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ABSTRACT 

The discovery of multi-lithotypes olistostromes deposits 

associated with potentially economically viable iron ore 

mineralizations in the Rayat region of NE Iraq are described 

in this study. The depositional and differentiation-

classification characteristics of multi-lithotypes of 

olistostromes with distinct depositional and characteristics are 

reported here through detailed petrographic, mineralogical, 

and geochemical data, allowing for mineralization 

mechanisms assessment and associated hydrothermal and 

alteration processes. Ferruginous conglomerate lithotypes 

occur below the sandstone olistostromes lithotypes section of 

the investigated series. Through the ferruginous conglomerate 

olistostromes (FCO) lithotypes, there is a layer of potentially 

iron ore containing iron oxide (up to %42.55) and quartz with 

some minor spinel content. Below FCO, there are the 

horizons of FOpO and FSO, which are also rich in hematite 

quartz and calcite with some minor spinel content. A 2m thick 

transition zone (TZ) separates the poorly mineralized 

ophiocarbonatic olistostrome (OpCO) from FCO. The multi-

lithotypes of olistostrome from bottom to top are serpentinite 

olistostrome (SO), ophiocarbonatic olistostrome (OpCO), 

ferruginous serpentinite olistostrome (FSO), ferruginous 

ophiocarbonatic olistostrome (FOpCO), ferruginous 

conglomerate olistostrome (FCO), and sandstone olistostrome 

(SstO). In addition to Fe, the other potential economic 

important elements include nickel (507 to 5816 mg/kg) and 

cobalt (47.2 to 328.3 mg/kg). The findings indicate that the 

Rayat olistostromes, such as SO, FSO, OpCO, FOpCO, FCO, 

and SstO, and the transition zone (TZ) are originated from a 

mixture of early hydrothermal alteration of serpentinites. The 

finding of olistostromes in the Rayat exposes NE Iraq as a 

potential mineral-rich sector. 
1. Introduction 
Flores [82] used the term "olistostrome," which is 

derived from the Greek words "olistomai" (to slide) 

and "strome" (accumulation), to indicate sediment 

accumulation induced by gravity sliding in a process 

defined as submarine sliding of Mass Transport 

Complex (M.T.C.). He additionally mentioned that 

olistostromes should be sufficiently continuous to be 

mappable. Generally, olistostromes from the 

lithological point of view are heterogeneous, more or 

less admixed, lack real bedding, and are formed by 

the rapid accumulation of rocks, fragments and 

blocks [1, 2]. Additionally, they contain fine to coarse 

sediments and lithoclasts in the form of a semifluid 

mass that can show vertical and/or horizontal 
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gradation. The lithoclasts (also called olistoliths) 

embedded in these accumulations are derived from 

former deposits [3]. The accumulated end product of 

those unconsolidated sediments has been defined as 

olistostromes [4]. 

Many authors [1, 2, 5-7] have discussed the 

conceptual definition of olistostromes and mélanges 

and how they are differentiated. Both rock bodies are 

composed of blocks in a shattered finer-grained 

matrix and are distinguished by a lack of stratal 

continuity throughout their entire lengths of exposure. 

A common view adopted here is that olistostromes 

are sedimentary deposits produced by gravity mass 

flows, defined as Mass Transport Complexes 

(M.T.C.s) [2, 9, 10]. In contrast, mélanges are 

sedimentary deposits formed by sedimentary 

processes, faulting, and tectonic shearing [11]. The 

existence of sheer fabric in the matrix, in particular, is 

widely regarded as a distinguishing trait of a 

mélange. 

Other tectonic habitats, such as passive continental 

margins, have been postulated as potential mélanges 

and olistostromes development sites. Subduction 

zones are the most commonly seen tectonic 

environments for the production of these fractured 

and mixed rock masses [7]. All across the course of 

passive margin development, rifting tectonics and 

rifting-related geological events often result in the 

production of distinct forms of olistostromes. These 

olistostromes arise at the margins of thinning 

carbonate platforms and continental margins, at 

ocean-continent transition zones (OCT), and about 

oceanic core clusters. 

Mineralization in N and NE Iraq has been 

documented to be of magmatic, hydrothermal, 

metamorphic, and sedimentary origin [13-15]. The 

principal minerals in N and NE Iraq are oxides, such 

as Cr- and Ni-rich deposits in Mawat Penjween and 

Rawanduz [16-18]. While iron ore deposits are often 

tiny and structurally classified as endogenic contact-

metasomatic substitution, magmatic, and sedimentary 

ironstone [15, 19]. 

 The Triassic-Jurassic Zn-Pb mineralization phase has 

been also reported and reliably dated in the Shalair 

District as the Marabasta deposit [20]. The 

olistostromes of the Rayat area are composed of 

different lithotypes. Some of those lithotypes are 

ferruginous, rich in iron, and some other elements, 

such as Ni and Co. In this research, the geological 

context, petrographical and geochemical properties of 

the olistostromes occurrences in the Rayat area, NE 

Iraqi Kurdistan are discussed, and their economic 

potential is highlighted. 

2. Geological Setting 
The study area is located in the northeastern corner of 

Iraq near the Iraqi-Iranian border (Fig. 1a). 

Geotectonically, the area is part of the Iraqi Zagros 

Suture Zone (IZSZ), which is the most deformed 

zone of the ongoing collision between the Arabian 

Plate and Anatolian microcontinent to the north, and 

Arabian and Iranian Plates towards northeastern Iraq 

[21]. IZSZ comprises three tectonic subzones (Fig. 

1b), namely, Shalair, Penjween-Walash, and Qulqula-

Khwakurk [13, 22]. The study area is geologically 

delimited by the undifferentiated Paleocene-Upper 

Eocene lithostratigraphic units of the Walash Group, 

within the Penjween-Walash subzone (Fig.1). The 

Walash Group rocks are covered in places by 

Quaternary sediments, mostly in the form of talus and 

terrace deposits [23]. The primary rock types of the 

Walash Group that outcrop in the broader Rayat area 

are sedimentary, volcano-sedimentary, and intrusive 

rocks, with the latter being mostly serpentinized 

peridotites [23]. A significant aspect of the geological 

framework of the area is that the encountered 

lithologies, apart from the newly discovered 

olistostromes, represent the ophiolitic mélange of the 

ophiolite nappe. Hence, the various groups are 

generally in a chaotic mixture with no clear 

boundaries (Fig. 2).  

Generally, in addition to the Quaternary sediments 

and intrusive rocks, the sedimentary rocks 

outcropping in the area include red and light greenish 

calcareous argillites. In addition, subsidiary brown 

ferruginous conglomerates, red siliceous-jasper rocks, 

and reddish-grey sandstone are occurring. The other 

units have a volcano-sedimentary group, consisting of 

basalts, conglomerates, and tuffite with Eocene age 

[23]. Intrusive igneous rocks that occur as sheets and 

sills of altered ultramafic rocks are massive, granular, 

and aphanitic serpentinites derived from the 

metasomatic alteration of ultramafic rocks, with 

chromatic lenses, occasionally hosted within the 

sheared varieties of serpentinites. The later 

hydrothermal alteration of the serpentinites causes the 

formation of listvenite and fuchsite in the area [24, 

25]. Based on stratigraphy, Eocene age was assigned 

to the Walash Group rocks [26], but according to the 

radiometric dating by 40Ar–39Ar of its basaltic 

rocks, an age range of 24–43 Ma (Eocene–Oligocene) 

was demonstrated [27]. 
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Fig.  1: a) Updated tectonic map showing tectonic zones between Iraq and Iran in the Zagros Mountains 

(based on [28] and modified by [29]), (b) a comprehensive geological map of the greater Rayat area in 

northeast Iraq (based on [28] and modified by [29]) 
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Fig. 2: Updated geological map of the Rayat area based on the current study showing new rock types of 

olistostromes and listvenites adapted from [23] and [25] 
 

3. Materials and Methods 
3.1 Sampling  

Several reconnaissance and exploration fieldwork 

trips were carried out in the area to record the field 

observations and sampling. During the field trips, the 

outcrops of the olistostromes were identified, 

mapped, and sampled. Thirty-seven samples were 

collected from the outcrops and the nearby rocks 

(Fig. 2) for petrographic, mineralogical, and 

geochemical studies. All the samples were described, 

labeled, and coordinated with GPS in the field. 

3.2 Petrographical Studies 

Thirty-four (34) doubly polished thin sections were 

prepared from the numerous olistostrome lithotypes 

and the surrounding rocks. They were studied using a 

LEICA DM4500P polarized light microscope. The 

petrographic examination of the thin-polished 

sections involved the identification of mineral 

assemblages, as well as of bio clasts and fossils, 

followed by the characterization of textures, 

diagenetic features, and the selection of 

representative spots of interest for the detailed 

imaging, mapping, and elemental study using 

scanning electron microscopy with energy-dispersive 

X-ray spectroscopy (SEM-EDS). The SEM-EDS 

examination was carried out on gold-coated thin 

polished sections and on rock slabs with a FEI 480 

SEM coupled with a BRUKER-QUANTAX energy 

dispersive X-ray spectroscopy at accelerating voltage 

of 15 – 25 kV, beam current of 20 nA, beam size, 1-2 

µm, and count time of 20 s at the facilities of 

Scientific Research Center of Soran University. 

3.3 Mineralogical Determinations 

X-ray diffraction (XRD) examinations were 

performed using a PANalytical X'Pert PRO MPD 

Alpha powder diffractometer in Bragg Brentano θ/2θ 

geometry of 240 mm radius, Cu-filtered Kα radiation 

(λ = 1.5418 Å) at 45 kV and 40 mA at the facilities of 

the Scientific Research Center of Soran University, 

Iraq. The scanning parameters were as follows: 2θ = 

6–88◦, with a step size of 0.017◦ and step time of 50 

s, using an X'Celerator detector (active length = 

2.122◦). A qualitative evaluation and semi-

quantification of the mineral phases were performed 

using High-Score Plus software® at the Scientific 

Research Center of Soran University. 

3.4 Geochemical Analyses 

Whole rock geochemical analysis for the 

determination of the major and minor elements was 

performed on powdered samples by using inductivity 

coupled plasma atomic emission spectroscopy (ICP-

OES) for major elements and inductivity coupled 

plasma mass spectrometry (ICP-MS) for minor and 

trace elements at Zarazma laboratory in Iran by 

applying lithium borate fusion of the sample before 

acid dissolution. Loss on ignition (LOI) values were 

determined by the combustion of 1g at 950° C for two 

hours using a Selecta® muffle furnace. 
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4. Results 
4.1 Field Observations 

The fieldwork surveyed partially outcropping 

olistostrome bodies located in the south of the Rayat 

village (Fig. 2). The olistostrome outcrops lithologies 

can be categorized into distinct lithotypes that are 

bounded by other rock types of sedimentary and 

igneous rocks, such as limestones, sandstone and 

serpentinized peridotites (Fig.3). The generalized 

cross-section of the olistostrome bodies from bottom 

to top (Fig. 4) mapped in the field showed: 

serpentinite olistostrome (SO), ophiocarbonatic 

olistostrome (OpCO), ferruginous serpentinite 

olistostrome (FSO), ferruginous ophiocarbonatic 

olistostrome (FOpCO), transition zone (T.Z.), 

ferruginous conglomerate olistostromes (FCO), and 

sandstone olistostrome beds (SstO) lithotypes. 

Occasionally, some thin layered bedding was also 

observed in the olistostromes, indicating some 

episodic deposition. In most cases, the olistostromes' 

bodies, as seen in the field, were tectonically tilted 

due to the Zagros tectonics. Some outcropping 

olistostrome lithotypes were extensive in the region. 

A detailed description of all forms of olistostromes 

observed was provided. In the upper part of the 

outcrops, the FCO deposits consisted of densely 

packed lithoclasts supported by a few cm to 25 cm 

sized carbonate lithoclast. The lithoclasts were often 

sub-angular to rounded, and more extensive than 

other lithotype lithoclasts. The lithoclasts were 

smaller toward the middle and bottom portions of the 

olistostromes lithotype body (Fig. 3c). 
 

 
Fig. 3:  Field photographs of olistostromes and related rocks in Rayat area: (a) overview of the 

olistostrome bodies outcrops showing various lithotypes; (b) yellowish to the orange layer of StsO with 

fine grain matrix and free of lithoclasts over brown FCO; (c) brown FCO body with coarse matrix and the 

different size of lithoclasts; (d) green SO with size fine grain matrix, rich in quartz and magnetite 
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Fig. 4: General lithological column of the Rayat olistostromes lithotypes and succession 

 

4.1.1 Serpentinite Olistostromes (SO) Lithotype 

The exposed olistostrome bodies' lower part 

comprised a fine-grained matrix serpentinite 

olistostrome (SO) lithotype dominated by serpentinite 

(Fig. 5a and b). The thickness of SO in the field was 

about 4-5 m (Fig. 5a). Typically, the serpentinites 

were massive and green to grey. Furthermore, in 

several places, the color of observed SO changed to 

yellowish-blackish (Fig. 5b). 

4.1.2 Ophicarbonatic Olistostromes (OpCO) 

Lithotype 

The OpCO lithotype was in contact with SO. It 

appeared yellowish green (Fig. 5c and d). The 

serpentinite clasts' sizes ranged from a few mm to 

several cm and were floated inside carbonate 

minerals due to the crushing and movement of 

serpentinites. The clasts were angular and showed a 

direction due to flow (Fig. 5c). 
 

 
Fig.  5: Field views of O.S. and OpCO in Rayat area: (a) serpentinite olistostrome (SO); (b) fine-grained 

matrix of SO; (c) gradational contact between SO and OpCO;(d) fine to the coarse-grained matrix of 

OpCO 
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4.1.3 Ferruginous Serpentinitic Olistostromes 

(FSO) Lithotype 

Generally, the deposits were brown-reddish in color, 

and the matrix was fine to coarse-grained (Fig. 6a and 

b). The bodies had various thicknesses between 4 m 

to 15 m. Occasionally, the ferruginous serpentinite 

olistostromes lithotype was re-cemented by iron 

oxide, such as Hematite (Fig. 6a and b).  

4.1.4 Ferrouginous Ophicarbonatic Olistostromes 

(FOpO) Lithotype 

The deposits were typically brown in color, and 

calcite veins could be seen in the bodies of the study 

(Fig. 6c and d). The clasts had rounded shapes and 

ranged in size from a few mm to a few cm (Fig. 6c). 

There were bodies of varied thicknesses in the range 

of 4 m to 10 m. The ferruginous ophiocarbonatic 

olistostrome lithotype bodies were re-cemented by 

iron oxide, such as Hematite besides the carbonate 

mineral, the matrix was fine to coarse grain (Fig. 6d).  

 

 
Fig. 6: FSO and FOpCO field views in Rayat area: (a) lithoclasts admixture of various sizes, cemented by ferruginous 

oxide; the whole body is traversed by vertically oriented calcite veins. Notice that the horizontal serpentinitic lenses 

within the lithotype indicate both diagenetic alterations from original serpentinites and gradual deposition during the 

mass flow; (b) sample of FSO lithotype with lenses and serpentinite residual components; (c) various sizes of 

lithoclasts admixture range from a few mm to a few cm, being cemented by ferruginous; (d) hand sample of brown 

FSO with fine to the coarse-grained matrix 
 

4.1.5 Transition Zone (TZ) 

Between the oxidized zone (FCO) and the 

mineralization zone (OpCO), this white zone had 

begun to develop (Fig. 7). This region had a thickness 

of about 2 m (Fig. 7a). TZ had a color that seems 

green, but in some places, it had been oxidized, 

resulting in a brown appearance (Fig.7).

 
Fig.  7: Field views of the Transition Zone of the study area, (a, b and c) the contact zone between OpCO and FCO 
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4.1.6. Ferruginous Conglomeratic Olistostromes 

(FCO) Lithotype 

Typically, it appeared brown-reddish with the coarse-

grained matrix. At the same time, the lithoclast sizes 

in the body ranged from a few cm to about 25 cm 

(Fig. 8c). The bodies were laid on ferruginous 

serpentinite olistostrome (FSO). The matrix was 

mainly composed of clay and silt. Additionally, many 

lithoclasts were angular chert fragments of variable 

sizes, suggesting rapid turbulent and short transport 

and sedimentation (Fig. 8c and d). FCO section had 

direct contact with (SstO). In cross-section, typical 

ball and pillow structures could be observed.  

4.1.7 Sandstone Olistostromes (StsO) Lithotype 

The structurally intermediate sandstone matrix 

olistostrome lied on FCO and appeared near the upper 

ranges of the study area in Rayat, comprising 

sandstone enclosing volcanic and sandstone blocks. 

The layer was yellowish to orange in color (Fig.8e 

and f). The visible outcrop bed reached 20 m in 

length, and the bed showed depositional angularity 

with thickness decreasing to the right, reflecting 

tectonic unconformity (Fig. 8e). The lithotype 

showed visible bedding structure, reflecting gradual 

deposition of ferruginous material during the 

sediment mass flow (Fig. 8e). The bodies of 

sandstone olistostrome lithotype were randomly 

distributed within the bed. This body was free of 

clasts, fine to coarse grain, and the direction of grain 

size coursing upward. The blocks were poorly sorted, 

angular and subangular in shape and set in a sandy 

matrix (Fig. 8f). 
 

 
Fig. 8: FCO and SstO field views in Rayat area: (a and b) brown to reddish ball and pillow structures with 

quartz vein in FCO, (c) various sizes of clasts in FCO coarse grain matrix, (d) brown and coarse-grained 

matrix rock sample of FCO, (e) bedded SstO showing depositional angularity with thicknesses decreasing 

to the right, (f) yellow to orange and fine-grained matrix with rock sample 
 

4.2 Mineralogy and Petrography 

Detailed optical microscopy and XRD study are 

presented in (Table 1, Figs.  9, 11,12,13,14,15 and 

16), which are used to identify the mineral 

characteristics of the different lithotypes of the 

olistostromes at the Rayat area. 
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Table 1: Semiquantitative XRD results of the different facies (lithotype) of the olistostromes (M: main, m: 

minor, T: trace) 
Body associated rocks  Mineral1 

Rock Ab Cal Ctl Gr Cpx Dol Antig Hem Liz Mag Chro Zeo Qz Bio Tlc 

OpCO    M           M          

FCO 
SO 

 
  

 m   
M 

     
M  

T  
M 

 
T  

    M   
 

  
m 

FOpCO    m      M   m M     T      

FOpO    M   T   m           T  T    

FSO          T    M     m  T     
 

FCO             T      T  M T 

FCO m            T     T  M 

.Z. M  m       T         M       
                 

1: Ab: albite, Anti: Antigorite, Cal: calcite, Chr: chromite, Ctl: chrysotile, Cpx: clinopyroxene, Dol: dolomite, Hem: 

Hematite, Liz: lizardite, Mag: magnetite, Qz: quartz, Tlc: talc, and Zeo: Zeolite 
 

4.2.1 Serpentinite Olistostromes (SO) Lithotype 

The serpentinite olistostromes lithotype were rich in 

lizardite, antigorite, calcite, quartz, and talc as minor 

mineral (Table 1, and Figs. 9 (a, b, c) and 15), 

generally showing mesh texture after olivine and 

pyroxene (Fig. 9a).  

Olivine and pyroxene were common minerals with a 

minor amount of Spinel, magnetite, and Hematite. 

Here, the serpentines mainly replaced olivine and 

pyroxene in fractures and along cleavage and had a 

mesh texture (Fig. 9a). Due to recrystallization in the 

cavities, quartz was formed as a mega crystal, and the 

texture of the case became druzy (Fig.9b). Individual 

grains of Cr-spinel and chromite exhibit skeletal 

texture were broken and subjected to brecciation. The 

stockwork structure, generated by the crosscutting of 

calcite and serpentinite mineral veins, was also shown 

by optical microscopy of thin parts (Fig. 9c). They 

existed as euhedral to subhedral dispersed crystals. 

Spinel had skeletal texture (Fig. 9d). Serpentines 

filled fractures between primary minerals, such as 

olivine and pyroxene; while in some parts, they had 

been entirely replaced by minerals. 

4.2.2 Ophiocarbonatic Olistostromes (OpCO)  

The mineralogical study showed that the OpCO 

lithotype was rich in lizardite and calcite (Table 1 and 

Fig. 9e). After that, olivine and pyroxene displayed a 

mesh texture (Fig. 9a). The matrix of OpCO was 

calcite (Figs. 9 (e) and 16). Each Cr-spinel and 

chromite grains had a skeletal texture, were fractured 

and undergone brecciation. Spinel had a skeletal 

texture and was formed as euhedral to subhedral 

scattered crystals (Fig. 9f). Elemental mapping of the 

OpCO samples (Fig. 10a) by SEM-EDS showed that 

the sample contained phases rich in Fe (Fig. 10b), 

inside grains of serpentines, which were rich in Si and 

Mg (Fig. 10 c and d). The large grains of serpentines 

were enclosed by a matrix rich in calcite (Fig. 10e). 

This texture showed the formation of ophiocarbonatic 

rocks. 
 

 
Fig.  9: photomicrographs showing mineralogical composition and microstructure of the Rayat SO and OpCO: (a) 

mesh texture of serpentinite, (b) quartz grains as mega crystal with druzy texture, (c) calcite veins displayed in 

variable sizes, (d) variable sizes of subhedral grains of spinal in the matrix of serpentine, (e) different sizes of calcite 

veins, and (f) variable sizes of subhedral grains of Cr-spinel mineral subjected to brecciation with skeletal texture 

Quartz (Qz), Serpentine (Sp), Pyroxene (Px), (Calcite (Cal), (Spinal (Spl), and Lizardite (Liz) 
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Fig. 10: Photographs of SEM images mapping of b) Fe, c) Si, d) Mg, e) Ca, opiocarbonatic olistostrome distributed (R-

8) Fe-clearly dispersed and Si-Mg-Ca rich zone, appearing randomly scattered regions with calcite green background 

of rocks 
 

4.2.3 Ferruginous Serpentinite Olistostromes 

(FSO) Lithotype 

The ferruginous serpentinite olistostrome (FSO) was 

mainly composed of serpentine, quartz, and calcite, 

with a minor amount of albite and Hematite (Table 1, 

and Fig. 11a and b). Calcite was present as secondary 

veins cutting quartz (Fig. 11a). The quartz grains 

were generally sub-rounded to rounded in shape with 

various grains sized and coarse-grained calcite (Fig. 

11a and b). The matrix was predominantly composed 

of Hematite (Fig. 11c). Other minerals were Cr-

spinel; the Cr-spinels had subhedral and euhedral, a 

skeletal form that appeared like a skeleton under the 

microscope (Fig. 11d).  

4.2.4 Ferruginous Ophicarbonatic Olistostromes 

(FOpCO) Lithotype 

The FOpCO lithotype was mainly composed of 

calcite and dolomite as major minerals and zeolite as 

a race mineral (Table 1, and Fig. 11e). Hematite was 

present in the body as a matrix (Fig. 11f). Opaque 

minerals, such as Cr-spinel, was observed under the 

microscope, which had an anhedral to skeletal form 

(Fig. 11d). 
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Fig. 11: Photomicrographs showing mineralogical composition and microstructure of Rayat FSO lithotype, (a) veins 

of calcite cutting quartz through calcite matrix with the druzy texture of quartz, (b) variable sizes of quartz, 

plagioclase, and albite, (c) hematite as a matrix, (d) disseminated Cr-spinel with mostly skeletal texture and subhedral 

shape, (e) calcite and dolomite, and (f) hematite dominated  

Quartz (Qz), Calcite (Cal), Hematite (Hem), Spinal (Spl), Dolomite (Dol) 
 

4.2.5 Transition Zone (TZ)  

Transition zone mineralogy was dominated by quartz, 

calcite, albite (Fig.12a and b) and a minor amount of 

Cr-spinel. Hematite was the other frequent mineral in 

this zone (Table 1). The calcite crystals were mostly 

subhedral or euhedral and angular as accessory 

minerals. They could be observed as a single 

component (Fig. 12b). Hematite was the primary 

content of the matrix (Fig. 12d). 

 

 
Fig. 12: Photomicrographs of TZ and FCO samples of Rayat area, a) calcite veins and quartz, (b) calcite vein, (c) 

clasts composed of quartz grain with the druzy texture of quartz, and (d) hematite as a matrix 

Albite (Ab), (Quartz (Qz), Calcite (Cal), Hematite (Hem) 
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4.2.6 Ferruginous Conglomeratic Olistostromes 

(FCO) Lithotype 

FCO lithotype was mainly composed of quartz as 

major mineral and minor amounts of Hematite, 

magnetite and Spinel (Table 1). Quartz was formed 

with different sizes, from fine to coarse grains with 

subhedral shapes. The grains were angular in most 

cases (Fig. 13a and b). Sometimes remnant of fossils 

was present and replaced by quartz (Fig. 13b). Spinel 

was the other subhedral mineral in this unit with 

different sizes (Fig. 13c). Hematite (very fine-

grained) was mainly formed by the matrix of rocks 

(Fig. 13c and d). Some remnants of fossils 

(foraminifera) could be seen in the samples as well 

preserved and replaced by Hematite (Fig. 13d). 

Magnetite showed a rounded shape with different 

sizes up to 0.3 mm (Fig. 13e and f). 

 

 
Fig. 13: Photomicrographs showing mineralogical composition and microstructural characteristics of the ferruginous 

conglomerate olistostromes of the Rayat-Choman area, (a-c) presence of abundant grains of quartz (red and yellow 

arrows) of different sizes, which are enclosed by an iron oxide (Hematite) matrix. In some places, fossils are replaced 

by silica (fig. 14 b, yellow arrow), (b-c) presence of Hematite as a matrix (orange colors), and Spinel formed as 

subhedral crystals, (e-f) roundish grains of magnetite of different sizes represent the movement of this mineral from 

the source (Mgt: magnetite, Qz: quartz, and Spl: spinel) 
 

4.2.7 Sandston Olistostrom (SstO) Lithotype 

The SstO lithotype was rich in fossils, mainly 

different types of foraminifera and algae. The fossils 

were replaced by quartz and calcite. In some cases, 

the cells were replaced by framboidal pyrites (Fig. 

14a, b, and c). Feldspars, which are subhedral, were 

mostly of plagioclase type in thin sections. Most 

plagioclase appeared in the coarse-grained sandstones 

of the sandstone olistostrome lithotype.  

The petrographical examination of thin sections 

indicated that the samples were primarily pure 

sandstone, for which different types of fossils had 

been recognized. Carbonate lithoclasts in SstO 

showed abundant intact microfossils of green alga 

dasyclads neomeris, trinocladus perplexus elliott, 

sponges' fragments, corals, and foraminifera 

(miliolid, and nummulites, opercoulina ammonida) 

(Fig. 14a, b, and c). These daysclad algae were 

typical of the Paleocene-Eocene period in Kurdistan, 

pertaining probably to the Sinjar formation 

equivalent. The bioclasts were significant indicators 

of the dating and formation age of the olistostromes 

in the Choman area, hence paleotectonic 

interpretation. The minerals fragments included 

quartz grains, feldspar, and pyrite spots (Fig. 14d). 
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Fig. 14: Photomicrographs of SstO samples of the Rayat olistostromes: (a, b, and c) carbonate lithoclasts in SstO show 

abundant intact microfossils of green algae Dasyclads Neomeris, Trinocladus, Perplexus Elliott, sponges' fragments, 

corals and foraminifera (Miliolids, and Nummulites, Opercoulina), and (d) shows pyritization of fossil cavities 

(rounded black) probably replacing original organic content. Quartz crystals (red spots) are also present 

Quartz (Q.Z.), Algae (Al), Pyrite (Py) 
 

4.3 Mineral Chemistry 

According to SEM-EDS results, the serpentines of 

SO were composed of Mg (ave.40.54 wt.% MgO), 

and Si (ave. 44.24 wt.% SiO2). Moreover, the 

serpentines had low Ni (ave. 0.09 wt. %) and Cr 

content (ave. 0.35 wt. % Cr2O3). In the sample of 

ophiocarbonatic olistostromes (OpCO), the average 

content value of Ni was observed to be 0.35 in 

serpentine mineral wt. %, and Cr was observed to be 

0.36 wt. % in magnetite minerals. Whereas the 

average concentration of K2O was determined in 

serpentinite olistostromes (SO) as 0.01 wt. %. 

Additionally, the concentrations of both Fe2O3 and 

MgO were rather high, as 80.5 wt. % in manatite 

mineral and 40.26 wt. % in serpentine mineral on 

average, respectively. Chromite mineral from R-6 

showed a high amount of Cr2O3, which was 36.04 wt. 

% (Table 2). 

Sample R-21 from ferruginous serpentinite 

olistostromes (FSO) was primarily composed of 

serpentine with typical 44.66 wt.% of SiO2 and 33.49 

wt.% of MgO. Besides, Fe2O3 and Al2O3 displayed 

low concentration in serpentine mineral. The other 

phase was diopside, with ave. 0.00 wt.% of MgO, 

1.31 wt.% of Al2O3 in diopside mineral and with a 

high concentration of CaO 51.62 wt. % in diopside 

(Table. 2). However, the concentrations of Ni and 

Cr2O3 were low in diopside minerals, which were 

(ave. 0.2 wt. % and 0.00 and 0.29 wt. %) in 

serpentine. 

The composition of sample R-8 from the 

ophiocarbonatic olistostromes (OpCO) was primarily 

made up of calcite, which had an average of 54.81 

wt.% of CaO and 15.89 wt.% MgO. However, 

pyroxene had an average of 44.98 wt.% of SiO2 and 

38.66 wt.% MgO. Hematite had a high amount of 

Fe2O3 with an average of 85.41 wt.%. Nevertheless, 

the amount of Ni was low in calcite (Table 2). 

Sample R-28 from ferruginous ohiocarbonatic 

olistostromes (FOpCO) was typically composed of 

calcite with the average of 84.88 wt.% of CaO, 

ave.2.14 wt.% of MgO and 0.01 wt.% of K2O. 

Whereas it displayed a high amount of SiO2 (57.12 

wt.% on Avg.) and MgO (31.32 wt. % on Avg.) in 

serpentine minerals. The concentration of Fe2O3 was 

highest at 92.2 wt. %, in hematite mineral. The 

concentration of Cr2O3 was high in chromite mineral 

(40.51 wt.%), while it contained unknown mineral 

with an average of 35.23 wt.% of SiO2, 20.06 wt.% of 

MgO. The concentration of K2O was highest (about 

24.38 wt.%) in unknown mineral (Table 2). 

The FCO sample (R-43) contained quartz, chromite, 

magnetite, hematite, and chlorite. The quartz showed 

high amount of SiO2 (about 90.50 wt.% on avg) and 

comprised a significant quantity of Fe2O3, which was 

91.69 wt.% in magnetite mineral and contained 69.29 

wt.% of iron. 
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Table 2: SEM-EDS results of mineral composition of Rayat olistostromes lithotypes (Un.Min.: Unknown Mineral) 
Sample Mineral SiO2 MgO Fe2O3 Al2O3 K2O TiO2 CaO Cr2O3 MnO Na2O Sc V Co Ni Cu Zn As Rb Sr Y Mo Cl 

R41 

(SstO) 

Chlorite 37.52 14.84 18.96 16.30 0.43 0.39 1.85 0.31 0.13 1.95 0.02 0.02 0.07 0.19 0.02 0.38 0.04 1.59 0.06 0.07 3.53   

Calcite 0.74 1.82 0.47 1.04 0.02 0.08 86.72 0.01 0.20 1.16 0.21 0.01 0.02 0.07 0.07 0.57 0.00 1.49 0.16 0.18 3.81   

Feldspar 50.55 4.84 6.19 16.03 1.36 4.77 4.66 0.07 0.12 5.44 0.02 0.02 0.05 0.06 0.03 0.19 0.00 0.69 0.03 0.11 3.37   

Quartz 92.42 0.00 0.04 0.47 0.01 0.00 0.22 0.00 0.00 0.00 0.05 0.03 0.01 0.02 0.00 0.28 0.00 0.75 0.00 0.13 4.29   

R43 
(FCO) 

Quartz 90.59 0.12 1.93 1.20 0.39 0.02 0.02 0.09 0.01 0.15 0.01 0.01 0.04 0.06 0.01 0.41 0.00 0.00 0.00 0.00 3.50   

Chromite 0.00 10.55 16.14 19.08 0.02 0.06 0.06 44.79 0.79 1.12 0.02 0.13 0.26 0.11 0.05 0.26 0.00 2.15 0.00 0.00 3.07   

Hematite 14.36 1.46 69.29 4.60 1.21 0.18 0.11 1.52 0.09 0.98 0.01 0.08 0.73 0.28 0.11 0.03 0.09 0.83 0.00 0.05 2.63   

Magnetite 0.17 0.01 91.69 0.67 0.00 0.23 0.11 1.54 0.22 0.00 0.02 0.02 1.11 0.31 0.25 0.06 0.00 0.65 0.00 0.16 1.84   

Chlorite 18.53 5.80 52.03 12.66 1.64 0.19 0.21 1.05 0.28 0.99 0.00 0.07 0.55 1.59 0.09 0.02 0.09 0.57 0.00 0.22 1.98   

R28 
(FOpCO) 

Chromite 0.00 10.75 17.89 23.05 0.01 0.00 0.13 40.51 0.22 0.76 0.01 0.10 0.18 0.18 0.04 0.51 0.07 1.37 0.36 0.00 2.58   

Serpentine 57.12 31.32 0.87 1.69 0.02 0.03 0.83 0.07 0.10 0.70 0.05 0.02 0.04 0.32 0.03 0.26 0.01 1.29 0.22 0.24 4.10   

Calcite 0.43 2.14 0.24 0.95 0.01 0.03 84.88 0.03 1.47 1.56 0.00 0.01 0.01 0.06 0.00 0.26 0.00 2.32 0.25 0.00 3.63   

Hematite 0.13 1.00 92.21 1.18 0.01 0.09 0.11 0.01 0.05 1.48 0.03 0.02 0.40 0.05 0.01 0.34 0.00 1.24 0.17 0.11     

Un.Min. 35.23 20.06     24.38         3.18                       16.28 

R8 

(OpCO) 

Hematite 0.11 1.60 85.41 2.31 0.00 0.11 0.10 0.06 0.10 1.57 0.06 0.01 0.55 0.41 0.12 0.05 0.00 0.00 2.79 0.00 3.49   

chlorite 36.52 36.52 16.74 0.94 0.04 0.01 0.23 0.00 0.23 0.86 0.00 0.00 0.12 0.37 0.15 0.64 0.00 1.25 0.00 0.00 3.54   

Pyroxene 44.98 38.66 5.20 1.91 0.00 0.00 0.14 0.26 0.00 0.53 0.04 0.02 0.13 0.27 0.03 0.63 0.00 1.80 0.00 0.00 3.72   

Calcite 15.07 15.89 4.05 1.91 0.01 0.00 54.81 0.08 0.00 0.96 0.13 0.00 0.00 0.10 0.00 0.86 0.00 0.00 0.43 0.00 3.94   

Serpentine 39.89 36.12 6.19 1.67 0.01 0.01 0.35 0.08 0.13 0.67 0.01 0.01 0.05 0.29 0.02 0.22 0.00 1.73 0.00 0.00 1.96   

R21 

(FSO) 

Serpentine 44.66 33.49 7.36 2.63 0.03 0.02 0.18 0.29 0.09 0.59 0.01 0.01 0.08 0.28 0.03 0.37 0.08 0.63 0.21 0.07 3.99   

Diopside 0.00 31.34 0.06 1.31 0.04 0.00 51.62 0.00 0.12 1.37 0.00 0.03 0.10 0.02 0.00 0.98 0.00 3.69 0.00 0.00 5.71   

Chlorite 26.67 18.56 44.69 1.41 0.00 0.00 0.00 0.05 0.14 1.62 0.02 0.06 0.36 0.20 0.00 0.57 0.00 0.76 0.00 0.52 3.38   

R6 (SO) Serpentine 42.26 40.34 6.35 1.57 0.00 0.04 0.09 0.35 0.11 0.80 0.02 0.03 0.05 0.35 0.06 0.35 0.02 0.92 0.16 0.05 4.38   

Magnetite 3.15 5.21 80.51 1.71 0.01 0.02 0.17 0.36 0.07 2.35 0.01 0.02 0.68 0.52 0.15 0.00 0.00 0.27 0.24 0.10 3.74   

Chromite 3.56 13.74 16.99 22.05 0.01 0.04 0.03 36.04 0.34 1.22 0.01 0.09 0.22 0.20 0.01 0.64 0.01 0.49 0.00 0.23 2.96   
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Oxide in hematite mineral contained the highest 

amount of Cr2O3 44.79 wt.% in chromite mineral 

(Table 2). 

Sample R-41 was taken from sandstone olistostromes 

(SstO) and was mostly comprised of quartz. Its 

concentrations were in quartz mineral as follows: the 

highest amount was recorded for SiO2 as 92.42 wt.%, 

0.00 wt.% for MgO, 0.47 wt.% for Al2O3 and 0.04 

wt.% for Fe2O3 on average. The sample was also 

made of calcite and contained 86.72 wt.% of CaO in 

calcite mineral. In addition, it contained an average of 

16.03 wt. % of Al2O3 in feldspar mineral and 5.44 wt. 

% of Na2O in feldspar mineral (Table 2). 

Nevertheless, the SEM-EDS result indicated that the 

high concentrations of Fe and Si were in a silicate 

mineral, while Mg and Ca demonstrated high 

concentrations in carbonate mineral. The other types 

of olistostromes, such as SO, OpCO, and FSO, were 

moderately rich in carbonate and silicate minerals. 

4.4 Fossil Bacteriomorphs 

The SEM study of the sample slabs, chips, and thin 

sections from the iron-rich conglomerate unit showed 

well-preserved, rich, and matrix-embedded microbial 

assemblages. Remnants of microbial mats and EPS 

biofilms were also present. Most of the 

bacteriomorphs were densely encrusted with iron 

silicates. The substrates and the microbial-cellular 

contents were all mineralized and well-embedded in 

the substrate. The types of bacteriomorphs included 

mineralized fossil bacteria and cellular material (Fig. 

15a), undifferentiated microbial filaments 

(cyanobacteria and/or fungi) (Fig. 15b), filamentous, 

cellular and bacterial forms (Fig. 15c), and cellular 

material and a few filamentous, rod and coccoid 

bacterial forms (Fig. 15d).  Some forms were 

probably pertaining to algal material (center of 

photo). A probable remnant of a microbial mat 

showing a soft layer pressure impression is shown in 

Figure 15d. The mineralization chemistry made of 

nano-size crystals mainly included Fe and Si, 

suggesting elements' mobility and precipitation 

during a hydrothermal event. The bacteria-iron 

interactions that could produce iron precipitation and 

deposits were well-known in the literature [30-32]. 

The general interaction assumed the oxidation of 

dissolved Fe (II) via abiotic oxidation by 

cyanobacterial-produced O2 and biotic oxidation by 

chemolithotrophic bacteria [33]. 
 

 
Fig.  15: SEM micrographs of rock chip from sample R-24 showing extensive microbes-mineral interaction on the 

rock substrate. The substrates, as well as the microbial-cellular contents, are all mineralized and well-embedded in 

the substrate. (a) Mineralized fossil bacteria and cellular material, (b) undifferentiated microbial filaments 

(cyanobacteria Fungi), (c) filamentous, cellular and bacterial forms, and (d) cellular material and few filamentous, 

rod and coccoid bacterial forms 
 

4.5. Whole Rock Geochemistry 

Table 3 shows the geochemical analysis results of the 

olistostromes lithotype in the Rayat area. The 

serpentinitic olistostromes (SO) had high 

concentration of SiO2 (0.16-47.13 w t.%), whereas 

Fe2O3 content was in the range of 5.43- 9.7 wt.%. and 

MgO in the range of 22.61-35.11 wt.%. Serpentinite 

olistostromes showed that the highest concentration 

of MgO was 35.11 wt.%, as compared to other types 

of olistostromes lithotypes. 

The ophiocarbonatic serpentinitic olistostromes 

(OpCO) had the highest concentration of CaO (24.47-

27.72 wt.%), whereas its silica content was in the 

range of 19.17-22.38 wt.%; it showed the high 

concentration of Fe2O3 as 5.28 wt.%, and Mg 20.25 

wt.%. Al2O3 had a low concentration in the range of 
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0.35-0.46 wt%. All the other major oxides showed 

concentration below <1 wt.% in all horizons. 

The ferruginous serpentinite olistostromes (FSO) 

were rich in SiO2 (31.81-86.05 wt.%), with an 

average of Fe2O3 concentration of 8.48 wt.%. While 

Al2O3 had a concentration in the range of 0.12-6.68 

wt.%. 

The ferruginous ophiocarbonatic olistostromes 

(FOpCO) was rich in SiO2 in the range of 24.45-

37.88 wt.%. While Fe2O3 had a concentration in the 

range 3.83-7.72 wt.%. Its MgO concentration was 

18.53 wt.% on average. The transition zone (TZ) was 

rich in SiO2 (66.07 wt%) with an average Fe2O3 

concentration of 12.73 wt.% (Table. 3). Ferruginous 

ophiocarbonatic olistostromes (FOpCO) were 

concentrated in SiO2 and CaO. 

The studied ferruginous conglomerate olistostromes 

(FCO) were rich in SiO2 (43.35-74.23 wt.%), 

displaying also elevated concentrations in MgO and 

Al2O3. Ferruginous conglomerate olistostromes 

(FCO) lithotype was enriched in iron oxide with the 

highest average of 42.55%. wt (Table 3). The 

ferruginous conglomerate olistostromes (FCO) were 

enriched in silicate minerals, such as quartz (SiO2). In 

addition, the quantity of CaO was low in the rock 

formation (Table 3). 

The sandstone olistostromes studied (SstO) were rich 

in SiO2, which was 48.93 wt.%. While Fe2O3 

concentration was 27.73 wt.% (Table 3). Silica 

appeared mostly in the major mineral quartz in 

lithotypes. The presence of quartz-veins suggested 

subsequent abundant mineral. Sandstone 

olistostromes (SstO) were enriched in silicate 

minerals, such as Quartz (SiO2), and carbonate 

minerals, such as calcite. 

Potassium and sodium concentrations were generally 

low in all olistostromes lithotypes, consistent with 

their development. Only the FCO samples including 

quartz with the amount of K2O (3.09 wt %) and Cr 

(8,495 mg/kg) were correlated, although spinel was 

not present. The superior value of Fe2O3 could be the 

result of the existence of spinel, magnetite and its 

supergene-related iron oxide. 

Concerning the composition of minor and Rare Earth 

Elements (REE), chromium, nickel and cobalt were 

abundant in all lithotypes (Table 3). FCO had the 

highest amount of Ni and Cr (5,816 mg/kg and 8,495 

mg/kg, respectively). Nickel concentrations were 

lower in SstO (507 mg/kg), Cobalt concentrations in 

the top of the horizon (FCO) were 328 mg/kg, and in 

serpentinite and olistostromes were lower within the 

range of 62.5-112.1 mg/kg. The average 

concentration of the Cr2O3 in (SO) was 2303 mg/kg. 

The concentration of rare elements in most samples 

was relatively low in all of the examined lithologies, 

being quite depleted and revealing a comparable 

average to that of the metasomatized mantle (Zhou et 

al., 2004; Tsikouras et al., 2006)  (Table 3).
 

Table 3: Geochemical results of the studied olistostromes samples and associated lithologies of the Rayat 

region 
Sample R-06 R-21 R-26 R-30 R23 R-31 R-36 R-05 R-25 R-29 R-32 R-08 R-20 R-09 R-27 R-28 R-35 

Lith.a SO SO SO SO SO SO SO FSO FSO FSO FSO OpO OpO F-OpO F-OpO F-OpO F-OpO 

wt.% DL                                   

Al2O3 0.05 0.47 0.26 0.33 0.3 0.37 0.67 3.29 6.67 0.53 0.51 0.12 0.35 0.46 1.26 0.94 0.81 0.12 

CaO 0.05 0.46 5.4 0.34 19.89 0.67 2.69 4.93 11.03 0.15 11.31 9.51 24.5 27.72 31 9.44 19.71 9.95 

Fe2O3 0.05 8.46 6.99 9.7 5.43 9.59 8.76 7.23 8.01 14.5 5.86 5.91 4.89 5.28 3.83 7,72 6.15 5.94 

K2O 0.05 0.05 0.05 0.05  0.05 0.05  0.05 0.29 1.43 0.05 0.05 0.05 0.05 0.05 0.05 0.05  0.05 0.05 

MgO 0.05 35.11 30.9 35.3 22.61 33.4 34.59 22.9 3.51 25.07 27.74 27.2 20.3 17.74 10.31 25.65 19.63 29.6 

MnO 0.05 0.11 0.16 0.12 0.1 0.08 0.18 0.09 0.14 0.23 0.11 0.16 0.07 0.07 0.07 0.31 0.29 0.13 

Na2O 0.05 0.06 0.16 0.05 0.05 0.05  0.71 1.05 0.05 0.05  0.05 0.05 0.05 0.18 0.05  0.05 0.05  

P2O5 0.05 0.05 0.16 0.05 0.05 0.05 0.05  0.08 0.08 0.05  0.05  0.05  0.05  0.05  0.05 0.05  0.05  0.05  

SiO2 0.05 39.72 0.16 39.1 25.82 41.2 35.73 47.1 56.45 53.33 31.81 40.9 22.4 19.17 24.45 37.88 28.91 34 

TiO2 0.05 0.05 0.16 0.05  0.05  0.05  0.05  0.37 0.62 0.05  0.05 0.05 0.05  0.05 0.11 0.05 0.05 0.05  

LOI 0.05 14.75 0.16 14.2 25.37 13.9 15.9 12.4 10.62 4.93 22.18 15.7 27.1 29.08 28.02 17.33 23.95 19.77 

Total   99.14 44.6 99.5 99.52 99.8 99.45 99.4 99.61 99.54 99.52 99.5 99.6 99.52 99.23 91.55 99.45 99.51 

mg/kg DL                                   

As 0.1 <0.1 3.3 1 2 2.7 0.5 2.3 1.3 1.4 2.3 <0.1 1.4 1.2 <0.1 0.8 0.1 0.8 

Ba 1 <1 <1 <1 18 9 <1 39 74 <1 8 <1 <1 1 1 <1 <1 <1 

Be 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 0.7 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Ce 0.5 <1 <1 <1 <1 <1 <1 3 20 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Co 1 104.9 86.6 112 62.5 106 128.1 101 63.5 194.5 63.9 73.3 57 58 48.2 100.7 72.7 71.7 

Cr 1 1773 2218 1874 954 3124 3793 1753 1194 5153 10.34 1314 798 1191 752 2189 1507 1433 

Cs 0.5 <0.5 0.7 <0.5 <0.5 1 <0.5 3.1 3.7 <0.5 0.5 <0.5 <0.5 <0.5 0.5 0.7 0.7 0.6 

Cu 1 4 28 3 59 7 51 14 23 42 9 14 5 3 12 9 25 3 

Dy 0.02 0.09 0.1 0-.1 0.1 0.08 0.08 0.95 2.14 0.23 0.09 0.1 0.1 0.13 0.39 0.23 0.25 0.1 

Er 0.05 0.13 0.13 0.12 0.14 0.12 0.15 0.55 1.22 0.24 0.14 0.12 0.16 0.14 0.32 0.25 0.25 0.14 

Eu 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.22 0.62 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Gd 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.74 2.04 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Hf 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.78 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

La 1 <1 <1 <1 <1 <1 <1 3 11 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Li 1 <1 7 <1 <1 3 <1 <1 13 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Lu 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.14 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Mo 0.1 1 <0.1 <0.1 <0.1 2 2 9 6 1 <0.1 <0.1 <0.1 <0.1 1 <0.1 1 <0.1 
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Nb 1 <1 <1 <1 <1 <1 <1 2 4.3 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Nd 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 3.2 9.6 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Ni 1 2178 1697 2239 1356 2117 2296 1886 1074 3907 1362 1776 1141 1165 963 2071 1548 1457 

P 10 49 48 42 RF 42 44 253 303 66 51 50 112 103 129 68 86 47 

Pb 1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Pr 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.7 2.23 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Rb 1 2 2 2 2 2 2 9 33 2 2 2 2 2 2 2 2 2 

S 50 299 117 668 238 90 829 170 149 81 116 118 185 728 124 129 120 108 

Sb 0.5 <0.5 <0.05 <0.5 <0.5 <0.5 <0.5 <0.5 0.6 <0.5 <0.5 <0.5 <0.05 <0.05 <0.05 <0.5 <0.5 <0.5 

Sc 0.5 7 3.7 2.6 3 3.5 3.6 8.2 9.5 7 4.7 2 4.1 3.5 3.6 6.2 5 2.2 

Sm 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.63 1.97 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Sn 0.1 0.3 0.3 0.3 0.3 0.3 0.4 0.6 1.1 0.3 0.4 0.3 0.3 0.3 0.4 0.3 0.4 0.3 

Sr 1 3.3 52.3 <1 108.7 16.6 22.3 185 171.6 5.4 63 35.7 41.3 119 345.5 126 363.5 59.3 

Ta 0.1 0.25 0.2 0.23 0.29 0.29 0.24 0.4 0.56 0.17 0.24 0.29 0.26 0.24 0.33 0.26 0.28 0.25 

Tb 0.1 0.12 0.12 0.12 0.12 0.12 0.12 0.26 0.44 0.14 0.12 0.12 0.12 0.13 0.17 0.14 0.14 0.12 

Th 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.44 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TI 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Tm 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.14 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

U 0.1 <0.1 0.1 <0.1 1.6 <0.1 <0.1 0.2 0.6 0.3 0.1 0.1 1.7 0.7 0.2 0.3 0.3 0.1 

V 1 25 33 13 22 22 29 51 80 46 17 10 17 20 19 29 26 12 

Y 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 4.9 12.7 1.5 <0.5 <0.5 <0.5 0.5 1.7 1.1 1.7 <0.5 

Yb 0.05 0.3 0.3 0.3 0.3 0.4 0.4 0.7 1.2 0.8 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.2 

Zn 1 45 41 52 39 57 63 49 63 96 31 27 25 31 25 57 38 26 

Zr 5 <5 <5 <5 <5 <5 <5 27 44 <5 <5 <5 <5 <5 5 <5 <5 <5 

 

Table 3: Continuing … 

Sample R-04 R-02 R-22 R-24 R-38 R-42 R-43 R-45 R-47 R-48 R-49 R-50 R-51 R-53 R-56 R-58 R-41 

Lith.a TZ FCO FCO FCO FCO FCO FCO FCO FCO FCO FCO FCO FCO FCO FCO FCO SstO 

wt.% DL                                   

Al2O3 0.05 6.96 6.45 2.47 5.56 6.68 6.22 4.57 8.62 9.68 6.23 8.26 7.62 15.5 8.15 7.65 8.89 9.42 

CaO 0.05 1.82 1.36 0.38 1.12 0.28 15.06 0.35 0.67 0.23 0.21 1.77 1.46 0.88 0.27 0.19 0.48 0.22 

Fe2O3 0.05 12.73 8.9 6.49 9.36 12.7 6.95 42.55 13.04 12.8 14 14.5 8.71 14.5 22.3 22.19 10.4 27.73 

K2O 0.05 1 0.64 0.28 1.2 1.51 0.35 0.75 1.93 3.09 2.4 2.76 1.51 3 3.04 2.89 2.59 2.95 

MgO 0.05 4.19 7.5 1.93 3.54 2.66 6.86 2.2 4 3.17 1.58 2.72 3.42 5.68 2.53 2.58 3.77 3.27 

MnO 0.05 0.15 0.12 0.07 0.1 0.15 0.14 0.22 0.24 0.11 0.08 0.07 0.26 0.21 0.14 0.21 0.15 0.2 

Na2O 0.05 1.42 1.57 0.39 0.76 1.26 0.58 <  1.52 0.72 <  0.15 1.32 3.05 <  <  0.93 <  

P2O5 0.05 0.13 0.13 <  0.15 <  0.14 0.07 0.11 0.05 0.08 <  0.13 0.49 0.12 0.06 0.1 <  

SiO2 0.05 66.07 67.1 86.1 74.2 71 44.95 43.35 64.54 65.31 72.1 63.9 7.5 49 58.8 59.06 68 48.93 

TiO2 0.05 0.87 0.94 0.14 0.52 0.71 0.67 0.13 1.23 0.99 0.46 0.81 0.83 2.91 0.55 0.55 0.92 0.72 

LOI 0.05 4.12 4.76 1.49 3.05 2.24 17.34 2.11 3.36 3.15 2.09 4.43 3.71 4.48 2.74 2.82 3.35 3.61 

Total   99.46 99.5 99.7 99.6 99.7 99.94 99.54 99.26 99.3 99.3 99.3 36.47 99.6 99.7 99.54 99.5 99.25 

mg/kg DL                                   

As 0.1 0.4 2.5 4.4 4.1 2.4 8.3 12 2.8 3.3 5.3 1.6 3.5 <0.1 6.9 7.2 3.8 38.3 

Ba 1 85 63 32 74 122 186 46 131 96 104 82 116 270 193 235 89 86 

Be 0.2 0.5 0.4 <0.2 0.8 0.6 1.6 1.3 1 1.2 0.7 1.1 0.9 1.1 1.1 0.9 1.2 0.6 

Ce 0.5 22 19 3 19 29 25 <1 30 41 19 27 27 16 25 21 29 17 

Co 1 12014 128 60.3 65.7 163 328.3 284.9 110.1 133.7 106 101 78.6 122 132 216.3 85.6 47.2 

Cr 1 2195 1757 1301 1790 3254 >1% >1% 2558 2582 3026 2508 1593 293 7162 8495 1882 3373 

Cs 0.5 1.7 1.1 1.2 2.6 0.9 1.2 3.2 3.2 5.9 4 7.1 2.7 2.3 5.2 4.3 5 5 

Cu 1 34 23 39 23 29 22 36 23 23 145 53 27 6 82 34 17 14 

Dy 0.02 2.45 1.99 0.64 2.29 2.19 2.57 1.55 2.98 2.49 1.9 2.08 2.84 3.32 2.83 2.06 2.87 2.07 

Er 0.05 1.14 1.08 0.41 1.24 1.22 1.47 1.01 1.39 1.44 1.21 1.25 1.67 1.68 1.55 1.29 1.61 1.34 

Eu 0.1 0.9 0.7 0.14 0.71 0.81 0.72 0.38 1.07 0.82 0.54 0.67 0.92 1.09 0.87 0.56 0.93 0.62 

Gd 0.05 2.97 2.24 0.33 2.32 2.34 2.39 1.12 3.31 2.7 1.87 2.02 3.09 3.32 2.73 2.04 2.83 1.96 

Hf 0.5 <0.5 0.67 <0.5 <0.5 0.77 0.75 <0.5 1.12 1.38 <0.5 1.18 1.18 <0.5 0.9 0.63 1.34 0.6 

La 1 12 10 2 11 17 15 2 16 14 10 14 17 9 14 11 14 9 

Li 1 13 15 6 13 13 10 7 21 11 <1 6 14 32 4 2 14 36 

Lu 0.1 0.11 0.12 <0.1 0.14 0.14 0.14 0.12 0.15 0.17 0.11 0.14 0.2 0.13 0.19 0.15 0.16 0.15 

Mo 0.1 21 20 16 17 18 11 12 7 11 17 11 13 <0.1 21 12 11 2 

Nb 1 3.6 4.1 <1 3.4 5.3 4.9 1.4 3.4 5.8 3.4 6 5.7 5 4.8 4.3 5.8 4 

Nd 0.5 13.5 10.2 1 10.2 15.5 12 4.5 16.2 13 9.1 12.6 14.8 12.7 13.6 10.8 13.2 8.4 

Ni 1 1741 2167 858 1100 2894 5816 4223 2277 2535 2141 2499 1247 1870 3179 3959 1585 507 

P 10 568 553 95 643 132 198 423 474 233 287 132 521 1518 469 277 392 483 

Pb 1 3 <1 <1 3 5 11 7 <1 <1 5 3 <1 <1 7 6 <1 <1 

Pr 0.05 3.02 2.31 0.3 2.32 3.59 2.99 0.8 3.64 3.09 2.35 2.98 3.43 2.42 3.16 2.34 3.04 1.83 

Rb 1 22 18 9 29 40 92 25 48 88 71 83 41 61 82 76 67 8 

S 50 129 149 132 120 111 119 112 121 120 122 117 116 73 113 114 115 314 

Sb 0.5 <0.5 <0.5 0.8 <0.5 0.5 1.8 3.5 <0.5 0.7 0.9 0.8 0.7 <0.5 2.7 2.3 0.8 1.5 
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5. Discussion 
Olistostromes, as stated in this work, are slow-

moving sliding bodies that normally are not likely to 

be very large in the sedimentary basins. Nevertheless, 

some bodies are 200–300 m thick and cover hundreds 

of square kilometers of areas. Moreover, the base of 

MTC is always lens-shaped, with erosional surfaces 

and scars [2, 36], indicating subsurface erosion 

cohesive debris flows incompatible with viscous 

laminar flow. Many kinds of MTD, including 

olistostromes, occur in the epi-sutural/wedge-top 

basin succession [7, 8, 36-47].  

Several authors have discussed the processes and 

differences in the formation of Mélanges and 

olistostromes [5, 7, 49, 50]. Olistostromes and mass-

transport deposits are predominantly gravitational and 

widespread in subduction-accretion complexes and 

orogenic belts. The tectonic conditions where 

different olistostromes originate are linked [7, 51]). 

Researchers can assess the role of olistostromal 

occurrences in the evolution of ancient orogenic belts 

and exhumed subduction complexes thanks to their 

preservation in the geological record and study of 

their internal structure. Olistostromes are indicators 

of regional tectonic events if their emplacement is 

widespread. The stacking, slumping, debris flows, 

blocky flows and turbidity currents generate 

olistostromes' complex stratigraphic relationships [44, 

52, 53].  

In petrographic examinations of sedimentary rocks, 

the provenance area concept is used to characterize 

the source region and transport direction of the 

sedimentary rock components. Thus, the components 

decomposed and eroded are carried from the source 

area, and are deposited in any basin, providing crucial 

information about the source region [63, 65]. In the 

Choman-Rayat area, the olistostromes lithotypes 

outcrops are widely spread. The field work, and the 

mineralogical, petrographic, and geochemical data, 

indicate that the serpentinites as well as carbonate 

rocks of the Walash Group serve as the bedrock and 

wall rock of the investigated olistostromes. The 

Walash Group has previously been described as a 

back-arc, calc-alkaline, and alkaline suite of rocks 

originated during the Eocene age [54]. The majority 

of the clasts that come from sandstones are fossils 

and pieces of fossils. Algae, found in fossils, shows 

the environments on the shelf and slope in the 

northern part of the study area [66]. On the top 

portions of sandstone olistostrome lithotype, which 

represent a series of layered sandstones above the 

"conglomerate sequence" and display a high degree 

of internal deformation, rock pieces are discovered. 

They have a homogenous petrography (with clay and 

sandstones predominating), yet they exhibit evidence 

of gravity transfer. Such accumulations with 

significant internal deformations have been regarded 

as slump deposits [67, 68]. 

A comparative example is the Iranian Late Miocene 

Makran olistostrome deposits. The Makran 

olistostrome is intercalated within the sedimentary 

sequence of the tectonic wedge [55]. The Makran 

olistostrome does not overlie an undisturbed 

succession, but a previously folded and eroded 

substratum of variable ages. The olistostrome and its 

substratum have been later folded and thrusted. 

Hence, similar reasoning may be applied to the Rayat 

olistostrome, whose structural and textural 

characteristics demonstrate that it is created by the 

southerly (trench-ward) migration of a fluid into a 

viscoelastic underwater mass flow. The lithoclasts of 

the Rayat olistostromes are often sub-angular to 

rounded in shape, larger than other lithotype 

lithoclasts. There is evidence in the field that the 

smallest clasts with different sizes, from grains to 

centimeters, are sedimentary, occurring as rounded in 

sandy matrix in very poorly sorted mass flow. 

Late Miocene and Pliocene sedimentation in the area 

shows an upward coarsening of terrigenous molasse 

succession [56]. Eocene/Oligocene Miocene Red 

Beds are covered, while the Mawat ophiolite-bearing 

nappe is forced over the earlier (Late Miocene) 

Walash-Naopurdan magmatic arc nappe, serpentinite 

has already been deposited on the Arabian margin 

[27]. This contradicts the thrust zone reported in 

another part of the Zagros Suture Zone that happened 

out of sequence in the southwest Zagros Suture Zone 

[57].  

Frequently, the contact between serpentinites and 

ophicarbonates and a metasomatic horizon is unclear 

and inconsistent in the Rayat area. In this horizon, 

rocks usually have important carbonate mineral layers 

interspersed with other mineral layers. This 

metasomatic horizon is characterized by the foliation 

Sc 0.5 13.2 10.9 4 11.1 13.7 25.8 30.9 18.5 18.2 13.9 14.8 13.7 15.3 21.7 20.7 15.1 9.5 

Sm 0.02 2.76 2.07 0.17 2.14 2.71 2.23 0.83 3.3 2.63 1.77 2.06 2.94 2.91 2.69 1.93 2.68 1.73 

Sn 0.1 0.9 1 0.7 0.8 0.9 1.1 0.6 0.9 1 1 1 1.2 0.7 1 1 1.1 0.7 

Sr 1 97 88.6 15.2 12.3 83.2 40.5 30 102.9 50.6 25.3 22.5 103.9 110 55.6 47.7 53.9 374.2 

Ta 0.1 0.4 0.55 0.35 0.56 0.7 0.77 0.41 0.5 21.68 0.62 0.83 0.77 0.51 0.73 0.68 0.76 0.57 

Tb 0.1 0.53 0.41 0.21 0.46 0.46 0.49 0.35 0.61 0.54 0.45 0.46 0.61 0.63 0.55 0.44 0.53 0.43 

Th 0.1 0.53 0.45 0.27 0.66 0.99 2.04 <0.1 0.93 1.94 1.44 1.87 1.76 0.51 2 1.73 1.89 0.54 

TI 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.37 <0.1 0.13 0.22 0.25 0.39 0.11 0.14 0.34 0.32 0.22 0.11 

Tm 0.1 0.13 0.12 <0.1 0.15 0.13 0.14 0.11 0.15 0.14 0.11 0.16 0.19 0.18 0.18 0.13 0.17 0.16 

U 0.1 0.6 0.4 0.3 0.6 0.7 0.9 0.5 0.7 0.8 0.8 0.8 1 0.5 0.9 0.7 0.7 1.3 

V 1 129 77 74 108 112 231 385 98 114 125 131 129 62 236 178 96 128 

Y 0.5 11.8 10.4 3.7 13.1 10.9 14 11.7 13.3 13.2 8.4 10.9 17 16.4 14.5 11.5 14.8 11.9 

Yb 0.05 1.4 1.1 0.6 1.4 1.6 3 4 1.5 1.8 1.6 1.9 1.8 1.5 2.7 2.4 1.6 1.4 

Zn 1 89 85 46 85 103 247 292 116 121 74 100 93 145 164 177 87 67 

Zr 5 27 46 15 42 56 43 20 45 83 23 62 60 20 53 47 72 45 
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indicated by these gray layers. The bottom portion of 

the exposed olistostromes bodies consists of bodies of 

fine-grained serpentinite matrix olistostromes (SO) 

lithotype. The OpCO lithotype contacts the OS 

lithotype. It is yellowish-green in color. Due to 

crushing and movement of serpentinites, mm- to cm-

sized clasts float within carbonate minerals [51]. The 

ferruginous serpentinite olistostromes (FSO) and 

ferruginous ophiocarbonatic olistostromes (FOpCO) 

lithotypes are re-cemented by iron oxide, such as 

hematite. Following successful serpentinization by 

hydrothermal activity, serpentinite peridotite may 

eventually be transformed by a tectonic process into 

various rock lithotypes. Olistostromes lithotypes are 

occurred, faulted, subduction faulted cracked porous 

zone of ultramafic rocks, acting as a pathway for 

moving fluids.  

The Rayat area's serpentinites, which are discrete 

masses that reflect serpentinized for-arc mantle 

wedge peridotites, are deposited during diapiric 

upwelling into a non-accretionary for-arc tectonic 

environment during the Paleocene to Eocene age 

[73]. Fluids from the mantle wedge slab lead to the 

serpentinization of the peridotites. Subducted material 

may undergo dehydration reactions, sediment pore 

water ejection, porosity decrease, slab-derived fluids 

rising to the surface, and ultimately serpentinization 

occurring of upper mantle rocks in for-arc [73]. 

The mineralogical, petrographic, and geochemical 

information may be used to derive the following 

general properties of the investigated lithotypes. The 

Walash Group's serpentinites, which have earlier 

been described as a back-arc, calc-alkaline, and 

alkaline suite of rocks developed during the Eocene 

age, serve as both the bedrock and the wall rock of 

the mineralization under study [27, 54]. However, 

with the information from this study, namely the 

peridotites and their comparable serpentinites, there is 

a greater proof that the serpentinites are the parent 

rock of the detected mineralization. The investigated 

Cr-spinels have a variety of forms, ranging from 

rounded to angular, but often lack a euhedral form. 

According to the results, SiO2, CaO, and K2O are 

introduced to quartz and carbonate-veins. P2O5 is 

incorporated into the structure of carbonate minerals. 

The main phases that contain Fe are hematite, 

magnetite, and spinel, but other minerals, such as clay 

minerals and serpentines, also contain this element.  

Nickel is present in the structure of different minerals 

such as serpentines and hematite, but the highest 

amount of it is in the structure of chlorite. Cobalt is 

mainly associated with phases such as magnetite, 

hematite and chlorite.   

The rare earth elements in almost all of the 

investigated lithologies are quite similar, decreasing 

and exhibiting a metasomatized mantle-like 

composition [34, 35]. In the majority of samples, rare 

earth element concentrations are fairly low.  

The recovered microfossils suggest shallow-water 

subtidal assemblages from an inner-platform 

environment, possibly a shelf lagoon with open 

circulation decimetric to metric Paleocene-Eocene 

olistostrome lithotype. Beds have poor sorting, with 

decimetric pieces and metric blocks. This sequence 

has clasts, matrix-supported. In contrast to clay and 

marl clasts, olistoliths are composed of sandstones, 

basic volcanic rocks, conglomerates, and lithoclasts. 

Dasycladalean algae (primarily Salpingoporella 

muelhbergii and Falsolikanella danilovae), benthic 

foraminifera, and peloids/micritic pellets are the most 

notable characteristics of bio-peloidal grainstone [69, 

72]. In sandstone olistostromes lithotypes, mostly 

various types of foraminifera and algae are observed, 

those fossils are replaced by quartz and calcite.  

Carbonate lithoclast in SstO shows abundant intact 

microfossils of green alga dasyclads neomeris, 

trinocladus perplexus elliott, sponges’ fragments, 

corals and forams (miliolid, and nummulites, 

opercoulina ammonida). These daysclad algae are 

typical of the Paleocene-Eocene period in Kurdistan, 

pertaining probably to the Sinjar Fm equivalent. The 

bioclasts are significant indicators of the dating and 

formation age of the olistostromes in the Choman 

area, hence paleotectonic interpretation. The minerals 

fragments are including quartz grains, feldspar and 

pyrite spots. 

Hydrothermal activities are evident in the area. 

Evidences of hydrothermal activities include 

serpentinization, and listvenitization [25] in nearby 

serpentinites. The presence of quartz veins and 

ferruginous olistostromes lithotypes is another 

evidence for hydrothermal fluids activities. The high 

amount of elements such as Fe, Ni, and Co could be 

related to hydrothermal activities and leaching them 

from other rocks. Hydrothermal influence on the area 

is one of the factors that created different types of 

olistostrome lithotypes, such as ferruginous one. 

Nano-size crystal mineralization in fresh water and 

marine environment is predominantly represented by 

Fe and Si, implying hydrothermal mobility and 

precipitation. Literature shows that bacteria-iron 

interactions may cause iron precipitation and deposits 

[30, 32]. The overall interaction implies dissolved Fe 

(II) oxidation by cyanobacterially-produced O2 

and/or chemolithotrophic bacteria [33] (Fig. 15).  

The mineralization chemistry that is made of nano-

size crystals is mainly represented by Fe and Si, 

suggesting elements mobility and precipitation during 

a hydrothermal event. The bacteria-iron interactions 

that can produce iron precipitation and deposits are 

well known in literature [30, 32]. 

5.2 Conceptual Model 

The olistostromes lithotypes in Rayat area present a 

complex case study. Although at this stage a 

complete genetical model is not possible due to the 

lack of significant background geological structural 

information of the area, an interpretation of the 

various mechanisms that lead to the formation of the 

observed olistostromes outcrops can be expanded. 
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The particular time of development of the body is 

identified; however, the overall geological history of 

the area would imply a Paleocene-Eocene epoch [73, 

74]. Nevertheless, a conceptual model of formation is 

described, with continued development to build a 

more complete genetic model (Fig. 16). 

The first step includes the sub-seafloor or seafloor 

exhumation of Walash Group bedrock peridotites, 

resulting in seawater circulation, hydration and strong 

serpentinization. The development of the 

serpentinization olistostromes mechanism owing to 

saltwater contact with peridotites would have 

increased their porosity and therefore volume [75], 

causing near seafloor structural fracturing, faulting, 

and slope failure. This structural failure within the 

marine environment creates serpentinite olistostromes 

(see Fig. 16a) of serpentinite containing material [76] 

(Fig. 16a). The olistostromes serpentinite is deposited 

in deeper areas near the serpentinites, which are 

concurrently affected by the hydrothermal alteration 

ophiocarbonatic olistostrome lithotype deposited and 

venting enriched in Ca-Ni exhalates (Fig. 16b). 

The hydrothermal fluids that influenced the sub-

seafloor porous serpentinites accelerate the 

development of magnetite (from spinel and primary 

minerals) as alteration products while also depositing 

Ni- and calcite inside the rich matrix (Fig. 16b). The 

top half exhibits a brecciated structure due to a 

chaotic mixing of serpentinite lithoclasts, 

hydrothermally formed Fe and increasing minerals 

like quartz, and other exhalative-originated Fe-Si-rich 

phases (Fig. 16c). 

In the second step, under oxidizing circumstances, the 

minerals in the higher sections of the system are 

transformed into oxides (Fig. 16d). Moreover, the 

produced bed ferruginous olistostromes lithotype 

provides the present bedding structure on the upper 

strata. As the hydrothermal impact slowed, both in 

terms of temperature and venting activity, a more 

oxidative environment develops, resulting in the 

complete oxidation, Fe and Si (Fig. 16e) [83]. A 

transition zone has been formed at the interface 

between the OpCO and FCO beds, reflecting the front 

of oxidation, which progresses as the strata are 

revealed. 

The effect of the hydrothermal system is eliminated 

in the third stage, when the whole system is exposed 

to lateral displacement, and the depositional 

conditions become less turbiditic and detrital (Fig. 

16e) [77]. The examined series is covered at the top 

by sedimentary deposition of ferruginous 

conglomerate olistostromes (FCO) and sandstone 

olistostromes (SstO) lithotypes interbedded with 

claystones (Fig. 16f). 

Eventually, the serpentinite along bodies package as a 

whole has been implicated in the ophiolitic nappe 

obduction by actually representing the latter's 

ophiolitic m'elange [74]. The occurrence inside 

ultramafic–mafic terrain is uncommon and can only 

be explained as part of the ophiolitic mélange, most 

likely formed in the Arabian plate during the 

Paleocene–Eocene period and integrated inside the 

thrust activity along the ductile-tobrittle deformation 

of the enclosed volcanic rocks. However, the 

presence of olistostromes is important in 

understanding the thermotectonic development of the 

examined region.  The temperature of the 

hydrothermal impact has effects on the rock type 

absorption [81]. 

5.2 Implications for Regional Exploration 

A complete lithological geochemical and tectonic 

mapping of this part of the country has not yet been 

completed. Previously, some papers were published 

about mineralization of the area. The main reported 

mineralization of the area included chromite, iron, 

nickel and cobalt.  Chromite mineralization occurred 

in ultramafic and their equivalent serpentinites. The 

chromites were of podiform types with high 

concentration of chromium (>40 %) [17, 18]. Iron, 

nickel and cobalt occurred in gossanite like deposits 

[19]. Moreover, according to [25], the area was 

affected by several stages of hydrothermal activities 

and these activities led to the formation of listvenites, 

which represent a good source of metals, such as Au 

and Ag. In addition, there is a significant potential for 

the extraction of other metals in this area, such as 

platinum group elements (PGEs), due to the presence 

of chromitites. From the geological point of view, 

vast majority of Rayat is composed of ophiolitic 

mélange, and multi lithotypes of olistostromes 

present significant challenges when attempting to 

identify and characterize potential mineralization 

zones.  

The geochemical record of the examined lithotype 

olistostromes reveals an abundance pattern for several 

metals, such as iron, nickel, chromium, and cobalt; 

these elements are in quite high concentrations. 

Finally, it can be concluded that introducing 

olistostromes with high potential of mineralization 

can be a good guide for companies for the investment 

in the Rayat area for mineral exploration. 
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Fig. 16: Diagram (not in scale) model of the Rayat olistostrome lithotype and development in the marine 

environment, but not considering the post-forming tectonic deformation and uplift of the Walash 

Ophiolite mélange 

 

6. Conclusions 
The multi olistostromes lithotypes of Choman- Rayat 

area in the NE Iraqi Kurdistan region are described 

here for the first time. This study shows that the 

different types of olistostrome lithotypes and their 

characteristic features are closely related to the 

specific tectonic settings of their formation. Our 

recent fieldwork study in the previously restricted 

Choman-Rayat area in NE Iraqi Kurdistan in terms of 

accessibility reveals an assemblage of olistostromes 

lithotypes with various lithological and geochemical 

characteristics comprising of SO, OpCO, FSO, 

FOpCO, FCO and SstO. The parent rocks of those 

olistostromes lithotypes are considered the 

serpentinites, clasts, carbonates and sandstones of the 

Walash-Naopurdan Group. The discovery of these 

olistostromes lithotypes in the Rayat region, with 

their numerous lithologies and geochemistry 

contributes significantly to the geology of Kurdistan 

and the potentiality of highlighting new economic 

mineralization-rich areas. Moreover, the findings 

provide the basis for an updated knowledge about 

lithotypes-based olistostromes, aiming at improving 

the Rayat region of Iraq's Kurdistan Region's ability 

to manage its natural resources. 

This study shows a significant relationship between 

the different kinds of olistostrome lithotypes, their 

distinctive traits, and the varied tectonic conditions in 

which they arose. The mineral association and 

geochemical variation among them reflect seven 

different lithotypes of olistostromes occurrence 

including SO, OpCO, FSO, FOpCO, FSO, FCO, and 

SstO. Ferruginous conglomerate olistostromes show a 

high concentration of Fe2O3, associated mainly with 
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quartz and a variety of minerals. According to the 

geochemical results, ferruginous conglomerate 

olistostromes (FCO) lithotype is rich in SiO2 (43.35-

7423 wt.%), while it has the highest amount of Fe2O3, 

which is 42.55 wt.%. FCO has the greatest amount of 

Nickel and Cr (5,816 mg/kg and 8,495 mg/kg, 

respectively). SstO (507 mg/kg) has the lowest 

concentration of Nickel. In contrast, Cobalt shows a 

rise in concentration from the top horizon of FCO 

represented by 328 mg/kg. The studied samples 

reflect the different types of olistostromes lithotypes. 

Ni, Co, and Cr are highly enriched elements in the 

Fe-rich mineralized zone. Petrological studies 

indicate that the sandstone olistostromes lithotype 

(SstO) samples are quartz and calcite, sometimes 

fossiliferous (the main constituents are foraminifera 

and algae). The samples are generally pure sandstone, 

as shown by the petrographical analysis of thin 

sections. Many types of fossils have been identified.  

The SEM-EDS results indicate an increase in 

concentrations of CaO in FOpCO, SstO and calcite 

mineral, and a decrease in the concentrations of K2O, 

and Cr2O3, showing the enrichment of Fe2O3 

concentration in FOpCO, and FCO lithotypes in the 

hematite and magnetite mineral. Whereas SstO shows 

high amount of SiO2 in quartz. 

Under this environment, bacterial morphs play an 

important role, as indicated by the presence of 

abundant bacteria embedded within the matrix of the 

studied rock samples, in relation to both the 

formation of the different minerals as well as in their 

syn-or epigenetic oxidation.  
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 ضمنالأوليستوستروم المرتبطة بإثراء الحديد والتمعدن لترسبات المتعددة  الصخرية الانواعتمايز 

 جومان، شمال شرق العراقمنطقة  اوفيولايت

 2پيروئیمحمد ،  2كمال كولو ،  1بارزان خاناود ل عزو

 فت، كلیة العلوم، جامعة سوران، سوران، العراقا نهیقسم جیۆلۆج 1

   2، جامعة سوران، سوران، لعراق ( SRC)   البحث العلمی قسم مركز 2

 

 الملخص

المرتبطة بتمعدددن مددام الحدلددد اللابددق للتطایددا اقتصدداد  ا فددي م طلددة الصخرية  الأنواعمتعددة  الاولیستوستروم وصف اكتشاف رواسبفي هذه الدراسة تم 
المتعددددة للولیستوسددتروم اات الترسددیب والخصددايف  للانددواع الصددخريةلددتم ه ددا  مصددايف تصدد یب الترسددیب والتمددالز . الرا ات في شمال شرق العراق
الحرمايیددة المرتبطددة ب ددا.  والتغیددراتوالمعدنیددة والویوكیمیايیددة الم صددلة ، والتددي سددمحت بتلیددیم نلیددات التمعدددن  الاتروغرافیددةالمتمیددزة مددل مددلال الایانددات 

توجددد قبلددة   لاولیستوستروم المدددملكاتي الحدلددد  الأولیستوستروم الحور الرملي مل السلسلة التي تم فحص ا.  خرية الحدلد ة أس قالتكتلات الص توجد
كتلددة الالیستوسددتروم المدملكاتیددة . تحددت الثددانو  بعددم محتددوس انسددای یق  وكددوارتز مدد  ٪( 14.63كسددید الحدلددد ) تدد  و مددل مددام الحدلددد تحتددو   لدد  أ

ا بدد ال،  (FSO و (FOpCO) نطدداق مددل جلددو ، الحدلد ددة م طلددة الانسددا یق.  ثددانو  مددل لت مدد  بعددم محتددوس اال یماتیددت والكالسدد و كوارتز الغ یددة أ ادد 
الأنددواع (FCO) المدددملكاتي الحدلددد   ددل الأولیستوسددتروم قلیق التمعدددن  (OpCO) ت صق الاولیستورم الاوفیوكاربوناتي (TZ) متر 2نتلالیة بسمك الا

 ، أولیستوسددتروم (OPCO) الاوفیوكاربونیددت ، أولیستوسددتروم (SO) السددرب تیل أولیستوسددتروم المتعددددة للولیستوسددتروم مددل أسدد ق  لدد  أ لدد  الصددخرية
بانضددافة الدد  الحدلددد (FCO)اولیستوسددتروم مدددملكاتي  دلددد  ، (FOpCO)حدلددد  الاوفويكاربونیددت ال، أولستوسددتروم  (FSO) السددرب تیل الحدلددد  

 و FCO موددم ك كوددم(. و 328.3 لدد   47.2موددم ك كوددم( ، الكوبالددت )  5816 لدد   507ال یكددق )  مثددقالاقتصدداد ة المحتملددة الأمددرس ع اصددر ال

SstO) والم طلددة الانتلالیددة (TZ)  فددي  الاولیستوسددتروم   عددرا اكتشدداف . للسددرب ت التنشدد ت فددي قدداع البحددر بمددزير مددل التغیددر الحددرار  المددايي المبكددر
 .ا ات شمال شرق العراق كلطاع محتمق غ ي بالمعادنالر م طلة  
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