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Abstract:

Mineral resources are important sources of income for
primary producing countries. This industry is important in
developing economic resources and diversifying income streams
so that countries do not rely solely on petroleum as their primary
source of income. As a result, the emergence of geomorphology
studies, with scientific results that have economic and technical
dimensions, can be relied upon when implementing development
and future plans. The objective of this study concluded the
economic dimensions and morphological aspects related to the
location of limestone in the Wadi Nisah area, southwest of
Riyadh. It is based on a range of modern scientific tools,
techniques, and geographic information systems (GIS) for
identifying and highlighting the presence of this rock type. The
study area has been chosen his to collect spatial and geological
information about the limestone in a database and locate limestone
that is economically feasible using GIS and remote sensing. The
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researchers concluded that the Wadi Nisah area is of high
economic feasibility, as it is within the Durma square and contains
mineral deposits of different concentrations in the rocks. The
study recommended directing the concerned authorities to the
importance of establishing a cement factory in Wadi Nisah in
order to supply the local and regional market with Portland cement
factory in Wadi Nisah and similar products. In addition, modern
geomorphological techniques are used to achieve the precision
required for data on which we can depend to take the decisions
and make assessments for establishing development projects to
support the national economy.

Egypfian Knowledge Bank
. 35,000 dlis

Keywords: Mineral resources, Limestone, Remote sensing, GIS,
Wadi Nisah, Riyadh, Saudi Arabia.
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1. Introduction

Dry valleys in the Arabian deserts, and especially in the
Kingdom of Saudi Arabia, represent a geomorphologic
phenomenon that still requires further studies and applied research
to enable the identification of geological and structural formations
in order to exploit the existing metals in the rocks.
Geomorphologic studies are amongst the most important modern
trends in the investigation of surface forms, as they play an
important role in all studies related to natural geography. They
represent important applied fields, and the feasibility of studies
based on the geomorphologic data of the earth surface and the
scientific results have economic and technical dimensions that can
be used in development plans. Such studies also help us
understand the evolution of the morphology of the rock, its
structural content and economic feasibility. Therefore, we better
understand each formation separately.

A mineral resource is one of the most important sources of
income for primary producing countries, and Saudi Arabia covers
a large area and has multiple geological environments containing
different mineral ores, which allows for the development of many
investment opportunities in the mining industry. The Ministry of
Industry and Mineral Resources has been given responsibility for
this industry in achieving the goals and strategies of development
plans that stress the diversification of production and the
development of all economic resources in order to diversify
sources of income and reduce the reliance on the production and
export of petroleum as a main source of income. The Ministry's
exploration and excavation work has located many mineral ore
sites that are of high economic importance, which represent an
important source of income diversification (Ministry of Industry
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and Mineral Resources, 2016). Satellites images play a vital role
in meeting the scientific needs of these studies, which require the
use of modern technology to conduct the scientific research
(Dawod, 2015).

The study area has been chosen to efficiently contribute to
the economic dimension and geomorphologic aspect of the
limestone sites in the Wadi Nisah to the southwest of Riyadh,
using a range of scientific tools and techniques necessary for
identifying and highlighting the location of this type of rock and
its feasibility. Landsat 8 has been chosen because it has Thermal
InfraRed Sensor (TIRS) sensors, and an operational land imager.
The importance of limestone in its natural form includes building
stone and decorations concrete casting, agricultural soil PH
neutralisation and the chimney purification of sulphur, as well as
its use as an absorbent for gases resulting from fuel combustion,
as an abrasive substance with a low level of hardness and to
control coal dust in the coal mines in order to avoid inflammation.
The economic value of limestone contains calcite the greater its
presence, the greater its value and number of uses (Wyszomirski
and Galos, 2007). This enables the efficient application of
Geographical Information Systems (GIS) technology and
providing the study results to help decision-makers. This study
aims to identify the best technical sites that are known to have
limestone suitable for industrial uses (such as cement, rocky
seashells, glass) and produce a relevant map. It tests the following
hypothesis: "is it possible to detect limestone of Wadi Nisah via
remote sensing and GIS?" Moreover, it estimates the economic
value and benefits of Wadi Nisah. Finally, it highlights the
importance of GIS in limestone detection.
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2. Study area

Wadi Nisah is located to the southwest of Riyadh between
longitudes 46 22' 5.366" and 46 58 ' 31.519" E and latitudes 24 13'
40.699" and 24 12'35.939" N. The Valley is bordered by multiple
valleys and mountains, from north by the Al-Awsat and Al-Laha
valleys, from south the Alia and Al-Teen valleys, and from west
Tuwaiq Mountains, as shown in figure 1. The study area is located
to the southeast of Riyadh on the Al-Arma plateau, near its
western edge, and occupies about 40.85 km? in the form of a
rectangle, with its longest axis extending in a northwest-southeast
direction. The topography of the area is generally flat except for
some low hills in the southern and northern part of the area, which
extend in a northeast-southwest direction. The region slopes
slightly and gradually in a northeast direction. The valley is
located on the Al-Kharj formation, above which is a formation of
the Tertiary period. The site contains full and sub-valleys as well
as rivers, and, as examples of the many valleys in this area, we can
mention the Tuwaiq’ main edge valley and the Nisah valley. Wadi
Nisah (Valley of Nisah) is one of the largest and most important
valleys in the city of Riyadh, due to its promising subsurface water
aquifer. It feeds a number of sub-valleys to the east and north
(Hussein et al., 2013). Thus, Wadi Nisah is a suitable place for
agricultural development due to its large capacity for rainwater
recharge. However, the structure and character of the valley is not
well known. The study area is located in Wadi Nisah, southwest
of Riyadh. The maximum elevation of Nisah valley is 1065 m,
situated in the southwest of the Tuwaig mountains, followed by
the west side with an elevation of 1011 m. The minimum elevation
is 530 m in the east in the direction of the Al-Kharj governorate
(Figure 2).
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Figure 1. Study area (After Riyadh Topographic Map 1:250,000).
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Wadi Nisah has a number of tributaries that descend from
the heights of Tuwaig, including Shu'ayb Kahil, Shu'ayb Kahla,
Shu'ayb Sadhan and Shu'ayb Al-Nuzim. According to the water
resource distribution in Saudi Arabia, the water of the Wadi Nisah
follows the Manjour and Dhurma rock layers (Figure 2). The
study area has a continental climate system where the difference
between short periods is high temperatures. The maximum
temperatures for June and August are 43.7°C, but rain is rare and
irregular. There may be heavy rainfall of short duration (Aboud et
al., 2013).
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Figure 2. Digital heights example of Nisah valley basin
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2.1. Geomorphology

The slope of the surface starts at a horizontal plane, and the
steeper the slope, the greater the intensity of water flow and
velocity. Geological and climatic processes play a vital role in the
process of slope emergence and the formation of rocks. The
composition of the rocks has a role in their susceptibility to
erosion. The most important characteristic is the impact on
hydrological processes, followed by erosion into the river and the
fluvial transfer of sediment. In addition to its effect on the rivers
and streams, and the density of the discharge, the slope generally
lessens towards the mouth of the river. Through the SRTM model
and ArcGIS software, a regression was extracted for the features
of the area. Figure 3 shows the Wadi Nisah basin surface slope.
The surface of the structure, divided into four gradient classes,
represents the slopes of the Wadi Nisah basin. First class includes
slopes of less than 25°, with a ratio of 70.44% of the total area of
the basin. The area of this class is 1369.92 km? (Table 1). This
class is concentrated in the valleys and nearby depressions,
representing a semi-flat surface. Second class ranged from 25° to
45°, and the percentage was 20.61% of the total area of the basin
with an area of 400.76 km?2. This category appeared differentiated
on the sides of the water basin. Third class ranged from 45° to 65°,
and the percentage was 8.30% of the total area of the basin with
an area of 161.49 km?. This class as has a medium slope. Forth
class was characterized by a slope of 65° and an area of 12.72 km?,
with a ratio of 0.65%. Concentrated in the northeast highlands of
the valley basin, it is an acute slope. This class represents the
upstream source area (Figure 3). The acute-slope areas form a
location for different erosion processes (Abul-Enein, 1995). In
these areas, the water flows through a narrow gully. Some of it is

19 AY ¥ alad ¥ anal) - AGSAh Aale Al - A8 o g St g A8 had) &gad) S pe Alaa



https://mkgc.journals.ekb.eg/
https://mkgc.journals.ekb.eg/
https://mkgc.journals.ekb.eg/

Journal homepage: https://mkgc.journals.ekb.eq/ i Eobon Knoviedge Bk
ISSN: 2357-0091 (Print) 2735-5284 (Online) Yol 8,20l cliy

full of large stones, and the coarse bed and narrow stream result
in a strong withdrawal strength and movement of obstacles in all
directions. However, as the river advances towards the mouth, the
materials on the riverbed become smaller, and the resistance of the
flow is less due to the increasing stream width. It receives a great
deal of drainage, as in the mainstream of the Wadi Nisah, where
deep slopes decrease the amount of material resulting from
erosion and similar factors, with their flow from the highest point
of the slope to the lowest.
Table 1. Wadi Nisah basin slope ratio

Slope class (%) Area (km?) Percentage (%)
Less than 25 1,369.92 70.44

25-45 400.76 20.61

45-65 161.49 8.303

Over 65 12.72 0.654

Total 1,944.89 100

In brief, the slope is related to the river behaviour, where the
material of crushed rocks is transferred to the plain-surface bottom
slopes, which are considered as areas to gather different sediments
(previous reference). From the study, it is clear that the limestone
ore is concentrated in this area where it is utilised economically
from the second-class slopes ranging from 25° to 45° with an area
0f 400.76 km? and representing 20% of the valley area. It has high
economic value without the additional cost of extraction. These
valleys cross-cut steep beds between hard and brittle Mesozoic
and Cenozoic clastic, carbonate, and evaporitic rocks (Daoudi et
al., 2021).
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Figure 3. Nisah valley basin slope map (in degrees)

2.2. Lithology:

The properties of the rock formations and their geological
construction have been affected by many natural characteristics,
such as floods, porosity ratio and cohesion. This results in
different concentrations and types of mineral deposit. The
following is a description of the stratigraphical sequence that
forms the area and influences the geological structures (Figure 4):
— A limestone with cream-coloured cavities and very fine
crystalline structures, which can be classified as a type of
claystone consisting of less than 10% carbonate granules and
more than 90% clay (sediments of carbonate in a volume of clay)
(Dunham, 1962). It forms the supporting part of the rock with a
thickness of 1-5 m, and the cavities characterising this part of the
rock are generally filled with carbonate deposits with calcite
crystals and clay deposits with iron oxides.
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— Limestone of a creamy colour is lumpy, nodal, sometimes
chalky and consisting of soft organic crumbs, which can be
classified (Dunham, 1962) as a granular stone, as it does not
contain clay and the granules form the primary supporting factor
of the rock. The thickness of this section is 5—15 mm medium-
sized crystalline dolomite limestone, classified by Dunham (1962)
as a crystalline limestone since its structure is supported by
crystals without granules or clay with thickness ranges of 0.5-3
mm.

— A thin layer of calcareous clay sandstone with a pale-olive to
grey colour, with thickness ranges from 0.10 to 0.30 mm has some
changes in the proportions of the metal composition and the size
of the granules, but it is almost continuous in most of the area and
Is considered as the separating surface between the Al-Arma and
Al-Wase formations.

— An olive-green clay and yellow to red stone containing the
remains of plant and fish fossils, and the claystone reveals soft
sand at increased depth. Its thickness is from 10 to 12 m.

— Afine sandstone, calcareous white limestone and yellow coarse
sandstone with low consistency and cross matching. The thickness
of the sandstone at the maximum drilling depth is about 25 m.

— A set of regular and unlimited fissures dividing the study area
in the northeast and the southeast. Readers can refer to the
appendix to see the geological formations from the oldest to the
most recent and the thickness of each formation, as well as the
type of rock that forms them (Vaslet et al., 1991).
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Figure 4. Study Area geological map, (After Al-Ghamdi, 2007)

2.3. Biogeography:

2.3.1. Vegetation:

The vegetation in this area is considered to be poor, and the
plant environment in Saudi Arabia has been covered by a
significant amount of research and contributions by a number of
different researchers interested in botany. To establish the ratio of
vegetation in the basin and its area, they used Landsat 8 OLI and
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its imaging mechanism. An analysis was conducted using ArcGIS
10 software. This software has eight domains, of which the fourth
and fifth domains have been used for this purpose. This is in
addition to applying the normalized difference vegetation index
(NDVI) equation, which is the index that identifies the difference
in vegetation. Map 2.3 was obtained to show the vegetation in the
Wadi Nisah basin area. This index is one of the most useful
methods for plant control. It is a technique based on the
relationship between nearby infrared (NIR) and visible red rays
(R). This relationship is due to the high reflectivity of the plants
(NIR) and the low reflectivity in the red range (R) (Shalaby,
2006).

Shalaby (2006) noted that a study of the adjusted vegetation
index gives the same results as the application if it is done in one
of the known programmes, such as ERDAS and ArcGIS (7).
Therefore, the study software used for the Wadi Nisah basin was
ArcGIS 10. The NDVI index is useful for describing the spatial
distribution of crops through the chlorophyll in the leaves of the
plants, which absorbs visible light. It absorbs it less in the areas
with low refraction or where there is little vegetation; hence the
absorption amount depends on the spectral fingerprint of each
colour. Each colour has a spectral fingerprint, the refraction of
which can be captured by the space sensor, which is shown in
different colours with different degrees.

Green colours absorb visible light (R) and reflect about 20%
or less in the range of 7.0—5.0 microns (green to red), while semi-
infrared radiation reflects about 60% in the range of -1.0-0.7
microns (semi-infrared). These spectral reflections represent
ratios for the rays reflected in each spectral range individually and,
in turn, concentrate on the value between zero and 1. This means
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the NDVI indicator is between the values -1 and 1. The

programmes calculate the vegetation index as per the following
(NIR)-(R)
(NIR)+(R)

mathematical formula: Then:  NDVI =

In turn, if the equation reflects a positive NDVI indicator,
this indicates the existence of vegetation, while a negative value
reflects the lack of vegetation. When processing the NDVI data
results using the Spatial Analyst Tool, the Raster Calculator and
Map Algebra have been used. Each category was separated into
categories of cultivated areas and uncultivated, and the areas of
each place were calculated in relation to the total area of the basin.
The total cultivated area, according to the NDVI index, located
between -0.4 and -0 in the Wadi Nisah basin was 7.1 km?, and
forms 0.37% of the total. The total area of the basin is
concentrated in the eastern depressions of the basin, and in the
western depressions. In contrast, the barren spaces that were
between -0.24 and -0 constitute a total area of 1,937.66 km?
occupy 99.63% of the basin total area. This illustrates that the
basin is an area of poor vegetation resulting from the scarcity of
rain, in addition to the high temperatures mentioned previously.
However, it benefits, relatively speaking, from the underground
water reservoir, which is clearly shown in the indications of
vegetation in the Wadi Nisah basin, where the cultivated sites are
5.6 km? from the mouth and form the total cultivated area in the
basin (Figure 5).
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Figure 5. Vegetation indicator of Nisah Valley

2.3.2. Soil of Wadi Nisah

Soil is one of the main factors in agricultural production, into
which a plant extends its roots to find the necessary nutritional
resources. Soil is the fragmented part of the land; it covers the
surface and includes plant and animal residues. It is also
influenced by climatic phenomena. Soil is also where the major
chemical changes take place as a result of the water running
through it, resulting in the dissolution of metals, which are part of
the soil (Nduwumuremyi, 2013). Therefore, the soil implicitly
contains organic materials and the necessary elements for plant
nutrition. Each soil type has its own texture. The grains forming
the soil can be either coarse or soft. Soil is divided into two types,
local and transferable.

The research discusses the geochemical equations that
interpret how the water affects the soil and the dissolution of the
main metals by hydrolysis. To realise this objective, thirty
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samples of soil have been analysed using field methods, from
different sites along the Al-Shoeb stream bank from west to east.
The analysis results indicate that the ratio of sand in the samples
differ from 78% to 96%, whereas the silt ratio differs from 1% to
12% and the mud ratio from 2% to 10% from the total granular
composition of the samples under study. The laboratory
investigations indicate that the size of the sand grains in different
samples differs between 0.5 to 0.63 mm and the results confirm
that about 66.7% of the samples analysed are formed of sand at a
ratio of more than 90%. The rest is represented by samples in
which the sand ratio ranges between 78% and 88% of the total
granular composition of the samples under study.

From such results, it is noticeable that the Al-Shoeb soil is
generally the same, characterised by its sandy texture in which the
silt and mud are reduced. Therefore, using this type of soil
requires a mix of sand and a large quantity of silt and mud to be
suitable for agricultural production (loamy soil). The process of
mixing requires specialised technical efforts and funding. Yet, the
costs of agricultural production are high and the characteristics of
this soil would not hinder agricultural production in the area.
Nisah soil is currently suitable for cultivating several types of
vegetable and plants, such as corn, that tolerate a medium level of
salinity and alkalinity, which characterises the Al-Shoeb soil.
However, it lacks organic matter. To use such soil in agriculture,
it needs chemical and organic fertilisers. One of the local practices
in this area is using green fertiliser, such as clover, which is
cultivated after ploughing and planted a second time before
flowering. This type of agricultural practice leads to a high level
of soil fertilisation with a high organic matter content, which gives
it the ability to retain a great deal of water. Nisah soil experiences
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many chemical changes as a result of the presence of many farms
and the large amount of water. As a result, many elements in the
Al-Shoeb soil are dissolved by the water and leached out through
the soil that has a high sand content, moving the elements to the
lower sand layers far from the crops’ roots. This process is called
the leaching process, which means that the soil elements are
dissolved in the water until they reach the soil section that is called
(b). Thus, it is necessary to link the soil study in Al-Shoeb with
the study of water chemical characteristics. It is also necessary to
link the study of the soil with how soil metals and elements
dissolve in the water. It is noticeable that sodium leads to the
deflocculation of silt and mud particles that form part of the Al-
Shoeb soil, and, as a result of the composition, it is not suitable
for agriculture. The research, in addition, indicates that sodium
probably affects the silt and mud in Al-Shoeb. This probability is
weak because the ratio of silt is less than that expected in the soil
composition. The results indicate that bicarbonate generally
increases compared to calcium and magnesium. Therefore, water
is said to include bicarbonate residue.

3. Material and methods:

3.1. Creation of a database and information processing

The processes of decision-making, collecting geological and
spatial information on limestone in a database accessible to all is
very important. A geological map of the rocks in the peninsula is
created based on information from geological reports and
scientific studies. Furthermore, limestone properties are identified
according to size, degree and spatial distribution. Rather than
viewing this guidance as final product containing basic
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information on limestone, it should be considered a basic guidance
for users in need of spatial and geological data, saved and
upgraded to improve information in relation to related issues, as
per the research objectives. To search for the site in the old maps,
it is necessary to depend on the old topographic and geographical
maps, so that the area of study may be determined on the map and
the location to be studied using the map key and the colour and
symbol indicators. Hafirat Nisah area located within Dhurma is
chosen; Figure 7 map GMI101C- and Figure 6, showing
Lithostratigraphic column of Paleozoic and Mesozoic of Nisah
valley, considering Dhurma’s geology in the Jurassic period. The
average limestone in this area is suitable for economic use, so it
can be transferred directly to the crusher.

Jdm middle Dhrum

MIDDLE JURASSIC

Aamestone : Pebbly
Oolitic
Bioclastic

Lumachelle

Jolomite
Calcareous claystonc
Dolomitic claystone
== Clayey limestone
_ Reel limestone

~ Stromatolitic limeston

Figure 6. Lithostratigraphic column of Paleozoic and
Mesozoic of Nisah valley
(After Saudi Geological Survey, GM-101, 2007)
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[ Upper Dhruma—White limestone, green fossiliferous clay, biocl

Jdu ] clayey li (Hisyan Member); bioclastic and coral limestone, nodular fossiliferous
li (*‘Atash Member)

Middle Dhruma—Clayey limestone, oolitic calcarenite, khaki claystone, bioclastic limestone
Jdm with hardground, shelly limestone, limestone with large ooliths: intraclastic and bioclastic
calcirudite; coarse-grained fossiliferous oolitic li with mud pebbles at the base

=a] Lower Dhruma—Massive fine-grained limestone with styloitic joints and burrows, khaki claystone
with nodular limestone, and green claystone; bioclastic limestone, green claystone; beige
and sparry dolomite, st litic gl itic claystone with oolites.
a — Dhibi limestone member

MIDDLE JURASSIC

Figure 7. Dhurma formation (GM — 101C)

3.2. Data digitized (Limestone, Roads, Urban area)

The GIS programme; ArcGIS, added images taken from old
maps and applied the WGS1984 geographical system (Figures 8
and 9). A geographic information system (GIS) is a system that
creates, manages, analyzes, and maps all types of data. GIS
connects data to a map, integrating location data with all types of
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descriptive information. This provides a foundation for mapping
and analysis that is used in science and almost every industry. GIS
helps users understand patterns, relationships, and geographic
context. The benefits include improved communication and
efficiency as well as better management and decision making
(Pro.ArcgGIS.com, 2021).

Also added are images taken through the programme, then a
database containing the regions that looked promising in terms of
limestone, in which the dolomite and carbonate ratios are high,
and the extraction of which would be cost-effective. The location
of the limestone in the Wadi Nisah basin was determined. It covers
383.5 km, equal to 20% of the total area of the basin. Such areas
are represented by the places of highest elevation in the middle
and west of the basin. The limestone is concentrated in these areas
because the depressed lands are suitable for agriculture and
irrigation and, generally, have less rock (Figure 10).

PANES
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)

Map Legend

Cities
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Figure 8. Old geological maps through ArcGIS
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formations of Wadi Nisah
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Figure 10. Limestone rocks within Nisah basin, produced by
ArcGIS

Multispectral imagery is a powerful tool for distinguishing

different types of materials and features in the landscape. Natural
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and man-made materials often have unique spectral signatures that
can be used to identify them quantitatively. Spectral profile charts
allow us to select areas of interest or ground features on the image
and review the spectral information of all bands in a chart format.
A spectral profile consists of geometry to define the pixel
selection and an image with key metadata from which to sample.
These selections determine what data is processed and displayed
in the spectral profile chart and how the data is visualized. When
the spectral profile is defined using a collection of pixels, the
default visualization is a line chart (Pro.ArcGlIS, 2019).

1. X-axis: The x-axis displays the bands and wavelengths of
the electromagnetic spectrum for each band. When plotting
Boxes, Boxes and Mean Lines, and Consolidated Mean
Lines, the x-axis is determined by the number of bands in
the image, not the wavelength.

2. Y-axis: The y-axis is used to measure pixel or ground
feature values composed of statistical measurements for
minimum, first quartile, median, third quartile, and
maximum values. Default minimum and maximum y-axis
bounds are based on the range of data values represented
on the axis (Figure 11).

To extract value of Reflective band DN’s can be converted
to TOA reflectance using the rescaling coefficients in the MTL
file:

pA'=MpQcal+Ap

where:
pA' = TOA planetary reflectance, without correction for solar
angle. Note that pA' does not contain a correction for the sun
angle.
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Mp=Band-specific multiplicative rescaling factor from the
metadata (Reflectance_Mult Band x, where x is the band
number) and it's equal (Reflectance Mult Band x = 2.0000E-05
=0.00002)
Ap =Band-specific additive rescaling factor from the metadata
(Reflectance_Add_Band_x, where x is the band number) and it's
equal (Reflectance_Add_Band_x =-0.100000)
Qcal = Quantized and calibrated standard product pixel values
(DN) which samples are taken.

To calculate TOA reflectance with a correction for the sun
angle is:

pA=pA'/sin(OSE)

where:

pA= TOA planetary reflectance

OSE = Local sun elevation angle. The scene centre sun
elevation angle in degrees is provided in the metadata
(Sun_Elevation) and its Equal (Sun_Elevation = 67.14093359).

Figure 11 shows the spectral reflection, extracted by

software ArcGIS. The physical properties of the investigated
limestone rocks, such as bulk density and effective porosity, were
determined using the techniques. Reflectance values of limestones
in samples (5 and 6) are lower than other values reported for
limestone rocks. This means containing less limestone and more
other element like sand and gravels.
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Figure 11. Spectral values of the Limestone rocks samples,
produced by ArcGIS

3.3. Satellite imagery processing:

The suitable locations are sought using satellite images, relying
on satellite and Spot Moon photos from both 2000 and 2016. This
shows the environmental changes that have emerged during this
period, and processed the satellite images using ERDAS software
to convert it to Raster, utilising metadata (Figure 12).
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Figure 12. Wadi Nisah's Digital image of the geological map
(type: TIFF), produced by ArcGIS
3.4. Multi-source data fusion

The field work in valley was an important part of data
sources. Creating a database using ArcGIS requires the
identification of suitable sites and visits to explore the region.
Following the process of identification, the study area, where a
high percentage of dolomite and calcium carbonate was found,
was visited and samples analysed in order to find the best sites that
would afford the least time and cost in terms of the process of
limestone extraction. Several images displaying sections of the
limestone rocks in the Wadi Nisah study area have been taken
(Figure 13 A, B, C). The sediments of a rocky cover formed by
Dharma (Tuwaig Mountains), and Dhurma layers appear clear:
the upper, middle and lower. Each has its own geo-tectonic nature.
It is a thick, complex limestone with thin layers of friable rock at
the bottom. The Dhurma Formation is mainly composed of a thick
carbonate sequence with a thin bedded clastic sequence in the
basal part. These units are developed on a homocline carbonate
ramp system. Porosity and permeability results showed that the
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highest values and the most likely high-quality reservoir is the
burrowed wackestone in which the dolomite calcitization
(dedolomitization) process generally occurs. Micritization,
dolomitization, and cementation processes in mudstone and
peloidal skeletal wackestone reduce porosity and permeability
values (Aviandy et al., 2018).

Upper Dhurma

Middle Dhurma

Figure 13. Apart from the limestone rock in Nisah valley.
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4. Results and discussion:
4.1. Nature and occurrence:

Limestone is a sedimentary rock composed mainly of
calcium carbonate (CaCOs), usually in the form of calcite or
aragonite. It may contain considerable amounts of magnesium
carbonate (dolomite CaMg[CO3],) (Lewicka et al., 2020) the
most common of which is silica. With increasing amounts of
dolomite, limestone grades into dolomitic limestone and
calcareous dolomite, and with increasing impurities into
calcareous sedimentary rocks, such as marl. Marble is limestone
which has been recrystallised through metamorphism. In many
applications, marble and limestone are interchangeable (Resource
Sand Geoscience, 2006). Minor constituents commonly present
include clay, iron carbonate, feldspar, pyrite, silica, and quartz. A
peculiar variety of limestone rock, owing both to its genesis as
well as properties and uses, is chalk (Lewicka et al., 2020).

Limestone is a vital resource for the construction industry
and can be divided into three main groups depending on the
environment and method of sedimentation: organic, chemical and
detrital. It is a sedimentary rock formed by the chemical
deposition of calcite with other carbonate minerals (dolomite,
siderite). Limestone reservoirs were searched for using satellite
Shuttle Radar Topography Mission (SRTM) and digital Landsat 8
over 20% of the basin area. To collect spatial and geological data,
several steps were implemented as follows: search for the site in
the old maps, search for the site using satellite images, use of
ERDAS software to convert the images to Raster using metadata,
use of GIS software and finally use of the ArcGIS programme to
add images taken from the old maps introducing them to the
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WGS1984 geographical system. Then we created a database
containing promising areas for limestone ore, which contain high
dolomite and carbonate ratio. Also, the extraction does not cost
time and effort. The database was created using ArcGIS, so that it
would be easy to identify appropriate locations and visit the area.

4.2. Processing the limestone area:

Firstly, the Nisah Valley is located in the Dhurma formation,
which contains mineral deposits of different concentrations in the
rocks. The Al-Arma plateau (Al ‘Urumah near its western edge,
occupies about 40.85 km? in the shape of a rectangle). Its longest
axis extends in a northwest-southeast direction and the area dips
slightly and gradually towards the northeast. Secondary Wadi
Nisah water follows the layers of Al-Munjoor and continental
Dhurma, with bases of quartz sand, which is characterised by a
strong fragmentation and a rough to acutely rough texture, over
which there are thin layers of limestone, clay, gypsum and various
blocks. In turn, the salinity increases with the increase in the
downwards dip. Thirdly, the study area is located in a dry, tropical
climate and, because it is far from any large water bodies, rain is
scarce and irregular, but there may be heavy rainfall of short
duration. The maximum evaporation rate i