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Abstract 
 

Natural aggregate such as crushed stone, sand, and gravels is a pivotal side of 

the economic infrastructure. The present work mainly aims to study 1) the 

quality of gravels of Chailat quarries through fieldwork and laboratory 

analysis, and 2) the area, size, and direction of expansion of quarries and 

estimating the effect of quarries on the environment using remote sensing 

techniques by analyzing time-sequential changes and performing of GIS. The 

results of laboratory analysis showed that the composition of the gravel is 

made up of a high percentage of carbonates (70.82%).  This type of gravel 

has a high building material property and perfectly matched with the 

composition of the Iraqi Quality Standard (IQS) for concrete gravels. The 

visual interpretation results of Landsat images reveal that the quarries area in 

2019 has developed relative to 2001 by about 425% from 2.42km2 to 10.29 

km2. Although the quarries are located in an ideal location where it is more 

than 25 km from the nearest residential area and about 10 km from 

agricultural areas, one of the main environmental hazards that may be caused 

by quarry operations is silt runoff and saline waters which result from the 

washing of materials to remove the salt and clay materials from these 

sediments. One of the important things that have been recommended by the 

current paper is the need to treat washing water, as this water will be of high 

concentrations of salts and result in contamination and increases the salinity 

of the soil and underground water. 
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1 Introduction Location and Data Sets 
 

Natural aggregate such as crushed stone, sand, and gravel is a pivotal side 

of economic infrastructure [1], especially with the development of 

civilization and an increase in construction activities, which lead up to an 

increase in demand for construction materials [2] and expansion quarry 

operations.  A quarry is a kind of mining activity or open-pit mining; it is 

defined by [3] as any open-air area used for the excavation of rocks and 

minerals such as slate, granite, sand, and gravel, while quarrying is the 

process of removing rock and other materials from the ground surface to 

produce new materials. The main difference between a mine and a quarry is 

that the 'mine' is an underground working such as extracted the metals or 

coal, while the 'quarry' is a site by removing stone and mineral extraction 

without a roof. 

   Deposits of gravel and sand are important and can be used for several 

purposes, such as in providing granular material for road bases, concrete 

aggregates, asphalt mixes, and many other constructions and other uses. The 

Quarries of building materials represent an essential natural resources part in 

Iraq. These quarries constitute of gravels and sand (mixture of recent 

sediments  ( , and are usually located along the rims of the Mesopotamian 

Zone from all directions. The management of these quarries is contributed by 

The Iraqi Geological Survey and council of governorates which contain these 

quarries; also there are many illegal quarries that are scattered within the 

same area. The area under consideration contains a considerable amount of 

gravel and sand deposits and there are actually more than 110 of gravel/sand 

quarries sites for beneficiation of raw materials for constructions and 

different industries. 

       One of the important methods for monitoring and controlling the quality 

and production of these quarries is by using the sedimentological analysis 

and satellite images in which a large area can be covered and controlled in 

terms of quality and quantity. The main issue in sustainable development and 

resource management is determining the impacts of mining and quarrying 

activities on the surrounding environment [4]. However, the method of 

surface excavation has a negative potential effect on the surrounding 

environment, maybe causing a reduction in vegetation cover, exhaustion 

about natural resources, and contamination of surface [5] and sub-surface 

water resources.  

In Iraq, there are little works that have been carried on the analysis of 

quarries impacts, especially by utilize sedimentology and remote sensing 

together. The present work is mainly aimed at 1) Study the gravel-sand 

quarries and identifies their properties, their suitability, and the economic 

feasibility through fieldwork and sample analysis. 2) Evaluating the 

expansion of Chailat quarries and their effect on the surrounding 

environment using the visual interpretation of remote sensing by analyzing 

time-sequential changes. 
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2 Location and Data Sets  
 

2.1 Location of Studied Area  
 

The Chalait quarries are located about 27 Km to the northeast of Ali Al-

Garbi city, and about 84 km to the northwest of the Amarah city in Missan 

Governorate southeastern Iraq at the Iraqi-Iranian border. The case study has 

about 10 km2 on the Mesopotamian plain in the eastern side. Alluvial fans 

are merging to generate impressive bajada. The bajada dimensions are about 

100 km thick and 15 km wide. Moreover, along the eastern borders as shown 

Figure.1, marsh sediments and alluvial depression filling are spread as 

scattered outcrops. 

 

 
 

Figure 1 Location Map of Studied Area (Adapted From World Imagery - Arcgis 

Online, 2019) 

 

2.2 Geology of Studied Area  
 

The study area is a part of the Mesopotamian plain of Iraq, which extends 

from the Hamrin hills to the Tigris River. The study area can be divided  into 

two parts [6]: The first includes the higher areas in the eastern part of the 

region along the Iraqi-Iranian border, which belong to the foothill zone and  

is characterized by a broad, concave and convex folds affected by the 

movements  
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built mountains [7].The second section represents the majority of the studied 

area represented by the sedimentary Zone (Tigris Subzone).  
 

Table 1 Lithology and Geomerphology of Study Area 

 

Geomorphology Lithostratigraphy Age 

Active Channel Channel Alluvium 

Holocene Sand Dunes Aeolian Deposits 

Dried Depression Active Marsh sediments 

Active Channel River 

Pleistocene 
 Terraces 

 Alluvial Fan 

 Maymona Fn. 

Strike and Hill Valley Bai Hasan Fn. Pliocene 

Questa, Hogback, Strike and Hill Valley Muqdadiya  Fm. 
Miocene 

Mesa, Questa, Strike Valley Injana  Fm. 

 

 
 

Figure 2 Quarries of sediments in Chailat area, east Missan Governorate 

 

Awad A. Sahar et al. 

 
10946



 
 

 

 

 

 

Table.1 and Fig. 2 show the geomorphology and lithology of the Chalait 

quarries. The elevation of the studied area less than 120 m above sea level 

[8].  

The Chailat quarries are concentrated within the quaternary sediments; 

these sediments are composed mainly of gravels, sand, and mud, Figure.2. 

These quarries represent one of the main sources of gravels for building 

materials in Iraq.  

 
2.3 Data Sets 

  
Satellite images taken from 2001 to 2019 for the years 2001, 2007, 2013 

and 2019 were used to determine the extension of Chailat quarries and its 

development. Landsat7 and Landsat8 images have a 30-meter resolution. The 

resampling of Landsat images to 15-meter resolution by the utilized 

panchromatic band to use in visual interpretation. Table.1 Given the 

Satellites and image dates. Landsat satellite images were downloaded from 

the website of US Geological Survey, USGS (http://earthexplorer.usgs.gov/). 
 

Table 2 Satellites and Image Dates 

 

Satellites Date 

Landsat 7 (Path 167, Row 37) 2001 and 2007 

Landsat 8 (Path 167, Row 37) 2013 and 2019 

 

3 Methodology 
 

Two trends will be followed to study the Chailat quarries sediments for 

building materials; these are: 
 

 3.1 Sedimentological Analysis 
 

    The study area was sampled depending on the spatial coverage of 

Chailat quarries and the space between them. 10 samples of mixture of 

sediment collected from five sites (Fig. 1), and were collected on field 

surveys; among the goals of the study are to achieve following parts: 

Ten samples were analyzed by determining the grain size distribution 

(Gravels, Sand, and Mud fractions) to diagnose textural characteristics using 

standard sieving and sedimentation techniques. The grain size analysis of 

gravels was done by using a caliper vernier.  

Mineralogical composition of all samples was determined by using a thin 

section for gravels and studied under the polarizing microscope. Standard 

bromoform method was adopted to separate very fine sand into light and 

heavy mineral fractions. Standard counting technique is adapted to 

determined mineral composition of both heavy and light fractions by using 

the petrographic microscope. The XRD technique was used for determining 

the clay minerals in mud fraction. 
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3.2 Remote Sensing Technique 

 

  The satellite technologies developments, in addition to the acquisition of 

remote image and analysis, offer effective ways for environmental 

monitoring and land cover change through comparing the multi-temporal 

satellite images [9]. The incorporation of remote sensing technologies and 

geographic information systems (GIS) has been vastly applied and 

recognized as a powerful and effective tool change detection in land use and 

land cover [10], [11]. 

Several studies already published have used remote sensing for 

monitoring quarries and estimating their environmental impacts. [12] carried 

out study to monitor limestone quarries [13] estimated the visual effect of 

marble quarry on the environment [14] and presented the impact of extension 

of marble quarries on vegetation cover, while [5] and [15] analyzed the 

impact of  quarries on changes in land use and land cover. All the above-

mentioned studies were carried out through using remote sensing techniques 

such as classification (supervised and unsupervised) [5], [13] or visual 

interpretation of satellite images and demonstrate to be an active tool for 

monitoring and surveying these quarries and their development along the 

time. 

The remote sensing work in a Chailat quarry area was mainly based on 

digital processing and visual interpretation of Landsat satellite images, 

supported by fieldwork in 2018. Satellite images of the studied area were 

dealt with covering the period from 2001 to 2019. With these techniques the 

number and dimensions of these quarries, in addition to the nature of the 

environmental changes that occur during the eighteen years.   
  

4 Result and Analysis 
 

4.1 Textural Characteristic of Gravels 
 

 Grain size analysis of 10 sediments mixture of Chailat quarries were 

done by using sieves analysis that separates between Gravels, sand, and mud; 

the result of this analysis was shown in Table.3. 

The percentage of gravels, sand, and mud were plotted in the ternary 

diagram [16]; this sediment classification gives the textural name of mixture 

of sediment or nomenclature of gravels, sand, and mud mixture. 

Accordingly, the average composition of gravels, sand, and mud of the 

sediments of Chailat quarries is mainly Muddy Sandy Gravel, Figure.3. 

The distribution of gravels grain size was determined based on 

undispersed samples that were taken from sediment quarries; the number of 

gravels from 10 samples is 1100 from the studied stations. The grain size of 

gravels was done by using a caliper vernier. The three axes of each gravel 

were measured by vernier according to [17], the measurement was performed 

along three directions that are perpendicular to each other, but need not meet 

the same  
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point. The data were grouped following the [18]scale. The result of size 

analysis of gravels was shown in Table.4. 
   

Table 3 Gravels, Sand, and Mud Percentages of Chailat Quarries Sediments. 

 

Samples No. Percentage of 

Gravels % 

Percentage of 

Sand % 

Percentage of 

Mud % 

1 60.8 22.6 16.6 

2 58.4 23.7 17.9 

3 61.3 20.7 18.0 

4 62.7 18.5 18.8 

5 57.2 21.3 22.5 

6 55.8 23.8 20.4 

7 63.1 18.6 18.3 

8 59.2 19.4 21.4 

9 64.7 20.7 14.6 

10 65.2 20.1 14.7 

 

 
 

Figure 3 Classification of sediments of Chalait quarries, after [16]. 
 

 From the result, it is apparent that the (-4Ø) to (-5Ø) or (16-32mm) 

represents the highest size distribution among the pebble samples. 
 

Table 4 The Size Distribution of Gravels of Chalait Quarries. 

 
 

 
 

 

 

 

 

 

 

 

 

 

No. of  

Samples 

Size Interval 

(mm) 

Size 

Interval 

(Ø) 

Number of 

Samples 

in the Interval 

Percentag

e 

% 

1100 

Granule

s 
2 - 4 

(-1) – (-2) 
79 7.18 

Pebbles 

4 - 8 (-2) – (-3) 116 10.54 

8 - 16 (-3) – (-4) 351 31.91 

16 - 32 (-4) – (-5) 442 40.18 

32 - 64 (-5) – (-6) 72 6.55 

Couples 64-256 (-6) – (-8) 40 3.64 
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4 .2 Petrography of Gravels 

  
Twenty thin sections of Chailat quarries gravels have been studied 

petrographically. The mineral composition of (1100) gravels, collected from 

the five localities was grouped and described visually depending on color, 

hardness, reactivity with diluted hydrochloric acid, and texture. From each 

group a limited number of samples were selected for thin sectioning and 

examined by the petrographic microscope. The average composition of the 

gravels is presented in Table.5, Figures.4 and 5. 

 

 
 

Figure 4 Pie Diagram of Average Composition of Chailat Quarries Gravels 

 

 
 

Figure 5 Images of the gravel thin section of the studied samples were by A: 

Mudstone, B: pel fossiliferous packstone, C: fossiliferous wackystone, D: chert, 

igneous volcanic rock (andesite), F: regional metamorphic rock (schist). 
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Table 5 The Average Composition of Chailat Quarries Gravels 

 
 
 
 
 
 
 
 
 
4.3 Mineralogical Composition of Sand Fraction 
 

  Sediment mineralogy is provided credible information history about 

source and subsequent. Existing heavy Minerals even small quantities are 

resistant, abrasion and weathering, therefore, they appear as parent lithology 

even after numerous deposition and erosion cycles. Lighter minerals have 

this ability, for example, quartz which is famous mineral in use [19]. 

The (2-4) phi fraction for 10 samples are treated by washes with 10% 

HCL and then dried. A 5 grams is taken of each sample is settled in 

bromoform. After separating the heavy and light fractions, the percent weight 

of heavy fractions was calculated. Particulars of light and heavy fractions 

were put on slides of paragraphs to perform examined and counted based on 

the petrographic microscope. 

 
4.3.1 Light Minerals 

 

Table 6 The Light Mineral Fraction Percentages in Chailat Quarries Samples 
Light 

Components 

Samples Number 

1 2 3 4 5 6 7 8 9 10 

Quartz 12.5 13.4 13.8 14.7 15.2 12.9 14.8 15.7 15.9 14.3 

Potash 

Feldspar 

4.8 5.3 4.9 5.4 5.5 5.9 4.8 5.4 4.9 5.1 

Plagioclase 

Feldspar 

3.8 4.2 3.7 4.3 3.7 3.5 3.2 4.0 3.6 3.4 

Carbonate 

Rock 

Fragment 

38.7 36.5 40.2 37.3 38.9 39.3 41.2 37.3 36.8 39.1 

Chert Rock 

Fragment 

13.3 11.6 12.3 13.5 13.9 12.5 12.8 13.0 13.7 12.8 

Igneous 

Rock 

Fragment 

8.5 7.9 8.4 8.1 8.9 7.8 7.8 8.4 8.0 8.3 

Metamorphic 

Rock 

Fragment 

7.8 7.6 7.8 8.2 7.9 7.4 8.4 8.3 7.9 7.8 

 

No. of 

samples 
1100 

Lithology Carbonates Chert Igneous Metamorphic 

No. of 

samples 
779 177 75 69 

Percentage 

% 
70.82 16.09 6.82 6.27 
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  In total mineralogy, the samples of Chailat quarries contain more than 

97% of the light mineral fraction, with an average of 14.32 % quartz,  5.18% 

potash feldspar, 3.74% plagioclase feldspar, 38.53% carbonates, 12.94% 

Chert, 8.21% igneous, and 7.91% metamorphic rock fragments, Table.6 and 

Fig.6. 
 

4.3.2 Heavy Minerals 
 

The sample were included main component of opaque minerals about of 

37.31% whereas, include non-opaque minerals consists of 6.04%, pyroxenes, 

about 9.05% chlorite, amphiboles (6.11%), Biotite (5.02%), Muscovite 

(5.12%), Garnet (4.83%), Zircon (6.12%), Epidote (6.29%), Tourmaline 

(3.24%), Rutile (2.90%), and Kyanite (2.49%), All heavy minerals arranged 

in decreasing order based on their average content. Heavy minerals are listed 

in Table 6, according to their values. 
 

 
 

Figure 6 The light mineral component images in quarries samples, A: Quartz. B: 

Potash feldspar (orthoclase), C: Plagioclase feldspar, D: Carbonate rock fragment 

(limestone), E: Carbonate rock fragment (dolomitic limestone), F: Microcrystalline 

chert rock fragment, G: Microcrystalline chert rock fragment, H: Igneous rock 

fragment, I: Metamorphic rock fragment (schist). 
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Table 7 Percentages of The Heavy Minerals  

Heavy 

Minerals 

Samples Number 

1 2 3 4 5 6 7 8 9 10 

Opaques 42.5 33.7 39.8 40.3 32.8 35.8 34.6 40.8 38.1 34.7 

Chlorites 9.5 8.8 8.5 9.6 8.0 8.4 9.9 10.2 8.4 9.2 

Pyroxenes 5.6 6.2 6.4 6.0 5.7 5.9 6.7 6.9 5.7 5.3 

Amphiboles 6.2 6.0 6.5 5.8 5.9 6.1 6.4 6.7 5.7 5.8 

Biotite 4.7 5.0 4.8 5.3 4.7 5.3 5.3 4.9 4.7 5.5 

Muscovite 5.2 4.6 4.9 5.8 5.3 4.7 4.3 5.5 5.8 5.1 

Garnet 4.2 4.6 5.0 4.9 4.7 4.3 5.1 5.4 4.6 5.5 

Zircon 6.1 5.8 6.2 6.4 5.8 5.9 6.4 6.7 6.2 5.7 

Epidote 6.4 6.2 6.7 5.8 6.8 6.4 6.3 5.8 5.9 6.6 

Tourmaline 3.6 3.8 2.9 3.3 3.7 3.5 2.8 3.1 3.0 2.7 

Rutile 3.1 2.8 2.6 2.4 3.0 3.3 2.8 2.5 3.1 3.4 

Kyanite 2.9 2.6 2.7 2.5 2.8 2.4 2.0 2.3 2.1 2.6 

 

A grain shapes changing of minerals between spherical to prismatic, and 

rounded to sami-rounded, it seems clearly in Figure.7. 

 

 
 

Figure 7 Images of The Heavy Minerals in The Study Area Samples 
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4.3.3 Clay Mineralogy 

 

Five samples were chosen from a mud fraction of Chailat Quarries, and 

these were analyzed using X-Ray and diffraction technique in order to 

determine the whole mineralogy of the clay fraction including the clay 

mineral assemblage. Each sample was treated and analyzed as a normal, 

ethylglycolated (EG), and heated at 550C°. The relative abundance of the 

identified clay minerals and the other minerals were estimated on the basis of 

the intensity and widths of the characteristic reflection peaks Table 2-9, [19], 

[20]. Mineralogical X-Ray analysis of the studied samples show that the mud 

fraction of Chailat sediment quarries are variable mixtures of phyllosilicates, 

including clay minerals (chlorite, illite), and inosilicates (palygorskite), 

Figure. 8. 

 

 
Figure 8 X-ray difractograms of clay fraction of Chailat Quarries sediments; A: 

Sample No.1; B: Sample No.5 

 

4.4 Visual Interpretation of Remote Sensing Data 

 

The analysis and interpretation of remote sensing satellite imagery 

include the identification of the different objects in an image and recognizing 

these objects is the key to extraction the information from satellite images. 

Visual interpretation of satellite images using many elements, for example, 

shape, size, tone, pattern, shadow, and texture which are often a part of our 

daily life. The interpretation of remotely sensed images and identifying 

targets depends on visual elements provide more ways to interpret and 

analyze. 

Quarries boundaries can't be observed unambiguously in Landsat images 

at a spatial resolution of 30 meters. Therefore, the spatial merge process 

technique was applied to obtain an image with high spatial resolution 15 m, 

[6] and make the boundaries better defined [14]. 

Figure.9 shows a comparison in the area of Chalait quarries for the years 

2001, 2007, 2013 and 2019,  the total area about 2.42 km
2
, 2.75 km

2
, 5.02 

km
2 

and 10.29 km
2
 respectively. It can clearly be seen that the Chailat 

quarries area in 2019 has more developed relative to 2001 about 425%, while 

from 2013 to  
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2019 the area of quarries increased by more than 200%. The main direction 

of Chailat quarry expansion is eastward. 

The visual explanation uncovered that the Chailat quarries expanded over 

number and size. But most of these quarries are managed by investors who 

are not professionals (mining or geologists), and only interest in the 

monetary (economic) side. So, the production plans of these quarries are 

manly random and unsystematic. This random arbitrary production causes a 

great deal of destruction in the quarry lands and significant waste in the area 

allocated to the quarries and cause nonsystematic exploitation.  

 

 
 

Figure 9 A comparison in the area of Chalait quarries for the years A-2001, B-2007, 

C-2013 and D-2019. 

 

4.5 Environmental Hazards of Quarry Production  
 

The quarry visual impact can extend over large areas as distinguished 

scars of high color contrast. Each quarry must be classified for the protection 

of the environment, and must be subject to assessments to evaluate their 

effects on the ground. Although the quarries are located in an ideal place 

where it is more  
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than 25 km away from the nearest residential area and about 6 km from 

agricultural areas, and does not use blasting and does not produce dust in its 

work, but one of the main environmental hazards that may associated with 

quarry operations is silt runoff and saline waters which result from the 

washing of materials in order to remove the salt and clay materials from 

these sediments. A material washing is an essential step to allow the product 

to use with binders (cement, bitumen, lime, etc.) and to meet the normative 

constraints and the needs of customers. This may have unforeseen effects on 

subsurface water and require treatment. 

It can be seen clearly that the area covered by quarries in the 2019 image 

has more expanded relative to that in 2001, 2007 and 2013. In addition, water 

bodies were also detected within quarries, fig. 11. Some of these water 

bodies are stored for use in the washing of the gravels, and sand, in order to 

remove the salt and clay materials, while others result from the accumulating 

of saline water after washing. The washing of these sediments supplies saline 

water to the soil of the area of washing, Figures. 10 and 11. 

 

 
 

Figure 10 Saline water lakes scattered in the Chailat quarries resulting from 

sediment washing 
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Figure 11The Washing Water of Sediments in Chailat Quarries To Remove Salt 

and Clay Materials 

 

5 Conclusion 
 

1) The composition of the gravels in Chailat quarries indicates that it is 

made up of a high percentage of carbonates (70.82%). This type of gravels 

has a high building material property. This composition is perfectly matched 

with the composition of the Iraqi Quality Standard for concrete gravels and 

makes it of good engineering specifications for use as building materials.   

2)The source rocks of Chailat gravel sediments represented the older 

formations from Tertiary (Late Miocene-Pliocene), represented by Bai 

Hassan, Mukdadiya, Injana Formations. 

3) It was observed through fieldwork of the study area as well as through 

Landsat satellite images that the direction of digging quarries in the area of 

Chailat is irregular and random and this led to significant waste in the area 

allocated to the quarries and cause nonsystematic exploitation. The present 

study proposed a controlled scheme of locating the exact position of each 

quarry. 

4) One of the important things that have been deduced and recommended 

by the current paper is the need to treat washing water used in the rinsing of 

sediments, as this water will be of high concentrations of salts and this result 

in increases in the salinity of the soil and contamination. 
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5) The current study recommends using satellite images in monitoring the 

work of the quarries, the method, and the direction of drilling. Satellite image 

monitoring provides a field of view to distributing quarries on a regular basis, 

which will lead to the best utilization of the lands in the region. The 

monitoring of quarry work by satellite images should be checked periodically 

for 2 or 4 years. 
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