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Abstract:  

Petrographic and diagenetic analysis of the Middle-Upper Jurassic successions (Sargelu, 

Naokelekan, and Barsarin) formations and boundaries between them in the Sargelu area, Kurdistan 

region, N.E. Iraq was conducted based on the lithologic description, thin section analysis, and 

scanning electron microscopy  .The study aims to define the petrographic components and diagenetic 

processes that affect the carbonate rocks of Jurassic succession in the studied section. Thirty-eight 

thin sections have been prepared, with five samples selected using the S.E.M. technique to reveal 

the petrographic components and diagenetic processes. The Jurassic succession is composed mainly 

of carbonates (limestone and dolostone) interbedded with shale units. Petrographically, the Sargelu, 

Naokelekan, and Barsarin formations are composed of skeletal grains (pelagic pelecypods, 

radiolaria,  calcispheres, planktonic and benthonic foraminifera such as miliolid, ostracods, 

bioclasts, and stromatolites) which are the most common, in addition, non-skeletal grains such as 

poloids, micritic groundmass, and recrystallized micro spars, Many diagenetic processes affected 

the studied carbonate rocks such as micritization, dolomitization compaction and stylolite 

formation, authigenic minerals (pyrite), cementation, neomorphism, dissolution and porosity 

formation as represented by moldic, vuggy, channel and fracture porosity. 

Keywords: Jurassic succession, Northeastern Iraq, Sargelu area, Petrographic components, 

Diagenesis, Dolomitization. 
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في مقطع سركلو   الأعلى  - الأوسطو العمليات التحويرية لتتابعات الجوراسي  الصخرية

 العراق  شرقي شمال

 3الجبوري  إسماعيلعلي ، 1،2سرمد عاصي علي ،1ريبوار حسين رسول

 العراق  ،معة كركوك، كركوكجا  العلوم،كلية  لوم الأرض التطبيقية،قسم ع 1
 جيوكويست، كلية علوم الأرض والغلاف الجوي والحياة، جامعة ولونجونج، ولونجونج، أستراليا مركز أبحاث 2

 ق العرا  ،كوبري معة كتاب، التون جا  الهندسة،كلية   هندسة النفط،قسم  3

  .alialjubory@yahoo.com ,sarmad@uokirkuk.edu.iq ,rebwar.hussain19@gmail.com 

 :الخلاصة

)ساركلو، ناوكيلكان   لتكوين  الأعلى  –الجوراسي المتوسط    تلتتابعا تم إجراء دراسة للبتروغرافية والعمليات التحويرية  

وبارسرين( ومناطق التماس بينهم في منطقة ساركلو، إقليم كردستان، شمال شرقي العراق  اعتمادا على الوصف الصخري  

. تهدف الدراسة الى التعرف على المكونات الصخرية والعمليات  الإلكترونيوالشرائح الرقيقة وكذلك التحليل بالمجهر الماسح  

  شريحة   38المدروسة. تم تحضير ودراسة    ويناللتكعلى صخور الكربونات ضمن التعاقب الجوراسي    المؤثرةالتحويرية  

مع   الماسح    5رقيقة  المجهر  تقنية  باستخدام  وتحليلها  اختيارها  تم  وكذلك   الإلكترونيعينات  الصخرية  المكونات  لوصف 

التحويرية، تتكون   الكربونات  تتتابعاالعمليات  المتداخلة مع    الجوراسي بشكل رئيسي من  الجيري والدولوستون(  )الحجر 

ساركلو وناوكيليكان وبارسرين من المكونات الهيكلية )الرخويات البحرية،    ويناتك. من الناحية البتروغرافية ، تتكون  لالتسجي

الفتات   الاوستراكودا،  )ميليوليد(،  القاعية  و  الطافية  الفورامنيفرا  الكلسية،  الكريات  الشعاعيات،  القدم،    الأحيائي فاسية 

المكراتية وكذلك السبار   والأرضيةوالستروماتوليت( وهي الأكثر شيوعًا، بالإضافة إلى الحبيبات الغير الهيكلية مثل الدمالق،  

المعادن موضعية أتبلورالدقيق معاد   الدلمتة،  المكرتة،  الصخرية مثل  التتابعات  التحويرية هذه  العديد من عمليات  أثرت   ،

وتكوين المسامية  مثل المسامية القالبية،    والإذابةالبايرايت(، الانضغاط , و تكوين الستايلولايت، التشكل الجديد،  النشاءة مثل )

 المسامية بين الحبيبات، القنوات والشقوق المجهرية .

 . العمليات التحورية، الدلمته المكونات الصخرية، الراديولاريا، تتابعات الجوراسي، منطقة ساركلو، :المفتاحيةالكلمات 

 

1. Introduction : 

The Jurassic successions of Iraq have great importance in terms of their petroleum system 

characteristics [1-3]. Most of the petroleum exposed in Iraq was sourced from Jurassic rocks 

and trapped in the Cretaceous- and Tertiary-age reservoirs of the Mesopotamian Basin and the 

Zagros Basin/Zagros Fold Belt [4]. Other Jurassic rocks have been considered essential 

reservoirs, especially in the central and northern parts of Iraq [5]. These successions lack 

detailed studies on their mineralogical and petrographic characteristics that are widely affected 

by the reservoir properties of the Jurassic rocks. The petrographic study is one of the essential 

means for determining the depositional environments of carbonate rocks based on microfacies 

analysis. It is also used to investigate diagenesis and other factors affecting sedimentation, such 
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as climate, tectonic setting, and the nature of the source rocks (provenance), particularly for the 

clastic rocks [6].  

The lithological composition of the Middle to Upper Jurassic successions, including Sargelu, 

Naokelekan, and Barsarin formations from northeastern Iraq, consists of thin to medium 

bedded, black, bituminous limestone, dolomitic limestone, and black papery shale, with narrow 

beds of black chert in the upper part of the successions. The current study examines the 

petrographic description using a traditional polarizing microscope supported by the SEM-EDS 

(Scanner Electron Microscope, energy-dispersive X-ray spectroscopy) techniques for the 

carbonate units in the studied succession to determine their petrographic components and the 

main diagenetic events affecting on them. 

2. Geological Setting 

The study area is in Sargelu village near Dokan town, northeastern of Sulaymaniyah city in 

the High Folded Zone of the Unstable Shelf of Iraq at the coordinates (35° 86' 75" N- 45 ° 16' 

37" E) (Figures 1, 2). The Jurassic rocks existed in isolated patches at eroded cores and limbs 

of anticlines [7, 8]. The studied middle-late Jurassic formations in Iraq were deposited during 

the isolation of the central intra-shelf basin of Mesopotamia from the Neo-Tethyan Ocean time, 

possibly due to renewed rifting along the N.E. margin of the Arabian Plate [8,9]. The Neo-

Tethys reached its maximum width of 4000 km during the Late Triassic to Middle Jurassic 

periods [10]. Thinly and thick-bedded, bituminous black limestones, dolomitic black limestones, 

stromatolitic limestones, and black papery shale beds with thin streaks of black chert in the top 

part is primary lithology of the middle Jurassic Sargelu Formation in the studied area and the 

Formation thicknesses about 103m as shown in Figure 3,  Where The late Jurassic Naokelekan 

Formation is about 16m composed in the lower unit of laminated argillaceous bituminous 

limestone alternating with bituminous shale and fine-grained limestone, middle unit is consisting 

of thin-bedded fossiliferous dolomitic limestone referred to as the (mottled beds) and an upper 

unit is consists of thin-bedded, highly bituminous dolomite and limestone with beds of black 

shale (coal horizons). The lower and upper contacts of the Naokelekan Formation are 

conformable and gradational with the underlying Sargelu Formation and the overlying Barsarin 

Formation [12]. Stomatolitic limestone and dolomitic limestone alternating shales, contorted and 

brecciated beds, and some secondary gypsum and anhydrite form the main component of about 

18m thickness in the Barsarin Formation of the studied section. The studied formations were 

deposited in tidal flats (supratidal), restricted lagoons, and shallow marine to bathyal 

depositional environments [13,8]. 
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Figure 1. Location map of the study area (Sargelu village) 

 

 

 

 

 

Figure 2. Tectonic map of Iraq showing the study area [after, 14] 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Lithologic section with description and sample numbers of the studied formations 
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3. Materials and Methods 

The samples prepared for the thin section were selected from the carbonate units in the 

studied Jurassic formations, which are comprised mainly of limestone, dolomitic limestone, and 

dolomite. The petrographic study is carried out on 38 thin sections prepared from all the studied 

formations, including 13 slides from the Sargelu Formation, ten slides from the Naokelekan 

Formation, nine slides from the Barsarin Formation, four slides from the formation's contacts 

of the buildings and two drops from Sehkanyian Formation. The petrographic description was 

done at the Department of Geology and Petroleum, College of Science, Salahaddin University, 

Erbil, Iraq. 

 At the same time, imaging was achieved at the Department of Applied Geology, College of 

Science, Kirkuk University, Iraq. 

 The Scanning electron microscopic study (S.E.M.) was performed on five selected samples 

at Premier Corex Laboratories in Houston, U.S.A., using an F.E.I. Quanta FEG 650 FE-SEM 

instrument equipped with two Bruker E.D.S. XFlash 5030 energy dispersive X-ray 

spectroscopy (E.D.S.) detectors and an FEI R580 Everhart-Thornley (ETD) electron detector. 

4. Results 

4.1 Petrographic Description 

Carbonate rocks consist mainly of grains and groundmass, which are essential for finding 

depositional environments and texture types. The grains have been divided into skeletal grains, 

which include fossils and their clasts, and no-skeletal grains, which include lithoclasts, grain 

aggregates, and peloids [6]. 

4.2 Petrographic component  

The ratio of the skeletal grains is varied between the studied formations. They dominate the 

Sargelu Formation while are less abundant in the Naokelekan Formation and almost 

disappeared from the Barsarin Formation. 

 The Jurassic carbonate rocks were highly affected by diagenetic processes such as 

dolomitization, dissolution, and compaction [15-17]. The identified skeletal grains include 

mainly fossils and fossil shells; below is a brief description of each of these components: 

4.3 Pelagic pelecypods  

These skeletal grains predominate in the middle and upper parts of the Sargelu Formation in 

the study area. They commonly exist in shallow or deep marine environments [18] and are the 

most abundant in the basinal facies from the Late Triassic-Middle Jurassic ages [19,20]. Two 

types of pelecypods have been diagnosed: single valve (Halobia sp. (Figure 4a) and class 
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Bivalvia (Posidonia Sp, Bositra Sp.) (Figure 4a, b), which is widely spread  in the Sargelu 

Formation. 

4.4 Radiolaria  

It is a single-celled marine organism with rigid structures, spherical shapes, and serrated, 

spiny perforated walls containing lateral protrusion [21]. It generally presents in a small 

proportion and is affected by diagenetic processes. It exists typically in less than 1 mm and 

frequently between 0.1 and 0.2 mm in size. Radiolaria are recorded in the upper part of the 

Sargelu Formation (Figure 4c) and in the lower and middle parts of the formation, where 

calcispheres accompany them. It is also presented in the central part of the Naokelekan 

Formation (Figure 4d). Radiolaria was found in pelagic limestones, and they are planktonic 

organisms living in open marine environments [22,20]. 

4.5 Calcispheres 

The calcareous balls or spheres belong to the group of Pithonella and are formed of minute 

calcareous spherical shells devoid of openings; they belong to the Upper Jurassic-Cretaceous 

in age [23]. The sizes of calcispheres range from 100-200 microns [24]. The walls consist of a 

single layer of lamellar form consisting of homogeneous calcareous crystals [23,25]. 

Calcispheres are common in open marine environments; they are indicators for the environment 

of marine settings from the edge of the continental shelf to the slope [21,26]. In the present 

work, calcipheres have been found in the Sargelu and Naokelekan formations, which are absent 

in the Barsarin Formation (Figure 4d, e). it was observed in the Naokelekan Formation as 

coccolithophores, which is in shape that has been pointed out in the S.E.M. image. 

4.6 Foraminifera  

They are dominantly marine protozoa, mainly of microscopic size [6]. They are the most 

significant type of microfossils because they are common in rocks. Therefore, they are useful 

for dating and reconstructing sedimentary environments [27]. Petrographic study has revealed 

different types of planktonic foraminifera in the Sargelu and Naokelekan formations, while 

miliolid is common in the Barsarin Formation (Figure 4f), most of them are difficult to 

distinguish due to the effect of diagenesis (Figure 4g). In the Sargelu limestones, planktonic 

foraminifera are often tiny, consolidated spherical chambers that are filled with calcite or pyrite. 

Most of them are affected by the recrystallization process and leaching, like the previous study 

by [28]. 

4.7 Ostracods  

They have been found in almost all sorts of aquatic environments and have been known since 

the Late Cambrian [26]. Ostracods are useful for stratigraphic investigations because they can 
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be found in a wide variety of depths and depositional settings, including marine, transitional, 

and fresh waters [24,29]. Ostracods are recognized in the Sargelu Formation, especially in the 

upper parts. They are commonly affected by diagenetic processes such as cementation and 

compaction, resulting in filling chambers with spay calcite cement and elongation and distortion 

of the shells (Figure 4h).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Photomicrograph illustrating 

Figure 4 (a) Pelecypod's single valve long curved Halobia (red arrow) in the upper part of 

the Sargelu Formation in sample (Sg-9B) Magnification, 4X, N.L. (b) Thin shelly class bivalve 

pelagic pelecypod Bositra (blue arrow) in metamorphosed and dolomitized limestone in middle 

part of the Sargelu Formation in sample (Sg-8B), Mag. 4X, N.L. (c) Calcitized radiolaria (white 

arrow) affected by dissolution and filled with sparry calcite cement within a micritic matrix in 

the lower part of the Sargelu Formation IN Sample (Sg-3B), Mag. 4X, N.L. (d) Radiolarian 

(white arrow) affected by dissolution and filled with sparry calcite cement preserved as moldic 
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porosity associated with calcispheres (red arrows) and authigenic pyrite in the middle part of 

the Naokelekan Formation in Sample (Nk-4B), Mag. 4X, N.L. (e) walled and un-walled 

calcispheres filled by granular cement (red arrow) with chert (white arrows) embedded in 

micrite groundmass, the upper part of the Sargelu Formation in a sample (Sg-12B), Mag. 4X, 

N.L. (f) Different types of foraminifera (planktonic, benthonic) (red arrows) highly affected by 

diagenesis in the lower part of the Barsarin Formation in a sample (Br-1B) Mag., 4X, N.L. (g) 

Miliolid shell highly affected by dissolution in the middle part of the Barsarin Formation in a 

sample (Br-4B), Mag., 10X, N.L. (h) Spindle  ostracoda (red arrow) filled with sparry calcite 

cement and pelagic pelecypod with authentic pyrite in shape of black spots (white arrow), in 

micrite ground mass in upper part of the Sargelu Formation in sample. 

4.8 Bioclasts  

They are remains of fossils that are created by the action of waves and currents in the 

depositional basin, and they may provide information about the water energy, where the 

rounded bioclasts denote a high energy level and flattened ones a low energy level [30,26]. The 

varying ratios of their presence may be caused by the fluctuation of the current energy created 

by changes in sea level [26]. In the current study, reworked bivalve skeletons and other 

unidentified mollusks, some of which are phosphatized, are represented in the Sargelu 

Formation (Figure 5a). They are also found in different intervals in the Naokelekan and 

Barsarin formations. 

4.9 Stromatolite 

 It is sedimentary carbonate structures of inorganic origin that developed because of 

biological and chemical sedimentary processes associated with the growth and development of 

benthic assemblies such as blue-green algae and anaerobic bacteria through the deposition of 

calcium carbonate inside the ground or algal mats [31]. In the current study, stromatolites are 

observed in the limestones of the lower and upper parts of the Sargelu Formation with braze 

eye shapes (Figure 5b). It's more common in Barsarin Formation as parallel stromatolites 

(laminated limestone) in the upper part of the formation and planer and crinkled (wavy) 

stromatolitic limestone in the middle and lower parts of the formation (Figure 5b-c). 

Microscopically, they are observed in the Barsarin Formation, which is filled by calcite cement 

and organic maters (Figure 5d). 

4.10 Non-skeletal grains  

Peloids are inorganic grains of different shapes and sizes; they are characterized by their fine 

carbonate grains of size (0.1-0.5) mm, spherical, cylindrical, or angular, without internal 

structures and dark color [26]. They are frequently considered to be by-products of ooids or 

https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq


Rasool RH, Ali SA, Al-Juboury AI. / Al-Kitab Journal for Pure Sciences (2023); 7(2):153-172.

 

 
Web Site: https://isnra.net/index.php/kjps   E. mail: kjps@uoalkitab.edu.iq

 
161 

 

microscopic processes involving bioclast fragments [32,33]. In the current study, peloids were 

found in the Naokelekan and Barsarin formations (Figure 5d). 

4.11 Micrite 

According to [34], micrite is a microcrystalline calcite crystal with grains typically 

smaller than four m. Micrite is characterized by its brown to dark color, according to its content 

of impurities, organic materials, clay minerals, and iron oxides, in addition to other factors such 

as the nature of the transformational processes, sedimentation rate, and oxidation and reduction 

factors [35,26]. The micritic groundmass is common in the Sargelu and Naokelekan formations 

Figure (5e, f) Spray calcite cement of various sorts, such as drusy, granular, and blocky calcite 

cement, have also been identified in the samples of the current study. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. photomicrograph illustrating 

Figure 5 (a) Bioclastic fragments (blue arrows) in the Sargelu Formation in a sample (Sg-

4B), 4X, N.L. (b) field photo of stromatolitic limestone with braze eyes observed in the upper 

and lower parts of the Sargelu Formation. (c) Field photo of the wavy (red arrow) and parallel 

(blue arrow) stromatolitic limestone in the upper part of the Barsarin Formation in sample Br-

6. (d) Peloids (red arrows) highly affected by diagenesis chemical compaction (pressure 
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solution) in the upper part of Naokelekan Formation in sample (Nk-5B), 4X, N.L. (e) Micrite 

groundmass with organic material filled microfracture and pores in the Lower part of Sargelu 

Formation in sample Sg-2B. 4X, N.L. (f) Micrite groundmass with bioclasts in the lower part 

of Barsarin Formation sample (Br-2B). 4X, N.L. 

5. Diagenesis 

Diagenetic processes are defined as all biological, chemical, and physical changes affecting 

sediments after deposition and before reaching the metamorphism stage [36]. There were some 

important factors that affect the diagenesis processes on carbonate rocks, such as changes in 

sea level levels associated with tectonic events and climate changes [37]. Carbonate minerals 

are metastable minerals, and therefore, they are more highly affected by diagenesis than clastic 

rocks [38]. Therefore, they rapidly respond to diagenetic processes such as cementation, 

dissolution, porosity, and neomorphism that lead to the destruction of the sedimentary textures, 

skeletal grains, and groundmass [35]. In the current study, the limestone, dolomite, and 

dolomitic limestone of the studied Sargelu, Naokelekan, and Barsarin formations have suffered 

from various types of diagenetic processes in different degrees, but it seems that severe effects 

have occurred on the carbonates of the Naokelekan Formation. The main diagenetic processes 

that affected the formations under study include.  

5.1 Micritization 

Micritization is an early diagenetic process that affects skeletal grains [39], Where the 

micrite envelopes the skeletal grains or bioclasts. In marine diagenesis, micritization is a basic 

process that takes place at the sediment-water interface [40] and under low‐energy conditions. 

Micritization is observed in all formations of the study area (Figure 6a, b). 

5.2 Dissolution and porosity formation  

Dissolution is considered one of the types of histochemically destructive diagenetic 

processes. Dissolution is controlled by the stability of a particular mineral, the degree of fluid 

saturation with the targeted mineral, fluid pressure, and temperature [24]. Melodic pores are 

formed when grains dissolve completely to leave pores with shapes like the dissolved grains, 

while vuggy pores are those that have irregular shapes and are formed by a dissolution process 

that affects the components of the texture, as shown in (Figures 4g, h and 6b). Pore systems 

in sedimentary carbonates are often complicated in terms of shape and origin [41]. Porosity 

decreases by cementation and compaction, whereas it is acquired through solution, 

dolomitization, and tectonic cracks. Porosity is controlled by a group of factors, the most 

important of which are climate, fluctuation in sea level, the rate of gravity of sedimentary 

accumulation, sedimentation, and compression. and cementation [42,43]. Primary and 
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secondary porosity were noted in the carbonates of Jurassic succession in the study area. The 

primary porosity includes only interparticle porosity, whereas secondary porosity is revealed 

by moldic, vuggy, channels, and fracture porosity [26], as shown in (Figure 6b, c, d) and 

(Figure 7A, B, C). 

5.3 Chemical compaction and stylolite formation 

Compaction is one of the destructive processes that commonly occurs in carbonate rocks. 

The process reflects the compaction caused by the severe lithostatic load, leading to a reduction 

in the porosity. According to [21], compaction is divided into two types: physical compaction 

and chemical compaction. Dissolution surfaces and stylolites are formed because of the 

pressure solution [24]. Stylolites result from increasing overburden sedimentation or tectonic 

pressure, which affects the grains within the carbonate rock, promotes dissolution, and 

propagates seams [44]. This process is noted in the Sargelu, Naokelekan, and Barsarin 

formations in the form of low and high-amplitude peaks stylolite (Figure 6c, d) and (Figure 

7E). 

5.4 Cementation 

Cementation is the diagenetic process by which voids and pores are filled by calcite cement. 

The cementation process is one of the chemically similar structural processes. According to 

[38,45], there are many factors that control the cementation process, which include temperature, 

mechanical stress, pH, carbon dioxide pressure, type of dissolved elements, and their 

concentration in the solution. In the current study, several types of cement were distinguished 

based on the classification of [26], including granular, drusy, and blocky cement. This type of 

cement dominantly fills the fossil's mold, pores, and fractures (Figure 6c, d).  

5.5 Neomorphism 

Neomorphism includes both recrystallization and inversion processes. The recrystallization 

process is defined as a change in the size and shape of the crystal, which results in an increase 

or decrease in the crystalline size without any change in the chemical composition [36]. It has 

been recorded in the form of transformation of the fine micritic groundmass with a size of (4) 

microns to a microsite with a size greater than (4) microns (Figure 6g) and (Figure 7F, G). 

The occurrence of dissimilar parts of recrystallized dolomite crystals is evidence of 

neomorphism (Figure 6h). Inversion is the transformation of an unstable mineral, such as 

aragonite, into a stable mineral (calcite) without any change in the chemical composition. The 

inversion process was observed in the three studied formations, as shown in (Figure 8a). 

Neomorphism was also noted within the dolomites of the Sargelu and Naokelekan formations 

in the form of the creation of dolomite crystals (i.e., aggrading neomorphism) (Figure 8b, c). 

https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq


Rasool RH, Ali SA, Al-Juboury AI. / Al-Kitab Journal for Pure Sciences (2023); 7(2):153-172.

 

 
Web Site: https://isnra.net/index.php/kjps   E. mail: kjps@uoalkitab.edu.iq

 
164 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Photomicrograph illustrating 

Figure 6 (a) Micritization of skeletal grains (white arrows) in the lower part of the Naokelekan 

Formation sample (Nk-2B), 4X, N.L. (b) Micrite envelop (rim) (white arrow) surrounding 

Ostracoda in the middle part of the Sargelu Formation in the sample (Sg-7B), note high effect 

by dissolution process leaving melodic porosity (red arrow). Authigenic pyrite in the shape of 

black spots also exists, 4X, N.L. (c) Chemical compaction led to stylolite formation in low and 

high amplitude types and filled by organic material in the middle and upper parts of the Barsarin 

Formation in sample (Br-3B), 4X, N.L. (d) Chemical compaction and stylolite formation of 

high amplitude type filled by organic material in the upper part of the Naokelekan Formation 

in the sample (Nk-5B), 4X, N.L. (e) Fracture filled by drusy calcite cement in the lower part of 

the Naokelekan Formation within micrite groundmass in the sample (Nk-2B), 4X, N.L. (f) 

Sparry calcite cement (blocky cement) (red arrow) filled an ostracoda within micrite 

groundmass in the upper part of the Sargelu Formation in sample (Sg-12B), 4X, N.L. (g) 

Neomorphism (recrystallization) of micrite groundmass and transformation to microsite in the 

middle part of the Barsarin Formation in the sample (Br-3B), 4X, N.L. (h) Neomorphism 
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(recrystallization) of micrite groundmass and transformation to separate in the middle part of 

the Sargelu Formation with dolomitization and compaction processes in the sample (Sg-8B), 

4X, NL. 

5.6 Dolomitization  

Dolomitization is one of the important diagenetic processes in Jurassic formations in the 

studied area, with extensive and pervasive dolomitization with a variety of crystal sizes, 

especially in the Naokelekan Formation, leading to the disappearance of the main skeletal and 

non-skeletal grains. Different kinds of dolomites were observed in the examined samples, such 

as scattered fine-grained dolomite rhombs, floating rhomb fabric, and sutured mosaic fabric 

dolomite (Figure 7H) and (Figure 8b, c, d, e, f). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Scanning electron micro images (S.E.M.) illustrating 

(A) Common pores (P) referring to the dissolution process and illite-mica (I.M.) with 

common carbonate (c) in sample TZ-1A. (B) Micro vein (red arrows) filled by a cluster of 

calcite crystals, euhedral hexagonal and columnar crystals relating to the cementation process 

and embedded in the micritic groundmass, sample Sg4A.  (C and D) S.E.M. and E.D.X. 

https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq


Rasool RH, Ali SA, Al-Juboury AI. / Al-Kitab Journal for Pure Sciences (2023); 7(2):153-172.

 

 
Web Site: https://isnra.net/index.php/kjps   E. mail: kjps@uoalkitab.edu.iq

 
166 

 

microimages for sample Sg4A show common radiolarian shells in different sizes with fine 

fractures (f) and pores (p). In D, the same locations of red arrows refer to silica content (Si), the 

main composition of the radiolarian shell. (E) Chemical compaction and stylolite formation 

(red arrow) in sample Br-5A. (F) Cementation in nannofossil shell (coccolith shell) and other 

different types with recrystallization of fine calcite grain in sample Nk-4A (G) cementation of 

fossil shell (red arrows) with recrystallization of fine calcite grain, dissolution and porosity 

formation of fossils (p) and in sample Br-5A. (H) Dolomitization in very fine dolomite rhombs 

(black arrows), with fracturing in sample Nk-1 

5.7 Anthogenesis 

Authigenic minerals are created in many of the studied rocks. These minerals are formed 

diagenetically by local chemical reactions [26,27]. Pyrite is the common authigenic mineral in 

the studied rocks; this mineral is formed when dissolved sulfide from microbial sulfate reaction 

reacts with detrital iron-bearing minerals in anoxic marine sediments [46]. Pyrite is common in 

the Sargelu and Barsarin formations as patches and framboidal pyrite (Figure 8g, h), which are 

composed of tightly packed spherical or sub-spherical clusters of pyrite crystals [47].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Photomicrograph illustrating 
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Figure 8 (a) Neomorphism, authigenic pyrite, and dolomitization in the upper part of the 

Sargelu Formation in the sample (Sg-9B), 4X, N.L. (b) Selective dolomitization, scattered fine-

grained dolomite rhombs dolomitization neomorphism process affected the micrite matrix in 

the upper part of the Sargelu Formation in the sample (Sg-10B), 4X, N.L. (c) Floating rhomb 

dolomite fabric in the lower part of the Naokelekan Formation, neomorphism embedded in 

micritic groundmass in the sample (Nk-1B) 4X, N.L. (d) Subhedral-euhedral dolomite rhomb 

in the middle part of the Naokelekan Formation in sample (Nk-3B), 4X, N.L. (e) Dolomitization 

in the middle part of the Barsarin Formation affecting skeletal grains filled with organic material 

in sample (Br-4B), 10 X, NL. (f) Dolomitization in the middle part of the Barsarin Formation 

affects skeletal grains filled with organic material in the sample (Br-4B),10 X, NL. (g) Pyritized 

radiolarian shell in the middle part of the Sargelu Formation in the sample (Sg-6B), 10 X, NL. 

(h) Packed spherical or sub-spherical clusters of pyrite crystals in the lower part of the Barsarin 

Formation in the sample (Br-2B), 10 X, NL. 

6. Discussion 

The Sargelu Formation lithological is made up of thin-bedded, bituminous black limestones, 

dolomitic black limestones, and black papery shales with thin black chert streaks in the top part. 

The depositional environment was primarily anoxic marine [8]; this is supported by the 

recognized petrographic components, including pelagic pelecypods, radiolarian, and 

calcipheres organisms. Naokelekan Formation consists of argillaceous bituminous limestone 

and dolostone alternating with bituminous shale and fine-grained limestone, while Barsarin 

Formation is composed of stromatolitic limestones and evaporite layers [11]; according to [48], 

the Naokelekan Formation was deposited in restricted tidal flats and lagoons, marshes, and 

euxinic saline swamps. This suggestion can be supported in this study by the presence of 

peloids, which are commonly present in protected environments such as lagoons, tidal flats, and 

other quiet environments [24]. On the other hand, the overall characteristics of the Naokelekan 

microfacies indicate that formation was deposited in two different environments: the shallow 

marine subtidal environment in the lower and upper parts and the outer shelf in an euxinic 

environment in the middle part [16, 49]. The upper part of the Barsarin Formation was deposited 

in an intertidal environment, whereas the lower part of the formation was deposited in the 

shallow subtidal environment [50]. 

Mineralogically, variation in the composition of the middle to upper Jurassic Sargelu, 

Naokelekan, and Barsarin formations from northeastern Iraq demonstrates the influence of the 

source area, the depositional environment, and the paleoclimatic conditions [51], the presence 
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of calcite and dolomite reflect the deposition in such restricted and evaporative conditions 

[52,53]. The predominance of illite-mica and kaolinite clay minerals with other components such 

as quartz and feldspars reflect the contribution of felsic igneous rocks and the prevalent 

environment, which can be recognized by variation between hot, arid, and humid climates, where 

the development in quartz and feldspars in the area which are both related to felsic igneous rocks, 

may be associated to a provenance where felsic rocks from the Rutba Uplift and/or Arabian Shield 

predominate [51,54]. 

The petrographic study revealed the variation in the petrographic components reflects the 

range of the diagenetic processes that affected the studied formations, leading to difficulty in 

identifying them due to the destruction of most of the skeletal grains as in Naokelekan 

Formation, which is highly affected by diagenesis. 

The detected skeletal grains in the studied formations primarily consist of fossils and fossil 

shells, including radiolaria, calcispheres of different sizes, benthonic foraminifera such as 

(Milioliad) and different types of unrecognized planktonic due to diagenetic effect, ostracods, 

bioclasts, pelagic pelecypods (Bositra and Halobia) and two types of stromatolites parallel and 

wavy stromatolites all these components are embedded in a groundmass of micrite and 

microsparite. Where the non-skeletal grains only recognized peloids. 

The diagenetic processes that affected these components occasionally had a very strong 

impact on these components, making it harder to recognize the grain or such as micritization, 

dissolution and porosity formation, cementation, compaction (pressure solution), 

neomorphism, dolomitization, and authigenic minerals.  

7. Conclusions 

The Jurassic succession in the Sargelu section comprises petrographic constituents 

represented by skeletal grains, which are very common, especially in the Sargelu Formation; 

these include pelecypod, radiolaria, planktonic foraminifera, benthonic foraminifera, bioclasts, 

and calcispheres and stromatolites as well as non-skeletal grains, such as peloids. All these 

components are in two recognized types: micrite and microsite groundmass. Dissolution and 

porosity formation, cementation, neomorphism, dolomitization, compaction and stylolite 

formation, and authigenic minerals such as (pyrite) are mainly the kinds of diagenetic processes 

that had a significant effect on the carbonates of these formations.  
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