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Abstract 

      This study deals with the petrography, mineralogy, and geochemistry of the 

Gercus Formation of the (middle - late Eocene). Two sections were selected in the 

studied area (Shaqlawa in Erbil and  Dokan in Sulaymanyah) northen of  Iraq. The 

study was carried out on (31) samples.                             

     The petrographic study of the sandstone units showed that quartz, feldspar, and 

rock fragments are the main components of the sandstone of the Gercus Formation. 

In addition, the sandstone of the Gercus Formation is classified as Litharinite, 

Sedarinite, and Calclithite. It is also found that this sandstone is chemically and 

mechanically immature, and the tectonic provenance of the Gercus Formation is a 

lithic recycled.  

    The heavy minerals assemblage indicates that the deposits of formations were 

derived mainly from mafic igneous and metamorphic rocks as well as acidic 

igneous and reworked sediments. 

     Carbonate unite of studied Gercus Formation is composed of  lime mudstone 

and wackestone microfacies.                                                

       X-Ray Diffraction analysis for the mudstone of the Gercus Formation showed 

that the main available clay minerals are; mixed layer clay, illite, kaolinite, and 

chlorite, indicating an arid environment with tectonic activity.                                                                                                 

       A total of 20 samples were analyzed; the major oxides (SiO2, Al2O3, CaO, 

Fe2O3, K2O, MgO,  Na2O, TiO2, and (LOI), also some trace elements  (As, Ba, Co, 

Cr, Cu, Ga, Ni, Rb, Pb, Sr, V) were analyzed in this study.                                                                        

     The concentrations of selective redox-sensitive elements and their ratios 

(Ni/Co) as redox proxies revealed that the Gercus Formation was deposited in 
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anoxic-euxinic paleoredox conditions, except Shaqlawa and Dokan samples Sh33 

and D32, respectively in an oxidizing condition. The value and Sr/Cu Vs Ga/Rb 

plot were used to determine the palaeoclimatic conditions of the formation. The 

Gercus Formation indicated aird and warm paleoclimates.           
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                                         Chapter One                                                                                                                                                                     

                                            Introduction  

1.1 Preface   

    Maxon initially characterized the Gercus Formation in the Gercus region SE 

Turkey (Bellen et al., 1959). Wetzel from the Duhok area of northern Iraq 

described a supplemental type section for Iraq (originally referred to as Duhok Red 

Beds).850 meters are covered by pebbly sandstones, conglomerates, sandy and 

gritty marls, red and purple shale, and mudstone. It is composed of limestone and 

brown clastics in the Demir Dagh region (Ditmar and the Iraqi-Soviet Team 1971).     

 Exposures of the formation are scattered throughout the High Folded Zone 

and Foothill Zones of the Unstable Shelf, a small strip that trends north-west to 

south-east, Fig (1-1), (Jassim and Goff, 2006) .The formation is typically less than 

100 m thick as it gets closer to the Iranian border along the Sirwan (Diyala) River. 

The formation's thickness decreases as it gets closer to the Iranian border along the 

Sirwan (Diyala) River, The Gercus Formation presents in the Taq Taq (66 m thick) 

and Demir Dagh (117m thick) wells (Jassim and Goff ,2006).  

The formation was dated as Middle Eocene age after (Bellen et al.,1959) and 

(Ditmar and the Iraqi-Soviet Team ,1971), in which fossils are very rare and 

probably mostly reworked (Jassim and Goff, 2006; Aqrawi et al., 2010). (Al-

Ameri et al., 2004) was dated the Gercus Formation as Late Lower Eocene using 

palynological data. 

   The aim of this study is to identify the depositional environment of the Gercus 

Formation through petrographic, heavy minerals, and Geochemical content study. 
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1.2  Area of  Study 

    The study area is located northeast of  Iraq (Kurdistan region). It includes two 

sections (Shaqlawa and Dokan) between (4032308, and 3970927 N) latitudes and 

(440029, and 439491E)  longtitudes, as shown in ,Fig (1-1). 

 

Figure 1-1: Geological map of the  studied area (Shaqlawa and Dokan sections). 
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1.2.1 Shaqlawa Section 

  This section is located across the new road to Shaqlawa and was sampled from 

the northeast flank of Mirawa. The thickness of the Gercus Formation at Shaqlawa 

section is about (143) meters. The lower boundary is gradational with the 

underlying Kolosh Formation, the color change is clear.The formation consist 

generally of alternation of marls, siltstones, sandstones and few carbonate beds,Fig 

(1-2).The upper boundary of the Gercus was taken at the base of the PilaSpi 

Formation which is marked by a brecciated limestone . 

1.2.2 Dokan Section 

   This section is exposed on the northeastern side of the Dokan ridge along the 

downhill winding road, about  five kilometers northeast of Koisanjak.  In this area, 

the Gercus Formation is roughly (115) meters thick (Abbas, 2007). The lower 

boundary is conformable, with the underlying Khurmala Formation is represented 

by a transitional zone. 

  The formation consists of alternating claystone, sandstone, and carbonate. Among 

the sedimentary structures in sandstones, graded bedding and cross bedding were 

recognized in the upper part of the section,Fig(1-2). Bioturbation in sandstone beds 

was observed in the upper and lower parts. A thick to very thick white to gray 

color carbonate beds where encountered in the lower part of the formation.  

The Gercus Formation's upper boundary is sharp, and it was taken at the base of 

Pila-Spi Formation's milky white limestone, which is marked by brecciated 

limestone of (2.4) meters thick . 
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Firure 1-2:Stratigraphic column of the Gercus Formation at Shaqlawa and Dokan 

sections. 
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1.3 Aim of the Study 

1.The main objective of the present study is to identify the depositioinal 

environment of the Gercus Formation and the type of source rocks of this 

Formation. 

2.Petrographic Geochemical study of  Gercus Formation in selected sections 

northeast of Iraq. 

1.4 Tectonic Setting 

 Iraq can be divided into three tectonically different areas: the Stable Shelf, 

the Unstable Shelf and the Zagros Sutur, Fig (1-3 ). The Stable Shelf is divided 

into three major tectonic zones, from the west, these are: the Rutba- Jezira, Salman 

and Mesopotamian Zones, the Unstable Shelf is divided in to four zones: the 

Foothill Zone, the High Folded Zone ( in which the studied area included ) and the 

imbricated Northern( Ora ) and Balambo-Tanjero Zones ,Fig (1-3 ). 

During the last stage of subduction and the closing of the remaining Neo-Tethys 

ocean, the Mid-Late Eocene sequence was deposited southwest of a developing 

uplift. The Balambo-Tanjero Zone's northeastern elevated section and a brief 

intermountain valley between it and a ridge running from Amadiya in the 

northwest to Ranya, Sulaimaniya, and Halabja in the southeast both saw the 

deposition of red beds (Jassim and Goff, 2006 ). 

  The Balambo-Tanjero Zone ridge had formed southwest of a rapidly sinking 

depression, and the sediments from the Gercus Red Beds were deposited. Around 

the Mid Eocene's end, the northeastern uplifted region's supply of clastic sediment 

ceased, and Pila-Spi Formation lagoonal carbonates began to fill the basin ( Jassim 

and Goff, 2006 ). 
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Figure 1-3 : Geologic map of  Iraq (Jassim  et al.,1988 in Jassim and Goff, 2006). 
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1.5 Geological Setting 

   The Gercus Formation outcrops in northern Iraq (Kurdistan region) are found in 

the Zagros Folded Zone, which is part of the larger Taurus-Zagros Fold-and-Thrust 

Belt (Al-Qayim et al., 2012; Le Garzic et al., 2019). It has been suggested that this 

region, which is rich in petroleum, could soon become a significant producer 

(English et al., 2015). It was created by the collision of the Arabian and Eurasian 

plates after the Neo Tethys Ocean closed (Dewey et al., 1973; Alavi, 1994;   

Talbot and Alavi, 1996; Agard et al., 2005; Sharland et al., 2001; Stampfli and 

Borel, 2002; Pirouz et al., 2017), Fig (1-4). Molasses deposited following the Mid 

Eocene uplift make up the Gercus Formation. The formation is primarily a clastic 

sequence composed of ascending cycles of carbonate-rich sandstone, siltstone, 

shale, and marl units, as well as thin polymictic conglomerates. The Unstable Shelf 

has a small zone known as the High Folded Zone and Foothill Zones, northwest-

southeast trending strip along which exposures of the formation are dispersed. The 

Formation's southern boundary extends from Demir Dagh and Chemchemal in the 

southeast to Mushorah Dagh and Chemchemal in the northwest. The Balambo-

Tanjero Zone's northeastern boundary is where the two zones meet. Although the 

initial depositional limit was further north, the Formation is overthrust in northern 

Iraq along the Northern Thrust Zone (Jassim and Goff, 2006). The formation can 

be correlated with the Kashkan Formation to the southeast in Iran (James and 

Wynd, 1965 ) with similar lithologic characters. It shows a great lateral variation to 

the west and southwest (basinward) where it changes into shallow marine 

limestone and marls ( Dunnington,1958 in Bellen et al., 1959 ). 

  The Gercus and Kolosh Formations were found to have an unconformity by 

(Bellen et al.,1959). In the northeast of  Iraq, the Formation irregularly overlies a 

number of  Paleocene Lower Eocene strata. The Gercus Formation basal 
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conglomerates frequently contain pebbles from the underlying units. The top limit 

of the formation is defined by an unconformity where it is overlain by Miocene 

deposits; The Pila-Spi Formation is gradationally overlain and conformable 

elsewhere.  

 

Figure 1-4 : Location map of the study area (Shaqlawa and Dokan sections). 

1.6 Stratigraphy 

  The study area lies within the High Folded Zone of the Unstable Shelf area, Fig 

(1-3).The selected surface sections of the Gercus Formation were taken the 

Sulaymania and Erbil. 

1.6.1 Khurmalah Formation 

    The formation is described for the first time by (Bellen et al., 1959) .The 

thickness of the formation is 185 m, it consists predominantly of limestone, 
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dolostone and marlstone, which is considered to represent the lagoonal facies of 

the Paleocene – Lower Eocene sedimentary cycle of northern Iraq (Al-Qayim, 

1995), Fig (1-5) .The contact is conformable and might be intertonging with the 

Kolosh Formation. The contact is clear and sharp due to main lithologic difference. 

The depositional environment of the formation represents lagoonal inner shelf, 

warm marine water of high salinity (Al-Alawi, 1980 and Sissakian, 1995).  

According to (Sarky, 2006) the formation represents the carbonate dominated 

deposits of Paleocene – Lower Eocene stratigraphic succession. 

 

        Figure 1-5: Contact  between the Gercus Formation and  Khurmalah.  

1.6.2 Gercus Formation 

   Molasses deposited following the Mid Eocene uplift make up the Gercus 

Formation. The formation is primarily a clastic sequence composed of ascending 

cycles of carbonate-rich sandstone, siltstone, shale, and marl units, as well as thin 

polymictic conglomerates , Fig (1-6 ). Although the initial depositional limit was 

further north, the formation is overthrust in northern Iraq along the Northern Thrust 

Zone (Jassim and Goff, 2006). 
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  It shows a great lateral variation to the west and southwest ( basinward ) where it 

changes into shallow marine limestone and marls ( Dunnington, 1958 in Bellen et 

al., 1959 ). Fossils are extremely rare, and most have been modified. (Bellen et al., 

1959; Ditmar et al., 1971) thought the formation to be Middle Eocene age, 

although the fauna cannot be utilized to identify the age of the formation.  

 

Figure 1-6: Out crop of  Gercus Formation in the studied area . 

1.6.3 Pila-Spi Formation   

  The formation was first described by (Lees, 1930 ) from the Pila Spi area of the 

southeastern margins of the High Folded Zone (Jassim and Buday in Jassim and 

Goff, 2006).. The formation's thickness varies between (100- 200) m (Buday, 

1980), and it's made up of strong, well-bedded limestone, dolostone, and dolomitic 

limestone, all of which are white or gray in color. 

   The Pila-Spi Formation represents the late Early Eocene to Late Eocene lagoonal 

facieses (Al-Saeed, 1979), while ( Al-Ameiri and Farouk, 1986)  claimed the late 

Middle to early – Late Eocene. 
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1.7 Literature Review 

  - (Al-Rawi, 1980): Investigations were done into the sedimentology and petrology 

of the Gercus Formation. A river system of interconnecting red beds that were 

formed in dry to semi-arid settings generated the red pigment that makes up the 

Gercus Formation in NE Iraq. 

 

- (Al-Rawi, 1983): According to a researcher who studied the origins of red 

pigment, the Gercus Formation in northeastern Iraq is made up of a river series of 

connected red and drab beds that were developed in an arid to semi-arid climate. 

 

    - (Basi, 1984): According to his analysis of its petrography, the red claystone, 

siltstone, conglomerate, marls, and limestone that make up the Gercus Formation 

in the Shikhan-Sersang region were formed in a shallow marine environment with 

a significantly higher salinity. 

 

- (Al-Qayim and Al-Shaibani, 1994): They have been hypothesized that the 

sediments of the Gercus Formation were laid down on a tidal flat with a clastic 

predominance. 

 

 - (Hasso and Al-Naqib, 1995): Found that sandstones of the middle part of the 

Gercus Formation in Atrush area consists entirely of lithic arenite while the upper 

part is composed partly of lithic arenite and partly of sub litharenite and the main 

source, in general, is sedimentary rather than igneous and metamorphic rock types. 

 

   - (Al- Sayegh, 1996): Studied the geochemical correlation between four localities 

where the Gercus Formation is exposed, the in north of Iraq. He suggested that the 

sediments the of Gercus Formation are derived from nearby older rocks and these 

sediments were deposited mainly in the fluvial and deltaic environments. 
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  -(Ameen, 2006): The depositional environment was shown to be a braided  delta plain 

dominated by freshwater input and flooded by sea water mud fissures, marl marine 

sediments, and laminated sandstone deposited in the upper flow regime demonstrate this 

in the field. 

 

- (Abbas, 2007):  The Kolosh and Gercus Formations' sandstone units were 

investigated and classed as lithic arenites, indicating that the sandstones' 

principal source was sedimentary rocks with supplemental supplies from 

igneous and metamorphic rocks. He proposed that the Gercus Formation's 

depositional environment is fluvial with a deltaic context. 

 

- (Mohammed, 2007): Petrographic examination of the sandstone units shows 

majority of carbonate, chert, and chalcedony, hence sandstone is composed  of 

lithic arenite and lithic greywacke types. While carbonate is composed of 

skeletal and non-skeletal grains. 

 

-  (Baziany, 2009): Gercus In the Dokan region, evaporite rocks come in two 

different varieties. Gypsum (or anhydrite) that has been chemically deposited 

has the texture of granular alabasterine and fibrous satinspar; the second is 

gypsarenite, which is composed of fragmented and reworked gypsum (detrital 

gypsum) (gypsum sand-sized grains). 

 

-  (Al-Mashaikie et al., 2014): For the first time, new sedimentological and 

lithofacies data shows that the Gercus Formation was formed in a gravity-flow 

regime in a marine environment. Alternative graded and fining upward cycles, 

load and flute casts, submarine channels, sand and clay balls and pillow 

structures, convolute and slump beddings, and turbidity origin are all visible in 
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the identified sedimentary structures, which are supported by index glauconite 

mineral in some sandstone horizons. 

 

-  (Karim et  al., 2018): Demonstrated that the distal alluvial fan and fan delta are 

part of the Gercus Formation, and that the presence of fine red clastics, variable 

bed colors, and the absence of deep marine fossils do not support desert 

environments. They also demonstrated that the presence of fine red clastics, 

variable bed colors, and the absence of deep marine fossils do not support deep 

marine environments. 

 

- (Kettanah et al., 2020): Found that these geochemical properties in this 

formation to the source are dominated by core \supra core rocks. For the 

examined siliciclastic rocks, the U/Th, V/Cr ratios, and authigenic U values 

indicate an oxic depositional environment. While petrology is made up of two 

types of sandstones: red and white are generally immature litharenites. The 

rock pieces are mostly made up of, suggesting the proximity of their parent 

rocks. 

 

- (Awad and Alsultan, 2020): In the Dohuk region, the Gercus Formation was 

investigated. Gercus was deposited in red-brown claystone and reddish-brown 

mudstone lithofacies in the delta and delta front of an unusual depositional 

environment. The lithofacies of cross-bedded pebbly sandstone, cross-bedded 

trough sandstone, and cross-bedded laminated sandstone were all deposited in 

a braided delta environment. Gypsum and marl lithofacies developed in 

intertidal and supratidal environments, respectively.  
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Chapter Two 

Filed  and Laboratory work 

 

2.1  Interduction 

   This chapter is divided into stages, and each stage entails a number of tasks, 

such as fieldwork to determine the study area, sample collection, coordinate 

taking, mapping, and note-taking for the study region as well as laboratory work 

that entails preparing samples for geochemical analysis as well as mineralogical 

investigations such as x-ray diffraction and heavy mineral analysis. 

2.2. Data gathering.  

2.2.1 Fieldwork 

   The fieldwork included the following steps: 

1-A description of two (Shaqlawa and Dokan)  geological sections distributed in 

the study area. The location of the geological sections was chosen based on the 

presence of outcrops of the Gercus Formation. 

2- GPS was used to record the coordinates and height of the studied sections, as 

well as taking some pictures of the study area as in ,Fig (2-1). 

3- Thirty-seven rock samples from each section were collected and placed in 

plastic bags and transferred to the laboratory to be prepared for the laboratory 

work. 

4- Thirty-seven  sample were collectod  From the out crops of Gercus Formation 

coverid the all type of lithology the 18 samples Shaqlawa section and 19 

samples Dokan.  
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Figure 2-1: Out crop of  Gercus Formation in the studied area . 

 

2.2.2 Office work  

    To prepare all the necessary data for field work, office work was carried out. 

Several requirements have been prepared first such as 1:20000 scale geological 

maps, 1:100,000 and 1:250,000 scales. In addition to the topographic map 

papers at 1:20000 scale, as well as the use of some software such as Excel 

and(Spss), finally the review of the geological reports research papers and the 

related thesis in the study area. Final office work included interpretation and 

discussion of the results.  

2. 3. Laboratory works  

    Laboratory works included several steps, as follows: 

2.3.1 Thin sections preparation  

   Thirty-one thin sections (Shaqlawa and Dokan) were prepared in the 

laboratories of the Gology Department- College of Science- Universty of 

Baghdad for the petrography and microfacies analysis.    

    The studied sandstone is fairly friable and hence it is difficult to prepare thin 

sections unless impregnated with araldite and hardener. In this study, the method 
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of (Morland, 1968  In Hatchison, 1974) was used to get hard samples suitable 

for the thin section preparation. Modal analysis for the mineralogical 

composition of the prepared thin sections is carried.out using the mechanical 

point counter stage as proposed by (Chayes ,1949) by Using a transmitted 

polarized microscope more in this metod count per slide  300-500 (to cover all 

components). 

2.3.2 Heavy mineral analysis 

   A total of eight samples were chosen from shaqlawa and Dokan sandstone for 

heavy minerals analysis as shown in (Table2-1). 

Table 2-1: Samples Number of sandstone that chosen for heavy minerals 

analysis from  Shaqlawa and Dokan sandstone. 

 
Formation Sections  samples 

 

 

 

 

Gercus  

 

 

Shaqlawa 

Sh20 

Sh25 

Sh26 

Sh35 

 

 

Dokan 

D1 

D20 

D29 

D33 

 

   The procedure for heavy minerals separation was followed after (Griffiths 

,1967; Müller ,1967, and  Carver ,1971), and was carried out in the German-

Iraqi laboratory, Department of Geology, University of Baghdad. The steps 

taken are described below: 

 A- Eight Sandstone samples weighing 50 grams were broken up into pea-sized 

chips using a mortar and gun.  

B-Following the disintegration of the rocks, (10 percent HCI) acid was added to 

each sample in order to remove the carbonate cement. 
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 C-Each sample passed through a (63 microns) sieve with water to remove any 

silts and clays. A brush was employed during washing to help remove more 

coating components.  

D- The size grades obtained by dry sieving (2.5, 3, 3.5, and 4) were combined. 

E- Five grams of these sizes were used to separate heavy minerals using a heavy 

liquid (bromoform) with a specific gravity of (2.89). 

F-The heavy minerals fraction was then washed with acetone on filter paper, 

dried, and a portion of it mounted on glass slides with Canada balsam for 

petrographic study. 

 G- A binocular microscope and a polarizer petrographic microscope were used 

to identify the heavy minerals. 

2.3.3 Clay Minerals Analysis 

   Four samples were selected , from the mudstone of two sections (Shaqlawa 

and Dokan), Fig (2-2) and were analyzed using an X-ray diffraction unit type 

(XRD 6000) , Shimadzu manufacturer company, Japan, with an entry voltage of 

220V/50Hz in Baghdad's Ministry of Science and Technology, Department of 

Research and Materials, Fig (2-3) , the samples for clay minerals analysis as 

shown in (Table 2-2). Mineralogical X-Ray analysis of the studied samples 

show that Gercus mudstones are variable mixtures of non-phyllosilicates 

[carbonates, Gypsum ,quartz, and feldspars], phyllosilicates,the is group 

including [Mixed-Layered Clay, Chlorite, Kaolinite, Lllite, Palygorskite] 

Table 2-2: Samples Number  that chosen for clay minerals analysis from  

Shaqlawa and Dokan sandstone. 
 

Formation Sections  samples 

 

Gercus  

Shaqlawa Sh3 

Sh16 

Dokan D15 

D9 
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Figure 2-2 : samples  preparation for  clay minerals analysis. 

 
Figure 2-3: X-ray diffraction instrument. 
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2.3.4 Chemical analysis 

  Fig (2-4) twenty samples were geochemically analyzed to determine the 

content of major oxides (SiO2, Fe2O3, Al2O3, CaO, MgO, K2O, Na2O, TiO2, and 

LOI) and trace elements ( As, Ba, Co, Cr, Cu, Ga, Ni, Pb, Rb, Sr, Th, U, V ). 

This analysis was carried out in the German laboratories, Geology Department, 

University of Baghdad, using an X-ray Fluorescence (XRF), the samples for 

geochemical analysis as shown in (Table 2-3). 

Table 2-3: Samples  that chosen for Geochemical analysis from  Shaqlawa and 

Dokan sandstone. 

Formation Gercus 

Shaqlawa section Dokan section 

Sh1 D1 

Sh2 D2 

Sh7 D22 

Sh8 D29 

Sh12 D32 

Sh14 D33 

Sh20 D36 

Sh22 D37 

Sh25  

Sh26  

Sh33  

Sh35  
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Figure 2-4: Proparation of samples for XRF-analyzsis. 
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2.3.5 Loss on Ignition (L.O.I) 

   To calculate the proportion of materials lost during the fire process, the 

samples are burned for two hours at 1000 
o
C. These materials also contain water 

content (H2O+,- H2O), crystallization water, and volatile chemicals (Cl, F, SO3, 

CO2) in addition to organic matter (Hutchison, 1974; Lechler and  Desilets, 

1987 in Al-Jubouri, 2005).  

2.3.6 Correlation Coefficient 

   For finding connections between different elements, correlation coefficients 

are helpful. For instance, a strong positive correlation between two elements 

suggests that their sources are similar, but a strong negative correlation suggests 

that their sources are different (Micó et al., 2006). 

   Using the statistical application SPSS Statistics 25, the correlation coefficient 

between the major oxides and trace elements was determined. Values more than 

0.7 and less than 0.7 were used to denote the presence of strong positive and 

negative correlations, respectively. 
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                                 Chapter Three 

                                   Petrography 
3-1 Interduction 

    Petrography is the geological branch that deals with the description and 

systematic classification of rocks of all kinds, in particular through microscopic 

analysis of thin sections (Boggs, 1995). Petrography is a useful method because it 

makes it possible to identify constituent grains. It provides the derivation of the 

depositional environment as well as the determination of the frequently complex 

history of post-depositional alteration. (Peter and Dana, 2003). 

    The petrographic characters of sandstone give a basic tool for their classification 

and combined with other parameters, it can be used to solve many intricate 

sedimentological problems. Sandstone composition is influenced by provenance 

properties, the nature of sedimentary processes within the depositional basin, and 

the type of dispersed path that connects provenance and basin. (Dickinson and 

Suczek, 1979). 
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3-2 Petrography of sandstone 

    Table( 3-1, 2) represent the range of componet in the studied sandstone samples. 

A detailed petrographic study is carried out on 31 thin sections from selected 

outcrop sections in Shaqlawa and Dokan areas, north of Iraq. The petrographic 

study included: petrography of sandstone and diagenesis processes of  Gercus 

Formation and carbonate.The average composition of Shaqlawa and Dokan  

sandstone is shown in, Fig (3-1). 

 

Figure 3-1: Bar chart of the average composition of  Shawqlawa and Dokan 

sandstone. 

 

   The sandstone units of shaqlawa and Dokan Formations in the studied sections 

are:composed from: Quartz (monocrystalline and polycrystalline), feldspar 

(Potash-Feldspar (Orthoclase), Potash-Feldspar (Microcline), Plagioclase 

Feldspar), rock fragments (sedimentary, igneous and metamorphic), the 

sedimentary rock fragment includes (chert, carbonate, mudstone, sand-ston), 
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cement (carbonate and iron oxides), matrix and other grains the discriptian of thes 

component as follow : 

Table 3-1: Percentage, range and average of minerals constituents sandstone 

samples in Shaqlawa section of the Gercus Formation . 
 

Components Sh20 Sh25 Sh26 Sh35 Min Max Avg 

Quartz 
Monocrystalline 6.2 8.5 7.2 6.9 6.2 8.5 7.2 

Polycrystalline 2.9 1.6 0.6 0.6 0.6 2.9 1.4 

F
el

d
sp

a
r Potash-Feldspar (Orthoclase) 1.9 1.2 0.9 0.9 0.9 1.9 1.23 

Potash-Feldspar (Microcline) 0.9 0.6 - - 0.6 0.9 0.38 

Plagioclase Feldspar 1.2 1.8 2.1 2.0 1.2 2.1 1.78 

R
o
ck

 F
ra

g
m

en
ts

 Carbonate Rock Fragments 32.5 32.8 35.1 34.7 32.5 35.1 33.78 

Chert Rock Fragments 7.8 8.4 7.3 6.9 6.9 8.4 7.6 

Mudstone Rock Fragments 3.9 2.7 3.8 3.0 2.7 3.9 3.35 

Sandstone Rock Fragments 2.1 1.8 1.5 2.4 1.5 2.4 1.95 

Metamorphic Rock Fragments 3.0 4.9 3.8 3.1 3.0 4.9 3.7 

Igneous Rock Fragments 4.1 3.7 3.7 4.5 3.7 4.5 4 

Cement 
Carbonate 13.6 13.7 14.2 16.8 13.6 16.8 14.58 

Iron Oxides 4.1 5.6 6.1 5.9 4.1 6.1 5.43 

Opaque Grains 5.8 4.6 5.0 4.5 4.5 5.8 4.98 

Matrix 8.4 6.9 5.8 6.9 5.8 8.4 7 

Others 1.6 1.2 2.9 0.9 0.9 2.9 1.65 
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Table 3-2: Percentage, range and average of minerals constituents sandstone 

samples in Dokan section of the Gercus Formation . 
 

Components D1 D20 D29 D33 Min Max Avg 

Quartz 
Monocrystalline 7.1 9.5 7.5 8.9 7.1 9.5 7.25 

Polycrystalline 2.9 1.2 1.6 2.9 1.2 2.9 2.15 

F
el

d
sp

a
r Potash-Feldspar (Orthoclase) 1.2 1.6 0.9 0.6 0.6 1.6 1.08 

Potash-Feldspar (Microcline) 0.6 - - 0.3 - 0.6 0,23 

Plagioclase Feldspar 1.9 1.5 1.0 1.4 1.0 1.9 1,45 

R
o
ck

 F
ra

g
m

en
ts

 

Carbonate Rock Fragments 34.9 33.2 36.6 38.7 33.2 38.7 35.85 

Chert Rock Fragments 7.9 8.2 8.2 6.8 6.8 8.2 7,78 

Mudstone Rock Fragments 4.0 1.9 3.7 2.9 1.9 4.0 3.13 

Sandstone Rock Fragments 2.8 2.6 1.5 2.5 1.5 2.8 2.35 

Metamorphic Rock Fragments 2.7 3.5 3.8 3.0 2.7 3.8 3.25 

Igneous Rock Fragments 3.5 3.8 3.0 2.8 2.8 3.8 3.28 

Cement 
Carbonate 13.5 14.0 16.4 14.4 13.5 16.4 14,58 

Iron Oxides 4.7 4.8 4.2 3.8 3.8 4.8 4.38 

Opaque Grains 5.2 3.8 5.3 4.9 3.8 5.3 4.8 

Matrix 5.9 7.8 4.7 5.2 4.7 7.8 5.7 

Others 2.2 2.6 1.6 0.9 0.9 2.6 1.83 
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3.2.1 Quartz 

   Quartz is the most common mineral in sandstone and the most stable mineral in 

sedimentary conditions (Tucker, 1985). The percentage of quartz in Shaqlawa 

sandstone ranged between ( 6.8-11.4%) with an average of (8.6%), while the 

percentage of quartz in Dokan sandstone ranged between  (8.3-12.4%) with an 

average of (9.4%). In Shaqlawa and Dokan sandstone samples examined, there are 

two types of quartz: monocrystalline and polycrystalline. The abundance of these 

two types and their characteristics are discussed below: 

3.2.1.1 Monocrystalline quartz 

   Monocrystalline quartz grains (unitary quartz) are those that are made up of a 

single crystal. (Tucker, 1985). The percentage of monocrystalline quartz in 

Shaqlawa sandstone ranged between (6.2-8.5% )with an average of (7.2%), while 

the percentage of monocrystalline quartz in Dokan sandstone ranged between (7.1-

9.5%) with an average of (7.25%). The monocrystalline quartz is generally coarse 

to fine grained, and  angular in shape (Plate 3-1-A). 

3.2.1.2 Polycrystalline quartz 

    Polycrystalline quartz is composed of two or more crystal units of various 

optical orientations and intergranular boundary types (Tucker, 1985). The quantity 

of polycrystalline quartz present in sandstones is a function of grain size and 

growth with grain size increase (Conolly, 1965).  The percentage of polycrystalline 

quartz in shaqlawa sandstone ranged between (0.6-2.9%) with an average of 

(1.4%), while the percentage of polycrystalline quartz in Dokan sandstone ranged 

between (1.2-2.9%) with an average of (2.15%), Polycrystalline in shaqlawa and 

Dokan sandstone is generally fine to medium sized, and angular shape  (plate 3-1-

B). This variety of quartz has straight extinction and is less stable than 

monocrystalline quartz. It is resistant to weathering, transport, and other 

alterations, and as a result, the rates of polycrystalline quartz are low. 
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Metamorphic rocks such as schist, gneiss, metaquartzite, and plutonic igneous 

rocks are possibly the source of polycrystalline quartz (Blatt, 1967; Folk, 1974; 

and Basu et al., 1975). 

    In summary, it may be suggested that igneous rocks (both volcanic and plutonic) 

represent the major source for monocrystalline quartz, whereas metamorphic rocks 

(low and high rank) represent the source for  polycrystalline quartz. 

3.2.2  Feldspar 

   The term feldspar refers to a short transportation distance (Pettijohn, 1975). The 

feldspar mineral is found in granite and pegmatite rocks, as well as metamorphic 

rocks to a lesser extent (Sadik, 1977). The percentage of feldspars in the sandstone 

in Shaqlawa ranged between (2.7-4.9%) with an average of (3.39%), while the 

percentage of feldspars in the sandstone in Dokan ranged between (1.6-4.1%) with 

an average of (2.76%).. Some feldspar is fresh grains but others are altered, The 

fresh feldspars may indicate a process of fragmentation from igneous rocks, 

followed by a short transport distance (Pettijohn, 1975). Potash feldspar 

(orthoclase and microcline) and plagioclase are recognized in the studied sandstone 

of Shaqlawa and Dokan. The abundance and character of each of these types are 

discussed below: 

3.2.2.1. Potash Feldspar (Microcline) 

   The percentage of Microcline in Shaqlawa sandstone ranged between (0.6-0.9% ) 

with an average of (0.38%), while the percentage of Microcline in Dokan 

sandstone ranged between (0-0.6%) with an average (0.23%). The Microcline is 

mostly fresh, and the grain of Microcline is fine to medium sized, with cross 

hatching twining (Plate 3-1-C,). 

3.2.2.2 Potash Feldspar (Orthoclase) 

   The percentage of orthoclase in Shaqlawa sandstone ranged between (0.9-1.9%) 

with an average of (1.23%), while the percentage of orthoclase in Dokan sandstone 
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ranged (0.6-1.6%)  with an average of (1.08%). The grain of orthoclase is fine to 

medium sized,  angular to subangular shaped, and appears weathered and corroded 

with a dull and cloudy appearance (Plate 3-1-D). 

3.2.2.3 Plagioclase Feldspar  

   The percentage of plagioclase in Shaqlawa and  Dokan sandstone is more than 

the percentage of alkali feldspar. The percentage of Plagioclase in Shaqlawa 

sandstone ranged between (1.2-2.1%)  with an average of (1.78%), while the 

percentage of  plagioclase in Dokan sandstone ranged betwen (1.0-1.9%)  with an 

average of (1.45%). The grains of plagioclase are fine to medium sized, angular, 

and mostly fresh, characterized by plagioclase feldspar with polysynthytic twining,  

(Plate 3-1-E). 

3.2.3 Rock fragments 

   The rock fragments represent the most abundant of the detrital component of 

Shaqlawa  and  Dokan sandstone. The percentage of rock fragments in Shaqlawa   

sandstone ranged between (50.3-59.2%)  with an average of (54.38%),  while the 

percentage of rock fragments in Dokan sandstone ranged between (48.9-61.3%) 

with an average of (55.64%). These fragments reveal information about the 

sediment's origin (Al Khafaji and Al-Najjar, 2010). The percentage of rock 

fragments is affected by the location of the source rocks. This percentage rises 

when the source rocks have a high topography or are close to the sedimentary 

basin (Stephen, 2000 in Al-Najjar and Al-Khafaji, 2019). 

  The rock fragment in the studied samples composed from  carbonates, cherts, 

mudstone, sandstones, metamorphic and igneous rock fragments. The abundance 

and characteristics of each of these types is discussed below: 

3.2.3.1 Sedimentary rock-fragments 

   The majority of the other rock fragments that make up the Shaqlawa and Dokan 

sandstones are composed of sedimentary rock fragments. The percentage of  



Chapter Three                                                                     Petrography  

 

30 
 

Sedimentary rock fragments in Shaqlawa sandstone ranging between ( 43.6-49.8%) 

with an average of (46.68%), while the percentage of  Sedimentary  rock fragments  

in Dokan sandstone ranged between (43.4-53.7%) with an average of (49.11%). 

They include various types of carbonate, chert, mudstone, and sandstone rock 

fragment. The abundant and characteristic of each of these types are discussed 

below: 

3.2.3.1.1 Carbonate rock fragments 

    The carbonate rock fragments constitute the largest percentage of rock 

fragments in both two sections (Shaqlawa and Dokan). The percentage of 

Carbonate rock fragments in Shaqlawa sandstone ranged between (32.5-35.1%) 

with an average of (33.78%), while the percentage of  carbonate rock fragments  in  

Dokan sandstone ranged between (33.2-38.7%) with an average of (35.85%). 

Carbonate rock fragments are coarse to fine grained in size, rounded to subrounded 

in shape (Plate 3-1-F and Plate 3-2-A). The various types of carbonate rock 

faragment include: crystalline limeston carbonate fragments, (Plate 3-1-F) , and 

fossiliferous limestone (Plate 3-2-A) Carbonate rock fragments reflect unique 

conditions for rapid mechanical erosion rather than chemical dissolution (do not 

bear long transport distanic), (Pettijohn et al., 1987). 

3.2.3.1.2 Chert rock fragments 

    The chert rock fragments represent the second group in abundance among of the 

rock fragment in Shaqlawa and  Dokan sandstone. The percentage of Chert rock 

fragments in  Shahaqlawa  sandstone ranged between (6.9-8.4%) with an average 

of (7.6%), while the percentage of chert  rock fragments  in  Dokan sandstone 

ranged between (6.8-8.2%) with an average of (7.78%). The chert grain is medium 

to coarse sized, chert fragments are angular to subangular. Various types of chert 

fragment are identified in the Shaqlawa and  Dokan sandstone these are; 

microcrystalline chert (Plate 3-2- B), and macrocrystalline chert (Plate 3-2-C). The 
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high angularity of the chert grains indicates a short distance of transportation and 

hence, a nearby source ( Stoklin,1968 ). 

3.2.3.1.3 Mudstone rock fragments  

    The percentage of Mudstone rock fragments in Shaqlawa sandstone ranged 

between (2.7-3.9%) with an average of (3.35%), while the percentage of  

Mudstone rock fragments  in Dokan sandstone ranged between (1.9-4%) with an 

average of (3.13%). The Mudstone rock fragments are medium to fine in size, 

rounded to subangular in shape, and most of them are dark brown (Plate 3-2-D). 

3.2.3.1.4 Sandstone rock-fragments  

   The percentage of Sandstone rock fragments in Shaqlawa  sandstone ranged 

between (1.5-2.4%) with an average of (1.95%), while the percentage of Sandstone  

rock fragments  in Dokan  sandstone ranged between (1.5 2.8%) with an average of 

(2.35%). The fragments are subrounded shape, medium to coarse in size,(Plate 3-2-

E). 

3.2.3.2 Metamorphic rock fragments 

   The percentage of metamorphic rock fragments in Shaqlawa sandstone ranged 

between (3.0-4.9%) with an average of (3.7%), while the percentage of 

metamorphicrock fragments  in Dokan sandstone ranged between (2.7-3.8%) with 

an average of (3.25%). coarse sand size, generally subrounded to subangular shape. 

They also represent less resistant fragments and indicate a short distance of 

transportation. The metamorphic rock fragments include: schist rock fragment with 

foliated texture  (Plate 3-2-F), and serpentine fragment (plate 3-3-A). 

3.2.3.3 Igneous rock fragments 

   The percentage of  Igneous rock-fragments in shaqlawa sandstone ranged 

between (3.7-4.5%) with an average( 4%) , while the percentage of  Igneous rock 

fragments in Dokan sandstone ranged between (2.8-3.8%) with an average(3.28%). 

Igneous rock fragments are generally of medium to fine with few coarse sand size 
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grains, and subrounded to subangular in shape. , these fragments include volcanic 

igneous rockfragment (Plate 3-3-B) 

3.2.4 Cement 

   Cement is the material that binds components together, deposited chemically 

from the solution found between the grains. The percentage of cement in Shaqlawa 

sandstone ranged between (17.7-22.9%) with an average of (20.01%), while the 

percentage of cement in Dokan  sandstone ranged between (17.3-21.2%) with an 

average of (18.96%). The present study shows many types of cement that include 

various types of carbonate  and  iron oxides cement. The abundant and 

characteristic of each of these types is discussed below: 

3.2.4.1 Carbonate cement  

   The percentage of carbonate in Shaqlawa  and  Dokan  sandstone is more than 

the percentage of  iron oxides. The percentage of carbonate  in Shaqlawa sandstone 

ranged between (13.6-16.8%) with an average of (14.58%), while the percentage of 

carbonate  in Dokan sandstone ranged between (13.5-16.4%) with an average of 

(14.58%). Carbonate cement forms the predominant  type, (Plate 3-3-C). 

3.2.4.2 Iron oxides cement 

    Iron oxide cement was also observed in both two sections (Shaqlawa  and 

Dokan),  less than of carbonate cement. The percentage of iron oxides  in Shaqlaw 

sandstone ranged between (4.1-6.1%) with an average of (5.43%), while the 

percentage of  iron oxides  in Dokan sandstone ranged between (3.8-4.8%) with an 

average of (4.38%). Iron oxide cement was also observed with lesser existence as 

coating materials around the detrital grains (Plate 3-3-D). 

3.2.5 Opaque grains 

     This group includes all the opaque grains consisting predominantly of iron 

oxides. The percentage of Opaque grains in Shaqlawa  sandstone ranged between 

(4.5-5.8%) with an average of (4.98%), while the percentage of  Opaque grains  in 
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Dokan sandstone ranged between (3.8-5.3%) with an average of (4.8%). The shape 

of these grains is mostly angular to subangular (Plate 3-3-E). The opaque minerals 

such hematite. 

3.2.6 Matrix 

   The percentage of Matrix in Shaqlawa  sandstone ranged between (5.8-8.4%) 

with an average of (7%), while the percentage of  matrix  in Dokan sandstone 

ranged between (4.7-7.8%) with an average of (5.7%).The matrix consists of very 

fine material of silt to clay and micritic materials (Plate 3-3-F).( Boggs, 1997) 

mentioned that the sandstone is rich in rock fragments, contains a good quantities 

of matrix, and most of which were of secondary origin. Unstable grains such as 

(Feldspar and Rock Fragment) are an important source of matrix production 

(Dickinson, 1970).   

3.2.7 Others  

   These groups include all the subordinate minerals which are difficult to 

distinguish under a polarizing microscope  such as heavy minerals and unidentified 

fragments. The percentage of these grains in Shaqlawa  sandstone ranged between 

(0.9-2.9%) with an average of (1.65%), while the percentage of  other grains  in 

Dokan  sandstone ranged between (0.9-2.6%) with an average of (1.83%). 
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Plate 3-1        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 3-1-A: Angular monocrystalline quartz, sample number D1, XPL. 

Plate3-1-B: Angular polycrystalline quartz, sample number sh35, XPL. 

Plate 3-1-C: Potash feldspar (microcline) with cross hatching twining , sample number sh20, 

XPL. 

Plate 3-1-D: Subangular altered potash feldspar (orthoclase), sample number D29, XPL. 

Plate 3-1-E: Plagioclase feldspar with polysynthetic twining , sample number D1, XPL.  

Plate 3-1-F: Sub-rounded carbonate rock fragment (crystalline limestone), sample number sh35, 

XPL. 
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Plate 3 -2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 3-2-A: Rounded carbonate rock fragment ( fossiliferous limestone), sample number D33, 

XPL. 

Plate 3-2-B: Angular microcrystalline chert rock fragment, sample number D29, XPL. 

Plate 3-2-C: Angular macrocrystalline chert rock fragment, sample number sh25, XPL. 

Plate 3-2-D: Sub-angular mudstone rock fragment, sample number D20, XPL. 

Plate 3-2-E: Sub-rounded old sandstone rock fragment, sample number sh20, XPL. 

Plate 3-2-F: Metamorphic rock fragment with foliated texture (schist fragment), sample nymber 

D1, XPL. 
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Plate  3-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 3-3-A: Metamorphic rock fragment (serpentine fragments), sample number Sh26, XPL. 

Plate 3-3-B: Rounded igneous rock fragment (volcanic igneous fragment), sample number D1, 

XPL. 

Plate 3-3-C: Carbonate cement, sample number sh35, XPL. 

Plate 3-3-D: Iron oxides cement, sample number D33, XPl. 

Plate 3-3-E: Angular opaques grains, sample number D29, XPL. 

Plate 3-3-F: Matrix fragments ( silt and clay grains), sample number sh26, XPl. 
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3.3 Classification of  Shaqlawa  and Dokan Sandstone  

    The sandstones are classified on the basis of their texture and  mineralogical 

composition. The mineral composition has proved the most meaningful and forms 

the base for nearly all classification systems. Thus, in order to reach a more 

complementary view about the types and consequently a better ability to make a 

reliable conclusion concerning the mineralogical composition of source rocks.  

 For the purpose of determining the type of sandstone of the Gercus Formation 

(Shaqlawa  and Dokan), the (Folk ,1974) classification was used, and the major 

detrital framework components, (quartz, feldspar, and rock fragments) have been 

recalculated to 100%. The use of this classification showed that all the samples of  

Gercus Formation sandstone are classified as Litharenite ,Fig (3-2,3). Litharenites 

have an immature composition indicating short tran portation distances after rapid 

sediment generation from source rocks (Tucker, 1985).  

    Boggs (1995) stated that according to the statement, "Litharenites are 

compositionally immature sandstones that arise under conditions encouraging the 

synthesis and deposition of a significant volume of somewhat unstable elements." 

  The mechanically weak character of many of the lithic fragments in the sandstone 

suggests that they are probably derived from rugged, high relief source area 

(Boggs, 2001). High relief sources may yield abundant immature lithic sands 

(Pettijohn et al., 1987). 
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Figure 3-2: Classification of Shaqlawa  sandstone after (Folk, 1974). 

 

 
 

Figure 3-3:Classification of Dokan sandstone after  (Folk, 1974). 
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   In order to reach a more complementary view about the type and consequently a 

better ability to make a reliable conclusion concerning the source rocks, and 

according to the kind of the rock fragments, Shaqlawa and Dokan sandstone were 

classed. The rock fragments (sedimentary, igneous, and metamorphic) have been 

recalculated to 100%, and further reclassified to the type of sedimentary rock 

fragments after (Folk, 1974), the sedimentary rock fragments (carbonate, clastic 

and chert) have been recalculated to 100%.   

   Fig (3-4,5) show that the sandstone classification of Shaqlawa  and Dokan 

sandstone according to the rock fragments type (sedimentary, igneous and 

metamorphic) are sedarenite. 

   Fig (3-6,7) shows that the sandstone classification of Shaqlawa  and Dokan 

sandstone according to the type of sedimentary rock fragments (carbonate, 

argillaceous, and chert) are calclithite . 

 
 

Figure 3-4: Classification of Shaqlawa sandstone  according to the rock fragments 

after (Folk ,1974). 
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Figure 3-5: Classification of Dokan sandstone  according to the rock fragments 

after (Folk, 1974). 

 

 
 

Figure 3-6: Classification of Shaqlawa  sandstone  according to the rock type of 

sedimentary fragments after (Folk ,1974). 
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Figure 3-7: Classification of Dokan sandstone  according to the rock type of 

sedimentary fragments after (Folk, 1974). 

 

3.4 Stability of sandstone  

    Bjorlykke, (1983) classified stability of sediments into chemical and mechanical 

using a ternary diagram (quartz- feldspar- rock fragments). He stated that "the 

sandstone that contains a high percentage of quartz that means the sandstone is 

chemically and mechanically stable, but when the sandstone contains a high 

percentage of feldspar means the sandstone is mechanically stable but chemically 

unstable, and when the sandstone contains a high percentage of rock fragment 

means that the sandstone is chemically and mechanically unstable". According to 

this classification, the sandstone of Shaqlawa  and Dokan sections are chemically 

and mechanically unstable due to the high percentage of rock fragments, Fig (3-8, 

9).  
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Figure 3-8: Ternary diagram of stability of Shaqlawa Sandstone after  (based on 

Bjorlykke, 1983). 

 
Figure 3-9: Ternary diagram of stability of Dokan  Sandstone after  (based on 

Bjorlykke, 1983) . 



Chapter Three                                                                     Petrography  

 

43 
 

3-5 Tectonic provenances 

   The characteristics of the sedimentary provenance and the types of sedimentary 

processes that occurred within the deposition basin are reflected in the composition 

of the sandstone. Provenance and depositional basin are governed by the tectonic 

regime, which in turn controls the distribution of types of sandstones (Kettana and 

Wach, 2006). 

    Dickinson and Suczed (1979); Ingersoll and Suczek 1979; Dickinson and 

Valloni ,1980; Dickinson et al., 1983; Valloni and Mezzadri 1984); and others, 

demonstrated a close correlation between sandstone composition and plate-

tectonic. Accordingly, (Dickinson and Suczed, 1979) showed that continental 

block provenance, magmatic arc provenance, and recycled orogen provenance are 

the three main tectonic settings, or provenance, that have been postulated. 

    To differentiate sediment derived from these three major tectonic provenances, 

(Dickinson and Suczed, 1979; Dickinson et al., 1983), suggest a triangular 

composition diagrams showing framework proportions of [ monocrystalline quartz, 

feldspar, and (rock fragments + polycrystalline quartz)], Fig (3-10 , 11). 

    The percentage of monocrystalline quartz, feldspar, and rock fragments plus 

polycrystalline quartz was plotted from the modal analysis of the Gercus 

Formation sandstone, Fig (3-10, 11).This figure demonstrates that the average 

composition of monocrystalline quartz, feldspar, rock fragments plus 

polycrystalline quartz of the Gercus Formation sandstone belongs to the Lithic 

Recycled provenance. 

     Lithic recycled zones are plate convergence zones where major plate collisions 

create uplifted source areas along the collision suture belt (Boggs, 2001), two cases 

can be found in this respect: 
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1- Two continental masses collide, uplifted source rocks are typically sedimentary 

and metamorphic rocks. Detritus stripped include: 

-Abundant sedimentary- metasedimentary rock fragments. 

-Moderate quartz. 

-High ratio of quartz to feldspar. 

2- Continental mass collides with a magmatic arc complex, uplifted source rocks 

may include deformed ultramafic rocks, basalts, and other oceanic rocks, and a 

variety of other rock types such as greenstone (weakly metamorphosed and basic 

igneous rocks), chert, argillite (weakly meta shale), lithic sandstone, and limestone. 

The sediments include: 

-Many types of rock fragments. 

-Quartz. 

-Chert is particularly abundant. 

    The above modal, like any modal should be used only as a guide, and exceptions 

may occur, however, based on the modal compositions of the Gercus  Formation, it 

is apparent that the continent-magmatic arc complex agrees well with the 

compositional framework of the studied samples, also the general tectonic, 

stratigraphic and structural relationships, may show some support to this 

conclusion. 
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Figure 3-10: Q F L ternary diagram of Shaqlawa  sandstone  tectonic region 

provenance after  (Dickinson et al, 1983). 
 

 
Figure 3-11: Q F L ternary diagram of Dokan sandstone  tectonic region 

provenance after  (Dickinson et al, 1983). 
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3-6 Mineralogical maturity 

   The relative abundance of stable and unstable frameworks is referred to as 

mineralogical (compositional) maturity. Mature sandstone contains abundant 

quartz, whereas immature sandstone contains abundant unstable minerals or rock 

fragments such as feldspar and carbonate rock-fragment (Boggs, 2001).  

 Mineralogical (compositional) maturity is defined by (Pettijhon, 1975) as the 

extent to which clastic sediment approaches to the ultimate end product that it is 

derived by the formative processes that operate upon it.  

 (Pettijohn,1957) gave an index of compositional maturity, calculated from the 

ratio :[( quartz + chert) / (feldspar + rock fragments)]. This index was determined 

for each sample of Shaqlawa and Dokan sections (Table 3- 3). The calculated 

index values for the studied samples show that the index of mineral maturity of the 

Shaqlawa section ranged between (0.28-0.37%) with an average of (0.32), while in 

Dokan sandstone the values of mineral maturity is ranging between (0.34-0.39) 

with an average of (0.35).  

   As a result, the sandstones of Shaqlawa and Dokan are mineralogically 

immature. The presence of stable and unstable rock fragments and minerals 

coexists in areas with high relief, fast flowing rivers, and dry climatic conditions, 

which is a characteristic of unstable tectonic crusts, due to the source area's high 

relief, rapid erosion, and transport conditions, and short transport distance (Tucker, 

1991). 
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Table  3-3 :Mineralogical maturity index  of Shaqlawa and Dokan sandstone. 

 

 

 

 

Shaqlawa 

S.N MMI  

 

 

Dokan 

S.N MMI 

Sh20 0.34 D1 0.34 

Sh25 0.37 D20 0.39 

Sh26 0.29 D29 0.34 

Sh35 0.28 D33 0.35 

Min 0.28 Min 0.34 

Max 0.37 Max 0.39 

Avg 0.32 Avg 0.355 
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3.7 Diagenesis processes in sandstone units  

     Diagenesis involves all the physical and chemical changes that affect the 

sediments from the time it is physically deposited until all the constituents come to 

chemical equilibrium during metamorphism (Pettijohn et al., 1973, and Hutchison 

1974).  

    During diagenesis, dissolution, precipitation, or alteration may drastically alter 

the mineral composition of the sandstones. As the character and amount of 

interstitial cement and matrix is largely a function of diagenesis (Dickinson and 

Suczek, 1979). The reactions which take place between the minerals or between 

one or several minerals are the major direct evidences of diagenesis in sandstones 

(Pettijohn et al., 1987). 

   According to (Tucker, 1988), diagenesis fabrics can be an important indicator of 

both the depositional environment of the sediment and the chemistry of a variety of 

fluids that have been flushed through the sediment during burial. Mineralogical 

change can also be used to indicate temperature and burial depth. Diagenesis 

occurs at temperatures and pressures that are higher than those of the weathering 

environment but lower than those that cause metamorphism. There is no clear 

distinction between diagenesis and metamorphism; however, diagenesis is 

commonly thought to occur at temperatures below about 300 C° (Boggs, 1995).  

     The  degree to which each of the diagenestic processes affected any given 

sediment or rock depends on the composition of the sediment or rock, the physical 

characteristic of the sediment or rock, and the volume and nature of the fluid phase 

present during diagenesis, (Raymond, 1995). Petrographic study of  Shaqlawa and 

Dokan sandstone units shows the effect of diagenetic processes on the sediments in 

different degrees, as discussed below:  
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3.7.1 Compaction 

   The degree of compaction upon the deposited sandstones depends primarily on 

four factors, these are; clay matrix, percentage of ductile sand grains (i.e. shale, 

phyllite, slate, and schist), sorting of the sand grains, and effective stress (Blatt 

1992). The sandstone which contains clay matrix and appreciable percentages of 

ductile lithic fragments such as shale, slate, phyllite, and schist. All of these 

fragment types are deformed easily at relatively shallow depths (Somsna 1989,In 

Blatt 1992), which can bend and squeezed around the more ridged quartz and 

feldspar grains to fill the pores. Porosity can be reduced from the original 45% to 

nearly zero simply by squeezing ductile grains into pores. The effects of this 

process are observed by the matrix of the clay filling around the mineral granules.  

    In addition to the presence of point long contact and a few curved borders 

between the mineral grains (Plate 3-4-A,B), as the shape of the contact between the 

granules reflects the extent of compaction (Wolf and Chilingarian, 1976). 

3.7.2 Dissolution  

   The differential and pressure solution is a process contributes the sandstone 

cementation. The process of dissolution is little in the deposits of the current study 

and includes; the dissolution of unstable components (feldspar and rock 

fragments), solution of carbonate grain, and dissolution of carbonate cement 

partially or completely (Plate 3-4-C,D).                                        

3.7.3 Cementation 

    There are two major types of cement that have been identified: 

3.7.3.1  Carbonate Cement  

    Carbonate cement forms the predominant type of cementing materials in the 

sandstones of the Gercus Formation. It is mostly composed of spary calcite and 

dolomites filled the pore spaces with subordinate micrite (Plate 3-4-E). Calcite 

cement occurs as coarse blocky calcite crystals surrounding each of the detrital 
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grains (Plate 3-4-E ). Thus, the grains are floating in the cementing material. The 

major parts of carbonates in sandstone are in the form of cement because of their 

solubility under chemical weathering (Pettijohn et al., 1987). 

3.7.3.2  Iron Oxide Cement  

    Iron oxides formed characteristic cementing materials in the sandstones of the 

Gercus Formation. It forms an actual percentage to present the sandstone units as 

red beds are characteristic of Gercus sandstones. The iron oxides cement attains 

yellowish brown and red color think it is haematite (Plate 3-4-F). Ferruginous 

cementing materials are most probably come from the disintegration of the basic 

igneous fragments as well as the opaque minerals including iron. The second origin 

is coming from intense volcanism that produces a volcanic red argillaceous matrix 

rich in iron oxides. Ferruginous cement is typically found as thin films surrounding 

interparticle spaces of sand-sized grains,(Abbas ,2007) . However, in some cases, 

the cement is black and is most likely pyritic because the sample contains a high 

concentration of pyrite. However, (Al-Rawi ,1983) suggests that the reddening of 

the Gercus sediments took place by two stages. The early stage is represented by 

the coating of the detrital grains during transportation and deposition, and the late 

stage is developed depositionally by interstraral alteration of iron bearing minerals. 
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Plate 3-4   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 3-4-A: Low compaction, the grains floated in matrix and some grains with point contact 

between them, sample number Sh10, XPL. 

Plate 3-4-B: Moderately compaction, the grains with long contact between them, sample number 

Sh24, XPL. 

Plate 3-4-C: Vugs porosity caused by dissolution, sample number Sh19, XPL.  

Plate 3-4-D: Vugs porosity caused by dissolution, sample number D30, XPL. 

Plate 3-4-E: Carbonate Cement , sample number D14, XPL. 

Plate 3-4- F: Iron Oxide Cement , sample number D23, XPL. 
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3.8  Petrography of carbonate of Gercus Formation 

   Detailed petrographic study is carried out on 18 thin sections from studied area 

(6 thin from Shaqlawa section and 12 thin sections from Dokan). It led to 

recognizing the various carbonate grains (skeletal and non-skeletal) and matrix. 

Dunham's classification (1962) is adopted in this work ,Fig ( 3-12). 

 

Figure 3-12: Classification of carbonates rocks (After Dunham 1962). 

3.8.1 Carbonate components  

   The main components of carbonate rocks include grains embedded in 

groundmass or matrix that denotes the interstitial material between large grains or 

micro-grained limestone, which includes fine grained materials such as micrite and 

microspar (Flugel, 2010). Micrite may pass into cement by recrystallization or by 

neomorphisim to form sparite. The micrite is characterized by fine grained calcite 

or crystalline material that grows in the sediments fabric as groundmass (Selley, 

2000). The carbonate grains are divided into skeletal and non-skeletal grains. 
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3.8.1.1 Skeletal grains  

   The skeletal grains are formed of either fragments or complete shells resulted 

from organism activities ranging from 0.05 mm to many centimeters.  In a 

carbonate rock, skeletal grains are parts of the organisms (marine invertebrates) 

common in carbonate rocks are mostly composed of calcite (low magnesium), high 

Magnesian Calcite, Calcite, aragonite or Opaline silica, (Flugel ,2010). that many 

kinds of the skeletal grains have been recognized such as ,(ostracoda  and  

biocastic), (Plate 3-5-C,A) 

3.8.1.2 Non- Skeletal grains 

     Non-skeletal grains are inorganic particles of carbonates. They are divided into 

coated grains such as (Pisoids) and non-coated grains such as (lithoclast).   

Peloids: are small grains (ranging in size from silt to sand), usually without 

internal structure ,(Plate 3-5-D). They are subrounded, spherical, ovoid or irregular 

in shape. Peloids in reef and mud mounds are common in shallow-marine tidal and 

subtidal shelf carbonates, but also abundant in deep-water carbonates (Selley, 

2000). The term was suggested to replace the commonly used term (pellet), which 

had become synonymous with fecal pellets for many writers (McKee and 

Gutschick 1969).  

Lithoclast: Lithoclasts (or limeclast) is a nonspecific term that can be used for 

carbonate clasts when this distinction cannot be made. Lithoclasts range in size 

from very fine sand to gravel, although sand-size fragments are most common. 

They generally show some degree of rounding, indicative of transport, but usually 

are subangular or even angular clasts (Boggs, 2006; Tucker, 1982). This lithoclast 

represented by quartz grains (Plate 3-5-E) . 
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3.8.1.3 Matrix (groundmass) 

    The term matrix refers to the interstitial material between greater grains. Matrix 

is synonymous with ground mass but these terms are used by some researchers to 

describe both fine-grained interstitial material (micrite) and coarse interstitial 

sparite crystal fabrics formed by cementation or neomorphic processes (Flugel 

2010). Micrite, a term coined by (Folk ,1962), refers to the fine-grained carbonate 

rock matrix and carbonate grain constituents. It is reported in the  Gercus 

Formation on most of the studied thin section (Plate 3-5-B).  
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Plate 3-5  

 

Plate 3-5-A,: Bioclastic, sample number, D31, XPL. 

Plate 3-5-B: Matrix composed from micrite, sample number D16,XPL. 

Plate 3-5-C: Ostracoda,and Bioclastic sample number Sh6, XPL. 

Plate 3-5-D: Peloids grainstone, sample number, D7, XPL. 

Plate 3-5-E: Lithoclasts grains, sample number Sh15, XPL. 
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3.9. Microfacies 

     A sedimentary facies is defined as a specific rocky body that has distinct 

characteristics from others. Certain life and sedimentation. It was defined (Flugel, 

1982) as the sum of the sedimentary and fossil characteristics of a unit of 

Sedimentary rocks that can be distinguished using Thin Section. The current study, 

in the division of carbonate rocks, was based on the classification of (Dunham, 

1962), Fig(3-12) Where two major facies were diagnosed (Lime mudston and 

wackstone), Depending on their components petrographic and matched with Micro 

Facility (SMF) (Standard Microfacies ) Which was developed by (Wilson, 1975: 

Fulgel, 1982) ,Fig (3-13).  

3.9.1. Lime Mudstone Microfacies: 

   This facies is one of the widespread facies within the sediments of the Gercus 

Formation, which contains micrites, which are not less than (90%) of the total 

content according to the classification of (Dunham,1962). It includes this face: 

A-Non fossil Lime Mudstone submicrofacies:  It is completely free of fossils, and   

the remainder is represented by a matrix (Dunham, 1962),  lime mudstone 

microfacies are equivalent to the SMF-3Standard Microfacies (Wilsons, 1975), 

which belongs to FZ-3indicating a deep-sea, low energy environment, whereas 

bioclastic calcareous mudstone reflects restricted shallow-marine and low-energy 

SMF-3. (plate 3-6-A). 

B- Bioclastic Lime Mudstone submicrofacies: Contain  fossils and be >10%, and 

the remainder is represented by a matrix (Dunham, 1962), whereas bioclastic 

calcareous mudstone reflects restricted shallow-marine and low-energy SMF-3. 

(plate 3-6-D). 
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3.9.2.Bioclatic wackestion:  

    This microfacies is common facies which has skeletal component up to (15-

30%) ,These facies are equivalent to Wilsons (1975) Standard Microfacies (SMF-

1) which belongs to Facies Zones FZ-1 which is described as deep sea.,(plate 3-6-

B,C). 

3.9.3.Lithoclast-peloidal wacke-packston:  

   The skeletal grains are composed of approximately 50%, converted to 70% 

packstone. wacke-packstone facies are equivalent to the SMF-2 Standard 

Microfacies of Wilsons (1975) indicates a deposition a deep shelf (FZ-2) plate (3-

6-E)  
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Plate 3-6 

 

Plate 3-6-A-Non Fossilioferous Lime Mudstone submicrofacies, sample number 

D16, XPL.   

Plate 3-6-B—Bioclastic wackestone, sample number D3, XPL. 

Plate 3-6-C- Bioclastic wackestone, sample number D17, XPL 

Plate 3-6-D-Bioclastic Lime Mudstone submicrofacies, sample number Sh 3, XPL. 

Plate 3-6-E- Lithoclast-peloidal wacke-packstone, sample number Sh14, XPL. 
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Figure 3-13: standard areas and facies from (Flugel, 2004 ) and the axis from ( 

Wilson, 1975). 
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3.10 Heavy minerals analysis 

      Heavy minerals are a diverse and nongenetic mineral group found in detrital 

sedimentary rocks. The minerals are not necessarily related in any way; it is the 

separation procedure that distinguishes them as a group. Heavy minerals are parent 

rock minerals with a specific gravity greater than (2.85) that have survived 

weathering, abrasion, or intrastratal solution destruction (Pettijohn et al., 1987).                      

heavy minerals are an important component of sandstones; most sands contain a 

small (1-2%) bua a diverse suite of heavy minerals (Selly, 2000). 

     Heavy minerals are significant for two reasons: they may be commercially 

valuable, and they may reveal the origin of the sandstone or sands (Dill, 1998). 

In order to use them as markers for the source rocks and makeup of the source 

location, the heavy minerals in eight samples from the Gercus Formation 

(Shaqlawa and Dokan) were identified. The heavy mineral separation procedure 

was modeled after (Carver, 1971;  Griffiths ,1967 and Muller, 1967). 

     Eight sample were chosen for heavy mineral analysis (4) sample Shaqlawa , and 

(4) sample from Dokan sectiones ,the percentages of the mineral were determind 

by using the method of (Fleet,1926; In Carver, 1971). The resulted  heavy mineral  

of studed samples are, shon  in, (Table 3-4 ,5). 

 

 

 

 

 

 

 

 
 

 



Chapter Three                                                                     Petrography  

 

61 
 

  Table  3-4:Range and average percentages of heavy minerals of the Gercus  

Formation (Shaqlawa section). 

 

 

Shaqlawa section 

Minerals Sh20 Sh25 Sh26 Sh35 Range Average 

Opaques 40.1 36.4 39.1 42.2 36.4-40.1 39.45 

Hematite 16.3 12.4 13.2 14.3 12.4-16.3 14.05 

Chromian spinel 4.6 5.7 6.3 5.4 4.6-6.3 5.5 

Chiorite 2.4 3.3 4.5 4.2 2.4-4.5 3.6 

Orthopyroxene 2.4 2.2 2.4 2.3 2.2-2.4 2.33 

ClinoPyroxene 1.7 5.1 4.5 2.1 1.7-5.1 3.35 

Hornblende 2.4 2.2 2.3 3.4 2.2-3.4 2.58 

Glaucophane 1.5 2.1 0.9 1.2 0.9-2.1 1.43 

Actinolite 0.6 1.5 2.4 2.6 0.6-2.6 1.78 

Biotite 1.3 1.3 2.9 1.1 1.1-2.9 1.65 

Muscovite 1.5 3.4 1.4 1.7 1.4-3.4 2. 

Clinozoisite 2.2 4.8 1.3 2.0 1.3-4.8 2.58 

Zoisate 1.3 1.4 1.2 1.5 1.2-1.5 1.35 

Gernet 5.4 3.7 4.6 3.4 3.4-5.7 4.28 

Zircon 4.9 5.4 6.4 3.7 3.7-6.4 5.1 

Tourmaline 3.6 4.2 1.7 2.8 1.7-4.2 3.08 

Rutile 3.6 1.6 1.7 2.6 1.6-3.6 2.38 

Staurolite 2.2 0.5 1.6 1.2 0.5-2.2 1.38 

Kyanite 1.4 1.7 1.3 1.7 1.3-1.7 1.53 

Others 0.6 1.1 0.3 0.6 0.3-1.1 0.65 
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  Table 3-5:Range and average percentages of heavy minerals of  the Gercus 

Formation (Dokan section). 

Dokan section 

Minerals D1 D20 D29 D33 Range Average 

Opaques 45.3 37.3 43.2 37.1 37.1-45.3 40.73 

Hematite 11.2 12.1 11.4 10.6 10.6-12.1 11.33 

Chromian spinel 4.3 5.1 6.2 4.1 4.1-6.2 4.93 

Chiorite 2.1 3.5 4.1 4.2 2.1-4.2 3.48 

Orthopyroxene 2.3 2.3 2.4 2.3 2.3-2.4 2.33 

ClinoPyroxene 2.4 2.4 2.8 3.4 2.4-3.4 2.12 

Hornblende 2.4 2.4 3.3 2.7 2.4-3.3 2.7 

Glaucophane 1.2 1.2 1.1 1.5 1.1-1.5 1.25 

Actinolite 2.4 2.4 1.6 1.8 1.6-2.4 2.05 

Biotite 1.1 1.1 1.2 2.3 1.1-2.3 1.43 

Muscovite 2.7 2.7 2.8 2.1 2.1-2.8 2.58 

Clinozoisite 2.4 2.4 1.1 4.6 1.1-4.6 2.63 

Zoisate 2.1 2.1 2.2 0.3 0.3-2.2 1.68 

Gernet 4.4 5.7 5.7 4.5 4.4-5.7 5.08 

Zircon 2.2 7.5 4.4 5.4 2.2-7.5 4.88 

Tourmaline 1.4 4.4 1.4 3.5 1.4-4.4 2.68 

Rutile 2.3 3.2 1.8 4.8 1.8-4.8 3.03 

Staurolite 2.2 1.6 1.4 2.5 1.4-2.5 1.93 

Kyanite 2.3 1.2 1.3 1.1 1.1-2.3 1.48 

Others 0.6 0.3 0.6 1.2 0.3-1.2 0.68 
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3.11 Quantitative and qualitative analysis of heavy minerals 

    In the present study, 8 sandstone samples of  Gercus Formation (Table 3-4,5) 

were gathered to establish the heavy mineral suites' composition in order to use 

that information as a source rock indicator. The heavy minerals were identified by 

using transmitted light polarized microscope in the studied samples of Gercus  

Formations and estimated by using point counter mechanical stage, following the 

method of (Fleet ,1926 In Carver ,1971). Fig (3-14) shows average of heavy 

minerals in the Gercus  Formation. 

 
 

Figure 3-14: Average of heavy minerals in Shaqlawa and Dokan of Gercus  

Formation. 

 

    In the Gercus formation, two categories of heavy minerals are distinguished 

based on color; opaque minerals and transparent minerals. The characteristic of 

each mineral is described below: 
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3.11.1 Opaque minerals 

     Because they are primarily iron oxides, opaque minerals have high specific 

gravity and are strongly attracted to magnets (Philip,1966). Minerals in this 

category are thought to be moderately stable (Folk, 1974). The majority of the 

heavy minerals in the research area's Shaqlawa sandstone are opaque minerals. It 

falls between (36.4- 40.1% )with an average of (39.45%), while the Dokan ranged 

between (37.1- 45.3 %) with an average of (40.73%). The opaque minerals in the  

study area are rounded to subrounded and some grains are euhedral aquant, (plate 

3-7- A,B,and C). The reason for the increase in this percentage compared to the 

rest of the heavy minerals is that these minerals exist and crystallize in all types of  

rocks (sedimentary, metamoraphic, igneous) (Nesse ,2000). 

3.11.2  Hematite 

     Hematite second in abundance is present in all of the Shaqlawa and Dokan 

sandstone samples that have been studied, The percentage of hematite  in Shaqlawa 

sandstone ranged between (12.4-16.3%) with an average of (14.05),  while in 

Dokan it ranged between (10.6-12.1%),with an average of (11.33%). The hematite 

has deep red to reddish brown in color and is irregular to angular  in shape, (Plate 

3-7- D).  

3.11.3 Chromian spinel 

    Some samples of  Shaqlawe and Dokan sandstone contain chromosian spinel. 

Because it crystallizes in a cubic system, chromian spinel often takes on isometric 

shapes, in shape with a conchoidal fracture,  and deep brown to red colors 

chromian spinal is isotropic,( Plate 3-7- E).In Shaqlawa Sandstone, the amount of 

chromian spinel ranges between (4.1- 6.2), with an average of (4.93), while in 

Dokan section its percentage is ( 4.6-6.3%) with an average of (5.5%) . 
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3.11.4  Chiorite  

    Most of the investigated samples of Shaqlawa and Dokan sandstone contain 

chlorite grains. Chlorite occurs  in  green color, has   flaky  shape, contains spots of 

iron oxides, and has low overlapping colors  (Plate 3-7- F). The source of chlorites 

results from the decomposition processes of ferromagnetic minerals such as biotite, 

pyrexenes and amphiboles which occur in normal atmospheric conditions (kerr, 

1959). The percentage of chlorite in Shaqlawa  sandstone ranged between (2.4-

4.5%) with an average of  (3.6%), while in Dokan section, the range is (2.1-4.2%) 

with an average of (3.48%). Chlorite is found in igneous rocks as a result of 

mineral alteration such as low-grade metamorphic rocks and minerals including 

pyroxene, amphibole, and mica (Hatch et al., 1974) and (Tucker, 1985).  

3.11.5  Orthopyroxene  

    One of the sources of magnesium in sediments is pyroxene. It  has a limited 

resistance to weathering (Al-Bayati et al., 2017). All of the Shaqlawa and Dokan 

sandstone samples that were tested contained orthopyroxenes. Orthopyroxene 

crystallizes in a specific based system  and  is usually of light green  color. It has 

suhhedral shapes, clear elongation, and subhedral (Plate 3-8- A). Its percentage in 

Shaqlawa  sandstone ranges between (2.2-2.4%) with an average of ( 2.3 %), while 

in  Dokan section, the range is (2.3-2.4%) with an average off (2.33%). It is found 

in igneous rocks that are both basic and ultrabasic ( Pettijohn, 1975; Krumbein and 

Sloss, 1963). 

3.11.6  Clinopyroxene 

   All of Shaqlawa and Dokan sandstone samples that were tested contained 

clinopyroxenes. Clinopyroxene crystallizes in a monoclinic system  and  usually of 

light green  color. It has suhhedral shapes, an elongation, and subhedral (Plate 3-8-

B). Its percentage in Shaqlawa section ranged between (1.7-5.1%) with an average 
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of (3.35%), while in Dokan section the range is between ( 2.4-3.4%) with an 

average of (2.12%).  

3.11.7 Hornblende  

    Hornblende is the common mineral of this group in the sections of shaqlawe and 

Dokan sandstone. It has green color, prismatic subhedral, and an elongation (Plates 

3-8-C). The percentage of Hornblende in Shaqlawe sandstone ranged between 

(2.2-3.4%) with an average of ( 2.58%), while in Dokan  section, the range is (2.4-

3.3%) with an average of ( 2.7%). It is used to define acidic igneous rocks as well 

as metamorphic rocks like schist and gneiss (Keer, 1959; Nesse, 2000 and  

Pettijhon et al, 1973). 

3.11.8 Glaucophane 

      Basic some samples of Shaqlawa and Dokan sandstone  sections contain 

glaucophane.  It has blue to violet color,  occurs in prismatc crystals or columnar 

aggregates. It is found in certain types of schist especially the high- pressure type 

of regionally metamorphic rocks (Al-shakeri et al., 2016), (Plates 3-8-D). Its  

percentage in Shaqlawa section ranged between (0.9-2.1%) with an average of 

(1.43%), while in Dokan  section, the range is (1.1-1.5%) with an average  of 

(1.25%). 

3.11.9 Actinolite  

   Actinolite is found in all samples of ShaqlawA and Dokan sandstone. It was 

found as colorless to pale green colored grains, occurs in long prismatic crystal and 

columnar to fibrous aggregate  shape  (Plates 3-8- E). Its percentage in Shaqlawe 

ranged between (0.6-2.6%) with an average of (1.78%), while in Dokan  section 

the range is (1.6 -2.4 %) with an average of (2.05 %).  It is characteristic of 

metamorphic rocks such as schist and gneiss (Boggs, 1995). Diagnostic features of 

Actinolite extinction angle and form. 
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3.11.10 Biotite  

    Biotite is recorded in all the examined samples of Shaqlawa and Dokan 

sandstone. Biotite occurs as flaky and cleavage  form,  strong pleocchroism , 

brown to yellowwish brown in color   (Plates 3-8- F). The percentage of  Biotite in 

Shaqlawa Formation ranged between (1.1-2.9%), with an average of (1.65%), 

while in  Dokan  section, the range is (1.1-2.3%) with an average of (1.43%). 

Biotite is common in all igneous, metamorphic, and sedimentary rocks (Ibrahim, 

2014). 

3.11.11 Muscovite  

   Muscovite is recorded in all the examined samples of Shaqlawa and Dokan 

sandstone. Muscovite occurs in a flaky form, one direction of cleavage and 

extinction , and as colorless none pleochroic  mineral  (Plates 3-9- A). The 

percentage of muscovite in Shaqlawa sandstone ranged between ( 1.4-3.4%) with 

an average of (2.0%), while  in Dokan section the range is (2.1-2.8%)  with an 

average of (2.58). Muscovite is found in metamorphic rocks, particularly schist and 

gneisses, as well as plutonic rocks (Chapman and Hall, 1992). 

3.11.12 Clinozoisite 

   Clinozoisite  is recorded in all the examined samples of Shaqlawe and Dokan 

sandstone. It is of colorless to light brown color, usually occure in elongated 

crystals or columnar aggregate and monoclinic crystallographic system. Diagnostic 

features  of  Clinozoisite  are cleavage  perfect in one direction, and high relief 

(Plates 3-9- B). The percentage of clinozoisite in Shaqlawa sandstone ranged 

between (1.3-4.8%) with an average of (2.58%), while in  Dokan section, it ranged 

(1.1-4.6%) with an average of (2.63%),  the common in metamorphic rocks 

(Admin, 1999).  
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3.11.13  Zoisate  

    Zoisate is recorded in all the examined samples of Shaqlawa and Dokan 

sandstone.  Zoisate is colorless and usually occurs in rounded to subrounded shape  

with orthorhombic  crystallographic system. Diagnostic features  of  zoisate  are 

cleavage  perfect in one direction , high relife  (Plates 3-9 -C). The percentage of 

zoisat  in Shaqlawa  sandstone ranged between( 1.2-1.5%) with an average of 

(1.35%), while in Dokan section, the range is (0.3-2.2%) with an average of 

(1.68%). It is a rather rare mineral found  in some metamorphic rocks (Admin, 

1999).  

3.11.14 Garnet  

    Garnet is observed in all the studied samples of Shaqlawe and Dokan sandston. 

Garnet  is  colorless to pink color, optically homogeneous because it crystallizes in 

cube system and it is found equally dimensional  high relif, and  euhhedral in most 

cases (Plates 3 -9- D). The percentage of garnet in Shaqlawa sandstone ranged 

between (3.4-5.7%) with an average of (4.28%), while  in Dokan section, the range 

is(4.4-5.7%) with an average of (5.08%). Garnet is found in metamorphic rocks 

and is also found in some plutonic igneous rocks, pegmatites, ultramafics, and acid 

volcanics (Chapman and Hall, 1992 ; Tolosana -Delgado et al, 2018). 

3.11.15  Zircon  

    Zircon is a metal that is extremely resistant to both physical and chemical 

changes, and it can maintain a closed system even during higher metamorphism 

processes (Hawkesworth and Kemp, 2006). It is  colorless with very high relif , 

and it is found equally dimensional, subhedral and euhedral, (Plates 3-9- E). The 

percentage of zircon in shaqlawe sandstone ranged between (3.7-6.4%) with an 

average of (5.1%), while in Dokan section the range is (2.2-7.5%) with an average 

of (4.88%). Zircon can be found in basic, ultrabasic, and medium igneous rocks, as 
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well as acidic igneous rocks (Milner, 1962). Zircon occurs usually in  inminute 

crystals of short prismatic habit, and the cleavage is  absent. 

3.11.16  Tourmaline  

   Tourmaline is recorded in all examined samples of Shaqlawe and  Dokan 

sandstone. It has high relief,  honey color with strong pleochroism, cleavage in one 

direction and parallel extinction with  subhedral crystal shape (Plates 3-9- F). The 

percentage of tourmaline in Shaqlawe sandstone ranged between (1.7-4.2%) with 

an average of (3.08%), while  in Dokan  section, the range is  (1.4 -4.4% ) with an 

average of (2.68%). 

3.11.17  Rutile  

   Rutile is found in all samples of Shaqlawa and Dokan sandstone. It  occurs  in 

small prismatic to acicular crystals  and  has a deep red yellow color  (Plates 3-10-

A). The percentage of rutile in Shaqlawa  sandstone ranged  between (1.6 3.6%) 

with an average of (2.38%), while in Dokan section, it ranged between (1.8-4.8%) 

with an average of (3.03%). It is a very stable mineral in most environments, even 

at high pressure and temperature (Rabbia and Hernandez, 2012). Rutile can be 

found in metamorphic and plutonic rocks. 

3.11.18  Staurolite  

    Staurolite can be found in all samples of Shaqlawa and Dokan sandstone. It has 

a high relief and a golden yellow color, and it is usually found in euhedral crystals 

with a short prismatic habit (Plates 3-10- B). The percentage of Staurolite in 

Shaqlawa sandstone ranges between (0.5- 2.2%) with an average of (1.38%), while 

in Dokan section, the range is (1.4-2.5 %) with an average of (1.93 %). It is found 

as clastic minerals in both metamorphic and sedimentary rocks (Masson and 

Berry,1968). 
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3.11.19  Kyanite  

    Kyanite is recorded in all examined samples of Shaqlawa  and Dokan sandstone. 

It has  elongated habit and crystal subhedral high relief  shape , (Plates 3-10- C). 

The percentage of kyanite in Shaqlawa sandstone ranged between (1.3 1.7% ) with 

an average of (1.53 %), while in Dokan section, the range is (1.1-2.3% )with an 

average of (1.48%). It can be found in gneisses, pelitic schists, and granulites, all 

of which are formed by regional metamorphism of most pelitic rocks (Chapman 

and Hall,1992). 

3.11.20  Others  

   This group includes the minerals that recorded in rare percentages and difficult or 

cannot be identified by the microscope because of their large size and thickness in 

addition to the grains that show high alteration. Their percentage in Shaqlawa 

sandstone raged between ( 0.3-1.1%) with an average of (0.65%), while in Dokan 

section, the range is  (0.3-1.2% )with an average of (0.68%). 
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                                                      Plate  3-7 

 

Plate 3-7-A: Euhedral , equant , opaques grain, sample number Sh20  , PPL. 

 
Plate 3-7-B: Subrounded , anequant, opaques grain , sample number D29  , PPL. 

 

Plate 3-7-C: Well rounded , equant , opaques grain, sample number  D33 , PPL. 

 

Plate 3-7-D: Angular, deep red color, high relief hematite, sample number Sh25, PPL. 

 

Plate 3-7-E: Deep brown color, high relief, isotropic chromian spinel, sample number Sh20 , 

PPL. 

 

Plate 3-7-F: Green color, flaky form, with some iron oxides inclusion, chlorite, sample number 

Sh26 , PPL. 



Chapter Three                                                                     Petrography  

 

72 
 

                                                Plate  3-8  

 

Plate 3-8-A: Light green, high relief , subhedral orthopyroxe, sample number D33, PPL. 

 

Plate 3-8-B: Subhedral, high relief, green color clinopyroxene, sample number Sh20, PPL. 

 

Plate 3-8-C: Subhedral, prismatic, green color hornblende, sample number Sh25, PPL. 

 

Plate 3-8-D: High relief, violet color glaucophane, sample number D29, PPL. 

 

Plate 3-8-E: High relief, light green actinolite amphibole, sample number Sh26 , PPL. 

 

Plate 3-8-F: Flaky form brown color with strong pleochroism biotite, sample number Sh135, 

PPL. 



Chapter Three                                                                     Petrography  

 

73 
 

                                                  Plate  3-9 

 

Plate 3-9-A: Flaky form  cololess muscovite mica, sample number Sh25 , XPL. 

 

Plate 3-9-B: High relief, light brown color clinozoisate epidote, sample number D33, PPL. 

 

Plate 3-9-C: High relief, colorless zoisate epidote, sample number  Sh26, PPL. 

 

Plate 3-9-D: High relief, equant habit, colorless garnet, sample number D29, PPL. 

 

Plate 3-9-E: High relief, colorless zircon, sample number Sh35, PPL. 

 

Plate 3-9-F: High relief, honey color with strong pleochroism tourmaline, sample number Sh20, 

PPL. 
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                                            Plate  3-10 

 

Plate 3-10-A: High relief, deep red color rutile, sample number Sh35 , PPL. 

 

Plate 3-10-B: High relief, deep yellow color staurolite, sample number D33, PPL. 

 

Plate 3-10-C: High relief, elongated habit, colorless kyanite, sample number Sh25 , PPL. 
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3.12 Provenance of Heavy Minerals  

    Heavy minerals are commonly used as indicators for determining source rocks 

(Boggs, 2001). Data on heavy minerals constrain the mineralogical nature of the 

source terrains (Morton and Hallsworth, 1999). Igneous, metamorphic, and 

sedimentary rocks are among the likely source rock types indicated by the heavy 

mineral assemblages found in the Gercus Formation. The potential source of each 

of the listed minerals is stated in (Table 3-6) 

  According to Blatt et al. (1982), the occurrence of opaques was mostly related to 

mafic igneous and metamorphic rock, as well as acidic igneous and reworked 

sedimentary rock (Pettijhon, 1975). 

    Pyroxene and Chromian spinal are abundant in basic igneous rocks (Tucker, 

1991). 

   Hornblende, Tourmaline, Rutile, Biotite and Musecovite are common in acidic 

igneous and metamorphic rocks (Pettijohn et al., 1973). 

   Epidote, garnet, chlorite, amphibole (Glaucophane and Actionolite), kyanite and 

staurolite are indicating metamorphic source (Milner, 1962) 

   The of zircon indicate sources  acid igneous rock, sources sedimentary rocks   

(Milner, 1962), and Hematite is common in the metamorphic and sedimentary 

rocks (Hamillton, 1976) 

    The Gercus Formations' source rocks are generally metamorphic and basic, 

according to the results of the analysis of heavy minerals in the investigated 

samples, in addition to acidic igneous and reworked sedimentary. 
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Table 3-6: Probable source rocks of the heavy minerals of the Gercus formation (* 

is the probable source rocks), and references 

 

 

Heavy Minerals 

 

Source rock 

 

 

References S
ed

im
en

ta
ry

 

ro
ck

s 

A
cid

ic ig
n

eo
u

s          

ro
ck

s 

B
a
sic ig

n
eo

u
s 

ro
ck

s 

M
eta

m
o

rp
h

ic 

ro
ck

s 

Opaque * * * * 1,3,5,6,7,8 

Hematite *   * 1,2,3,4,5,6,7,8,9,10 

Chromian spinal   *  1,2,3,5,6,7,10 

Chiorite    * 1,2,3,5,6,7,10 

Pyroxene   *  1,2,3,5,6,7,8,9,10 

Hornblend  *  * 1,2,3,5,6,7,8,9,10 

Glaucophane    * 1,2,3,5,6,7,10 

Actinolite    * 1,2,3,4,5,6,7,8,9,10 

Biotite  *  * 1,2,3,5,6,7,10 

Muscovite  *  * 1,2,3,5,6,7,10 

  Epidote      * 1,2,3,4,5,6,7,9,10 

 Gernet    * 1,2,3,4,5,6,7,8,9,10 

 Zircon  *   1,2,3,4,5,6,7,8,9,10 

 Tourmaline  *  * 1,2,3,4,5,6,7,9,10 

 Rutile  *  * 1,2,3,4 ,6,7,9,10 

 Staurolite    * 1,2,3,4,5,6,7,8,9,10 

 Kyanite    * 1,2,3,4,5,6,7,8,9,10 

1- Hibbard (2002)    5- Pettijohn (1975)       8- Krumbein and Sloss (1963)  

2- Neese (2000)        6- Folk (1974)                9- Milner (1962)  

3- Boggs (1995)       7- Carver (1971)            10- Kerr (1959)  

4- Tucker (1985)  
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3.13 Stability of Heavy Minerals 

    There are several classifications that divided the heavy minerals into groups 

depending on their relative stability. (Folk ,1974 In  carve ,1971) divided the heavy 

minerals into four groups (Table 3-7). 

Table 3-7: Approximate relative stability of the heavy minerals of  the Gercus 

sandstone (carver, 1971). 

Heavy minerals groups 

Ultra-stable stable Semi-stable Un-stable 

Rutile 

Zircon 

Tourmaline 

Chlorite 

Muscovite 

Staurolite 

Kyanite 

Epidote 

Clinozoisite 

Glaucophane 

 

Biotite 

Garnet 

Amphibole 

Pyroxene 

Opaque 

 

  Kasper et al. (2008) proposed a ternary diagram for determining the stability of 

heavy mineral content, in which unstable, moderately stable, and ultra-stable 

groups are considered, and the heavy minerals were recalculated to 100%. The 

application of the stability factor to the studied Gercus Formations sandstone 

revealed that all samples are moderately stable ,Fig (3-15 ,16). 
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Figure 3-15:Ternary diagram of heavy mineral stability of Shaqlawa sandstone 

(after Kasper et al, 2008). 

 

Figure 3-16: Ternary diagram of heavy mineral stability of Dokan sandstone (after 

Kasper et al, 2008). 
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3.14  Heavy mineral assemblage and tectonic setting  

    The relationship between tectonics and sediment composition has long been 

recognized (Pettijohn et al., 1987). By comparing the assemblage with the possible 

sources of clastic sediment resulting from different stages of the plate tectonic 

cycle. (Nechoev and Isophording ,1993) proposed a plate tectonic interpretation of 

heavy mineral data. (Nechoev and Isophording ,1993) created a triangular diagram 

(MF, GM, and MT) that connects plate tectonic setting and heavy mineral 

assemblage where: 

MF: common constituents of mafic magmatic rocks.  

MT: common constituents of basic metamorphic rocks.  

GM: Accessory minerals of granites and sialic metamorphic rocks. 

   The mafic magmatic, basic metamorphic, and granites, as well as the sialic 

metamorphic rocks (MF, GM, and MT) have been recalculated to 100%. Plotting 

the studied Gercus Formation samples on the ternary diagram in both sections 

(Shaqlawa and Dokan) reveals that all of the samples fall within the field of active 

continental margins ,Fig (3-17,18), which are characterized by a relatively high 

percentage of minerals derived from basic rocks. Both sandstones come from 

active continental margins. Taurus and Zagros Mountains may represent these 

source rocks. 
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Figure 3-17: interrelationship of the MF-MT-GM suites of Shaqlawa sandstone  

(after Nechoev and Isophording, 1993). 

 

 
Figure 3-18: interrelationship of the MF-MT-GM suites of  Dokan sandstone  

(after Nechoev and Isophording, 1993). 
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3.15 Clay mineralogy 

    Clay minerals are important tools used in studying old sediments and identifying 

the condition of the sedimentary environment and source rocks. Clay minerals are 

one of the most complex and widespread minerals groups, that are formed by 

chemical degradation methods of pre-existing minerals during weathering 

processes (Galko et al., 2000).  

    Clay minerals provide evidence of all the physical and chemical changes that 

have led to their formation (Arribas et al., 2003). Clay minerals are usually ultra-

fine fraction that require special analytical techniques for their identification study 

such as X-Ray diffraction (Moore and Reynolds, 1997), which is used in the 

present study. 

3.16 Clay mineral analysis  

      Four samples were chosen from mudstone units of Shaqlawa and Dokan 

formations (Table 3-8). The results of X-Ray analysis show that Shaqlawa and 

Dokan mudstones are of variable mixtures and composed of nonphyllosilicate, 

phyllosilicate of oriented samples as shown in, Fig (3-19,20, 21, and 22) and 

discussed below : 

Table 3-8: sample Number of Clay minerals in  Shaqlawa and Dokan sections at  

the Gercus Formation. 

Formation Locations Sample Number of  Clay Mineral 

 

Gercus 

 

Shaqlawa 

Sh3 

Sh16 

 

Dokan 

D15 

D9 
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3.16.1 Non-clay minerals  

3.16.1.1 Quartz  

   Quartz is the abundant mineral in the clay fraction of  Shaqlawa and Dokan  

mudstones at the  Gercus section  identified in the range of d-spacing (4.25A°) 

with the main reflection is d spacing (3.33 A°), Fig (3-19,20, 21, and 22). 

3.16.1.2 Carbonates minerals  

   Calcite is the second abundant mineral after quartz in the studied mudstone 

samples at the Shaqlawa  and  Dokan. It was calcite that identified in the range of 

(3.03 A°) in all samples, while dolomite is present in the mudstones of the all 

studied samples. It was identified in the range of (2.06 A°), Fig (3-19,20, 21, and 

22). 

3.16.1.3 Feldspar 

   Feldspar was identified in the mudstone samples in a very low percentage. It was 

identified at the peak of (3.18 °A) in all samples ,Fig (3-19,20, 21, and 22). 

3.16.1.4 Gypsum 

    Gpsum is found in sample (Sh16) reflection at d=10 A°. The studied sample are 

probably precipitated as a sulfate under reducing conditions during the deposition 

of sediments (Xiting et al.,  2018). Non-evaporative marine gypsum sometimes 

was found in association with authigenic pyrite (Xiting et al.,  2018). The 

anaerobic bacteria thrived in this environment, reducing dissolved SO4 in seawater 

and initiating the formation of H2S. The H2S reacts immediately with iron present 

in the sediment to form FeS2, under a strongly reducing, low-pH environment 

saturated with Ca, which is obtained by the dissolution of calcareous microfauna, 

Fig (3-19,20, 21, and 22). 
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3.16.2 Clay minerals  

3.16.2.1 Mixed-Layered Clay 

    Interpretation of XRD spectra from mixed-layer clay cannot be satisfactorily 

achieved with conventional XRD methods, as mixed layered species are present in 

physical mixtures that include the simple clay types. Multiple analyses are needed 

as well as computer generated XRD patterns to discriminate the clays. In some 

situations, the creation of swelling minerals from non-swelling minerals or vice 

versa may include the formation of mixed-layer clays, which can occur during 

weathering and involve the removal or uptake of cations, hydrothermal alteration, 

or the removal of the hydroxide interlayer (MacEwan, and Ruiz-Amil, 1975; and 

Sawhney, 1989), Fig (3-19,20, 21, and 22). 

3.16.2.2 Chlorites  

    Depending on the species, chlorites have their (001) maxima at (14.94°A-

14.58°A). The peak positions of ethylene glycol are unaffected. When heated over 

(550C), the peak of (001) chlorite may expand significantly, although Fe-chlorite 

and higher-order peaks may diminish (Moore and Reynolds, 1997), Fig (3-19,20, 

21,and 22).Chlorite minerals are frequently found in igneous rocks as 

hydrothermal alteration products of ferromagnesian minerals, low-grade green 

schists, and argillaceous sedimentary rocks in both detrital and ethereal forms 

(Deer et al., 1975).The Chlorite mineral formed in nature by weathering and 

erosion of ferromagnesium minerals especially biotite (which exist in acidic and 

basic igneous, and metamorphic rocks). After removal of Ti and Fe elements from 

these minerals under basic alkali conditions, the chlorite mineral will transport to 

the depositional basins as a tiny clastic mud (Grim, 1968; milot 1970). Chlorite is 

stable in basic environments but unstable in acidic environments that altered to 

other clay minerals (Milot, 1970 and Al-Mashaikie, 1979). Chlorite can be 

distinguished from montmorillonite by the expansion of the later to 17°A or more 
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when the sample is glycolated and distinguished from kaolinite by heating to 

550°C, the later collapses at this degree only (Moore and Reynolds, 1997). 

3.16.2.3 Kaolinite  

    Kaolinite is recognizing from the basal reflection (001) at (d=7.09 A°). Peak 

position is unchanged by ethylene glycol, upon 550C° the basal reflection is 

destroyed (Tucker, 1988), Fig (3-19,20, 21, and 22). Kaolinite is found in all the 

studied samples. Kaolinite minerals formed by intense chemical weathering of 

acidic igneous rocks that are rich in silica, aluminum and feldspar (Gopianth and 

Desouze, 2000), also can also be formed as weathering product of biotite or 

chlorite (Kodoma and Brydon, 1966; Sado and Shidoma, 1978). The areas that 

subjected to an effective chemical weathering due to well-washed and good 

drainage, under low relief, wet, humid climates, tropical and acidic conditions 

where the pH is less than 7, considered ideal environment of kaolinite formation 

(Grim, 1968; Tucker, 1985). In addition, the kaolinite mineral is formed in dry 

areas due to erosion of old sediments (Al-Rawi, 1977). 

3.16.2.4 Illite  

    Illite is recognized from the basal reflection (001) d=10A°. The basal reflection 

of this mineral is not expanding when glycol and not collapsed when heated to 550 

C° (Faning  et al., 1989), Fig (3-19,20, 21, and 22).This mineral is found in all the 

studied samples. During the weathering of silicates (mainly feldspar), during the 

modification of other clay minerals, and during the degradation of muscovite, the 

illite group, which is the dominating clay mineral in argillaceous rocks, is created 

(Deer et al., 1975). Illite minerals are formed by direct weathering and erosion or 

alteration of alumino-silicate such as alkali-feldspar minerals and muscovite, 

which originated from acidic igneous and metamorphic rocks, that transported later 

to the depositional basin as a tiny clastic clay (Degens, 1965; Grim, 1968 and 

Milot, 1970). This mineral is also formed by weathering of the old sedimentary 
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rocks (Keller, 1962). A dry environment with low rainfall, high alkaline (pH is 

more than 8.5), and rich in potassium ions is ideal for illite formation (Degens, 

1965). 

3.16.2.5 Palygorskite 

    Palygorskite was identified on the (10.5°A) (110) peak which remain unchanged 

during ethylene glycol saturation and disappearance upon heating to more than 

(550C°). For stability, palygorskites need an alkaline environment with high 

silicon and magnesium activity (Singer, 1989), Fig (3-19,20, 21, and 22). They are 

also sporadically linked to low latitudes and semiarid environments. Most of the 

mineral's largest deposits were initially formed as chemical sediments in shallow 

seas and lakes or by the reconstitution of smectites in open oceans as a result of 

hydrothermal alteration of volcanic materials (Callen, 1984).  
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Figure 3-19: X-ray difractogram of the clay fraction of Gercus Formation in   

Shaqlawa section, sample Sh3. 

 

Figure 3-20: X-ray difractogram of the clay fraction of Gercus Formation in 

Shaqlawa section, sample Sh16. 
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Figure 3-21: X-ray difractogram of the clay fraction of Gercus Formation  

in Dokan section, sample D15. 

 

   Figure 3-22: X-ray difractogram of the clay fraction of Gercus Formation  

in Dokan section, sample D9
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                                          Chapter Four 

                                         Geochemistry  

4.1. Interduction 

    This chapter includes the geochemical distribution of the main oxides, trace 

elements, and Geochemical Transactions  for rock models  of the Gercus 

Formation  Shaqlawa and Dokan sections in northeast Iraq. The Geology 

department at the University of Baghdad's Germany laboratories used X-Ray 

Fluorescence (XRF) to conduct this investigation. 

In the present study besides the microscope, XRD method is used for the 

determination of the bulk minerals in the mudstone of the Gercus  Formation with 

special emphasis on clay minerals. 

4.2. Geochemistry of major oxides 

   Table (4-1) displays the concentrations of the principal oxides (SiO2, Al2O3, 

CaO, MgO, Fe2O3, K2O, Na2O, TiO2, and L.O.I) for 20 samples collected from 

Shaqlawa and Dokan banks. 

4.2.1. Silica (SiO₂) 

     Silica is the most abundant oxide in Gercus Formation. It is ranged between 

(18.93- 56.75) with an average of ( 38.31% ) in Shaqlawa,  while it is ranged 

between (8.68- 47.43) with an average of  (27.46%) in the Dokan,  (Table 4-1).  

According to petrographic and x-ray studies, the high proportion of silica is caused 

by the mineral's significant presence as quartz minerals, its relatively little presence 

as feldspar in the silt and sandy section, and its incorporation into the chemical 

makeup of clay minerals, Fig (4-1) represents the distribution of silica in the study 

area. In Shaqlawa, (Tables 4-2,3) demonstrate a significant positive association 

between silica and both iron and aluminum, as well as a strong positive correlation 

between the same oxides and potassium oxides. This means that the highest 
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concentration of silica comes from the clay in the composition, as it is positively 

related to each alumina and potassium, as well as iron oxides which is the chemical 

composition of the clay minerals (AlSaad, 2014). 

 

Figure 4-1: Distribution of Silica in the Gercus  Formation.         

4.2.2. Aluminium oxide (Al2O3) 

    Aluminum oxide ranged between (0.67-6.30) with an average of (4.28%) in 

Shaqlawa, while it ranged between (1.02-6.38) with an average of (2.31%) in 

Dokan, (Table 4-1). According to (Al-Humaidan et al., 2019), aluminum was 

introduced into the composition of these minerals from aeolian and river sources. 

One of the fundamental elements of clay minerals. It is regarded as a conservative 

element (Rubio et al., 2000). The distribution of aluminum oxide in the Gercus 

Formation is shown in ,Fig (4-2). 

   According to (Tobia and Shangola 2019), the distribution of aluminum is 

affected by clay mineral content and is strongly and positively correlated with the 

potassium and iron oxides that are found in the Dokan region and enter the 

chemical makeup of illite. These oxides make up a large portion of the feldspar, 
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mica, and clay minerals,(Tables 4-2,3), (Veena et al., 2014). Iron oxides, which are 

a part of illite's crystal structure, have a significant positive association with it, and 

magnesium and L.O.I have a strong negative link. The Gercus Formation's high 

positive connection with titanium oxide suggests that it has entered the interior 

makeup of illite. 

 

Figure 4-2: Distribution of Aluminiumin in the Gercus  Formation . 

4.2.3. Iron oxide (Fe2O3) 

    Iron oxide ranged between (0.78- 16.14) with an average of  (7.16%) in 

Shaqlawa  while it ranged between (0.6-13.41) with an average of  (5.97%) in 

Dokan, (Table 4-1).The bulk of clay minerals like chlorite and kaolinite include it, 

as do opaque minerals like iron oxides (Eslinger and Peaver, 1988; Sramek, 2000). 

Fig (4-5) represents the distribution of iron oxide in the Gercus Formation. (Tables 

4-2,3) demonstrate a significant positive correlation between iron oxide and 

aluminum oxides in the study area, which may be explained by the presence of 

these elements together in feldspar and the illite clay mineral. While the Shaqlawa 

and  Dokan a strong negative correlation between iron oxide with CaO and loss on 

ignition, which is related to the carbonate presence in the studied samples. Fe³+ 
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also enters in the octahedral layer of the palygorskite and chlorite (Weaver and 

Pollard, 1975). Additionally, there is a significant positive link between it and 

titanium oxide in Shaqlawa and Dokan, which suggests that it has entered the 

interior makeup of illite. 

 

Figure 4-3: Distribution of iron oxide in Gercus Formation.       

4.2.4. Calcium oxide (CaO) 

    Calcium oxide ranged between (4.95-63.38) with an average of (29.28%) in 

Shaqlawa  while it ranged between (9.93-78.56) with an average of (40.04%)  in 

Dokan, (Table 4-1). The sand fraction has a high concentration of carbonate 

minerals (calcite and dolomite), which were found in pyroxene, amphibole, and 

plagioclase  during a petrographic investigation. Fig (4-4) represents the 

distribution of calcium oxide in the Gercus Formation . Shaqlawa and Dokan have 

a weak negative connection between calcium oxide and magnesium oxide, as seen 

in, (Tables 4-2,3). Strongly opposing silica and titanium oxide in the Gercus 

Formation suggests that calcium has replaced titanium in the structure of clay 

minerals or that calcium oxide has increased at the expense of carbonic minerals in 

the sample. A strong positive correlation in L.O.I, which is connected to the 
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Calcite and dolomite, also suggests that calcium has replaced titanium in the 

structure of clay minerals.                                                                   

 

        Figure 4-4: Distribution of Calcium oxide in the Gercus  Formation . 

4.2.5. Magnesium oxide (MgO) 

    Magnesium oxide ranged between (4.94-25.44) with an average of (18.93%) in 

Shaqlawa  while it  ranged between (3.24-27.88) with an average of (22.32%) in 

the Dokan,(Table 4-1). Several clay minerals in the studied area, including illite 

and palygorskite, contain magnesium in their chemical composition. X-ray 

examination and the negative association between magnesium oxide and calcium 

oxide confirm the presence of magnesium oxide in the Dolomite, and there is a 

negative correlation between magnesium oxide, iron, silica, titanium, aluminum 

and potassium oxides in Shaqlawa, which denotes its incorporation into various 

clay minerals' crystalline structures, such as chlorite and palygorskite, (Tables  4-

2,3). Fig (4-5) represents the distribution of magnesium oxide in the Gercus 

Formation. 
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           Figure 4-5: Distribution of magnesium oxide in Gercus  Formation . 

4.2.6. Potassium oxide (K2O) 

    Potassium oxide ranged between (0.001-0.45) with an average of (0.16%) in 

Shaqlawa while it ranged between( 0.001-0.37) with an average of (0.08%) in the 

Dokan ,(Table 4-1). 

   The link between potassium and the other oxides is shown in ,(Tables 4-2,3). We 

discover a significant positive association between aluminum, silica, titanium, and 

iron oxides in Dokan region, which suggests that it has entered the crystalline 

structure of the potassium feldspar, mica, and illite clay mineral. (Tobia and 

Shangola, 2019; Avinash et al., 2016), while in Shaqlawa we found that there is a  

positive correlation with aluminum and  titanium oxides and negative correlation 

with L.O.I.This indicates an association with clay minerals. The paucity of 

magnesium in illite minerals is indicated by the negative correlation of potassium 

with magnesium. The distribution of potassium oxide in the Gercus Formation is 

shown in, Fig (4-6). 
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            Figure 4-6: Distribution of potassium oxide in Gercus  Formation. 

4.2.7. Sodium oxide (Na2O) 

    Halite, clay minerals that can exchange ions, plagioclase feldspar, and other 

minerals all contain sodium oxide (Mielke, 1979 In Al-Bidari, 1997). Sodium 

oxide ranged between (0.006-0.75) with an average of (0.35%) in Shaqlawa  while 

it ranged between (0.25-0.9) with an average of (0.55%) in Dokan, (Table 4-1). 

shows that sodium oxide has a weak correlation coefficient with other oxides due 

to its impact on weathering processes and ease of movement as a result of its high 

solubility due to its low ionic potential,(Table 4-2), Fig (4-7) depicts the 

distribution of sodium oxide in the Gercus Formation. 
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                Figure 4-7: Distribution of Sodium oxide in Gercus  Formation. 

4.2.8. Titanium oxide (TiO2) 

    Titanium oxide ranged between (0.05-1.09) with an average of ( 0.42%) in 

Shaqlawa while it ranged between (0.04-0.92) with an average of (0.24%) in 

Dokan, (Table 4-1). Rutile (TiO2) contains titanium oxide (Al-Najjari, 2019). The 

difference in Titanium oxide concentration is determined by the capability to 

substitute iron and aluminum instead, as well as by the cation exchange capacity, 

which rises as clay volume and clay minerals grow (Al-Jubouri, 2005). Iron, 

potassium, and aluminum oxides are positively and strongly correlated in the 

Shaqlawa and Dokan, according to ,(Tables 4-2,3). This indicates its presence in 

clay mineral composition, as well as the increase of these oxides in minerals. Clay 

is a rutile mineral that is the source of titanium in the Gercus Formaton. Fig (4-8) 

represents the distribution of Titanium oxide in the Gercus Formation . 
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            Figure 4-8: Distribution of Titanium oxide in the Gercus  Formation. 

4.2.9. Loss on Ignition (L.O.I) 

    Loss on ignition ranged between (11.3-42.93) with an average of (28.76%) in 

Shaqlawa while it ranged between (15.07-42.25) with an average of (31.13%) in 

Dokan, ( Table4-1). (Tables 4-2,3) show the correlation coefficients of L.O.I with 

the oxides in the sediments of Shaqlawa and Dokan sections. It has a negative and  

strong negative correlation with iron,  titanium , aluminum and potassium oxides 

which are related with the clay and feldspar minerals, While it has a strong 

posative correlation with calcium oxide in Shaqlawa and Dokan indicating to the 

carbonate rocks .Fig (4-9) represents the distribution of L.O.I in the Gercus 

Formation. 

 

                 Figure 4-9: distribution ofL.O.I in the Gercus  Formation. 
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Table (4-1) The concentrations of major oxides in the Gercus Formation of                      

(Shaqlawa and Dokan ) 

L.O.I 

 

TiO2% K2O% Na2O% MgO% CaO% Fe2O3% AL2O3% SiO2% S.N 

11.3 0.99 0.32 0.22 19.27 9.98 13.54 6.30 47.15 Sh-1 

30.81 0.37 0.06 0.32 18.39 20.75 7.27 5.46 46.52 Sh-2 

21.67 0.35 0.12 0.08 20.87 4.95 11.14 4.84 56.75 Sh-7 

32.24 0.25 0.001 0.41 25.32 37.45 6.41 2.40 26.74 Sh-8 

31.94 0.21 0.034 0.27 24.78 22.72 7.41 4.14 39.36 Sh-12 

25.45 0.37 0.06 0.28 17.23 20.08 9.42 5.45 46.35 Sh-14 

22.74 0.49 0.16 0.19 13.75 11.23 16.14 5.71 50.91 Sh-20 

39.75 0.05 0.001 0.75 25.44 52.73 0.78 0.76 18.93 Sh-22 

23.44 1.09 0.31 0.59 15.55 23.87 4.97 6.24 45.41 Sh-25 

33.53 0.25 0.11 0.44 18.45 33.74 2.53 2.93 40.58 Sh-26 

42.93 0.20 0.34 0.68 23.16 50.46 2.33 3.25 19.08 Sh-33 

29.27 0.36 0.45 0.006 4.94 63.38 3.95 3.90 21.98 Sh-35 

28.75 0.41 0.16 0.006 
18.92 29.27 7.15 4.28 38.31 AVER. 

42.93 1.09 0.45 
0.75 

25.44 63.38 16.14 6.30 56.75 MAX. 

11.3 0.05 0.001 0.35 4.94 4.95 0.78 0.67 18.93 MIN. 

L.O.I TiO2% K2O% Na2O% MgO% CaO% Fe2O3% Al2O3% SiO2% S.N 

29.53 0.10 0.001 0.46 27.43 31.75 7.69 1.50 30.25 D-1 

38.69 0.06 0.001 0.9 24.95 53.07 2.46 1.02 16.25 D-2 

15.07 0.92 0.37 0.27 19.18 9.93 13.41 6.38 47.43 D-22 

27.71 0.15 0.04 0.3 27.88 26.60 7.35 2.06 34.47 D-29 

38.18 0.17 0.02 0.54 25.94 36.0 5.55 1.77 29.13 D-32 

24.87 0.34 0.12 0.25 23.75 22.49 8.37 2.93 40.64 D-33 

42.25 0.04 0.03 0.84 26.16 61.90 0.60 1.39 8.68 D-36 

32.76 0.12 0.05 0.82 3.24 78.56 2.33 1.45 12.83 D-37 

31.13 0.24 0.079 0.25 22.31 40.04 5.97 2.31 27.46 AVER 

42.25 0.92 0.37 0.9 27.88 78.56 13.41 6.38 47.4 MAX 

15.07 0.04 0.001 0.55 3.24 9.93 0.60 1.02 8.68 MIN 
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           Table (4-2) Correlation coefficient of major oxides in Shaqlawa. 

S.N SiO2 MgO Al2O3 Na2O K2O CaO TiO2 Fe2O3 L.O.I 

SiO2 1         

MgO -0.137 1        

Al2O3 0.776 -0.446 1       

Na2O -0.488 0.588 -0.493 1      

K2O -0.154 -0.65 0.353 -0.187 1     

CaO -0.95 -0.122 -0.71 0.376 0.262 1    

TiO2 0.491 -0.357 0.772 -0.137 0.512 -0.462 1   

Fe2O3 0.753 -0.169 0.71 -0.63 -0.022 -0.82 0.424 1  

L.O.I -0.75 0.358 -0.79 0.616 -0.239 0.727 -0.77 -0.8 1 

 

Table (4-3) Correlation coefficient of major oxides in Dokan. 

S.N SiO2 MgO Al2O3 Na2O K2O CaO TiO2 Fe2O3 L.O.I 

SiO2 1         

MgO 0.245 1        

Al2O3 0.769 -0.099 1       

Na2O -0.95 -0.292 -0.644 1      

K2O 0.671 -0.216 0.987 -0.534 1     

CaO -0.95 -0.522 -0.691 0.904 -0.574 1    

TiO2 0.76 -0.145 0.994 -0.610 0.986 -0.669 1   

Fe2O3 0.969 0.146 0.848 -0.89 0.764 -0.91 0.841 1  

L.O.I -0.87 0.141 -0.86 0.81 -0.82 0.733 -0.85 -0.93 1 
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4.3. Geochemistry of trace elements  

    Trace elements offer a plethora of geochemical and geological information that 

is disproportionate to their abundance, although making up a relatively small 

amount of the system of interest. There are typically 10 or fewer main elements in 

geochemical systems that make up (99) percent or more of the system, leaving 80 

trace elements. In addition, the behavior of trace elements is diverse and sensitive 

to processes that the main elements are not sensitive to. As a result, a system's trace 

element concentration is much higher than its major element concentration (White, 

2018). 

  The concentration of trace elements in the Gercus Formation ( As, Ba, Co,Cr, Cu, 

Ga, Ni, pb, Rb, Sr, V) is presented below. 

4.3.1. Arsenic (As) 

   The As concentrations are detected in average (4.6)ppm as its range varies from 

(0.15- 19.3) ppm in Shaqlawa while in average (2.4) ppm as its range varies from 

(0.07- 5.6) ppm in Dokan, (Table 4-4). In the Dokan region, arsenic strongly 

correlates negatively with iron, titanium, potassium, aluminum, silica, and 

magnesium oxides, but in Shaqlawa region, it strongly correlates negatively with 

calcium oxides, magnesium, and sodium,(Tables 4-5,6). Arsenic has a positive 

correlation with all elements  except for Copper in the Shaqlawa area, while it  has 

a negative correlation with all elements except for Rubidium in Dokan.,Bimodal 

distribution exhibit, Fig (4-10). 
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Figure (4-10): The distribution of Arsenic in the Gercus Formation. 

4.3.2. Barium (Ba) 

    Barium is mainly found in soil components or in minerals that compose rocks, 

including K-feldspar, mica, apatite, and calcite (Madejon, 2012). Barite (BaSO4), 

holite (Ba2 Mn8O16), and weatherite (BaCO3) are the most prevalent minerals 

containing barium (Cappuyns, 2018). It  ranged between (2-160.6) ppm with an 

average of (57) in Shaqlawa while it ranged between (3.6-73.6) ppm with an 

average of (34.9) in Dokan, (Table 4-4). The distribution of barium in the Gercus 

Formation is shown in ,Fig (4-11) . Barium does not have a strong correlation with 

any of the major oxides in either deposit. This may be because of barium's affinity 

for chalcophiles, which results in partitioning into sulfides, especially galena 

(Gomes et al, 2016).(Tables 4-7,8) show that barium is not included in the 

composition of clay, carbon, or iron minerals with these minerals (Alkhalf, 2019).     

Barium has a negative correlation with  Iron oxides, (Tables 4-5,6). Barium  in 

carbonate rocks comes from three sources or processes (Finscher and Puchelt in 

Wedpohl, 1970) : 
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1- Detrital clay materials.  

2- Redistribution during the Diagenetic process in which BaSO4 can be 

precipitated.  

3-Incorporation of Ba in carbonate minerals. 

 

       Figure (4-11): The distribution of  Barium in the Gercus Formation. 

4.3.3. Cobalt (Co) 

    Natural cobalt is found and shares characteristics with both iron and nickel. 

cobalt has a single stable isotope, and it can be found in nature together with other 

elements such as oxygen, sulfur, and arsenic (Al- Saady, 2008). In Shalawa, it has 

a range of (3-153) ppm with an average of (62.3), while in Dokan, it has a range of 

(3-130) ppm with an average of (59.5), (Table 4-4). 

   Cobalt is found in abundance in igneous and sedimentary rocks and is included 

in the composition of various minerals, including cobaltite Spherocobaltite 

[CoCO3], skutterudite [CoAsS], erythrite [Co3 (AsO4)2.8H2O], and heterogeneity 

[CoO(OH)] are examples of cobalt compounds. (Pourret and Faucon, 2018). From 

(Tables 4-5,6), Silica, iron, titanium, and aluminum oxides all exhibit a moderately 

 to strongly positive connection with cobalt. This suggests that cobalt is adsorbed 
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on the clay mineral surfaces and that cobalt is associated with non-carbon metallic 

phases of LOI (Alsamaani, 2011). The geochemical behavior of these elements is 

comparable in carbonate and clay minerals, as indicated by a high positive 

association with chromium, copper, nickel, and vanadium. In Shaqlawa and 

Dokan, it exhibits a positive correlation with titanium and magnesium oxide, 

indicating that it enters the crystalline structure of some clay minerals like 

kaolinite. In Shaqlawa and Dokan, it strongly correlates negatively with sodium, 

and calcium oxides. (Tables 4-5,6,7,8) reflect its presence in clay minerals. The 

distribution of cobalt in the Gercus Formation  is shown in ,Fig(4-12).                   

 

Figure (4-12): The distribution of Cobalt in theGercus Formation. 

4.3.4. Chromium (Cr) 

   In place of octahedrally coordinated aluminum, lithogonal chromium can be 

found in weathered source materials like chromite and clay minerals. It is inert and 

non-hazardous. Both naturally occurring and artificially added chromium can be 

found in soil (Becquer et al., 2003; Oze et al., 2004). Concern exists over 

chromium that is anthropogenically derived, particularly when it is detected in the 
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hexavalent form. The metal speciation between the hexavalent and trivalent forms 

affects the soil toxicity of chromium (Gattullo et al., 2020). 

   In Shaqlawa, chromium concentrations ranged from (111-9353) ppm with an 

average of (2431.8), whereas in Dokan they ranged from (81-8210) ppm with an 

average of (2016.6), (Table 4-4). (Tables 4-5,6,7,8) show a from positive to  strong 

positive correlation with aluminum , potassium, copper, and silica oxides, the most 

prevalent source of chromium in silicate minerals is chlorite (Oze et al., 2004), and 

a from negative to strongly negative association with magnesium, calcium oxides, 

lead, and strontium in Shaqlawa and Dokan it implies that they may be coming 

from various sources. Fig (4-13) represents the distribution of cobalt in the Gercus 

Formation . 

 

Figure (4-13): The distribution of Chromium in the Gercus Formation. 

  4.3.5.Copper (Cu) 

      Copper is ranged between (11-42) ppm with an average of (41.4) ppm in 

Shaqlawa while it ranged between (1-27) ppm with an average of (13) ppm in the 

Dokan, (Table 4-4). Copper has a strong positive correlation with iron, aluminum, 

and Silca oxide, in both Shaqlawa and Dokan. This indicates its association with 
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clay minerals and feldspar, as well as its adsorption on illite mineral  or adsorbed 

on iron oxides (Mackenzie  et al.,1980), (Tables 4-5,6). 

    In Shaqlawa, cobalt, nickel, and chromium exhibit a from positive to strong 

positive association, whereas in Dokan, rubidium, vanadium, cobalt, nickel, and 

chromium show a strong positive correlation. The distribution of copper in the 

Gercus Formation is shown in ,Fig (4-14). Thanks to the strong positive 

correlation, which suggests that these elements are linked to the parent materials 

and suggests analogous geochemical tendencies during weathering. 

 

Figure (4-14): The distribution of Copper in the Gercus Formation. 

4.3.6. Gallium (Ga) 

     Gallium ranged between (0.5-6) ppm with an average of (3.08) ppm in 

Shaqlawa while it  ranged between (0.5-4.6) ppm with an average of (1.55) ppm in 

the Dokan, (Table 4-4). (Tables 4-5,6) Gallium has from of positive to strong  

positive correlation with silica, aluminum, Iron, potassium and Titanium oxide in 

Shaqlawa and Dokan area which reflects its presence with clay minerals,Fig (4-15) 

represents the distribution of Gallium in Gercus Formation. 
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Figure (4-15): The distribution of Gallium in the Gercus Formation. 

4.3.7. Nickel (Ni) 

    A transition metal with a low concentration in the crust of the earth. The most    

prevalent forms of it, oxides, were found in soil that contained serpentine. Nikel     

ranged between (120-1669) ppm with an average of (756.5) ppm in Shaqlawa      

while it ranged between (34-1457) ppm with an average of (733.3) ppm in Dokan, 

(Table 4-4). Nickel in the Gercus Formation is distributed as seen in, Fig (4-16). 

 

Figure (4-16): The distribution of Nickel in the Gercus Formation. 
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   In Shaqlawa and  Dokan, oxidations that suggest nickel is associated with the 

pyroxene and chlorite minerals, which were discovered in the study area through 

the study of heavy metals, as well as the potential for adsorption on iron oxides and 

clay minerals, especially illite, may also be crucial in retaining trace elements like 

Ni through the isomorphous substitution of iron in illite, all point to nickel having a 

strong positive correlation with iron, aluminum, and titania (Gomes et al., 2016), 

(Tables 4-5,6). (Tables 4-7,8) show that nickel has a positive correlation with 

copper, cobalt, and vanadium in Shaqlawa and Dokan which suggest that these 

elements are linked in the parent minerals and behave geochemically similarly 

after weathering. 

4.3.8. Lead (Pb) 

     Lead is a naturally occurring element of the earth's crust that can occur naturally 

and heterogeneously in the soil due to the weathering, erosion, and deposition of 

crustal materials as well as the deposition of lead released into the earth's 

atmosphere by volcanic activity (Callender, 2003; O'Connor, et al., 2018). It 

ranged between (1-843) ppm with an average of (77.6) ppm in Shaqlawa while it 

ranged between (1-15) ppm with an average of (5.9) ppm in in Dokan, (Table 4-4). 

In Shaqlawa, lead  shows a positive link with silica, iron, and aluminum oxides, 

indicating that lead is absorbed onto the clay particles' surface. The increase in lead 

reflects the reducing conditions during the sedimentation period, if they are 

suitable conditions for sedimentation. ,(Table 4-5), Fig (4-17) represents the 

distribution of lead in Gercus Formation.  
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Figure (4-17): The distribution of Lead in the Gercus Formation. 

4.3.9. Rubidium (Rb) 

    Rubidium ranged between (1.09-13.77) ppm with an average of (4.31) ppm in 

Shaqlawa while it  ranged between (0.82-4.5) ppm with an average of (2.7) ppm in 

Dokan,(Table 4-4),  In Shaqlawa and Dokan, (Tables 4-5,6) demonstrate a 

significant positive connection with aluminum, titanium, and potassium oxide this 

shows that, when potassium was substituted for rubidium, rubidium may be 

adsorbed on the surface of clay minerals, particularly illite (Goldschmidt, 

1970).(Tables 4-7,8),The strong positive correlation between rubidium and 

vanadium in Shaqlawa and the strong positive correlation between rubidium and 

cobalt, copper, Lead, and nickel in the Dokan area suggest that these elements may 

originate from the same parent rock sources, as opposed to the strong negative 

correlation between rubidium and cobalt, copper, Lead, and nickel in the Shaqlawa 

area. Fig (4-18) represents the distribution of rubidium in Gercus Formation.      
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Figure (4-18): The distribution of Rubidium in the Gercus formation. 

4.3.10. Strontium (Sr) 

     Strontium ranged between (130-1029) ppm with an average of (304.2) ppm in 

Shaqlawa while it ranged between (95-290) ppm with an average of (195.6) ppm in 

the Dokan, (Table 4-4). Due to their geochemical affinity, this alkaline earth 

element is linked to calcium and can be found in calcium-rich minerals including 

dolomite, plagioclase, and limestone, Its ionic radius is comparable to that of 

calcium (Zinicovscaia et al., 2018; Goldshmidt, 1970). (Tables 4-5,6), Just in 

Dokan, strontium exhibits a significant positive association with magnesium and 

silica oxides. Iron, aluminum, and potassium oxides are the chemical building 

blocks of clay minerals, and strontium in the Shaqlawa section demonstrates a 

strong negative association with them, showing that a decrease in this element's 

proportion results in an increase in the proportion of clay minerals. (Tables 4-7,8) 

Strontium  has a correlation with all elements is negative except for positive 

Arsenic element in  Shaqlawa section ,while the has a correlation with all element  

is negative except for positive Copper element  and nickel  in Dokan.which might 
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be because of the various sources.The distribution of strontium in the Gercus 

Formation is shown in, Fig (4-19).  

 

Figure (4-19): The distribution of Strontium in the Gercus Formation. 

4.3.11. Vanadium (V) 

    Vanadium is ranged between (16-369) ppm with an average of (127.1) ppm in 

Shaqlawa while it ranged between (20-332) ppm with an average of (79.9) ppm in 

Dokan, (Table 4-4). (Tables 4-5,6) show that vanadium exhibits a variety of 

correlations, including positive correlations with titanium and aluminum oxide, 

which suggest indirect absorption by the surfaces of clay minerals based on the 

negative charge reflection mechanism, and positive correlations with aluminum, 

silica, potassium, and iron oxides in Shaqlawa and Dokan sections. Aluminum ions 

can thus be absorbed on the surfaces of clay minerals and change their charge from 

negative to positive, which results in vanadium adsorption. Potassium ions can also 

function in a similar manner, as shown by the positive link between these ions and 

potassium oxide (Huang and Yang, 2020).  
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   Vanadium is positively correlated with rubidium, lead, and Gallium as in 

,(Tables 4-7,8) as these relationships indicate its presence among heavy metals, 

and vanadium is often found in the minerals pyroxene and amphibole. Fig (4-20) 

represents the distribution of vanadium in the Gercus Formation. 

 

        Figure (4-20): The distribution of Vanadium in  the Gercus Formation. 
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Table (4-4) The concentrations of trace elements (ppm) in the sediments of 

Shaqlawa and Dokan. 

S.N As Ba CO Cr Cu Ga Ni Pb Rb Sr V 

Sh-1 0.7 40.4 153 9353 25 6 1510 2 3.1 182 355 

Sh-2 
2.4 142.5 38 899 42 0.5 597 843 2.4 200 16 

Sh-7 
0.9 24 81 1128 37 1.8 1071 1 4.5 210 38 

Sh-8 
0.15 39.4 77 1552 31 0.5 1034 11 1.2 343 48 

Sh-12 
1.66 160.6 105 1460 25 0.7 1212 1 1.3 529 155 

Sh-14 
3.4 72.7 81 1128 37 3 1071 17 2.5 246 38 

Sh-20 19.3 27.2 137 3902 18 4.6 1669 20 4.6 259 369 

Sh-22 1.13 48.2 7 111 13 2.8 225 8 1.09 168 92 

Sh-25 9.92 12.2 28 7916 31 6 267 13 5.39 204 179 

Sh-26 
6.06 102.9 7 1271 11 3.5 176 1 3.11 1029 73 

Sh-33 
3.03 12.4 30 223 12 2.3 126 5 8.78 150 26 

Sh-35 6.43 2 3 238 11 5.3 120 9 13.77 130 136 

AVER 4.6 57 62.3 2431.8 41.4 3.08 756.5 77.6 4.31 304.2 127.1 

MAX 19.3 160.6 153 9353 42 6 1669 843 13.77 1029 369 

MIN 0.15 2 3 111 11 0.5 120 1 1.09 130 16 

S.N As Ba Co Cr Cu Ga Co Ni Pb Rb Sr V 

D-1 0.07 14.5 58 961 6 0.8 58 1049 2 0.82 271 20 

D-2 5.6 22.3 10 167 1 0.5 10 188 7 1.46 141 20 

D-22 1.89 63.8 130 8210 23 4.6 130 1451 1 3.1 176 332 

D-29 0.9 16.5 95 2914 27 0.5 95 1399 2 2.5 151 122 

D-32 0.45 3.6 63 691 10 0.5 63 89 2 2.4 290 28 

D-33 3.7 38.1 114 2535 15 1 114 1457 4 4.5 253 45 

D-36 2.7 73.6 3 81 11 4 3 34 15 2.9 95 25 

D-37 4 47.1 3 574 11 0.5 3 199 14 3.8 188 47 

AVER 2.4 34.9 59.5 2016.6 13 1.55 59.5 733.3 5.9 2.7 195.6 79.9 

MAX 5.6 73.6 130 8210 27 4.6 130 1457 15 4.5 290 332 

MAN 0.07 3.6 3 81 1 0.5 3 34 1 0.82 95 20 
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Table (4-5) shows the Shaqlawa major oxides' correlation coefficients with trace 

elements. 

S.N SiO2 MgO Al2O3 Na2O K2O CaO TiO2 Fe2O3 L.O.I 

V 0.309 -0.308 0.466 -0.274 0.341 -0.357 0.595 0.626 -0.64 

Cr 0.451 -0.140 0.648 -0.040 0.373 -0.503 0.942 0.473 -0.76 

Ga 0.11 -0.64 0.405 -0.107 0.72 0.008 0.706 0.172 -0.518 

Co 0.565 0.145 0.538 -0.442 -0.116 -0.74 0.350 0.901 -0.68 

Ni 0.611 0.132 0.485 -0.511 -0.280 -0.76 0.237 0.919 -0.66 

Cu 0.625 0.162 0.525 -0.251 -0.381 -0.65 0.276 0.420 -0.424 

Rb -0.325 -0.73 0.099 -0.280 0.862 0.494 0.097 -0.185 0.061 

As 0.268 -0.571 0.365 -0.134 0.270 -0.146 0.289 0.345 -0.196 

Sr 0.122 0.161 -0.239 0.056 -0.336 -0.056 -0.239 -0.202 0.174 

Pb 0.198 -0.093 0.224 -0.045 -0.216 -0.146 -0.041 0.015 0.073 

Ba 0.227 0.344 -0.009 -0.023 -0.61 -0.246 -0.303 -0.032 0.162 

 

Table (4-6) shows the Dokan  major oxides' correlation coefficients with trace 

elements. 

S.N SiO2 MgO Al2O3 Na2O K2O CaO TiO2 Fe2O3 L.O.I 

V 0.658 -0.137 0.939 -0.541 0.931 -0.591 0.925 0.768 -0.81 

Cr 0.803 -0.056 0.976 -0.697 0.951 -0.73 0.963 0.881 -0.9 

Ga 0.143 0.029 0.647 -0.088 0.687 -0.213 0.607 0.270 -0.289 

Co 0.986 0.272 0.769 -0.97 0.673 -0.94 0.764 0.938 -0.85 

Ni 0.869 0.207 0.632 -0.91 0.556 -0.82 0.596 0.854 -0.88 

Cu 0.610 0.003 0.623 -0.71 0.577 -0.539 0.560 0.596 -0.659 

Rb 0.163 -0.500 0.342 -0.225 0.407 0.034 0.333 0.092 -0.293 

As -0.419 -0.404 -0.158 0.540 -0.030 0.486 -0.113 -0.437 0.211 

Sr 0.456 0.060 0.029 -0.445 -0.61 -0.367 0.072 0.389 -0.209 

Pb -0.86 -0.495 -0.460 0.792 -0.325 0.899 -0.465 -0.82 0.590 

Ba -0.159 -0.365 0.419 0.164 0.528 0.193 0.388 -0.045 -0.165 
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Table (4-7) Correlation coefficient of trace elements in Shaqlawa 

S.N V Cr Ga CO Ni Cu Rb As Sr Pb Ba 

V 1           

Cr 0.731 1          

Ga 0.665 0.663 1         

Co 0.641 0.505 0.054 1        

Ni 0.561 0.379 -0.05 0.97 1       

Cu -0.23 0.166 -0.36 0.327 0.407 1      

Rb 0.036 -0.11 0.459 -0.36 -0.44 -0.44 1     

As 0.563 0.250 0.509 0.125 0.144 -0.26 0.283 1    

Sr -0.11 -0.11 -0.16 -0.13 -0.09 -0.25 -0.32 0.036 1   

Pb -0.28 -0.16 -0.39 -0.15 -0.08 0.495 -0.16 -0.11 -0.14 1  

Ba -0.22 -0.23 -0.57 0.075 0.142 0.292 -0.58 -0.27 0.515 0.51 1 

 

Table (4-8) Correlation coefficient of trace elements in Dokan. 

S.N V Cr Ga CO Ni Cu Rb As Sr Pb Ba 

V 1           

Cr 0.971 1          

Ga 0.626 0.570 1         

Co 0.661 0.805 0.194 1        

Ni 0.577 0.721 0.120 0.882 1       

Cu 0.704 0.614 0.321 0.702 0.674 1      

Rb 0.208 0.263 0.197 0.258 0.183 0.439 1     

As -0.18 -.0.21 -0.05 -0.42 -0.30 -0.38 0.326 1    

Sr -0.18 -0.02 -0.46 0.374 0.203 -0.16 -0.05 -0.45 1   

Pb -0.41 -.0.53 0.145 -0.81 -0.67 -0.34 0.283 0.55 -.0.56 1  

Ba 0.398 0.332 0.829 -0.09 -0.02 0.217 0.508 0.34 -0.61 0.569 1 
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4.4.PALEOENVIRONMENT 

4.4.1 Paleoclimate 

    Shale ratios of Ga/Rb and Sr/Cu are frequently utilized as geochemical proxies 

to reconstruct the palaeoclimate (Doner et al., 2019; Jia et al., 2013; Roy and 

Roser, 2013). In general, a high Ga/Rb ratio (>0.25) denotes an intensive chemical 

weathering linked to warm and humid climates, whereas a low Ga/Rb ratio (0.25) 

denotes a restricted chemical weathering linked to dry and cold climates (Roy and 

Roser, 2013). A warm, humid environment is indicated by a Sr/Cu ratio between 

1.3 and 5.0, whereas a hot, arid environment is suggested by a Sr/Cu ratio larger 

than 5.0. (Yandoka et al., 2015). 

    In the current study, the Sr/Cu ratios ranged  in Shaqlawa between (4.76-93.54) 

with an averge of (17.36), while in Dokan, it ranged between  (5.59-141) with an 

average of  (33.87 ) in both regions  indicating the hot and arid paleoclimate of the 

basin in which the Gercus Formation was deposited  as shown in, (Table 4-9). The 

proportions of some trace elements can be used to explain paleoclimates such as 

Ga/Rb and Sr/Cu (Roy and Roser, 2013; Yandoka et al., 2015; and Xie et al., 

2018). 

   As for the ratio of Ga/Rb, it reflects the prevailing climate conditions (Humid-

arid or humid warm) during precipitation (Cao et al., 2012; Xie et al., 2018; and 

Jiang et al., 2018). The Ga/Rb ratios ranged  Shaqlawa (0.21-2.57) with an average 

of (0.93), while it ranged in  Dokan  (0.13-1.48) with an average of (0.62) 

indicating the warm and arid  paleoclimate of the basin in which the Gercus 

Formation was deposited, as shown in ,(Table 4-9). 
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                            Table 4-9: Paleoclimatic parameters   

S.N Sr/Cu Ga/Rb S.N Sr/Cu Ga/Rb 

Sh1 7.28 1.9 D1 45.16 0.98 

Sh2 4.76 0.21 D2 141 0.34 

Sh7 5.67 0.4 D22 7.65 1.48 

Sh8 11.06 0.42 D29 5.59 0.2 

Sh12 21.16 0.54 D32 29 0.21 

Sh14 6.65 1.2 D33 16.86 0.22 

Sh20 14.38 1 D36 8.63 1.38 

Sh22 12.92 2.57 D37 17.09 0.13 

Sh25 6.58 1.11 Min 5.59 0.13 

Sh26 93.54 1.13 Max 141 1.48 

Sh33 12.5 0.26 AVER 33.87 0.62 

Sh35 11.82 0.38    

Min 4.76 0.21    

Max 93.54 2.57    

AVER 17.36 0.93    

 

4.4.2  Paleoproductivity 

      Elements sensitive to oxidation and reduction (Ni and Co,) are a useful tool to 

identify sediments deposition in marine and non-marine environments. The 

precipitation and concentration of the sensitive redox elements are mainly 

controlled redox conditions and enriched in hypoxic deposits (Dypvik, 1984; 

Yarincik et al., 2000; Yang et al., 2004; Guo et al., 2007; and Tobia et al., 2018). 

Such elements are relatively enriched in a reductive environment (Yarincik et al., 

2000; Yang et al., 2004; Guo et al., 2007; Faraj et  al., 2018). The ratios of these 

element Ni/Co are useful to interpret paleoredox conditions (Hatch and Leventhal, 

1992; Jones and Manning, 1994; Pattan et al., 2005; Deepulal et al., 2012; Tobia 

and Shangola, 2016; Ramos-Vazquez et al., 2017; and Anaya-Gregorio et al., 

2018). The combined use of trace elements and their proportions may allow 
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distinction of different precipitation environments such as oxidative, semi-

oxidative, and hypoxic . 

     The Ni/Co ratio is an indication of paleoredox conditions (Dypvik, 1984; Dill, 

1986; Jones and Manning, 1994; and Deepulal et al., 2012). If Ni/Co value is 

below 5, it indicates oxidizing environments, while values above 5 indicate 

hypoxic precipitating environments (Jones and Manning, 1994; Mckirdy and Hall 

,2011; and Faraj  et al., 2018). The Ni/Co ratio of all studied samples in Dokan 

area is an indication of hypoxic precipitating  environment  excluding sample 

(D32) which indicates an oxidizing  environment ,(Table 4-10), while the Ni/Co 

ratio of all studied samples in Shaqlawa area is an indication of hypoxic  

environment precipitating excluding sample (sh33) which indicates an oxidizing  

environment.   

                         Table 4-10: Parameters of the paleoproductivity     

S.N Ni/Co S.N Ni/Co 

Sh1 9.87 D1 18.09 

Sh2 15.71 D2 18.8 

Sh7 13.22 D22 11.16 

Sh8 13.42 D29 14.73 

Sh12 11.54 D32 1.41 

Sh14 13.22 D33 12.78 

Sh20 12.18 D36 11.33 

Sh22 32.14 D37 66.33 

Sh25 9.53 Min 1.41 

Sh26 25.14 Max 66.33 

Sh33 4.2 AVER 19.33 

Sh35 40   

Min 4.2   

Max 40   

AVER 16.68   



Chapter Four                                                                     Geochemistry  

  

 
 

 

 

 

Chapter Five 
 

 

CONCLUSIONS AND 

RECOMMENDATIONS 
 

 



Chapter Five                                  Conclusions and Recommendations  

117 

 

                                      Chapter Five 

                    Conclusions and Recommendations  

5.1 Conclusions:                                                                          

     The petrographic, mineralogical, and geochemical study of models studied of  

the Gercus  Formation indicated the following points :                             

1-The sandstone of Gercus  Formation is composed of quartz (polycrystalline and 

monocrystalline), feldspar (K-feldspar and plagioclase), rock fragments 

(sedimentary, igneous, and metamorphic), Cement (Carbonate and Iron oxides) 

and opaque grains . 

2-The monocrystalline quartz is more prevalent than the polycrystalline quartz, and 

its characteristics show that it is primarily formed from reworked sediment origins 

as well as plutonic igneous and metamorphic processes.                                                                                               

3- The ratio of rock fragments to quartz and feldspar is high indicating a low effect 

of diagenesis and low distance of transportation. 

 4-According to the type of rock fragment; sedimentary, igneous, and metamorphic 

are classified as sedarenite and calclithite according to the type of sedimentary 

rock fragments. The sandstone of the Gercus formation is classified as litharenite 

that caused high relief, rapid erosion, and near the source area.  

5- The sandstone of  Gercus Formations is chemically and mechanically unstable 

and mineralogically immature  due to the high percentage of rock fragments.          

 6- The tectonic provenance of Gercus Formations is lithic recycled. The 

abundance of different types of rock fragments, fresh feldspar, and angular to 

subangular nature of the grains are the most important indicators of such 

characteristics of the source area. 
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7- The main diagenetic processes, which are recognized in the Gercus  Formation  

sandstones are; compaction, dissolution, and cementation (Carbonate and Iron Oxide). 

These processes affected sediments in different degrees.  

8- The presence of different types of heavy minerals in  the Gercus Formation 

sandstone indicates various source rocks and as well as derived from active 

continental margins .  

9- The major contributors to the high proportion of opaques observed in the heavy 

mineral assemblages of the Gercus Formation are the mafic igneous and 

metamorphic origins of both sections, as well as the acidic igneous and reworked 

sediment sources and it also moderate stability. 

10- The microscopic examination showed that the Gercus Formation is composed 

of limemudstone and wackestone microfacies.                                                

11- The mineralogy of clay fraction of  Gercus Formations consists of two groups, 

the first is non- clay minerals such as quartz, Gypsum, carbonate, and feldspar, 

while the second is clay minerals such as chlorite, illite, palygorskite, and mixed-

layer clay. These clay minerals were derived basically from the alteration of 

different minerals in the source rocks. It also refers to arid to semi-arid climate. 

12- Compared to  Al2O3, Na2O, K2O, and TiO2, all samples had less concentrations  

SiO2 ,Fe2O3 and MgO than CaO.  

13- SiO2, Al2O3, and K2O show polymodal distributions and make positive 

correlations with each other in Dokan area suggesting the presence of clay 

minerals and Kfeldspar in addition to quartz. 

13- Most of the trace elements make positive correlations with SiO2, Al2O3, and 

K2O suggesting their association with clay minerals. 

14-The paleoclimate was also determined based on some geochemical parameters, 

such as the Plot of Ga/Rb opposite Sr/Cu which showed that the paleoclimate was 

arid and warm.   
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15- The Paleoproductivity was also determined based on some geochemical 

parameters such as the Ni/Co, which indicates hypoxic precipitating environments, 

excluding sample (sh33) in Shaqlawa area and sample (D32) in  Dokan area, both 

of them refer to an oxidizing  environment. 

5.2 Recommendations: 

 The study of the composition of Gercus is a broad topic, and the formation of 

Gercus needs more studies as it is difficult to determine its environment through 

petrographic study because it is lithic variety (clastic and carbonite), and the 

following points are recommended: 

1-Conducting an extensive geological study of the exposed formation in the area, 

and determining the important economics of the widespread sand and clay deposits 

in the study area. 

2-The Gercus formation requires a study of the stable isotopes in order to identify 

the age of Gercus formation. 
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 الخالصة

تم  ،المتاخر( - األوسط االيوسين)هذه الدراسة بتروغرافية، معدنية وجيوكيمائية تكوين الجركس  تتناول 

 .انموذج 31)الدراسة على )اجريت ، وقد  في منطقة الدراسة )شقالوة ودوكان( شمال العراق مقطعيناختيار 

 للحجرالرملي لرئيسية ا المكونات الصخورهي قطعو لكوارتزوالفلسبارا بتروغرافية أنالدراسة ال أظهرت    

 وLitharinite ، Sedarinite نه أ على لجركسا تكوين ل الحجرالرملي صنفقد و الجركس، لتكوين

Calclithiteلتكوين لتكتونيااالصل و ان .وميكانيكيًا كيميائيًا غيرناضج الحجرالرملي هذا أن وجد ،كما 

 .تدويره معاد جركسلا

 نارية صخور من اساسية بصورة اشتقت قدرواسب التكوين  ان الى الثقيله المعادن تجمعات اشارت   

 .ثانوية بصوره القديمة والرسوبية الحامضية النارية الصخور الى باألضافة متحوله وصخور قاعدية

 and lime mudston  من انه مؤلف من تكوينلل للوحدات الكربوناتية  أن المجهري أظهرالفحص    

wackestone. 

 الموجودة الرئيسية الطينية المعادن لتكوين الجركس أن الطينيالسينية للمعادن  األشعة حيود يُظهرتحليل  

 .تكتوني طانش ذاتجافة  بيئة إلى ايشير امم والكلوريت، والكاولين، ،واإلياليت،طبقات الطين المتداخلة  :هي

 SiO2) االكاسيد الرئيسيةلعشرين عينيه وكانت  كيميائيا بواسطة االشعة السينة المتفلورة  تحليلاجراء ال تم   

،Al2O3 ،CaO ،Fe2O3 ،K2O ،MgO ،Na2O ، TiO2وLOI )العناصرالنزرة بعض تحليل تم ،كما 

(As ،Ba ،Co ،Cr ،Cu ،Ga ،Ni ،Rb ،Pb ،Sr ،V )تكوين الجركس في. 

ان بيىئة الترسيب هي بيئة مختزلة  ( Ni / Co) ونسبها واالختزال لألكسدة العناصرالحساسةكيزاكشفت تر   

 القيمة استخدام وتم. مؤكسدة حالة هي ( على التوالي D32و ) (Sh33) ودوكان شقالوة تعينا ،باستثناء

مناخ قديم جاف للتكوين والتي اكدت ظروف  القديمة المناخية لتحديدالظروف Sr / Cu Vs Ga / Rbونسبة 

 .و دافئ
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