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Abstract 

The Peris Mountain (anticline) is long and wide, located in the northern part of the Iraqi 

Kurdistan Region (IKR), and the trend of the anticline is almost east–west. The studied rocks 

belong to the Bekhme Formation, which consists mainly of limestone. We selected the site for 

sampling to be relevant for a quarry, taking into consideration the thickness of the exposed 

rocks, no overburden, favorable quarrying faces, hardness of the rocks, bedding nature, good 

extension of the outcrops, and a favorable place for the construction of a cement plant. 

Moreover, it is far from inhabited areas like villages and other residential sites. We sampled the 

rocks of the Bekhme Formation, and a total of 15 samples were collected. The sample collection 

was systematically arranged in an interval of (5 to 10) m to represent the studied section. The 

samples were checked in a laboratory by XRF to measure the percentage of the required oxides 

and other elements, which are used in the assessment process to indicate the suitability of the 

studied rocks for cement production. The acquired data showed that the studied rocks can be 

used in the cement industry. 

Keywords: limestone; quarry; cement industry; CaO; MgO; overburden. 

1. Introduction 

The capital of IKR is Erbil, which is witnessing, like all other towns and cities of the 

governorate, large extensions in the infrastructure. Therefore, cement is one of the priorities 

and is needed in large quantities to perform the existing projects. It is worth mentioning that 

only one cement plant is available in Erbil, which is located 35 km south of Erbil city; 
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accordingly, the amount of cement from the existing cement plants is not enough. Therefore, 

the amounts of cement are transported from Sulaymaniyah Governorate, which is about 150 km 

northwest of Erbil city, where 5 cement plants exist. This large difference between the number 

of existing cement plants is due to the type of exposed rocks within the existing geological 

formations in Erbil Governorate, as the geological conditions are concerned.  

We selected a deep-cut valley that forms a wine glass form, along the southwestern flank of 

Peris Mountain, about 16 km east of Aqra town (Figure 1), where no village exists, keeping the 

green environment. 

 

Figure 1. Google Earth image of the location of the studied section. 

The samples section is linked to Erbil city via a main road with a distance of about 95 km. It is 

also located along the main road between Erbil and Aqra-Duhok cities, and furthermore, along 

the main road to Zakho town and further northwestwards to Turkey. The coordinates of the top 

and bottom of the section are: 36○44ꞌ31.46ꞌꞌ N, 44○05ꞌ25.64ꞌꞌ E, and 36○44ꞌ10.26ꞌꞌ N, 

44○05ꞌ23.51ꞌꞌ E, respectively, and the elevation of the base and top of the section is 958 m (a.s.l.) 

and 813 m (a.s.l.), respectively. 

Different studies were performed to check the suitability of exposed limestone beds for cement 

production; among them are: Rufaie &Muhamad (1976) studied the exposed carbonate beds at 

the Qara Chough anticline and found suitable rocks that can be used in cement production. Etabi 

and Ahmed (1979) studied carbonate beds at Taslujan and found suitable rocks for cement 

production. Mansur (1979) evaluated the exposed limestone beds in the Kirkuk, Erbil, and 

Sulaymaniyah areas, looking for suitable raw materials for cement production. Al-Murib (1980) 

evaluated the limestone beds at the Qara Chough anticline and found good quality and quantity 

of rocks that can be used in cement production. Hafidh et al. (2011) and Hafidh and Khlaif 

(2007) studied the exposed rocks near the Darbandi Khan area and found suitable rocks for the 

cement industry. Hafidh and Abdul Hassan (2008), Hafidh et al. (2008a, 2008b, and 2008c) 



IBGM. 2025, vol 21, issue 2                                                                                                                           87 of 13 
 

68 

 

studied limestone beds at Qara Chough Mountain,  Sartak Bammu vicinity, Agh Jallar vicinity,  

and west of Sulaimaniyah city. They discovered enormous amounts of deposits that can be used 

for cement production. Mirza (2012) discussed the mineral phases during Portland cement 

production. Merza et al. (2016) studied the carbonate rocks of the Naopurdan Group in the 

Chwarta area for the cement industry. Abdula & Khailany (2016) studied the rocks of the 

Shiranish Formation in Shaqlawa vicinity for cement production. Sissakian et al. (2019) studied 

the Pila Spi Formation in the Permian anticline and found good quality and an enormous 

quantity of deposits suitable for the cement industry. Ghafur et al. (2019) checked the rocks of 

the Bekhme Formation at Galley Ali Beg Gorge. They found relevant deposits for the cement 

industry. Fatah et al. (2020) evaluated the suitability of the Aqra Formation for the cement 

industry. Sissakian et al. (2020) checked the limestone beds of the Pila Spi Formation east of 

Koya town and found huge deposits, which can be used for cement production. Fatah & Merza 

(2021) studied the Avroman Limestone for the cement industry. Khudur & Aqrawi (2022) 

evaluated the limestone of the Jeribe Formation in the Bekhair anticline for cement production. 

Sissakian & Ghafur (2024) studied rocks of the Shiranish and Bekhme formations on the top of 

Safeen Mountain and found excellent deposits for cement production. Fatah (2024) studied the 

chemical specification of the used raw materials in the cement industry at the Gasin cement 

plant, Sulaiamaniyah. Fatah & Qader (2024) evaluated the limestone of the Kometan Formation 

for the cement industry. Mohammed & Al-Hazaa (2024) evaluated clay and limestone deposits 

in the Bazian vicinity for the cement industry. Surdashi & Aqrawi (2024) studied and evaluated 

Cretaceous-Tertiary limestone and clay deposits in Erbil Governorate for the Portland cement 

industry.   

This research work aims to check the possibility of using the carbonate rocks of the Bekhme 

Formation for cement production. The studied section is located east of Aqra town along the 

southwestern limb of the Peris anticline. The enormous amount of limestone beds and the 

existing quarrying conditions are courageous to performing the current research work. 

2. Geology of the Studied Area 

The geology of the studied area is briefed, including Geomorphology (Sissakian et al., 2014), 

Stratigraphy (Sissakian & Al-Jiburi, 2014), and Structural Geology (Fouad, 2015). 

2.1. Geomorphology 

The following main geomorphological units were recognized:  

- Anticlinal ridges and flat irons (Figure 2) are recognized in the rocks of the Bekhme 

Formation, which can serve as a suitable quarrying location. 

- Alluvial Fans, the deposits of the alluvial fans are well developed and form a continuous belt 

around the Peris anticline and cover large flat areas (Figure 3). The fans consist of fine 

materials, although rock fragments of different sizes occur on the top of the alluvial fans. These 

deposits can be used as clay needed in cement production. 



IBGM. 2025, vol 21, issue 2                                                                                                                           88 of 13 
 

66 

 

- Canyons and Wine Glass forms are well-developed near the studied section (Figures 1 and 

4), and they can be used as excellent quarrying faces. 

 

Figure 2. The Bekhme (B), Shiranish (S), Kolosh (K), Gercus (G), Fatha (F), and Injana (I) 

formations, and Alluvial fans (AF). Note the continuous anticlinal ridges and flat irons. 

 

Figure 3. Alluvial fan sediments and residual soil cover large flat areas. 

 

Figure 4. A canyon developed in the Bekhme Formation, west of the section. Note the thick 

beds of the Bekhme Formation. 
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2.2. Tectonics and Structural Geology 

The Peris anticline lies within the High Folded Zone, which is located within the Outer Platform 

of the Arabian Plate. It is developed due to the convergence of the Arabian and Iranian plates 

(Alavi 2004; Fouad 2015). The collision of both plates has developed tens of anticlines within 

this zone; some of those anticlines exhibit thrust faults and overturned, such as the Peris 

anticline (Figure 5). A thrust fault exists along part of the southwestern limb of the anticline, 

causing a steep high cliff along which the Bekhme Formation overlies the Shiranish Formation 

(Figure 5). 

 

Figure 5. A long thrust fault, the Bekhme Formation (B) is thrusted over the Shiranish (S) and 

Kolosh (K) formations, leading to overturned beds. 

3. Materials and methods 

To select a relevant section for sampling where clear beds are exposed and existing good 

quarrying conditions, we used the geological map of the Erbil Quadrangle at a scale of 1:250000 

to indicate the best locations of the exposures of the Bekhme Formation. Moreover, the selected 

site is to be far from villages and other residential sites to keep the environment as clean as 

possible after the quarrying and cement production processes. The limestone beds were 

sampled, described, and checked in the field. The sampling interval was between (5 – 10) m 

(Table 1). The samples were collected as channel samples to represent the sampled section. The 

collected samples were saved in relevant sacks, numbered, and described in the field (Table 1). 

The total number of the collected samples is 15, with a thickness of 104 m. 

3.1. Sample Preparation 

We grained to powder the collected 15 samples using an electrical grinder. Then we mixed well 

each powdered sample well. Ten grams of each powdered sample was pressed into a pellet and 

dried in an oven for 120 minutes. After drying, the 15 collected samples were mounted in XRF 

equipment to measure the percentages of the required oxides and other elements, which are 

used to check whether the samples can be used for cement production or otherwise. The 

acquired results are presented in Table 2. 
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Table 1. Field description of the 15 samples within the study area. 

Sample 

No. 
Rock Name Color Hardness 

Thick. 

(m) 

Reaction with 

HCl 
Description 

1 Lst. Light gr. H 5 H Th. B. 

2 Lst. Light br. V H 10 H Mass. 

3 Lst. Light gr. H 5 H Th. B. 

4 Lst. Light gr. H 5 H Th. B. 

5 Lst. Light gr. H 5 H Th. B. 

6 Lst. Light br. V H 10 H Mass. 

7 Lst. Light gr. H 5 H Th. B. 

8 Lst. Light gr. H 5 H Mass. 

9 Lst. Gr. H 5 H Mass. 

10 Lst. Light gr. H 8 H Th. B. 

11 Lst. Light gr. H 5 H Th. B. 

12 Lst. Light gr. V H 10 H Th. B. 

13 Lst. Light br. H 8 H Mass. 

14 Lst. Light br. H 8 H Th. B. 

15 Lst. Light br. H 10 H Th. B. 

Total thickness  104  

Lst. = Limestone, gr. = grey, br. = brown, H = High, VH = Very High, Th. B. = Thickly bedded, 

Mass. = Massive 

Table 2. The XRF test results of the collected samples. 

Sample 

No. 

CaO 

% 

MgO 

% 

SiO2 

% 

Fe2O3 

% 

Al2O3 

% 

Na2O 

% 

K2O 

% 

SO3 

% 

Cl 

% 

L.O.l. 

% 

1 55.24 0.24 0.23 0.86 0.17 0.13 0.12 1.98 1.23 44.34 

2 55.58 0.19 0.11 0.86 0.17 0.97 0.78 1.30 2.4 46.05 

3 54.98 0.44 0.18 0.78 0.01 0.12 0.25 0.04 0.11 43.13 

4 54.89 0.39 0.17 0.76 0.02 1.45 1.21 0.05 0.34 40.59 

5 55.09 0.30 0.20 0.75 N.D. N.D. N.D. N.D. 0.34 43.31 

6 54.99 0.31 0.19 0.76 0.01 0.13 0.23 0.29 0.14 43.25 

7 55.27 0.21 0.19 0.76 0.01 N.D. N.D. N.D. N.D. 43.46 

8 55.15 0.24 0.26 0.76 0.02 0.15 0.18 0.25 1.01 42.97 

9 55.10 0.22 0.13 0.78 0.02 N.D. N.D. N.D. 1.11 42.74 

10 55.42 0.18 0.28 0.75 0.02 0.17 0.23 0.03 0.43 42.91 

11 55.14 0.19 0.14 0.77 0.02 N.D. N.D. 0.10 0.54 42.90 

12 55.19 0.18 0.21 0.75 0.01 N.D. N.D. 0.12 0.61 42.93 

13 54.42 0.19 0.21 0.71 0.03 0.15 0.22 N.D. 0.46 42.88 

14 55.09 0.21 0.18 0.74 0.11 0.18 0.19 0.10 0.52 42.89 

15 54.19 0.35 0.27 0.69 0.03 0.15 0.20 0.12 0.63 42.90 

3.2. Weighted Percentages (WP) and Weighted Averages (WA) 

The acquired results of the oxides, Cl, and L.O.I. (Table 2) of the 15 samples were converted 

to WP and then to WA. This was done because the sampling interval in the sampled section 

ranged between 5 and 10 m. Accordingly, to have representative oxide percentages that are 

used in the assessment of the rocks for cement production, the weighted averages were 

calculated (IET, 2021). 
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The WP of the oxides and elements is calculated by equation (1):  

(𝑊𝑃 = (∑[W1+W2+W3 +W4 +Wi])/∑[Th1 + Th2 + Th3 + Th4 + Thi]) (1) 

Where W = the percentage of each oxide multiplied by the sample’s thickness (Th), 

The WA is calculated by equation (2) 

𝑊𝐴 = (∑[W1 +W2 +W3 +W4 +Wi])/∑[Th1 + Th2 + Th3 + Th4 + Thi]) (2) 

Where W = the WP of each oxide multiplied by the sample’s thickness (Th).              

The acquired results from equations (1 and 2) are presented in Table 2. Then, the total WA of 

each oxide and other parameters was divided by the thickness of the sampled section (104 m), 

and the results are shown in Table 3. The averages of the WA were checked with the Iraqi 

Standards (2016) for the cement industry (Table 4). 

Table 3. The WA results for the 15 studied samples. 

Sample 

No. 

Thick. 

(m) 

W A (%) 

CaO MgO SiO2 Fe2O3 Al2O3 Na2O K2O SO3 Cl L.O.l. 

1 5 276.20 1.90 1.15 4.30 0.85 0.65 0.60 9.90 6.15 221.70 

2 10 555.80 1.9 0.66 5.16 1.02 5.82 4.68 7.80 14.40 276.90 

3 5 274.90 2.20 0.90 3.90 0.05 0.60 1.25 0.20 0.55 215.65 

4 5 274.45 1.95 0.85 3.80 0.10 7.25 6.05 0.25 1.70 202.95 

5 5 275.45 1.50 1.00 3.75 N.D. N.D. N.D. N.D. 1.70 216.55 

6 10 549.90 3.10 1.9 7.60 0.10 1.30 2.30 2.90 1.40 432.50 

7 5 276.35 1.05 0.95 3.80 0.05 N.D. N.D. N.D. 0.0 217.30 

8 5 275.75 1.20 1.30 3.80 0.10 N.D. N.D. N.D. 0.0 214.85 

9 5 275.50 1.10 0.65 3.90 0.10 N.D. N.D. N.D. 5.55 213.70 

10 8 277.10 0.90 1.40 3.75 0.10 N.D. N.D. N.D. 2.15 214.55 

11 5 275.70 0.95 0.70 3.85 0.10 N.D. N.D. N.D. 2.70 214.50 

12 10 441.52 1.44 1.68 3.75 0.08 N.D. N.D. 0.96 4.88 343.44 

13 8 435.36 1.52 1.68 5.68 0.24 1.20 1.76 N.D. 3.68 343.04 

14 8 440.72 1.68 1.44 5.92 0.88 1.44 1.52 0.80 4.16 343.12 

15 10 541.90 3.50 2.70 6.90 0.30 1.50 2.00 1.20 6.30 429.00 

Total 104 5446. 6 25.89 18.96 69.86 4.07 19.76 20.16 24.01 55.32 4099.75 

Average 52.37 0.25 0.18 0.67 0.04 0.19 0.19 0.23 0.53 39.42 
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Table 4.  Iraqi Standards for cement production (Iraqi Standards, 2016). 

Iraqi Standard (ISQC, 2016) 

CaO > 45 % 

MgO < 2 % 

SO3 < 1 % 

Cl 0.5 – 1.0 % 

K2O + Na2O 0.5 % 

Fe2O3 < 0.1% * 

4. Results 

The acquired data of the WA of the 15 samples (Table 3) were compared with the Iraqi 

Standards (ISQC 2016) for cement production (Table 4) to designate whether the samples are 

suitable for cement production or otherwise. The results are mentioned below. 

- Limestone: The average of the WA of each oxide (Table 3) was compared with the Iraqi 

Standards (Table 4). The acquired results from the comparison showed that the whole sampled 

succession (104 m) at Peris Mountain can be used in cement production. However, the Fe2O3 

content is higher than 0.1 % (Table 3); therefore, according to the Iraqi specifications, the 

limestone cannot be used for white cement production (Table 4). 

- Clay Deposit: The used clay in the raw mix may reach about 40%. The alluvial fan sediments 

are developed on the slopes of the Peris anticline and include large amounts of clay (Figure 3). 

The clay deposits include limestone fragments, which are rolled down from the high cliffs of 

the Bekhme Formation (Figures 2 and 4); their thickness varies from 1 to 12 m. Moreover, 

many exposed formations south and southwest of the studied site (Figure 3) contain large 

thicknesses of claystone that are weathered and formed residual clayey soil (Figure 3), which 

can be used as clay. 

- Gypsum Deposit: Gypsum is usually added to the clinker in the cement production steps as 

a retarder for the cementation duration of the concrete or in any other use of the produced 

cement. Gypsum is not available in commercial amounts to be quarried and used in cement 

production; however, the Fatha Formation includes many gypsum beds in the studied site 

(Sissakian & Fouad, 2014). However, gypsum is available in commercial amounts at Agh Jalar 

vicinity, which is about 120 km SE of the sampled section; accordingly, it forms one of the 

main negative points as the sampled area is concerned. This negative point exists in the majority 

of places in the KRI.5.  
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Discussion 

In Erbil, the capital of the Kurdistan Region of Iraq, there is only one cement plant, and another 

one is under construction and started production in April 2025. Whereas in Sulaimaniyah 

Governorate, which is smaller than Erbil Governorate, there are five cement plants with an 

average yearly production of about 5 million tons. Therefore, finding suitable limestone 

deposits for cement production is very urgent. Therefore, we chose a relevant site for sampling 

the exposed rocks and checking for their suitability for cement production and relevant 

quarrying conditions.  

The acquired data (Table 2) showed that the sampled succession is excellent for use in the 

cement industry (Tables 2, 3, and 4). Moreover, the quarrying conditions at the sampling site 

and nearby surroundings (Figures 1, 2, and 4) are excellent, as indicated by: 

- No overburden (Figures 2 and 4), not only in the studied section but also in the majority of 

Peris Mountain, 

- The existence of high cliffs and flat irons (Figures 2 and 4) is very suitable for the quarrying 

of the limestone beds, 

- The alluvial fans’ sediments (Figure 3) and the claystone beds within the exposed geological 

formations (Figure 2) can be used as clay deposits for cement production, 

- The flat and large areas along the foothills of Peris Mountain (Figure 3) are suitable sites for 

the construction of the cement plant, 

- There are no villages around the sampled site; therefore, there will be no negative 

environmental impact on the living people in the villages. 

- The presence of a main paved road that runs parallel to Peris Mountain (Figures 1, 3, and 6) 

and connects the main cities and towns in Erbil Governorate is a positive issue for site 

selection. 

- The presence of a high-tension line (Figure 3) near the site will facilitate the electrical power, 

and 

- No villages or other inhabited sites occur within 5 km of the selected site. 

The results of the weighted averages (Table 3) show that the concentration of the calcium 

carbonate (CaCO3) within the sampled limestone beds is very high (92.57), indicating pure 

calcium carbonate, which is very suitable for the drug industry (CONGAL, 2021).  

The CaCO3 is one of the most popular mineral fillers used in different industries. 
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Figure 6. The main paved road that runs parallel to Peris Mountain also shows the huge 

thickness of the Bekhme Formation in the background. 

6. Conclusions 

The indicated weighted averages from chemical analysis for the 15 collected limestone samples 

indicated pure limestone with CaCO3 attaining 92.57% (Minimum CaO is 54.19%, whereas 

maximum MgO is 0.44%). Therefore, it can be used for the cement industry. The existing 

favorable conditions and the presence of clayey soil near the sampled section and the 

surroundings are other favorable raw materials for the cement industry. The purity of the 

calcium carbonates is highly recommended to be used in the drug industry, besides other 

industrial uses, such as paint, paper, rubber, and plastic. 
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