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ABSTRACT 
 

The Kurdistan Region has an enormous number of different carbonate rock units, which 

vary widely in their geological age and sedimentary depositional environment. Limestone 

quarried from the exposures has a wide range of usages and applications, such as dimension 

stone, crushed stone, building stone and paving stones. Since antiquity, limestone was used as 

building materials in areas where they were naturally available and abundant. Little work has 

been done to indicate the physical and mechanical properties of the limestone, especially 

under humid environment. In this study, the physical and mechanical properties of some 

carbonate rocks of the Pila Spi Formation (Eocene) are investigated. samples are collected 

from the Pila Spi Formation in the Qara Dagh area at two sites close to each other to assess 

their suitability for use as dimension stone. Geological, petrographical, geochemical and 

geotechnical properties of the carbonate rocks in the study area are determined based on field 

studies and laboratory tests. The field studies indicate that the carbonate rocks of the Pila Spi 

Formation in the studied area are mostly well-bedded to massive, crystalline, white in color, 

sometimes become chalky towards the top with small oxidation signs on the surface. 

Petrographical study reveal that the carbonate rocks are characterized as dolomitic limestone 

and have a grayish and yellowish-white color after polishing. The carbonate rocks are mostly 

dolomites or recrystallized dolomitic limestone. Geochemical analyses of the studied samples 

show that CaO and MgO are the most abundant oxides and the rocks can be classified as 

impure limestones. According to the American Standard for Testing and Materials, ASTM 

C568-03 (2006) the carbonate rocks in the studied sites are acceptable for use as dimension 

stone. 

 

 ،اقليم كوردستان ،منطقة قره داغ ،تقييم صخور تكويه البلاسبي كحجر تغليف

 شمال شرق العراق 
 

 سامان غريب رشيذ ميرزا و احمذ توڵو

 

 المستخلص
بٍئبتٓب انتً تختهف ببػًبسْب ٔتانكهسٍ تيٍ انٕحذاث انصخشٌ تَٕاع يختهفأٔ ةٌحتٕي الهٍى كٕسدستبٌ ػهى كًٍبث كبٍش

غهٍف, كسبسة نًختهف الاستؼًبلاث ٔالاستخذايبث يثم حجش انت تيٍ يمبنغ يختهف نجٍشي. نمذ استخشج انحجش اتانشسٕبٍ

ٔسٕٓنت انحصٕل  تطبٍؼٍفً ان تٔنٍّ نهبُبء نٕفشتأكًٕاد  انمذؤكًب ْٕ يؼتبد يُز  ,احجبس اكسبء انطشقحجش بُبء ٔ ,انحجش

 تتُبٔل ,تلهٍه تنهحجش انكهسً ٔخبصت فً انًُبطك انشطب ٔانًٍكبٍَكٍّ ئٍتػهٍّ.تؼذ انذساسبث انتً تتُبٔل انخصبئص انفٍزٌب
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 ٔجًغ انًُبرج ت. تى اجشاء انذساسبث انحمهٍ)الإٌسٍٍ( ٕس تكٌٍٕ انبلاسبًدساست ْزِ انخصبئص نصخ تانحبنٍ تانذساس

ٕاجٓبث نكحجش تغهٍف  ٔرنك نتمٍٍى صلاحٍتٓب نلاستؼًبل يٕلؼٍٍ يتمبسبٍٍ فً يُطمت لشِ داؽفً  انبلاسبًنًكبشف تكٌٍٕ 

يٍ خلال ت نهصخٕس انًذسٔس تٍُكٍٔانجٍٕتك تٔانجٍٕكًٍٍبئٍ تٔانبٍتشٔغشافٍ تنمذ تى تحذٌذ انخصبئص انجٍٕنٕجٍ انًببًَ.

  ,يُتظًت انتطبك انى تكتهٍبٍضبء انى آَب صخٕس نٓزِ انصخٕس  تانذساسبث انحمهٍتشٍش. تٔانًختبشٌ تانذساسبث انحمهٍ

               اٌ تانبٍتشٔغشافٍ تانذساس تبٍٍ .تانسطحٍ ةبهٕسٌّ تتحٕل َحٕ الاػهى انى صخٕس طببشٍشٌّ يغ بؼض ػلايبث الاكسذ

ًْٔ فً انغبنب ايب  ,ٍض سصبصً أ ابٍض يصفش ػُذ صمهٓبٔتتصف بهٌٕ اب تدٔنٕيٍتٍ – تزِ انصخٕس كهسٍْ

   بٍٍ اٌ غبنبٍت الاكبسٍذ تتكٌٕ يٍ. ايب انتحهٍم انجٍٕكًٍٍبئً فمذ ستبهٕيؼبد ان دٔنٕيٍتً – كهسً دٔنٕيٍتً أ حجشحجش

CaO ٔMgO  نهفحص ٔانًٕاد تالايشٌكٍٕجب انًٕاصفت بً غٍش َمً. جٍشي ٔتصُف انصخٕس ػهى آَب حجش                              

 ASTM C568-03 (2006)  ٌكحجش تغهٍف نهًببًَ. صبنحت نلاستخذاو تانًذسٔسانكبسبٍَٕتٍت انصخٕس فب 

 

INTRODUCTION 

Dimension stone is a term which covers an extensive variety of naturally occurring stones 

used for structural or decorative purposes and monumental applications. Carbonate rocks, 

such as limestone is one of the most important raw materials for use as dimension stone. A 

dimension stone is a block, thus, has the value as a result of its dimensions, including a 

variety of chemical and physical properties, such as strength parameters, workability, 

polishing ability and resistance to physical and chemical weathering. In addition, it must be 

free of spalls, cracks, open seams, pits, or other defects that are likely to impair its structural 

integrity in its intended use. Other factors, which may affect the selection of dimension stone 

include the cost of quarrying processing and alternative sources of supply (Quick, 2000).  
 

There are few minor quarries of dimension stone based on the limestone of the Pila Spi 

Formation (Eocene), which covers a wide area in the Qara Dagh Mountain. Most of the 

quarries have been established without detail scientific prospecting and investigation for 

industrial requirements of the processing industry, just considering demand of the markets. 

The carbonate beds of the Pila Spi Formation in the study area have a good thickness to be 

slabbed as blocks of suitable dimensions, as well as huge amounts of this deposit are found in 

in areas accessible by close transportation to   the Sulaimania City.  
 

In assessing the suitability of rocks as dimension stone, the first requirement is the 

petrographic study to identify its mineralogy, grain size, texture, fabric, and weathering status 

(Egesi and Tse, 2011). All these characteristics are in turn determined by the geological 

processes which formed the rock. A good understanding of these characteristics and effects 

will enable to determine a rock suitability, availability and consistent production (Egesi and 

Tse, 2011).  
 

The Qara Dagh area is one of the most interesting provinces in the Kurdistan Region of 

Iraq, which has abundant carbonate rocks that are seemingly suitable for the production of 

dimention stone. The area includes thick exposures of carbonates-bearing formations of 

Tertiary age; such as the Pila Spi and Sinjar formations. There are a few studies about the 

suitability of the Pila Spi Formation in the Kurdistan Region for building stone such as 

(Dhaher 2009; Hemn and Nawzat, 2015; Hakeem, 2016). Most of them are focused on the 

sedimentology, stratigraphy and geochemistry. Therefore, this work is an attempt to fill this 

gap.                                                                                 
 

The main objective of this study is to assess the carbonate rocks of the Pila Spi Formation 

in a selected area as dimension stone through field observations, sampling, petrographical, 

petrophysical, and geochemical analyses. These characteristics of dimension stone are 

indispensable for the construction industry and will help in selecting the appropriate use of the 

dimension stone (Ashmole and Motloung, 2008). 
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GEOLOGICAL BACKGROUD 

The study area is located about 15 Km to the southwest of Sulaimania City in the High 

Folded Zone where vast outcrops of the Pila Spi Formation could be found (Figs.1               

and 2). 
 

 
 

Fig.1: Tectonic and location map of the study area (after Fouad, 2012) 

 

 
 

Fig.2: Geological map of the studied area (after Sissakian, 2000) 
 

According to Bellen et al. (1959), the Pila Spi Formation was first described by Lees in 

1930 from the Pila Spi area of the High Folded Zone. During the sixties of the last century, 

they found that the original type locality section was inundated under the reservoir of the 

Darbandi Khan Dam. A supplementary type section was thus described at Kashti, on the 

Barand Dagh, about 10 Km to the north of Darbandi Khan town (Jassim and Goff, 2006 and 

Khanaqa, 2011). The resistant and toughness of the rocks of the Pila Spi Formation formed 

conspicuous ridges between the less resistive Gercus Formation (in lower boundary) and 

Fatha Formation (in upper boundary) throughout the High Folded Zone. The Pila Spi 

Formation (Middle – Upper Eocene) is about (100 – 200) m thick (Buday and Jassim, 1987). 

The upper part of the formation comprises well-bedded, bituminous, chalky and crystalline 

limestone, with bands of white, chalky marl and increase of chert nodules towards the top. 

The lower part comprises well-bedded, hard, porous or vitreous, bituminous, white, poorly 
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fossiliferous limestone, with algal or shell sections. In the supplementary type section, it 

consists of dolomitic and chalky limestone with chert nodules (Bellen et al., 1959 and Jassim 

and Goff, 2006). 
 

The depositional environment of the Pila Spi Formation is reported as a carbonate ramp 

with a low topographic patchy reef, back reef, and lagoonal facies (Khanaqa, 2011). The 

evidences for ramp are gradual changes of the facies and absence of high energy facies 

(reference). The Pila Spi Formation was previously assigned as lagoonal crystallized 

limestone and poorly fossiliferous, including gastropods, miliolids, and algae. These sections 

contain intervals (10 – 25 m thick) that are characterized by massive beds (1 – 3 m). The 

fossil contents can be identified only in polished slabs, while in thin section they are hardly 

identifiable due to digenetic processes (Khanaqa, 2011). 

 

METHODOLOGY 

For this study, sixteen carbonate samples from two sites (Q1 and Q2) of the Pila Spi 

Formation in Qara Dagh area are collected. The Q1 is located at the intersection of latitude              

N 35° 26' 39" and longitude E 45° 20' 48" at an elevation of 1158 meters above sea level 

(m.a.s.l.), while the Q2 is located at latitude N 35° 26' 31" and longitude E 45° 20' 55" at an 

elevation of 1117 m.a.s.l. (Fig.2). Nine rock samples are collected from the rock exposures of 

site Q1, represented by samples G1 to G9, while from site Q2 seven samples are collected, 

represented by samples K1 to K7. The collection of the samples depended on the physical 

appearance such as color, texture, bedding, the absence nodules (pyrite, chert, etc), lithology, 

thickness and degree of jointing, and fracturing (Fig.3). 
 

   

   

 

Fig.3: Features of the limestone outcrops in the studied areas. A) Thickness of the limestone 

body, B) Thickness  of the beds, C) Fresh surface color of the limestone showing white to 

milky color, D) Striation  due to rain and snow actions on the surface of the limestone 

A B 

C D 
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Seven thin sections of the limestone samples from the total of 16 samples are prepared 

for petrographical study under polarized microscope. Alizarin Red stain (Alizarin red 

solution) and ferric cyanide (pot ferric cyanide solution) are used to discriminate between 

dolomite and calcite. Chemical analysis are carried out to determine the major oxides content 

using X-ray fluorescence (XRF) in the research laboratory of the Geology Department/ 

University of Sulaimani. Loss on ignition (LOI), which consists principally of CO2, was 

determined by igniting the sample at 980°C for 90 minutes. The samples were sawn into 

blocks for polishing and petrophysical studies, which include apparent porosity, water 

absorption and bulk density in the Geology Department/ University of Sulaimani according to 

ASTM C97-02, 2003. The mechanical study (compressive strength and modulus of rupture) 

were carried out in Aso Brick Factory in- Sulaimania City using ASTM C170-90 (1999) and 

ASTM C99-87 (2000), respectively. The colors were determined using Geological Rock-

Color Chart with genuine Munsell color chips (2009). The color of the studied samples is 

determined by spinning a small plate of the rock sufficiently to blend the colors of the 

constituent minerals and comparing the blended color with a standard Rock Color Chart, such 

as that prepared by Munsell color X-rite (2009). The chart has great value in describing the 

colors of medium-to fine-grained rocks. Since most of the studied samples are fine crystalline; 

therefore, the Munsell color X-rite (2009) was used. 

 

RESULTS AND DISCUSSION 

 Field description 

The carbonate rocks of the Pila Spi Formation as noticed in the field are mostly massive, 

crystalline, and white carbonate, well-bedded, locally becomes chalky, towards the top small 

oxidation signs occur on the surface. The well-bedded, chalky, appearance and presence of 

chert nodules in the upper part are characteristic signs throughout the studied area. The upper 

part of the ridge is covered by a thin layer (less than 40 cm) of residual soil (Fig.3A). In 

addition, a little variation of the toughness, colors, fracture frequencies and textures are 

noticed (Figs.3B and 3C). Striations, due to rain and snow actions, are abundant surface 

features of these rocks (Fig.3D). Generally, the texture of the carbonate rocks in the studied 

area is characterized by fine grain size and white to milky color (Fig.3C). The field 

observations show that the carbonate rocks have slightly weathered appearance and thickly 

bedded (1.5 – 2 m). The beds are roughly spaced at (5 – 8 cm) (Fig.3). 
 

 Petrography 

Based on the petrographic investigation, the rocks of the Pila Spi Formation in the study 

area are homogeneous and mostly impure dolomitic limestone and dolomite, having a grayish 

white to yellowish white color after polishing (Fig.4A). The staining of the thin sections with 

Alizarin Red solution shows that the carbonate rocks are mainly composed of dolomitic 

limestone; therefore, they stained with pink color (Fig.4B); except sample No. G5, which is 

mostly composed of calcite stained with dark red color. The petrographic examination of the 

thin sections indicated that the samples are mostly recrystallized dolomitic limestone and pure 

limestone. The recrystallization process caused the fossils deformations, consequently, they 

cannot be recognized; except some of bioclast and ghost of fossils can be distinguished 

(Figs.5A and B). 
 

The studied samples are highly affected by dolomitization and most of the skeletal grains 

have been destroyed. According to the classification of limestone by Dunham (1962), most of 

the studied samples are formed of mudstone in which the digenetic modifications appeared as 

micritic cryptocrystalline dolomitic limestone (Fig.5). 
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Fig.4: A) The grayish whitey yellowish color after polishing of the carbonate rocks of the Pila 

Spi Formation, B) Staining of the studied samples with Alizarin Red solution 

(Sample No. G5 is stained with pink color) 

 

  
 

Fig.5: A) Recrystallized dolomitic limestone with some bioclasts, B) Ghost of fossils within 

the Pila Spi carbonates in the studied samples 

 

 Chemistry 

The chemical analysis results (Table 1) show that the CaO concentration in the studied 

samples ranges from 30.92% to 52.06% with an average of 41.93%, and MgO content ranges 

from (6.58% – 22.99 %) with an average of 16.63%. In all samples, the CaO average is lower 

than the reference values reported by Turekian and Wedepohl (1961) for carbonate rocks 

(42.32%). This is due to the effect of dolomitization process, where the calcium was replaced 

by magnesium. According to the classification of the limestone purity stated by Teodorovich 

(1950) most of the analyzed samples of the Pila Spi Formation in the study area are classified 

as dolomite and dolomitic limestone and as impure limestone according to the classification 

of Harrison (1993) (Table 2). 
  

In limestone, the average SiO2 value is usually low (<2%) (Table 1), but when the rock 

contains a lot of clay minerals, these values will rise, in rare cases up to as much as 30 – 40 % 

(Hussein and Kadhim, 2016). The K2O and Al2O3 are usually following the variations in the 

SiO2 concentration; since these components are also related to clay minerals in the rock 

(Erlström, 2009; and Jennerheim, 2016). Hence, the low content of SiO2, Al2O3, Na2O, and 

K2O reflects the low content of clay minerals in the studied samples.  
 

Iron, expressed as Fe2O3, is commonly found in carbonate rocks rich in clay mineral, 

such as marl, where it can reach 1 – 3 %, as compared to < 0.5% in other pure carbonate rocks 

(Jessica, 2016). The average Fe2O3 content of the studied samples is 0.76% (Table 1), 

reflecting the near absence of clay minerals in the studied samples. Table (1) shows very low 
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concentration of phosphorus (average <0.01 % P2O5), and this reflects the absence of apatite 

in the samples (Parekh et al., 1977; Cullers, 2002). 
 

Table 1:  Chemical analyses of the collected samples from 

 the Pila Spi Formation in the Qara Dagh area 
 

Oxides 

(%) 

Location Q1 Location Q2 
Average 

G1 G4 G5 G9 K1 K4 K6 

SiO2 1.28 0.99 1.42 1.07 2.2 1.34 2.93 1.6 

Al2O3 0.37 0.34 0.24 0.27 0.26 0.28 0.27 0.29 

TiO2 0.01 0.08 0.00 0.01 0.01 0.01 0.00 0.02 

CaO 32.24 48.89 52.06 44.4 40.83 44.14 30.92 41.93 

MgO 20.93 13.66 6.58 22.99 18.8 13.12 20.34 16.63 

MnO 0.3 1.8 5.31 0.75 1.22 2.76 1.82 2.0 

Fe2O3 0.13 1.56 0.20 0.20 0.55 0.45 2.4 0.76 

K2O 0.03 0.02 0.01 0.02 0.03 0.01 0.03 0.02 

Na2O 0.13 0.22 0.05 0.09 0.05 0.06 0.09 0.1 

P2O5 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.01 

SO3 0.07 0.06 0.04 0.08 
 

0.01 0.01 0.04 

F 0.12 0.00 0.00 
 

0.03 0.02 0.09 0.04 

LOI 44.2 31.89 34.04 29.75 35.4 37.4 40.2 36.13 

Cl 0.03 0.01 0.00 0.03 0.02 0.04 0.03 0.02 

Total 99.85 99.53 99.97 99.48 99.4 99.64 99.12 99.59 

CaCO3 4 38 70 0 14 40 7 24 

 

Table 2: Classification of the limestone purity according to the CaCO3 content,  

(after Harrison, 1993 and Teodorovich, 1950) 
 

Harrison Classification Teodorovich Classification 

Purity CaCO3 % Type CaCO3% 

Very High Purity > 98.5 Limestone 100 – 95 

High Purity 97.0 – 98.5 Slightly dolomitic limestone 95 – 80 

Medium Purity 93.5 – 97.0 Medium dolomitic limestone 80 – 65 

Low Purity 85.0 – 93.5 Highly dolomitic limestone 65 – 50 

Impure < 85 Highly calcitic dolomite 50 – 35 

  Medium calcitic dolomite 35 – 20 

  Slightly calcitic dolomite 20 – 5 

  Dolomite 5 – 0 

 

 Geotechnical properties 

The suitability of a rock to be used as dimension stone is controlled by several quality 

requirements. The desirable properties of a good dimension stone are: 1) attractive appearance 

(colors and textures), 2) durability (physical and chemical stability, 3) strength, 4) other 

factors such as cost of quarrying, transportation, processing and the availability of alternative 

sources of supply (Harrison and Bloodworth, 1994). The physical properties of the carbonate 

rocks collected from the Pila Spi Formation, to be assessed as dimension stone, are compared 

with the ASTM C568-03 (2006), which cover physical properties of the rock, such as density, 

water absorption, modulus of rupture and compressive strength. This standard method 
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specifies the minimum requirements for limestone to be used as dimension stone. The 

analyzed parameters are shown in Tables (3 and 4). 

 

Table 3: Color measurement of the studied samples using Geological Rock color                            

chart with genuine Munsell® color chips version 2009 
 

Sample No. Color Code 
Color Name according to the 

Geological Rock Color cChart 

Location Q1   

G1 5Y 8/1 Yellowish gray 

G2 5Y 8/2 Yellowish gray 

G3 N7 Light gray 

G4 5Y 8/2 Yellowish gray 

G5 N9 White 

G6 N7 Light gray 

G7 N9 White 

G8 N7 Light gray 

G9 5Y 8 /1 Yellowish gray 

Location Q2 

 K1 5Y 8/1 Yellowish gray 

K2 N7 Light gray 

K3 N9 White 

K4 5R 8/2 Greyish pink 

K5 5Y 8/1 Yellowish gray 

K6 N9 White 

K7 N9 White 

 

Table 4: Physical properties of the studied samples 
 

Sample No. 
Apparent Porosity 

(%) 

Water Absorption 

(%) 

Bulk Density 

(Kg/m
3
) 

Location Q1    

G1 9.76 4.85 2010 

G2 10.77 5.11 2110 

G3 9.85 4.44 2220 

G4 7.16 2.82 2540 

G5 1.90 0.74 2580 

G6 9.67 4.24 2280 

G7 1.50 0.55 2700 

G8 6.59 2.63 2500 

G9 12.44 5.59 2230 

Average  7.74 3.44 2350 

 Location Q2 

 K1 6.01 2.42 2480 

K2 7.60 2.97 2550 

K3 6.27 2.36 2650 

K4 5.00 1.53 3250 

K5 8.89 3.98 2230 

K6 9.57 4.07 2350 

K7 8.56 3.03 2520 

Average 7.41 2.91 2580 
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 Color: Color is an important property of rocks used for building, monumental, and 

ornamental purposes. It does not affect the adaptability of a rock to structural use, except 

insofar as it may indicate the presence of deleterious minerals that influence the textural 

integrity, durability, or strength of the stone (Pereia et al., 2015). The results of color 

measurement indicated that the colors vary from white to yellowish gray and pinkish gray 

(Table 3). The slight change of the color of the studied samples can be attributed to the 

oxidation of organic matter and ferrous Fe-oxides. The whitish-gray color of the fresh 

surfaces assumes a buff tint upon exposure; and may be due to oxidation of isomorphous 

ferrous carbonate, which is a common constituent of dolomitic carbonate rocks (Dweirj et al., 

2017). 
 

 Porosity, Water Absorption, and Bulk Density: Total porosity is an important factor in 

rock strength, since a small change in pore volume can produce an appreciable mechanical 

effect (ISRM, 1981). The porosity refers to the volume of pore space, and water absorption 

refers to the amount of liquid that a stone will absorb upon immersion (Aurangzeb, 2009). 

Absorption is related to the volume of pore space, but these two parameters do not have 

consistency and directly proportional relationship to each other. Where pore spaces are of sub 

capillary size, absorption is consequently very low and negligible; capillary and larger spaces 

promote absorption and, hence, increase susceptibility to frost action and chemical weathering 

(Mohd, 2002). The porosity depends on the size, shape, crystal system, grading, packing, and 

binding materials (cementing materials) of the particle (Khalid, 2006, Hussein, 2010 and 

2012). Results of porosity, water absorption, and bulk density of the studied samples are listed 

in Table 4. It shows that the average porosity of the studied samples in both sites are 7.74% 

and 7.41%, respectively. According to Khanal and Tamrakar (2009) these results reflect a low 

effective porosity. 
 

The bulk density of specimen is the quotient of its dry weight divided by the exterior 

volume including pores (bulk volume) (Aurangzeb, 2009). The carbonate rocks of the Pila Spi 

Formation from Q1 and Q2 sites have nearly similar average values of water absorption 

(3.44% and 2.91%, respectively). Using the method of correlation coefficient (R
2
), correlation 

equations were determined to correlate between bulk density and apparent porosity (Figs.6A 

and B).  It can be seen that there is a good correlation between porosity and density as R
2
 is 

nearly 0.73. 
 

The carbonate rocks of the Pila Spi Formation have high bulk density in which the 

average values of both groups of samples are; Q1 = 2350 kg/m³ and Q2 = 2580 kg/m³                    

(Table 4). According to ASTM C568-03, 2006, the carbonate rocks of the studied area are 

classified as high density rocks (Table 5). This shows that the samples have low effective 

porosity. Building stones that exhibit low water absorption or low porosity values are 

generally found to be relatively more durable. Water will be not able to enter non-porous rock 

types, therefore, unable to promote damage in construction model structure (Miglio and 

Willmott, 2010; and Khanal and Tamrakar, 2009). Jacobsen and Aarseth (1999) and Pereira      

et al. (2015) showed that the building material′s surface with low degree of water absorption 

and porosity will be little or not affected by weathering agents; such as wind or rainfall, which   

are considered as one of the factors for assessment of the appearance of  rocks used as 

dimension stone. Almost all of the acting weathering processes at structures and buildings are 

controlled by the presence of water, and thus the characteristics of water have an immense 

impact on the long-term stability of dimension stones (Awadh and Fadhil, 2016). 
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Fig.6: A) The relationship between apparent porosity and water absorption for the studied 

samples, B) the relationship between apparent porosity and bulk density                                            

for the studied samples 
 

Table 5: The values of physical and mechanical properties of limestone as a                         

dimension stone according to the ASTM C568-03 (2006) 
 

Physical Property Test Requirement Classification Test Test Methods 

Absorption by weight, max, % 

12 

7.5 

3 

I low-density 

II medium-density 

III high-density 

C 97 

Density, min, lb/ft
3 
(kg/m

3
) 

110 (1760) 

135 (2160) 

160 (2560) 

I low-density 

II medium-density 

III high-density 

C 97 

Compressive strength, min, psi (MPa) 

1800 (12) 

4000 (28) 

8000 (55) 

I low-density 

II medium-density 

III high-density 

C 170 

Modulus of rupture min, psi (MPa) 

400 (2.9) 

500 (3.4) 

1000 (6.9) 

I low-density 

II medium-density 

III high-density 

C 99 

 

 Compressive Strength: The compressive strength is the measure of a stone ability to 

sustain a load (Taylor and Harold, 1991). Kessler et al. (1940) gave ranges of compressive 

strength for limestone to be used as a dimension stone (17.926 – 193.053Megapascal Pressure 

Unit (MPa). The averages compressive strength of the carbonate rocks of the Pila Spi 

Formation in Q1 and Q2 locations of the studied area are 71.227 MPa and 83.700 MPa, 

respectively (Table 6). According to the Kessler et al. (1940) and ASTM C568-03 (2006), the 

samples collected from the Pila Spi Formation in the Qara Dagh area are of high density and 

strong, which confirm their suitability as dimension stone.  
 

 Modulus of Rupture (MOR): Tests for modulus of rupture have a more tangible value 

than those for compressive strength because they measure the flexural strength of stones 

placed in positions of unequal pressure or bending, such as sills and caps for doors and 

windows (Currier, 1960). The modulus of rupture (in MPa values) range for limestone, as 

tested and reported by the Bureau of Standards (Kessler et al., 1940), is 3.447 – 1.379 MPa. 

According to the obtained results, the investigated carbonate rocks of the Pila Spi Formation 

have acceptable range of modulus of rupture, since the average value ranges from 10.629 to 

14.759 MPa (Table 6) and comparing the obtained results with ASTM C568-03 (2006)           

(Table 5), all the studied samples are suitable to be used as dimension stone. 



Iraqi Bulletin of Geology and Mining                       Vol.15, No.2, 2019                p 107  120 

 

 

 

 

117 

Table 6: Compressive strength and modulus of rupture of the studied samples 
 

Sample No. Compressive Strength (MPa) Modulus of Rupture (MPa) 

Location Q 1 
 

G1 38.720 11.340 

G2 36.840 10.510 

G3 39.000 12.880 

G4 70.240 20.716 

G5 142.300 5.995 

G6 38.970 9.491 

G7 144.650 11.659 

G8 95.210 3.037 

G9 35.110 10.030 

Average 71.227 10.629 

Location Q2 
 

K1 96.000 19.320 

K2 71.400 18.110 

K3 127.000 13.650 

K4 135.000 11.760 

K5 49.200 10.740 

K6 39.100 12.750 

K7 68.200 16.980 

Average 83.700 14.759 

 

CONCLUSIONS 

 The carbonate rocks of the Pila Spi Formation in Qara Dagh area, are mainly composed of 

dolomites and dolomitic limestone. They have been highly affected by recrystallization and 

dolomitization process. Consequently, the fossils cannot be recognized and values of many 

properties, such as water absorption and bulk density, are low.  

 The carbonate rocks of the Pila Spi Formation are homogeneous in color and free from 

visible defects which may affect their appearance. Their colors after polishing are almost 

uniform grayish white to yellowish white color, and this reflects their homogeneity in 

composition and confirms their suitability to be used as a dimension stone. 

 Physical properties, namely porosity, water absorption and bulk density, for the tested 

rocks are very relevant to the specifications of dimension stones, as they exhibited high 

bulk density, low porosity, and low water absorption.  

 The measurement of mechanical properties of the studied samples show that all the studied 

samples are strong and have an acceptable range of modulus of rupture. 

 The comparison of the measured values of the physical and mechanical properties of the 

studied samples with those specified in ASTM C568-03 (2006) shows that the carbonate 

rocks of the Pila Spi Formation in the selected studied area can be used as dimension stone. 

 

ACKNOWLEDGEMENTS 

The authors would like to thank the Aso Brick Factory for giving permission to use their 

laboratory for applying the mechanical test of this work. 

 

 

 



Evaluation of the Pila Spi Formation Carbonate Rocks for Dimension Stone, Qara Dagh 

Area, Kurdistan Region, NE Iraq                                 Tola A. Mirza and Saman Gh. Rashid 

 

 

 

118 

REFERENCES 
Aurangzeb, 2009. Prediction of Effective Thermal Conductivity of Fluid Saturated Porous Media: in situ Thermo 

Physical Measurements, Ph.D., thesis, Quaidi-Azam University, Department of Physics, 139pp. 

Ashmole, I. and Motloung, M., 2008. Dimension stone: the latest trends in exploration and production 

technology. In: Proceedings of the International Conference on Surface Mining, p. 5 – 8. 

ASTM C170-90, 1999. Standard test method for compressive. Annual Book of ASTM Standard American 

Society for Testing and Materials. Vol. 4. No. 7, 3pp. 

ASTM C99-87, 2000. Standard test method for modulus of rapture of dimension stone. Annual Book of ASTM 

Standard American Society for Testing and Materials. Vol.4. No.7, 3pp. 

ASTM C97-02, 2003. Standard test methods for absorption and bulk specific gravity of test methods of 

dimension stone. Annual Book of ASTM Standard American Society for Testing and Materials. Vol.4. 

No.7, 3pp. 

ASTM C568-03, 2006. Standard specification for limestone dimension stone. Annual Book of ASTM Standard 

American Society for Testing and Materials. Vol.4. No.7, 2pp. 

Awadh, S.M. and Fadhil, L.A., 2016. Assessment of Carbonate Rocks, Western Desert of Iraq as dimension 

stones for building. The Arab Journal of Sciences and Research Publishing, Vol.2, Issue 7, 1pp. 

Bellen, R.C., Van Dunnington, H.V., Wetzel, R. and Morton, D., 1959. Lexique Stratigraphic International. 

Asie, Fasc. 10a, Iraq, Paris, 333pp. 

Buday, T. and Jassim, S.Z., 1987. The Regional Geology of Iraq. Vol.2, Tectonism, Magmatism and 

Metamorphism, In: M.J. Abbas and I.I. Kassab (Eds.). GEOSURV, Baghdad, Iraq, 352pp.  

Cullers R.L., 2002. Implications of elemental concentrations for provenance, redox conditions and metamorphic 

studies of shales and limestones near, Chemical Geology, Vol.191, p. 305 – 327. 

Currier, L.W., 1960. Geologic appraisal of dimension-stone deposits, Geological Survey Bulletin 1109, Report 

by United States Government Printing Office, Washington. 

Dhaher, K.A., 2009. Study of physical and geotechnical properties of some rock units of Pila Spi, Fatha and 

Injana Formations in Shaqlawa area, northern Iraq, M.Sc. Thesis, University of Baghdad. 

Dunham, R.H., 1962. Classification of carbonate rocks according to depositional texture, AAPG Memore,         

p. 108 – 121. 

Dweirj, M., Fraige, F., Alnawafleh, H. and Titi, A., 2017. Geotechnical characterization of Jordanian limestone. 

Journal of Geomaterials, Vol.7, p. 1 – 12. 

Egesi, N. and Tse, C.A., 2011. Dimension stone: Exploration, evaluation and exploitation in southwest parts of 

Oban Massif Southeastern Nigeria. Journal of Geology and Mining Research Vol.3, No.4, p. 115 – 122. 

Erlström, M., 2009. Beskrivning till regional berggrundskarta över Gotlands län. Sveriges geologiska 

undersökning (SGU). 

Fouad, S.F.A., 2012. Tectonic Map of Iraq, scale 1: 1000 000, 3rd edit. GEOSURV, Baghdad, Iraq. 

Hakeem, F.A., 2016. Assessment of Shiranish and Pila Spi limestone for concrete aggregate, Shaqlawa area Iraqi 

Kurdistan Region. Journal of Zankoy Sulaimania Part A, GeoKurdistan II–special issue, p.111 – 120.  

Harrison, D.J., 1993. Limestone, Industrial Minerals Laboratory Manual, Technical Report WG/92/29, 

Mineralogy and Petrology Series, British Geological Survey, 70pp. 

Harrison, D.J. and Bloodworth, A.J., 1994. Industrial Minerals Laboratory Manual Construction materials 

Technical Report WG/92/29, Mineralogy and Petrology Series British Geological Survey, 117pp. 

Hemn, M.O. and Nawzat, R.I., 2015. The Suitability of limestone from Pila Spi Formation (Middle – Late 

Eocene) for building stone in Koya area, NE Iraq, ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X;                    

p. 18 – 23. 

Hussein, S.A., 2010. Geochemical, petrographic and petrophysical studies to evaluate the suitability of limestone 

for cement industry in the outcrops of Fatha Formation, Sukkaria area, west of Baiji. Journal of Science. 

University of Tikrit, Tikrit, Iraq. Vol.51, No.1, p. 107 – 122.  

Hussein, S.A., 2012. Study the suitability of limestone in Fatha Formation for cement manufacturing in selected 

quarries, between Qasr Al-Jabbar and Musallakhan village depending on geochemical, mineralogical and 

petrophysical criterion. Journal Science. University Tikrit, Tikrit, Iraq. Vol.17, No.3, p. 196 – 215.  

Hussein, S.A. and Kadhim, L.S., 2016. Petrography and geochemistry of Pila Spi Formation (Middle – Late 

Eocene) in selected sections/ Northern Iraq. Iraqi Journal of Science, Vol.57, No.3C, p. 2291 – 2306. 

ISRM, 1981. Rock characterization, testing and monitoring. In: E.D. Brown (Ed.), ISRM Suggested Methods: 

International Society for Rock Mechanics, Pergamon Press, London, 211pp 

Jacobsen, S. and Aarseth, L.I., 1999. Effect of wind on drying from wet porous building material surfaces-A 

simple model in steady state. Journal of Material and Structure, Vol.32, p. 38 – 44. 



Iraqi Bulletin of Geology and Mining                       Vol.15, No.2, 2019                p 107  120 

 

 

 

 

119 

Jessica, J., 2016. Evaluation of methods to characterize the geochemistry of limestone and its fracturing in 

connection to heating; M.Sc. Thesis, no.486 (45 hp/ECTS) credits; Department of Geology, Lund 

University; 143pp. 

Jassim, S.Z. and Goff, J.C., (Eds.), 2006. Geology of Iraq, Dolin, Prague and Moravian Museum, Berno. 341pp. 

Jennerheim, J., 2016. Evaluation of methods to characterise the geochemistry of limestone and its fracturing                    

in connection to heating, Dissertations in Geology at Lund University, Master’s thesis, no.486                           

(45 hp/ECTS) credits, 53pp. 

Kabata-Pendias, A., 2011. Trace elements in soil and plants (4th edition). CRC Press, Boca Raton, FL, 520 pp. 

Kessler, D.W., Insley, H. and Sligh, W.H., 1940. Physical, mineralogical and durability studies on the building 

and monumental granites of the United States. Journal of Research of the National Bureau of 

Standards, Vol.24, p. 161 – 206. 

Khanal, S. and Tamrakar, N.K., 2009. Evaluation of quality of crushed limestone and siltstone for road 

aggregates. Bulletin of Department of Geology, Tribhuvan University, Kathmandu, Nepal Vol.12,                                 

p. 20 – 42. 

Khalid, A.H., 2006. Natures of silica distribution in the raw materials of Hammam Al-Alil cement plant quarries 

and assessment of raw materials in the alternative sites. Unpub. M.Sc. Thesis, University of Mosul, 

College of Sciences, 141pp.  

Khanaqa, P.A., 2011. Interpretation of new facies in the Pila Spi Formation (Middle – Late Eocene). In 

Sulaimaniyah NE Iraq. Iraqi Bul. Geol. Min., Vol.7, No.3, p. 33 – 45. 

Miglio, B. and Willmott, T., 2010. Durability of stone for construction. Journal of ASTM International Selected 

Technical Papers STP 1514; Durability of Building and Construction, Sealants and Adhesives, Vol.3,         

p. 241 – 246. 

Moh'd, B.K., 2002. Estimating some pore-related properties of limestone from bulk density and water absorption 

data. Electronic Journal of Geotechnical Engineering, Vol.7, p. 1 – 7. 

Munsell color X-rite, 2009. Geological Rock Color Chart with genuine Munsell® color chips 12pp. 

Parekh P.P., Moler P., Dulski P. and Basch W.M., 1977. Distribution of trace elements between carbonate and 

non carbonate phases of limestone, Earth and Planetary Science Letters, Vol.34, p. 39 – 50. 

Pereira, D., Yenes, M., Blanco, J.A. and Peinado, M., 2015. Characterization of serpentinites to define their 

appropriate use as dimension stone, Geological Society, London, Special Publications, Vol.271,                          

p. 55 – 62. 

Quick, G.W., 2000. The CSIRO 'BEST' test method for evaluating stone tiles. Roc. Maquina, Elsevier, Spain, 

June, 37, p. 44 – 53. 

Sissakian, V.K., 2000. Geological Map of Iraq, Sheet No.1, scale 1: 1000 000, 3rd edit. GEOSURV, Baghdad, 

Iraq.  

Taylor, J. and Harold, A., 1991. A. “Annual Report of Dimensional Stones”, U.S Department of Interior, Bureau 

of Mines, 18pp. 

Teodorovich, G.I., 1950. Lithology of Paleozolc carbonate rocks of UraI-Volga region. Izd. Akad. Nauk SSSR, 

Moscow, Leningrad, 213pp.  

Turekian, K.K. and Wedepohl, K. H. 1961. Distribution of the elements in some major units of the Earth's crust, 

American Geology Soc. Bull, Vol.72, p. 175 – 192. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Evaluation of the Pila Spi Formation Carbonate Rocks for Dimension Stone, Qara Dagh 

Area, Kurdistan Region, NE Iraq                                 Tola A. Mirza and Saman Gh. Rashid 

 

 

 

120 

 

 

About the authors 

             

 
Dr. Tola Ahmed Mirza is Assistant Professor at the University of 

Sulaimani, College of Science, Department of Geology. She obtained her 

B.Sc. in Geology in 1988, M.Sc. in Industrial Rocks and Minerals in 1997, 

and Ph.D. in Ore Geology in 2008. She has more than 17 published papers 

on metallic and nonmetallic ore deposits. She is an associate editor of the 

(International Journal of Applied Industrial Science and Probe-Geology 

and Mining Research). She is at present supervising five M.Sc. students in 

the field of Ore Geology and Industrial Rocks and Minerals. She 

participated in translating the book (Science for All), (Class Nine Primary 

School, 2009). She is a member of the Scientific Committee of the College 

of Science at the University of Sulaimani since 2014. She has an excellent 

experience in solving the scientific problems related to brick manufacture 

in Kurdistan Region. She has experience in geological survey and mineral 

investigation in Kurdistan Region and worked in this field since 1997. 
 

e-mail: tola.merza@univsul.edu.iq  
 

 
Mr. Saman Ghareeb Rashid Qurbany, is working in the Directory of 

Oil and Minerals in Sulaimania Governorate. He obtained his B.Sc. degree 

in Geology   in 2010 and M.Sc. degree in Ore Geology, from the 

University of Sulaimani in 2018. He has two publications in the field of 

ore geology. He has experience in geological survey and mineral 

investigation and worked in this field since 2012 to the present.  He 

worked as Wireline geologist and in the Environmental laboratory during 

2010 – 2011, and 2011 – 2012, respectively. 
  

e-mail: Saman.qurbany@yahoo.com ; Saman.qurbany@gmail.com 

 

 

 

mailto:Saman.qurbany@yahoo.com
mailto:Saman.qurbany@gmail.com

