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ABSTRACT 

The study area is located in the Kuradawe village, 30 Km NE of Sulaimania City, in the 

east of the Kurdistan Region. The sulfide mineralization in the Kuradawe area is hosted by 

gabbro of the Mawat ophiolite. The petrographic study shows that the metagabbro has various 

microdomains, which contain different amphiboles and plagioclase. This indicates that the 

original magmatic rock and minerals were influenced by metamorphic overprint. The mineral 

assemblage of the metagabbro is represented by white amphibole, green amphibole, 

plagioclase, chlorite, quartz, epidote, pyrite, chalcopyrite, goethite and hematite. The 

metamorphic history can be subdivided into three stages (M1, M2, and M3). The first stage of 

metamorphism is recorded by the formation of green amphibole (tschermakite) replacing 

clinopyroxene. The second stage shows a decrease of temperature and pressure which resulted 

in the formation of white amphibole (tremolite); growing on the previous amphibole. While 

the late stage of metamorphism is recorded by the formation of chlorite and epidote. Three 

stages of mineralization are concluded from ore microscopic study: orthomagmatic stage, 

hypogene stage and supergene enrichment stage. Pyrite and chalcopyrite represent the main 

primary sulfide ore minerals. Hematite and goethite are the secondary ore minerals occurring 

as alteration products of the primary ore minerals. The δ
34

S values of the sulfides range from 

+ 7 to + 9 ‰, which indicate granitic composition for the mineralized fluids. 

 

 

 

 

 ،كردستان إقليم كوراداوي، اتتمعدن كبريتيد فيالمستقرة الكبريت ائر ظنتركيب معدنية و

 العراق شمال شرق
 

  عرفان عمر يارا

 

 المستخلص

 شمال شرق مدينة السليمانية، في شرق إقليم كوردستان.كم  30تقع منطقة الدراسة في قرية كوراداوي، على بعد 

 ابروغالميتا ابرو ضمن أوفيوليت ماوات. تحتوي صخورغالكبريتيدات المتمعدنة في كوراداوي مستضافة في صخور ال

 على نطاقات ميكروية متنوعة، أذ تحتوي على أنواع مختلفة من ألامفيبولات والبلاجيوكليس وهذا يشير إلى أن الصخور

 ابرو تتمثل باالامفيبول الابيضغالصهيرية والمعادن الأصلية متاثرة بعمليات تحول فوقية. التجمعات المعدنية للميتا

والهيماتايت.  الغوثايت و يدوت والبايرايت والجالكوبايرايتوالامفيبول الاخضر والبلاجوكليس والكلورايت والكوارتز والاب
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تم تسجيل المرحلة الأولى من التحول عن طريق تكوين   M3.و M2 و M1 ليمكن تقسيم تاريخ التحول إلى المراح

الكلاينوبايروكسين. تظهر المرحلة الثانية انخفاضًا في درجة الحرارة  الأمفيبول الأخضر )تجرماكيت( الذي حل محل

تم تسجيل المرحلة  بيض )تريمولايت( وينمو على الأمفيبول السابق. بينمالأامفيبول لأاوالضغط مما أدى إلى تكوين 

ن التمعدن. ثلاث مراحل متعاقب النشوء  مراحلتظهر طريق تكوين الكلوريت والايبيدوت.المتأخرة من التحول عن 

هي مرحلة الاكسدة والاغناء  الثالثة تمثلها تمعدن الكبريتيد والمرحلةو الهيبوجين الماغماتية ثم مرحلة المرحلة الأولى

في حين تمثل  ساسيةالجالكوبايرايت معادن الكبريتيدات الأو يمثل البايرايت ات.والهيدروكسيد اتكسيدوالأ ناتبتمعد وتتمثل

ولية. تراوحت الغوثايت معادن ثانوية تكونت بفعل عمليات الاكسدة للخامات المعدنية الكبرتيدية الأمعادن الهيماتايت و

δنظائر الكبريت 
34

S)محاليل المعدنية ذو تركيب غرانيتيمما يدل على ان مصدر ال ‰ 9 +و  ‰7 +( بين. 

 

INTRODUCTION 

The Zagros Orogen is subdivided into three parallel belts, these are; from northeast to 

southwest (Fig.1), the Tertiary Urumieh Dokhtar Magmatic Belt (Berberian and King 1981; 

Alavi, 1994), the Sanandaj-Sirjan Tectonic Zone (Alavi, 1994; Mohajjel and Ferguson, 2000; 

Mohajjel et al., 2003; Agard et al., 2005) and the Zagros Fold Belt (ZFB) (Stöcklin, 1968; 

Alavi, 1994; Mohajjel et al., 2003). The ZFB in  the Kurdistan Region of Iraq can further be 

divided, from the northeast to the southwest, into three parallel NW – SE – trending structural 

domains, these are i) the Zagros Suture Zone (ZSZ), ii) the High Folded Zone, and iii) the 

Foot Hill Zone (Fig.1; Jassim and Goff 2006; Fouad, 2010).     
 

The Kuradawe mineralization is located in northeastern Iraq, 30 Km northeast of 

Sulaimania City within the Mawat Ophiolite Complex, covering about 250 Km
2
 within the 

Iraqi Zagros Zone (Jassim and Goff, 2006). It represents one of the Tethyan ophiolite 

complexes and part of croissant Ophiolite Belt (Ricou, 1971) which extends from Semail 

ophiolite of Oman to Troodos ophiolite of Cyprus passing through Iraq, Iran, Turkey and 

Syria (Fig.1). The Mawat ophiolite comprises the upper thrust sheet of the Mawat Nappe 

(Albian – Cenomanian) (Al-Mahaidi, 1975; Jassim and Goff 2006), and consists of                  

600 – 1000 m of basaltic and metabasalt intruded by plutonic complexes of ultrabasic 

pyroxenite, layered and massive gabbros, diorite, dolerite dikes and late-stage plagiogramite 

(Fig.2). Gabbro is the largest unit and includes banded gabbro, intruded from the east by 

coarse massive gabbros. This is followed by ultramafics (dunite and peridotite) that are 

variably serpentinized. The western contacts of the banded gabbro with the metavolcanics 

form a north-south trending shear zone, where the gabbro is highly deformed, brecciated and 

intruded by basic and acidic intrusions (Buday 1980, Buday and Jassim 1987, Zakaria 1992). 

The gabbro was thrust onto the metavolcanics during the final stages of solidification 

resulting in marginal shearing along the contact.  
 

Copper occurrences are widespread all over the area of the Zagros Suture Zone, but only 

a few of them may be of economic interest. The distribution of mineral deposits in the 

northeastern part of Kurdistan is shown in Figure 3. Many of these occurrences are related to 

the serpentinized ultramafic rocks and gabbros of the Penjween, Mawat and Bulfat massifs. 

The Mawat area is characterized by a variety of metallic mineral deposits bearing Cu, Cr, and 

Mn (Fig.3). Copper ore mineralizations, mostly of the hydrothermal type, make up most of 

which in this area. 
 

Williams (1948) reported the possibility to outline a zone of low-grade copper deposit 

near Waraz Police Post after which it was named the Copper Hill.  The country rocks consist 

of diorite with an intrusion of quartz and brown schistose epidiosite. Williams (1948)   

referred in his report to the low-grade value of the copper in this occurrence. He considered 

the origin of the copper as the result of hydrothermal processes. He also reported that the 

copper content varies from 0.01% to 0.04%. Smirnov and Nelidov (1962) and Al-Hashimi 
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and Al-Mehaidi (1975) reported many copper mineralizations from the crush zone in gabbro 

SW of Kuradawe village and from granodiorites, pyroxenites and gabbros south of Konjrin 

village. The Cu-mineralization consists of chalcopyrite, pyrite, malachite and azurite, with Cu 

content between 2.84 and 23%. The main aim of this work is to study the mineralogy, mineral 

paragenesis and source of sulfur of the sulfide mineralization in the Kuradawe copper 

occurrence in the Mawat igneous complex, using petrographic, geochemical and stable 

isotopes methods. 

 

 
 

Fig.1: Zagros Orogenic Belt showing the main tectonic units and the location                                      

of the study area (after Jassim and Goff, 2006) 
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Fig.2: Geological map of the Mawat Ophiolite Complex, northeastern Iraq,                                 

(modified after Hama-Aziz, 2008) 
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Fig.3:  Distribution of metallic mineralizations in the Kurdistan Region,                             

northeastern parts of Iraq (after Vanecek, 1972) 
 

METHODOLOGY 

 Sampling and field observations  

The Kuradawe mineral occurrence lies in the Iraqi Zagros Suture Zone, at the south 

entrance of the Kuradawe village, where five meters of mineralization occur within the 

gabbro unit of the Mawat Ophiolite Complex. Fifteen surface samples of the mineralization 

and associated rocks were collected from the study area during two field trips. The samples 

are characterized by pale yellowish green weathered color in the weathered surface, but differ 

in the fresh surface where they appear grayish green with fine mineralization grains. The 
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fieldwork shows that the unit is moderately foliated metagabbro with irregularly scattered 

sulfide mineralization. 
  

 Petrography and mineral chemistry 

Fifteen thin sections were prepared for petrography and mineral chemistry investigation. 

All thin sections were studied by transmitting light polarizing microscope for texture and 

mineral identification. Four polished thin sections and three mount-polished sections were 

prepared for the mineralized samples. All polished sections were studied by reflected light 

polarizing microscope to identify texture and mineralogy. Scanning Electron Microscopy 

(SEM) equipped with Energy Dispersive Spectrometer (EDS) at TU Bergakademie Freiberg 

is used for microchemical analysis of the minerals constituents. The acceleration voltage used 

was 15 kV and the beam current was at 20 nA with the beam focused in a 2 µm diameter spot. 
 

 Sulfur stable isotope analysis  

Isotopic composition of three sulfide samples is determined at the isotope analytical 

facility of TU Bergakademie Freiberg. The results are reported as δ
34

S values in per mil (‰), 

where: δ (‰) = [(R sample/ R standard) – 1] x 1000. The sulfur isotope composition of the 

analysed sulfides was determined using the elemental analyzer (Fisons Carlo Erba) coupled to 

mass spectrometer (CF-IRMS – Delta plus Thermo Quest-Finnigan) (e.g., Giesemann et al., 

1994). The values were calibrated using one internal BaSO4 standard for drift correction and 

three international reference standards (IAEA-S-2, IAEA-S-3 and NBS 127) are used; to 

calibrate the instrument (Kornexl et al., 1999; Ding et al., 2001). All samples were analyzed 

at least in triplicate. The long-term reproducibility of sulfur isotopes was ≤ 0.3‰, although 

the internal error of three successive measurements was often smaller. 

 

RESULTS 

 Petrography and Mineral chemistry 

 The petrographic study shows that the samples mainly consist of amphibole (green and 

white), chlorite, pyrite, chalcopyrite, epidote, plagioclase, and quartz. Amphibole represents 

the most abundant mineral and it is formed from alteration of preexisting pyroxene. The most 

common feature of the studied samples is that the amphibole has formed, partially or 

completely overgrowing the clinopyroxene. Two types of amphibole are distinguished;                  

1) white amphibole, formed due to intense deformation of preexisting pyroxene, and 

amphibole along their edges. It is more abundant than green amphibole and shows schistosity 

texture (Fig.4a). 2) Green amphibole (tschermakite) occurs in subhedral to euhedral forms, 

and it shows parallel and subparallel pleochroism to the main foliation (Fig.4c). Petrographic 

study and chemical data show the different types of amphibole (Table 1). The amphiboles 

which are characterized by dark green color with pleochroism are tschermakite-hornblende to 

tschermakite (Fig.5). Actinolite and tremolite are pale green to colorless and characterized by 

fibrous texture (Fig.5). 

Plagioclase occurs as anhedral grains. Two types of plagioclase are recognized; a) coarse 

grained with sutured boundary and undulose extinction (Pl I) Figure 4d and b) fine grained 

which is observed along the grain boundaries and fractures of the coarse plagioclase grains     

(Pl II) Figure 4d. The plagioclase hosted the fibrous amphibole which is formed as a  

deformation results (Fig.4d). In most samples the plagioclases are showing alteration to 

epidote (Fig.4d). Chemical data show that plagioclase is labradorite to bytownite (An67-77) 

(Table 2).  
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Fig.4: Photomicrographs of A) Trimolite showing mylonitic texture (back-scattered electron 

images), B) Euhedral pyrite formed by replacement growing and pushing aside the fibrous 

amphibole (back-scattered electron image), C) Back-scattered electron image showing 

subhedral to euhedral green amphibole, D) Plagioclase altered to epidote and fibrous 

amphibole growing into plagioclase, E) Oriented quartz (Qtz) aggregates,                                       

F) Biotite (Bio) and chlorite (Chl) showing two stages of deformation.                                         

(Tri) = Trimolite; (py) = pyrite; (Am) = amphibole; (pl) = plagioclase;                                          

(ep) = epidote; (Qtz) = quartz; (Bio) = biotite; (Chl) = chlorite 
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Fig.5: Compositional field and classification of the zoned Ca-amphiboles                                            

after Leake et al., (1997) 

 

Table 2: Selected EDS analyses of chlorite, and plagioclase from Kuradawe metagabbros 
 

 Chlorite 

Sample 

No. 
kur2-22 kur-39 kur1-43 kur1-24 kur2-13 kur1-55 kur1-56 kur1-57 

SiO2 25.87 26.07 39.45 26.34 33.58 25.15 25.73 25.77 

TiO2 0.9 0.6 0.6 0.1 0.6 0.5 0.9 0.7 

Al2O3 28.1 28.44 21.38 28.42 26.93 27.32 28.26 27.83 

FeO 18.92 19.1 22.51 20.71 14.08 20.15 19.38 19.34 

MnO 0.2 0 0 0 0.1 0 0 0.1 

MgO 27.11 26.4 16.66 24.52 25.41 27.38 26.63 27.06 

CaO 0 0 0 0 0 0 0 0 

Na2O 1.9 2 1.9 0.1 1.3 1.8 1.3 2.1 

K2O 1.8 1.2 1.5 0.3 1.1 1 1.6 1.9 

 
Chlorite Plagioclase 

Sample 

No. 
kur1-65 kur-1.13 

kur-119 

my hb 
kur1-23 kur-2.25 kur-2.36 kur-3.35 kur-5.11 

SiO2 25.98 64.05 63.13 62.68 64.11 61.5 67.12 65.3 

TiO2 0.5 0 0 0 0.1 0.13 0.17 0.19 

Al2O3 27.58 24.34 24.18 25.62 23.8 25.12 23.9 24.1 

FeO 18.88 0 2.45 2.11 1.9 1.6 0.35 0.29 

MnO 0.3 0 0 0 0 0 0 0 

MgO 27.56 0 0 0 0 0 0 0 

CaO 0 11.61 10.24 9.59 8.1 9.2 7.81 9.1 

Na2O 1.8 1.8 2.1 2.6 2.1 1.89 1.98 1.92 

K2O 2.1 0.2 0.12 0.34 0.23 0.13 0.13 0.11 
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Quartz occurs as aggregates and veins within the samples. Quartz aggregates display a 

strong crystallographic preferred orientation (Fig.4e); the long axes of quartz grains are 

arranged subparallel to parallel to the schistosity. The quartz is characterized by a sutured 

boundary, undulose extinction, deformation bands, and deformation lamella. Biotite is 

scarcely observed, grown parallel to the schistosity (Fig.4e), and thus representing the first 

stage of deformation (Fig.6). Chlorite is growing perpendicular to the biotite (Fig.4f). 
 

 Ore Mineralogy 

The studied samples are hosting disseminated sulfide and oxide minerals. Pyrite is the 

most dominant sulfide mineral, in addition to a minor amount of chalcopyrite. Pyrite is found 

in two types; a) Coarse grained pyrites which are characterized by cataclastic texture (Figs.7a 

and b) and sigma clast with strain shadow of amphibole and quartz (Fig.7c). Due to alteration, 

pyrite is partially replaced by goethite and hematite as rim replacement or island shape texture 

(Fig.7d). b) Fine grained pyrite occurs as aggregates of subhedral to euhedral grains. During 

deformation via replacement, the euhedral pyrite is grown by pushing aside the fibrous 

amphibole (Fig.4b). Chalcopyrite occurs in irregular form as inclusions in pyrite (Fig.7a), and 

it is the only copper-bearing mineral. Goethite and hematite are oxide minerals and they 

formed due to the oxidizing of the chalcopyrite and pyrite. They form rim, vein, and island 

shape replacement textures (Fig.7d). 
 

 
 

Fig.6: Mineral paragenesis in the Kuradawe metagabbro 
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Fig.7: Photomicrographs of A and B) Back-scattered electron image showing catacalstic 

texture of pyrite and chalcopyrite as inclusions in pyrite, C) Coarse grained pyrite               

showing sigma clast with strain shadow of amphibole and quartz, D) Back-scattered            

electron image showing rim and island shape pyrite replacement by hematite.                      

(chpy) = chalcopyrite; (py) = pyrite; (Am) = amphibole; (pl) = plagioclase;                               

(Qtz) = quartz; (hem) = hematite 
 

 Stable sulfur isotope analysis  

The sulfur stable isotope composition (δ
34

S) of the sulfide minerals from three selected 

metagabbro samples were measured (Table 3). The δ
34

S values of the sulfide minerals                

fall into a narrow range of +7.4 to +8.6 ‰, with an average of +7.9 ‰. The magmatic 

hydrothermal source hypothesis, which is primarily based upon the petrographic 

investigation, is supported by the sulfur isotope compositions (Fig.8). The δ
34

S values of 

sulfides plot within the range of values assigned to granitic rock reservoir (Hoefs, 2009). 

 

Table 3: Sulfur stable isotope 
34

S values of pyrite 

(Measurement errors external reproducibility ≤ 0.3‰) 
 

Sample No. 
34

S [‰] 

Ku2 8.6 

Ku10 7.9 

Ku 1 7.4 
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Fig.8: Sulfur isotope composition of pyrite from the Kuradawe metagabbro (red dots). The 

shaded areas represent the isotopic range of some geologically important                                  

sulfur reservoirs (after  Hoefs, 2009) 

 

DISCUSSION 

Arabia – Eurasia continental collision recorded different stages of metamorphism. The 

investigated samples have been classified as “gabbro” (Al-Mahaidi, 1975). The petrographic 

investigation reveals that the pyroxene is absent in all samples as a result of metamorphism 

and replacement to green amphibole. Multiple amphibole equilibrium thermometers have   

shown that metabasite mineral assemblages with growth-zoned Ca-amphiboles manifest a 

high potential for pressure – temperature (P – T) reconstructions (e.g., Bégin and Carmichael, 

1992; Triboulet, 1992; Schulz et al., 1995). Zoned amphiboles in magmatic and metabasic 

rocks are common and typical (e.g., Bégin and Carmichael 1992; Bachman and Dungan 2002; 

Schulz et al., 2001), and more rarely observed in metapelitic rocks (e.g., Vogl, 2003; Cruz, 

2010). Rebay and Messiga (2007) concluded that the amphibole has various range of 

composition due to the high number of cation substitutions.  
 

Metamorphic amphibole represents the major mineral in all the studied samples, 

suggesting persuasive effect of gabbroic rock metamorphism. Petrographic study and mineral 

chemical data show the zonation in the Ca-amphiboles where the grains show various Si 

content from core to rim (Fig.5). Green (tschermakite) and white (actinolite and tremolite) 

amphiboles are indicators of different stages of metamorphism. The first stage is recorded by 

tschermakite and in the second stage; actinolite and tremolite are replaced by green 

amphibole. The last stage is highlighted by chlorite overgrowth perpendicular on the main 

foliation of the rock (Fig.4f). In addition, the presence of pyrite showing sigma clast with 

strain shadow of amphibole and quartz points to area underwent shearing (Passchier and 

Trouw, 2005). Thus, this rock can be classified as metagabbro and the area as a sheared zone. 
 

Ore microscopy shows that the samples are characterized by predominant sulfides and 

oxides ore minerals. They occur as disseminated and veinlets (Fig.4 and 7). The primary 

sulfide minerals include coarse subhedral and euhedral of pyrite and chalcopyrite as 

inclusions in pyrite (Fig.7a and b). The petrographic observations suggest that pyrite belongs 

to two stages: Pre-tectonic pyrite and Post-tectonic pyrite. The Pre-tectonic pyrite occurs in 
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coarse disseminated texture within the rock, showing catacalstic texture and sigma clasts 

(Fig.7a-c) (Yassin et al., 2015; Yara and Mohamad, 2018 and Yara, 2019). These textures 

indicate that the ore minerals are of orthomagamtic origin and they are derived from 

immiscible sulfide liquids (Ramdohr, 1981; Candela and Blevin, 1995; and Matthews et al., 

1995; Musa, 2007). This type of pyrite was probably deformed during regional tectonic 

events of the Eurasian and Arabian plates obduction and subduction (Yara, 2019).  
 

Post-tectonic pyrite occurs as euhedral and vein filing (Fig.4a and e), formed after the 

tectonic events (Musa, 2007; Yassin et al., 2015; Yara and Mohamad, 2018; and Yara, 2019). 

Such texture suggests that the source of pyrite is hydrothermal solution and this is emphasized 

by the sulfur isotope values with an average of +7.9 ‰. Rim, island shape and vein 

replacement of pyrite by oxide and hydroxide ore minerals represent the last stage of 

mineralization. Pyrite replacement by goethite is common under oxidizing condition as 

weathering product of iron-bearing minerals (Gilbert and Park, 1986; and Borg, 2004). This 

stage represents supergene enrichment stage of mineralization. Paragenetic sequence of ore 

mineral is given in figure 8 according to ore mineral texture relationship. Pyrite and 

chalcopyrite are the main ore minerals crystallized from immiscible sulfide liquid. 

 

CONCLUSIONS 
The studied samples are metagabbro within the sheared zone. The mineralogy of the 

Kuradawe Cu-mineralization is sulfide minerals including pyrite and chalcopyrite as primary 

minerals and hematite and goethite as secondary minerals. The petrographic study suggests 

that the ore minerals and the host rocks suffered the same metamorphic history. Paragenetic 

sequence show three stages of mineralization; orthomagmatic, hypogene and supergene. The 

δ
34

S data of the sulfide minerals reveal that the source of the mineralized fluids is of granitic 

composition. 
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