkuk. 

4. Lepidocyclina ephippioides (Jones and Chapman). This species 

accompanies Nummulites fichteli, N. intermedius and Lepidocyclina 

dilatata (Michelotti) at Kirkuk. 

 Youkhana and Hradecky (1977) recorded the existence of some Oligocene 

formations (Shurau, Baba, Bajawan, Azkand and Anah formations) around the 

Bamu anticline. The thickness of the Oligocene in the recorded area is about 

82m. 

 Behnam (1979) studied the stratigraphy and palaeontology of the Oligocene-

Miocene strata in the Khanaqin area (northern Iraq) and described six 



11 
 

Oligocene formations (Shurau formation from the Early Oligocene, Tarjil, Baba 

and Bajawan formations from the Middle Oligocene, and Anah and Azkand 

formations from the Late Oligocene) for the first time from exposed rocks in 

the area. 

 Buday (1980), in recompiled work, argued that the Oligocene basin in Iraq 

represents a narrow basin that extends northwest to southeast, with basinal 

facies in its centre and reefal facies covering the shelves.  He also confirmed 

the presence of nine formations in the Kirkuk Group succession. 

 Muhammad (1983) studied the biostratigraphy of the Kirkuk Group 

Formations in the Kirkuk and Bai Hassan area. This study is complements 

previous research in its description of the micropaleontology of these 

formations, but in providing more detail to provide a clearer view of these 

formations. The paleoecology of the Kirkuk Group formations has been 

distinguished on the basis of the described sub-microfacies of these 

formations, and the age of these formations based on benthonic and 

planktonic foraminifera and red algae. 

 Al-Hashimi and Amer (1985) studied the Tertiary microfacies of Iraq. This 

study established petrographical texture, paleontological character, zonal 

recognition, facies types and depositional environments. It also analyzed fossil 

assemblages and lithostratigraphic units. The Tertiary sedimentary facies are 

represented by 159 illustrated plates which are arranged according to their 

stratigraphic order. 

 Majid and Veizer (1986) described the depositional and chemical diagenesis 

of Tertiary carbonates from the Kirkuk Oil Field. They classified the Oligocene 

strata as Early and Middle Oligocene.  The Early Oligocene strata include a 
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backreef-reef Shurau formation, a forereef Sheikh Alas formation and a 

basinal Palani Formation, whereas the Middle Oligocene strata include a 

backreef-reef Bajawan formation, a forereef Baba formation and a basinal 

Tarjil formation. They also determined the main stratigraphic relationships of 

the Kirkuk Group, both vertically and laterally, with special attention paid to 

their depositional environments. 

 During a study of the hydrogeochemistry of the caves and springs in the 

Sangaw-Chemchemal area, Babashekh (2000) recorded the existence of an 

outcrop in a part of the Oligocene beds on the southern flank of the Aj Dagh 

Anticline in the Awa Spi valley. In this section the thickness of the Oligocene 

outcrop is between 2-7m and consists of grey, recrystallized (brecciated in 

part) limestone. 

 Lawa et al. (2000) studied the stratigraphy and hydrogeology of the 

Sulaimanyiah area and drew a geological map of the area under consideration 

and indicated that an Oligocene sequence may be present near the boundary 

between the High and Low Folded Zones. 

 Ziegler (2001) generated a palaeofacies map of the Arabian Plate from the 

Late Permian to the Holocene to reconstruct the depositional history of the 

Arabian Plate.  This also included Oligocene palaeofacies spanning 

deposition of the Pebdeh-Chilo Formations (Palani Formation in Iraq) and 

their regional equivalents. 

 Lawa et al. (2001) recorded the Late Oligocene horizon from geological 

cross-section of Qaradagh - Karar basin. 
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 Grabowski and Liu (2008) studied and sequenced the stratigraphy and 

depositional history of Eocene-Miocene carbonates and evaporates of the 

northern Mesopotamian Basin. They found that the Oligocene Kirkuk Group 

has two sets of pro-gradational shelf to shelf-margin limestones that pass 

laterally into basinal globigerinid limestones. They also mention that the tops 

of the shelf sequences were sub-aerially exposed and eroded, with pro-

grading upward steepening shelf margins. 

 The lithostratigraphy of Late Oligocene-Early Miocene successions of 

Qaradagh-Kalawe Anticlines, south of Sulaimani, in the north of Iraq, was 

studied by Khanqa et al. (2009); they considered the conglomeritic sequence 

between the Pila Spi Formation and Lower Fars formation, which is known as 

Basal Fars conglomerates, to be equivalent in part to the Palani and 

Euphrates Formations. 
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 Figure 1.4: Geological map of the four structures in the studied area. 
Figure 1.5: Geological map of the four structures in the studied area. 
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Sagrma anticline: 

 This structure is considered as one of the classical anticlines of the Western 

Zagros Fold thrust belt (Lawa, 2004), with major northwest - southeast trends 

extending in length for 50 km and 2-3 km in width.  It forms a double plunging 

anticline with a north eastern limb which is steeper (even occasionally 

overturned) than the southwestern limb. The northeastern limb mostly 

consists of Late Eocene carbonates and is represented by the Avanah and 

Pila Spi Formations (Figure 1.6), while its core consists of Paleocene 

siliciclastic facies of the Kolosh Formation (Lawa, 2004). This fold represent 

the middle part between the Golan structures (southeast extension) while the 

Bazian structure represents its northwest continuation. One section has been 

logged at the southwestern limb of this structure named the Sagrma (SG) 

section (Figure 1.7). 

 

Aj Dagh anticline: 

 The Aj-Dagh anticline represents the third structure in a range called the 

Ajdagh- Baski zabun and Khuweelen structures which consists of an 

enechelon series of anticlines trending predominantly northwest-southeast. 

The Aj Dagh anticline represents an asymmetric double plunging anticline, 

with a northeast limb gently dipping at about 25 degree, and a steeper 

southwest limb dipping at about 45 degree; the steeper limb is dissected by 

several reverse faults. A transverse fault, expressed on the surface by the 

Awa Spi river, mostly cuts across the southeast plunge of this structure, with 

five sulphureous springs with a discharge of more than 20 litres per second 

(Babashekh, 2000). Four outcrops have been logged; two of them located at 
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northeastern limb of Aj Dagh structure named Zinana (Z) and Hazar Kani (AS) 

sections (Figure 1.8, 1.9), the third outcrop is located at the core of Aj Dagh 

Anticline (CA) (Figure1.10) and finally the Awa Spi outcrop (AW) located at 

southwestern limb of this structure (Figure 1.11). 

 

Figure 1.6: Northeastern limb of Sagrma anticline comprised of Late Eocene 

Pila Spi Formation. Scale: 1cm=25m. 

 

Figure 1.7: Selected section from southwestern limb of Sagrma anticline. 

Scale: 1cm=10m. 
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Figure 1.8: Selected section of Zinana outcrop from northeastern limb of Aj 

Dagh Anticline. 

 

 

Figure 1.9: Selected section of Hazar Kani outcrop from northeastern limb of 

Aj Dagh Anticline. 
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Figure 1.10: Selected section from core of Aj-Dagh anticline; person for scale 

marked in red colour. 

 

Figure 1.11: Southwestern limb of Aj-Dagh anticline with a discharge of 

sulphureous water called Awa-Spi. Scale bar is 5 metres. 
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Figure 1.12: Eastern limb of Bamu anticline with horizontal strata, mostly 

Eocene age. 

 

Figure 1.13: Western limb of Bamu Anticline comprises of vertical strata from 

Eocene-Oligocene-Miocene age. 
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The southeastern plunge is mostly within Iranian territories, and only the 

northwestern plunge is found in the Iraqi Kurdistan region. Only one outcrop 

has been logged at the southwestern limb of this structure named Sharwal 

Dra (SD) (Figure 1.14), the researcher could not log more than 122 metres 

because of the nature of this outcrop which is located on the Iraqi-Iranian 

border. The Kirkuk Group may also occur on the northeastern limb of this 

structure, but because of an unexploded bomb in the soil of this area a relic of 

the Iraqi-Iranian war, any outcrop could not be logged (Figure 1.15). 

 
 
Figure 1.14: Southwestern limb of the Sharwal Dra anticline. 
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Figure 1.15: Northeastern limb of Sharwal Dra Anticline. Field of view is 300 
metres. 
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1.5  Data collection: 

 Eight sections were logged covering 673 metres of stratigraphy and 319 

samples were collected from the south of Sulaimani area (Table 1.2). 

Sampling was designed to capture all major lithologies including changes in 

petro-physical properties. 

No. Sections No. of samples Total thickness (m) 

1 Sagrma 33 50 

2 Zinana 
34 45 

3 Hazar Kani 10 26 

4 Core of Aj Dagh 52 84 

5 Awa Spi 
37 35 

6 Bamu 30 125 

7 Bellula 73 186 

8 Sharwal Dra 
50 122 

 Total 319 673 

  

  Table 1.2: Total thickness and sample number from outcrops in the studied 

area. 
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high amplitude of anticlines, the Foothill Zone with low amplitude of anticlines 

and the Mesopotamian Zone. The Zagros Suture; is composed of thrust 

sheets of radiolarian chert, igneous and metamorphic rocks, subdivided into 

the Shalair Zone, Eugeocyncline, Northern Thrust Zone and Miogeocyncline 

(Figure 2.2). The Stable Shelf trends north-south due to Palaeozoic tectonic 

movements, while, the Unstable Shelf and Zagros Suture trend northwest- 

southeast or east-west and reflects Cretaceous-Recent Alpine orogenesis. 

While, Muman (2000) divided Iraq into seven divisions rather that three  

 

 Figure 2.1: Oligocene-Recent geodynamic development of Arabian Plate 

showing closing of Neo-Tethys with the opening of Gulf of Aden and Red Sea 

(Jassim and Goff, 2006). 
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(Figure 2.3); subductional tectonic facies, zone of imbrication of the foreland 

basin, highly folded zone of the foreland basin, suspended basin, the sagged 

basin of the Mesopotamian zone, Salam zone and Rutba-Jazira zone. The 

first and second divisions are equivalent to the Zagros Suture; the third, fourth 

and fifth divisions are equivalent to the Unstable Zone, and the sixth and 

seventh are equivalent to Stable Zone. 

 Al-Qayim (2006) proposed that the Oligocene basin developed in a relatively 

narrow, down warping sag-interior basin following an interval of uplift and 

widespread regression. It is situated in the Mesopotamian Zone in the Unstable 

Shelf (Figure 2.2), in the Makhul-Hamrin Subzone of Foothill Zone of the 

Unstable Shelf, in the Jazira Subzone and on the north margin of the Rutba 

Subzone of the Stable Shelf (Jassim and Goff, 2006). Oligocene sediments are 

absent on the Butma-Chamchamal Subzone, High Folded Zone, over most of 

the southwest part of the Balambo-Tanjero Zone and in the Northern Thrust 

Zone in the northeast part of Iraq due to large uplift during Oligocene time 

While, In the west of Iraq Oligocene sediments are absent over most of the 

Rutba Subzone, the Salman Zone and on the Zubair and Euphrates Subzone 

of the Mesopotamian Zone. 
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 B 

Figure 2.2: A. Tectonic map of Iraq, B. Tectonic division of 

Iraq into Stable Shelf, Unstable Shelf and Geosyncline/Thrust 

Zone and their subdivisions. (Sissakian et al.,1996). 

 A 
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Figure 2.3: Tectonic division of Iraq (after Numan, 2000). 
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2.2 Palaeogeography of Oligocene: 

 In general, the palaeogeography and depositional history of the Oligocene 

follows quite closely the pattern set in Middle-Late Eocene time. During the 

Middle-Late Eocene (49.0-33.7 Ma) interval the deposition of the Jaddala 

Formation (in Iraq and Syria), Dammam Formation (in Arabian Peninsula), 

Pebdah Formation (in Iran) took place with their regional equivalents (Figure 

2.4) which represents the second-order depositional sequence within AP10 

(Sharland et al., 2001). Global sea-levels were gradually falling (Haq et al., 

1987), but it is possible that only a relatively small part of the Arabian Shield 

was exposed, at least at the beginning of the depositional sequence. 

 The Oligocene basin is located between northwest and northeastern shores of 

the Arabian Gulf in Mesopotamian Zone (for more detail see section 2.1). This 

is separated from thrust belt by comprising the High Folded Zone. It was a 

relatively narrow, weakly subsiding basin. Two northwest-southeast trending 

belts of thick sequences of fringing reefs were developed along western and 

eastern shorelines of the basin and thin marls were deposited in the centre of 

the basin which was starved of sediment supply (Figure 2.5). 

 Because Oligocene sediments were deposited after the gradual regression of 

sea level from the Eocene, almost the entire Arabian Plate was exposed. The 

Neo-Tethys sea was closing rapidly and the Zagros foreland basin along the 

northeastern plate margin once more became a narrow trench in which mainly 

limestones were deposited along its margins. In the central part of the basin 

Pebdah-type sedimentation (Palani Formation) continued with silty to sandy 

shales alternating with argillaceous limestone interacalation (Ziegler, 2001) 

(Figure 2.6). 
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Figure 2.4: Chronostratigraphic section for Megasequence AP11 (34 Ma to 

present), derived from (Sharland et al., 2001). 

 

Farther east toward the High Zagros the deposition of the variegated marly to 

silty, in part calcareous, Razak Formation indicated uplift and erosion of the 
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eastern plate margin. The flanking shelves of the Zagros foredeep are 

composed of light coloured, well jointed, micritic and foraminiferal limestones 

with Nummulites and miliolids that form the well-known reservoir rocks of 

Asmari Formation (Ziegler, 2001). 

 

Figure 2.5:  Palaeogeography and facies trend of Oligocene (Jassim and Goff, 

2006). 
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Figure 2.6: Oligocene facies deposition of the Palani, Kirkuk and Asmari 

Formations with their regional equivalents. ( Ziegler, 2001). 
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 Depositional Envi. 

Oligocene Backreef Reef-Forereef Basinal 

Late Oligocene Anah Formation Azkand 

Formation 

Ibrahim 

Formation 

Middle Oligocene Bajawan 

Formation 

Baba Formation Tarjil Formation 

Early Oligocene Shurau 

Formation 

Sheikh Alas 

Formation 

Palani Formation 

Table 2.1: Oligocene stratigraphy and depositional environments (after Bellen 

et al., 1959). 

Depositional Envi.  

Oligocene 
Backreef Reef-Forereef Basinal 

Upper Oligocene 

Anah Formation, 

Bajawan 

Formation 

Azkand 

Formation, Baba 

Formation 

Ibrahim 

Formation 

Lower Oligocene 
Shurau 

Formation 

Sheikh Alas 

Formation 

Tarjil Formation, 

Palani Formation 

Table 2.2: Oligocene stratigraphy and depositional environments (after Ditmar 

et al., 1971). 

 Ditmar et al. (1971) divided the Oligocene sequence into a Lower and an 

Upper sequence of carbonate strata, each sequence consists of back 

reef/reef, forereef, and basin facies .  
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2.3.1 Lower sequence: 

 

 The lower sequence comprises the reefal Sheikh Alas and Shurau 

Formations and the basinal Palani and Tarjil Formations. 

2.3.1.1 Basinal (Palani and Tarjil Formations): 

2.3.1.1.1 Palani Formation: 

 

 The Palani Formation was first defined by Bellen (1956) from well Kirkuk-85 

and recognized as a dolomitized globigerina limestone (Bellen et al., 1959), in 

the upper part composed of dolomitic, Nummulites rich soft limestone. There 

is only one surface exposure of the Palani Formation in the Qara Chauq 

structure. 

 There have been discussions about the age of the Formation, which was 

assumed to be Early Oligocene based on its stratigraphic position. However, 

Ditmar et al., (1971) reported the age of Palani Formation as Late Eocene. 

The Formation may extend from latest Eocene to Early Oligocene (Jassim 

and Goff, 2006). 

 The depositional environment of the globigerinal limestones in the Formation 

was interpreted as outer shelf to  basinal (Majid and Veizer, 1986). 

2.3.1.1.2 Tarjil Formation: 

 This Formation was defined by Bellen (1956) from well Kirkuk-85. It is 

composed of slightly dolomitized globigerina marly limestone; it is rich in 

foraminifera including Nummulites intermedius and Lepidocyclina (Bellen et 

al., 1959). According to Jassim and Goff (2006) these fossils indicate the 
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Formation was deposited in an outer shelf environment and Nummulites 

intermedius appears to be restricted to the Early Oligocene. While, Majid and 

Veizer, (1986) found that the lower part of the Tarjil Formation in the Kirkuk 

region was deposited in an open marine, and the upper part in a toe of slope 

environment. 

 Jassim and Goff (2006) recorded that the Tarjil Formation is crops out in 

Qara Chauq area and consists of 20 m of hard, yellowish grey limestone 

overlain by thick bedded limestone with fossils including: Nummulites sp., 

Lepidocyclina sp., Rhapydionina sp., Rotalia viennoti, Lenticulina sp., 

gastropods, echinoids, algae, bryozoa and bivalves. 

2.3.1.2 Reef-backreef and forereef: 

2.3.1.2.1 Sheikh Alas Formation: 

 The Sheikh Alas Formation is characterized by buff, brownish grey to pinkish 

brown, dolomitized, porous and locally recrystallized Nummulitic limestone. It 

was defined by Bellen (1956) from an outcrop in the north dome of the Qara 

Chauq structure, it represents the forereef facies of the lower Oligocene cycle.  

 The Formation, in the type locality, contains only rare, poorly preserved 

Nummulites fichteli (Bellen et al., 1959), while in the Kirkuk area Nummulites 

intermedius, Nummulites inceassatus, Operculina cf. complanata, and Rotalia 

viennoti occur. 

 Majid and Veizer (1986) suggested that the lower part of this Formation was 

deposited in a foreslope environment, whereas the upper part represents a 

lagoonal environment, without any explanation why these two different facies 

occur next to each other. 
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2.3.1.2.2 Shurau Formation: 

 The Shurau Formation consists of two parts; a lower porous coralline 

limestone and upper grey and dense limestone which was first defined by 

Bellen (1956) in well K-109 in the Kirkuk structure. Fossils in the type locality 

are relatively rare.  

In the Kirkuk area the lower part of the Formation was deposited in a reef, and 

the upper part in a tidal flat environment (Majid and Veizer, 1986). However, in 

the west of Iraq, the formation was deposited in a reef and partly in a backreef 

environment (Jassim et al., 1984). It represents the reef-back reef facies of 

the lower Oligocene reef cycle. 

2.3.2 Upper Sequence: 

The Upper Sequence comprises the reef complex of Baba, Bajawan, Azkand 

and Anah Formations and the basinal Ibrahim formation. These formations 

pass both vertically and horizontally into each other. 

2.3.2.1 Ibrahim Formation: 

 The Ibrahim Formation is consists of globigerina marly limestones with traces 

of pyrite and occasional glauconite. It shows slight dolomitization (Bellen, et 

al, 1959) which was first defined by Bellen (1956) from well Ibrahim-1, in the 

Sheikh Ibrahim structure of the Foothill Zone, northwest of Mosul. The 

thickness of the formation at its type section is about 56m (Buday, 1980). This 

Formation was deposited in a basinal environment and represents the basinal 

equivalent of the upper Oligocene reef cycle. 
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2.3.2.2  Reef, backreef and forereef: 

2.3.2.2.1 Baba Formation: 

 The Baba Formation consists of porous, dolomitized fossiliferous limestone 

(Bellen, 1959) defined by Bellen (1956) from well Kirkuk-109. 

 Ctyroky and Karim (1971a) studied the outcrops of this formation in the Anah 

area west of Iraq and identified the following fauna: Rotalia viennoti, 

Lepidocyclina cf. elephantiana, L. cf. dilatata, L. cf. morgani, Archaias sp., 

Triloculina sp., Quinqueloculina sp., Robulus sp., peneroplis sp., 

praerhapydionina sp. (?), Spiroclypeus cf. marginatus, ostracods., gastropods, 

Spirorbis sp. (?),Chlamys sp. (?), corals and fish teeth. This fauna indicates a 

Middle Oligocene age. However, Bellen et al., (1959) dated the upper part of 

the Formation in the Anah area as early Late Oligocene. 

 Based on the fauna, the Formation was deposited in a fore-reef environment 

along both the northeast and southwest margins of the Oligocene basin (Majid 

and Veizer, 1986).  

2.3.2.2.2  Bajawan Formation: 

 Bellen (1956) defined the Bajawan Formation from well Kirkuk-109. It 

consists of the alternation of tight miliolid limestone with more porous, patchily 

dolomitized coralline algal reef limestone, with relatively abundant coral 

fragments and thin argillaceous limestone beds (Bellen et al., 1959). The total 

thickness is about 40 m. 

 Based on the fossil content and the amount of porosity, this formation was 

subdivided to two parts as follows: 

A) The upper dense unit: 
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This consists of dense miliolid limestone which is partly chalky or 

dolomitized. Its upper part is mostly brecciated; therefore its looks like 

the basal conglomerate of the overlying Fatha Formation. 

B) The lower porous unit: 

This consist of alternation of two types of rocks, one being similar to 

that of the dense unit of Bajwan with a moderately higher degree of 

recrystallization, dolomitization and porosity, and the second which 

consists of a porous and vuggy dolomitic limestone. 

 Two faunal zones were identified within Bajawan Formation (Bellen et al., 

1959): a lower Delicata Zone characterized by Praerhapydionina delicata and 

an upper Kirkukensis Zone characterized by Archais kirkukensis, indicating 

the formation is probably of Late Oligocene age. Ditmar et al. (1971) claimed 

that there is no age difference between the Bajawan and Baba, Anah and 

Azkand Formations and that these four Formations belong to one sequence. 

 The lower part of the Bajawan Formation was deposited in a reef and partly 

backreef environment; the upper part was deposited on mud flats (Majid and 

Veizer, 1986). 

2.3.2.2.3  Azkand Formation: 

 The Azkand Formation consists of massive, dolomitic and recrystallized 

limestone, generally with high porosity (Bellen et al., 1959) which was defined 

by Bellen (1956) in the Azkand area of Qara Chauq structure. The thickness is 

variable, but it is usually around 100m (Buday, 1980). 

 Fossils recorded from the formation include Heterostegina cf. assilinoides, 

Miogypsinoides complanata in the upper part, and in the lower part 

Lepidocyclina spp. (Bellen et al., 1959), the presence of Heterostegina cf. 
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assilinoides indicates a Late Oligocene age, and the environment of 

deposition is represent the fore-reef environment. 

2.3.2.2.4 Anah Formation: 

 Bellen in 1956 also defined the Anah Formation from the Euphrates valley 

about 15 km west of Al Nahiyah village near Anah. It iscomposed of grey, 

brecciated, recrystallized, detrital and coralline limestone, massive in the 

lower part and becoming thinner bedded upwards (Bellen et al., 1959). Jassim 

and Goff (2006) pointed out that the formation is mostly a reef deposit, 

alternating with backreef, miliolid facies. 

 Ctyroky and Karim, (1971a) studied outcrops of this Formation from the 

Euphrates valley, they reported: Subterranopyllum thomasi, Archaias 

kirkukensis, Austrotrillina howchini, Rotalia viennoti, miliolids, Robulus sp., 

Bolivina sp., Textularina sp., Trioculina cf. gibba, Trioculina sp., 

Quinqueloculina sp., Peneroplis thomasi, P. evolutus, Operculina cf. 

complanata, Lepidocyclina sp., Miogypsinoides complanata, Hydrobia sp. (in 

a reef?) Indet., Cons sp. Juv., Scaphander sp., Acteonia sp., Nassa sp., 

Natica sp., Mitra sp., Cerithium sp., Pyramidella sp. Juv., Tympanotomus 

margaritaceus, Oliva sp., Chlamys sp., Euchilus sp. Juv., bryozoa remains 

indet, Heliastrea defrancei, fish bones. According to Ctyroky and Karim, 

(1971a) the presence of Miogypsinoides complanata indicates a latest 

Oligocene age. 
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Figure 2.7: Oxygen-Carbon isotope showing the Oligocene (Oi-1) and 

Miocene (Mi-1) glaciations with Late Oligocene warming event (Zachos et al., 

2001) including shallow microfacies of Kirkuk Group where deposited during 

Late Oligocene Warming. 
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Chapter Three: 

Biostratigraphy 

3.1 Preface: 

 A regional investigation of fossils from the Late Eocene as well as from 

Oligocene-Early Miocene Kirkuk Group has been carried out in northeast Iraq; 

the selected sections are characterized by being rich in fossils, mostly benthic 

foraminifera; occasional planktonic foraminiferal and macro fossils including 

bivalves, gastropods, echinoids fragments, red algae and coral bioherm are 

also present. Index fossils of benthic foraminifera have been used for the 

purpose of determining the age of the Kirkuk Group, because of their young 

age, wide geographical distribution and abundance in the selected sections. 

 For fossil recognition and zonation, a large number of sources have been 

used, the most important are: Henson, 1950b; Bellen, 1956; Bellen et al., 

1959; Smout and Eames, 1958; Adams, 1967, 1968; Sampo, 1969; 

Grimsdale, 1977; Al-Qayim and Khaiwaka, 1980; Muhammed, 1983; 

Sharbazheri, 1983; Al Hashimi and Amer, 1985; Majid and Viezer, 1986; 

Sartorio and Venturini, 1988; Abid and Sayyab, 1989; Jones and Racey, 

1994; Racey, 1994; Cahuzac and Poignant, 1997; Serra-Kiel et al., 1998; Bou 

Dagher-Fadel, 2008. 

 The facies/biofacies implications of the forams present are discussed in the 

next chapter. 
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3.2 Zonation:  

 The selected studied sections are subdivided into biostratigraphic units 

(zones) based preliminarily on the shallow benthic foraminifera zonations 

(SBZ) (Cahuzac and Poignant, 1997; Serra-Kiel et al., 1998). The planktonic 

foraminifera were carefully studied, but no index fossils were recognized that 

could be assigned to global planktonic foraminifera zones. The zones are also 

supported by their stratigraphic positions, the lateral and vertical relationships, 

especially the prominent criteria of continuity and discontinuity between 

different formations of the eight sections studied. The term zone is commonly 

used for a minor stratigraphic interval in any category of stratigraphic 

classification; there are many kinds of zones depending on the stratigraphic 

characters under consideration, e.g. lithozones, biozones, chronozones 

(Hedberg, 1976). 

 Biozonation has been carried out on the Kirkuk Group by several authors in 

the Kirkuk area. Bellen (1956) and Bellen et al. (1959) divided the Kirkuk 

Group into three main zones, Lower, Middle and Upper Oligocene biozones, 

each of these being divided into three main facies groups ranging from lower 

to upper: reef/back-reef Shurau Formation (Dendrophyllum, Paucialveolata), 

Bajawan Formation (Kirkukensis, Delicata) and Anah Formation 

(Miogypsinoides); fore-reef Sheikh Alas Formation (Nummulites), Baba 

Formation (Lepidocyclina, Lepidocyclina/ Nummulites) and Azkand Formation 

(Miogypsinoides, Miogypsinoides/Lepidocyclina); and finally offshore 

(Globigerina) Palani, Tarjil and Ibrahim Formations (see Table 3.1). 

 Al-Hashimi and Amer (1985) studied Cenozoic microfacies and their fossil 

assemblages in Iraq. They divided the biozones of the Kirkuk Group into three 









51 
 

3.3  Biozones: 

 The biozones in this study are composed of two Eocene biozones with three 

biozones from the Oligocene-Early Miocene of the Kirkuk Group (see Table 

3.2); working from top to bottom, or from older to younger, these are: 

3.3.1 Alveolina biozone (AL); 

3.3.2 Discocyclina biozone (DI); 

3.3.3 Nummulites fichteli biozone (NF); 

3.3.4 Praerhapydionina delicata biozone (PD); 

3.3.5 Austrotrillina howchini biozone (AH). 

 

Age Formation Biozones 
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Table 3.2: Biozone classification for the Kirkuk Group Formations at eight 

selected sections in the area studied. 
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Starting with the oldest to the youngest biozones, the detailed descriptions are 

as below: 

3.3.1 Alveolina biozone (AL): 

 Age: Middle Eocene. 

 Locality: This biozone recorded only in the Avanah Formation of the Bamu 

Gorge section at the western limb of the Bamu Anticline (see Table 3.4). 

 Description: The AL biozone is defined by the presence of the Alveolinids 

(see Table 3.3 and Figure 3.1). The top of AL is the last occurrence of 

Alveolinids. This biozone has a predominance of both porcelaneous and 

hyaline larger benthic foraminifera such as: Nummulites; Asterigerina and 

Orbitolites with minor components of miliolids; Biloculina; Triloculina; 

Quinqueloculina and Spirolina. 

 The characteristic of the AL zone is the extinction of Alveolinids, which can be 

correlated with the upper boundary of the Shallow Benthic Zone17 (SBZ17) in 

the zonation of Serra-Kiel et al. (1998) (see Table 3.3). 

 Sharbazheri (1983) described Alveolina bearing strata in the Duhok area of 

northern Iraq and considered these a part of the Avanah Formation, and the 

age of this layer has been determined as being the Middle Eocene age, as 

determined by the larger foraminiferal assemblage in this layer. 

 According to Hottinger (1960), Drobne (1977) and Nebelsick et al. (2005), the 

association of alveolinids with nummulitids, asterigerinids and small miliolids 

define the rocks of Middle Eocene age on the western and eastern Lessini 

Shelf. 
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Figure 3.1: Photomicrograph of Alveolina in the Bamu Gorge. Unstained thin-

section, sample number BS.1. Field of view is 5 mm. 

 

3.3.2  Discocyclina biozone (DI):  

 Age: Late Eocene. 

 Locality: The Discocyclina biozone is recorded from the Avanah Formation at 

three localities: in the southwestern limb of the Aj Dagh Anticline at the Awa 

Spi locality, while at the northeastern limb and at the core of the Aj Dagh 

anticline it is absent. It is also present in the Bamu Gorge locality at the 

western limb of the Bamu Anticline and in the Bellula Gorge locality, at the 

western limb of the Bamu Anticline (see Tables 3.4, 3.5, 3.6). 

 Description: the DI biozone is defined by the occurrence of the Discocyclinids 

without Alveolinids (see Table 3.3 and Figure 3.2). The top of DI biozone is 

defined by the last occurrence of Discocyclinids. The Discocyclina is 
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associated with Nummulites, Asterigerina and with minor components of: 

miliolids; Biloculina Triloculina; Quinqueloculina; Spirolina; Orbitolites; 

Operculina; Actinocyclina and Pellatispira. The latter confirms the Late 

Eocene age for this biozone, because of its short age range which is located 

at the end of the Late Eocene (Sartorio and Venturini, 1988; Serra-Kiel et al., 

1998). 

 The characteristic of the upper boundary of Discocyclina biozone is the 

extinction of Discocyclinids and this can be correlated with the upper 

boundary of Shallow Benthic Zone 20 in the zonation of Serra-Kiel et al. 

(1998) (see Table 3.3). 

 The larger foraminifera of the upper part of the Dammam Formation include 

assemblages of Discocyclina; Nummulites and Pellatispira are confirmed as 

being of the Late Eocene (Priabonian) age (Bokhary et al., 2005). 

 

Figure 3.2: Photomicrograph of Discocyclina in Bellula Gorge. Unstained thin-

section, sample number BL. 5. 
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Table 3.4: Distribution chart of M. Eocene-E. Miocene benthic foraminiferal 

biozones in the Bamu Gorge locality. 
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Table 3.5: Distribution chart of Eocene-Miocene benthic foraminiferal 

biozones in the Awa Spi locality. 
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Table 3.6: Distribution chart of the Eocene-Oligocene benthic foraminiferal 
biozones in the Bellula locality.  

A
ge

F
or

m
at

io
n 

F
au

na
l z

on
e

sa
m

pl
e 

no
.

m
ili

ol
id

s 
sp

.

T
ex

tu
la

ri
a 

sp
.

N
um

m
ul

ite
s 

va
sc

us
 

N
um

m
ul

ite
s 

fic
ht

el
i

N
um

m
ul

ite
s 

sp
.

D
is

co
cy

cl
in

a 
sp

.

A
ct

in
oc

yc
lin

a 
sp

.

A
st

er
ig

er
in

a 
sp

.

P
el

la
tis

pi
ra

 s
p.

P
K

 fo
ra

m
s

C
ol

on
ia

l c
or

al

so
lit

ar
y 

co
ra

l

R
ed

 a
lg

ae

B
iv

al
ve

s

E
ch

in
oi

ds

BL.68 | |
BL.67 | | |
BL.66 | | |
BL.65 | |
BL.64 | | | |
BL.63 | |
BL.62 | | |
BL.61 | |
BL.60 | |
BL.59 | |
BL.58 | | |
BL.57 |
BL.56 | |
BL.55
BL.54 | |
BL.53 |
BL.52 |
BL.51 | | |
BL.50 | |
BL.49 | ? |
BL.48 | |
BL.47 | |
BL.46 |
BL.45 | | |
BL.44 | | |
BL.43 | | |
BL.42 | |
BL.41 |
BL.40 | |
BL.39 | | |
BL.38 | |
BL.37 | | |
BL.36 | | |
BL.35 | |
BL.34 |
BL.33 | |
BL.32 |
BL.31 | | |
BL.30 | | |
BL.29 | |
BL.28 | | |
BL.27 | |
BL.26 |
BL.25 |
BL.24 |
BL.23 | |
BL.22 | | |
BL.21 | | | |
BL.12 |  |
BL.11 | | | |
BL.10 | | |
BL.9 | | |
BL.8 | | |
BL.7 | | |
BL.6 | | | | |
BL.5 | | | | |
BL.4 | | | |
BL.3 | | |
BL.2 | | |
BL.1 | | | |

D
I

S
hi

ek
h 

A
la

s

E
ar

ly
 O

lig
oc

en
e

La
te

 E
oc

en
e

Ja
dd

al
a

A
va

na
h

N
F



59 
 

3.3.3 Nummulites fichteli biozone (NF): 

 Age: Early-Late Oligocene. 

 Locality: This biozone defines the Sheikh Alas Formation and is present in 

the Bellula Gorge locality at the western limb of the Bamu Anticline (see Table 

3.6). 

 Description: The NF biozone is defined by the first and last occurrence of 

Nummulites fichteli (see Table 3.3 and Figure 3.3). This is associated with 

Nummulites vascus. 

 The characteristic of the NF biozone is the range of Nummulites fichteli. The 

lower boundary of the NF biozone indicates the first appearance of Oligocene 

strata, and the upper boundary is in the Chattian, which may correlate with the 

shallow benthic zones SBZ 21, SBZ 22A and SBZ 22B, which were described 

by Cahuzac and Poignant (1997), Sirel (2003) and Gedik (2008) (see Table 

3.3).  

The NF biozone is similar to the Nummulites zone which was described by 

Bellen (1956), Bellen et al. (1959) and Majid and Veizer (1986) as one of the 

zones of the Kirkuk Group of the Early Oligocene which extends to the middle 

Oligocene in the Kirkuk area (see Table 3.1).  

In the north-central Zagros Basin in Iran, Hakimzadeh and Seyrafian (2008); 

Laursen et al. (2009) and Seyrafian et al. (2011) used benthic foraminifera to 

determine the age of the Asmari Formation and they recorded the Nummulites 

vascus-Nummulites fichteli zone as being of Early Oligocene (Rupelian) age. 

However, Lackpour et al. (2008) studied the Asmari limestone of Iran and 

reported that the Nummulites fichteli-intermedius and Nummulites vascus 

belong in the Lower to Middle Oligocene. 
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Mukhopadhyay (2003) studied the foraminiferal assemblage from the Eocene-

Oligocene boundary of the Cambay Basin in India; the first appearance of 

Nummulites fichtelli has been correlated with the lower boundary of SBZ 21 of 

Serra-Kiel et al. (1998). Other records of Nummulites fichteli from India have 

been reported as being from the Early Oligocene age by Sengupta (2000, 

2002). In 1986, Drooger and Laagland classified the larger foraminifera of the 

Europian-Mediterranean Oligocene into several sub-zones; the lowermost 

zone of the Oligocene was composed of Nummulites, these commonly consist 

of Nummulites fichteli and Nummulites vascus in widely varying abundance 

with a pronounced Nummulites fichteli zone. 

 

Figure 3.3: Photomicrograph of Nummulites fichteli in Bellula Gorge. Stained 

thin-section, sample number BL.56. Field of view is 1.5 mm. 
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3.3.4 Praerhapydionina delicata biozone (PD): 

 Age: ?Early-Late Oligocene. 

 Locality: A Praerhapydionina delicata zone defines the Bajawan Formation 

and it is present in three localities of the Aj Dagh Anticline in Zinana, in Hazar 

Kani, in the core of the Aj Dagh Anticline, and in the Bamu Gorge section in 

the Bamu Anticline (see Tables 3.4, 3.7, 3.8, 3.9). 

 Description: The PD biozone is characterized by the occurrence of 

Praerhapydionina delicata (see Table 3.3). The upper boundary is 

represented by last occurrence of Praerhapydionina delicata (Figure 3.4). It is 

associated with porcelaneous benthic foraminifera as: miliolids; Peneroplis 

sp.; Peneroplis evolutus; Peneroplis thomasi; Austrotrillina sp.; Austrotrillina 

?paucialveolata/asmariensis; Dendritina rangi; Archaias kirkukensis; 

Biloculina; Triloculina; Quinqueloculina  and rare Spirolina. 

 According to Henson (1950a), Adams (1970) and Abid and Sayyab (1989), 

the age of Praerhapydionina delicata is limited to the Oligocene age (Early 

and Late Oligocene). However, Praerhapydionina delicata was identified by 

Lackpour et al. (2008) in the lower part of the Asmari Formation as being of 

the Middle Oligocene age. 

Praerhapydionina delicata, as a biozone, was first described by Bellen (1956) 

and Bellen et al. (1959) in the Kirkuk area as one of the two biozones of the 

Bajawan Formation (kirkukensis and delicata) of Middle Oligocene age (see 

Table 3.1) A similar biozone is also reported by Behnam (1979) in the 

Khanaqin area, in the northeast of Iraq. 

 In this study, the PD biozone is limited only to the Late Oligocene age. 

Furthermore, one of the associated fossils in this zone is Dendritina rangi, 
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which starts to appear from the Late Oligocene age (Henson, 1950b), thus 

confirming that the age limit of this biozone is the Late Oligocene. So the PD 

biozone correlates with the shallow benthic zones SBZ 22B and SBZ 23, 

according to Cahuzac and Poignant (1997). 

 

Figure 3.4: Photomicrograph of Praerhapydionina delicata in Hazar Kani area. 

Unstained thin-section, sample number AS.8. Field of view is 3 mm. 
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Table 3.7: Distribution chart of the Eocene-Miocene benthic foraminiferal 

biozones in the Zinana locality. 
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Table 3.8: Distribution chart of the Eocene-Miocene benthic foraminiferal 

biozones in the core of the Aj Dagh locality. 
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Table 3.9: Distribution chart of the Eocene-Miocene benthic foraminiferal 

biozones in the Hazar Kani locality. 
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 Description: The AH biozone is characterized by the occurrence of the 

Austrotrillina howchini (see Table 3.3 and Figure 3.5). The lower boundary of 
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this biozone is represented by the first occurrence of Austrotrillina howchini. 

The associated porcelaneous benthic foraminifera are composed of: miliolids, 

Austrotrillina sp., Austrotrillina ?paucialveolata/asmariensis Peneroplis sp., 

Peneroplis evolutus, Peneroplis thomasi, Dendritina rangi and Archaias 

kirkukensis. Minor components of Spirolina; Biloculina, Triloculina and 

Quinqueloculina are also present. 

Smout and Eames (1958) studied the Asmari Formation in Iran and found that 

the middle of the Asmari Limestone contains Austrotrillina howchini, which 

directly underlies beds of Burdigalian age in normal succession; they 

assessed the age of this fauna as Aquitanian, because it is definitely more 

closely related to a Burdigalian than to an Oligocene fauna. According to 

Adams (1968, 1970), the first appearance of Austrotrillina howchini is in the 

Early Miocene (Aquitanian). 

 As a result this biozone can be correlated with the shallow benthic zone SBZ 

24 according to Cahuzac and Poignant's zonation (1997). 

 

Figure 3.5: Photomicrograph of Austrotrillina howchini in the Zinana area. 

Unstained thin-section, sample number Z.28. Field of view is 3 mm. 
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Table 3.10: Distribution chart of the Eocene-Miocene benthic foraminiferal 

biozones in the Sagrma locality. 
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3.4 Summary and conclusion: 

 This study reveals that the age of the Kirkuk Group in the northeast of Iraq 

corresponds to the Oligocene (Rupelian-Chattian) and Early Miocene 

(Aquitanian) stage. The most important species identified are Nummulites 

fichteli, Nummulites vascus, Praerhapydionina delicata, Archaias kirkukensis, 

Austrotrillina howchini and Rotalia vienotti. The following biozones based on 

benthonic foraminifera have been recognized: (1) Austrotrillina howchini; (2) 

Praerhapydionina delicate; (3) Nummulites fichteli; (4) Discocyclina and (5) 

Alveolina. These biozones correlate to shallow benthic zones (SBZ) according 

to Cahuzac and Poignant (1997) and Serra-Kiel et al. (1998) (see Table 3.3). 
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Locations 
Environmental 

interpretation 
Description 

Sagrma Inner ramp 4.5 metres thick package of Anah Formation. 

Zinana Inner ramp 
Thick limestone package of 17.5 metres of 

Bajawan and Anah Formations. 

Hazar Kani Inner-mid ramp 
10 metres of massive to thick bedded 

limestone of Bajawan and Anah Formations. 

Core of Aj Dagh Inner-mid ramp 
More than 15 metres, massive to thick 

package of Bajawan and Anah Formations. 

Awa Spi Inner ramp 
Thick limestone package more than 11 

metres of Bajawan and Anah Formations. 

Bamu Gorge Inner ramp 
20 metres, massive limestone of Bajawan 

and Anah Formations. 

Bellula Gorge Mid ramp 
More than 50 metres of massive limestone of 

Sheikh Alas Formation. 

Sharwal Dra Mid-outer ramp 
More than 122 metres of massive to thick 

bedded of Azkand and Ibrahim Formations. 

Table 4.1: Brief description with palaeo-environmental interpretations of the 
Kirkuk Group at the eight outcrops studied in northeastern Iraq. 
 
 Microfacies and their subdivisions are summarised in Table 4.2 based on 

stratigraphic position. Microfacies descriptions are summarised in Table 4.3, 

whilst the detailed microfacies characteristics are described in Section 4.2 and 

interpreted in Section 4.3. An integrated model has been generated in Section 

4.4 and, finally, the summary and conclusions are in Section 4.5. The most 

widely used classification of carbonate rock is by Dunham (1962); this 

classification was modified by Embry and Klovan (1971) to include the reef 

textures. The classification was further revised by Wright (1992). In this study 

the latter classification scheme have been used for limestone classification. 

Moreover, the comparison charts after Baccelle and Boesellini (1965) have 

been used for estimating the percentage of each skeletal and non-skeletal 

grain in the microfacies. 
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Micro-
facies Sub-microfacies Locations 

FT 

GY: Gypsum BS, SG 

GM: Marl BS, SG 

RC: Claystone BS, BL, SG, Z, AS, 
CA, AW 

JB 
OG: Ooidal grainstone CA 

PP: Peloidal packstone/grainstone CA, AW, AS, Z 

RR 
Rotalids-Coralline red algae 

wackestone/packstone SD 

SP 

SP-1: Skeletal packstone with 
brecciation 

AS, AW 

SP-2: Skeletal packstone with 
Austrotrillina howchini BS, SG, CA, Z 

SP-3: Skeletal grainstone with 
Praerhapydionina delicata AS, CA, Z, BS 

MP 

MP-1: peloidal, bioclastic 
packstone/grainstone 

Z, CA 

MP2: peloidal 
wackestone/calcimudstone 

AS, AW, CA 

CB Coral bioherm AS, CA, BL, SD 

CG Conglomerate AS, AW 

PS Palaeosols AW 

PK 

PK-1: peloidal packstone with planktonic 
foraminifera 

AW 

PK-2: Planktonic foraminifera calci-
mudstone BL, SD 

PK-3: Planktonic-benthonic foraminifera 
wackestone 

BL 

NR 
NR-1: Coralline red algae-Nummulites 

wackestone BL 
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NR-2: Coralline red algae-Nummulites-
Discocyclina packstone. BS, AW, CA 

NR-3: Nummulites-Discocyclina 
packstone 

BL, BS, AW 

PG Peloidal, skeletal grainstone. BS,SG, Z, AS, CA, 
AW 

NA 
Nummulites-Alveolina 
packstone/grainstone. 

BS 

Table 4.2: Summary of the Microfacies divisions for the eight studied 

outcrops according to their stratigraphical position in the field. Location 

codes are: SG=Sagrma; Z=Zinana; AS=Hazar Kani; CA=Core of Aj Dagh; 

AW=Awa Spi; BS=Bamu Gorge; BL=Bellula Gorge and SD=Sharwal Dra. 

 

4.2 Microfacies descriptions: 

 Twenty-two different Microfacies have been recognized in the eight field 

areas studied. They have been differentiated based on lithology, bioclasts and 

diagenesis. Each Microfacies will be described separately, as detailed below; 

for all detailed percentages of all skeletal and non-skeletal grains including 

cement and matrix percentages see Table 4.3. 

 

4.2.1 Microfacies FT: 

 The FT microfacies is mainly divided into three sub-microfacies; GY, GM and 

RC. The successions of these three microfacies are formed from the Fatha 

(formerly named Lower Fars) Formation (Figure 4.1) of Early Miocene age 

(Burdigalian) which overlies unconformably the Kirkuk Group in the Sagrma 

(SG), Bamu Gorge (BS) and Bellula Gorge (BL) outcrops. While in the four 

outcrops of the Aj Dagh anticline (Zinana (Z), Hazar Kani (AS), core of Aj 

Dagh (CA) and Awa Spi (AW)), this formation rests on the top of the Early 
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Miocene Jeribe Formation. The following description focuses only on field 

appearance because of the well-known of this formation in the northern Iraq. 

4.2.1a Sub-microfacies GY:  

 This microfacies is characterized in the field by white, thick to massive, 

bedded gypsum. It occurs only in the Sagrma and Bamu Gorge localities, the 

thickness ranges from 2 to 5 metres. It is interbedded with other two 

microfacies of the Fatha Formation (GM and RC) (Figure 4.1). The Chicken-

wire structure can be recognized in the Bamu Gorge area (Figure 4.2). The 

microfacies appearance is limited to finely crystalline gypsum.  

4.2.1b Sub-microfacies GM: 

 The GM microfacies is recognized in the field as greyish-green, thin-bedded, 

finely laminated to rarely low-angle laminated marl (Figure 4.3). Its thickness 

varies according to the location. This microfacies is present in only two 

localities; in the Bamu Gorge with a total thickness of 3.5 metres and in 

Sagrma with a total thickness of 4 metres. It is interbedded with GY and RC 

microfacies (Figure 4.1). 

4.2.1c Sub-microfacies RC: 

 Microfacies RC is characterized in the field by red thin-bedded claystone 

(Figure 4.1). The thickness of this microfacies varies according to the locality; 

it occurs in seven localities within the study area. It is present in the Bamu and 

Bellula Gorges with a total thickness of tens of metres; in Sagrma at several 

metres; in the Aj Dagh Anticline (Zinana, Hazar Kani, core of Aj Dagh and 

Awa Spi) localities with thicknesses of tens to hundreds of metres, resting on 

JB microfacies of the Jeribe Formation. While in the three former localities it is 

located in the uppermost layer of the SP microfacies of the Kirkuk Group.  
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Figure 4.1: Field photograph for GY, GM and RC microfacies of Fatha 

Formation in the Bamu Gorge area. 

Figure 4.2: Field photograph of gypsum (GY) microfacies with Chicken wire 

structure at Bamu Gorge locality. 
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