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The current work aims to describe the physico-mechanical characteristics and
shielding efficiency with reference to the mineralogical and geochemical
compositions of the Neoproterozoic Um Had composite granitoid pluton in
order to deduce their favorability as dimension stones. The Um Had granitoid
pluton has an elliptical outline with a mean diameter of about 10 km. This pluton is
a composite (ranging from white to reddish pink color), hard, massive, and
medium- to coarse-grained granitoid body. It is classified as syenogranite
according to their modal and bulk chemical compositions. Geochemically, the
granitoid pluton is a highly calc-alkaline, peraluminous granite, formed by low
degree partial melting of tonalitic source rock in a post-collisional tectonic setting.
The physico-mechanical properties of the granitoid pluton under study satisfy the
requirements of dimension stone in terms of their bulk density (from 2561 to
2564 kg/m3), and to some extent water absorption capacity (from0.38% to 0.55%).
However, their compressive strength values (50.4–113.4 MPa) do not achieve the
minimum requirement for interior use and light duty exterior use. This study delves
into the potential of some of our syenogranite samples (I, IIA, IIS, and 10) as gamma
radiation shielding materials. We have assessed the mass attenuation coefficient
(GMAC), effective atomic number (Zeff), exposure build-up factor (EBF), and energy
absorption build-up factor (EABF) for each of these samples. The GMAC and Zeff

calculations were performed using the Phy-X online software, across a photon
energy range of 0.015–15 MeV. Our findings suggest an inverse relationship
between photon energy and GMAC, with the highest values observed for the (I)
granite sample (~18). This study shows the promising radiation shielding capacity
of our samples. The insights derived from GMAC, Zeff, EBF, and EABF can serve as a
guide for the development of effective, naturally sourced radiation shielding
materials.
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1 Introduction

Granitoid of variable sizes, shapes, chemical compositions, colors,
and ages are abundant in south Sinai and the northern (in particular),
central, and southern parts of the Egyptian Eastern Desert (e.g., Azer
et al., 2020; Abdel-Karim et al., 2021; Lasheen et al., 2022a; Saleh et al.,
2022a; Khaleal et al., 2023a; Khaleal et al., 2023b). They have grey, pink,
and white (leucogranites) colors and range from calc alkaline (syn-
collision) to alkaline (post-collision) as well as from metaluminous to
strongly peraluminous in composition (Gharib, 2012; Abuamarah et al.,
2022; Lasheen et al., 2022a). Notably, they are abundant, straddle about
sixty percent of the total crystalline rocks in Egypt, and have high
economic significance due to their high durability and aesthetic
appearance (Alzahrani et al., 2022; Lasheen et al., 2023). Their
distribution percent increases from the South to the North-Eastern
Desert of Egypt (Stern and Hedge, 1985).

Recent studies show that some of these granitoids are rare-metal
(Ta, Nb, Sn, Li, F, U, Th, and Zr), gemstone, and REE-bearing granitoid
rocks (Khaleal et al., 2023a) and others can be utilized in the
construction sector as decorative stones due to their high resistance
and strength (Rashwan et al., 2019; 2023b; Alzahrani et al., 2022).

Worldwide, Egypt occupies the seventh place in the production
of dimension stones (Mashaly et al., 2016), with a production
volume of about 5.25 Million tons with 4% global sharing
(Ericsson, 2019; Rashwan et al., 2023a). These rocks are widely
used as decorative stones worldwide for construction of paving,
flooring, cladding, and statues due to their great variety and high
resistance and strength (Fort et al., 2013; Alzahrani et al., 2022;
Rashwan et al., 2023a). Selected Igneous (granitoid of different types,
basalt, gabbro, and ultramafic), metamorphic (marble and
quartzite), and sedimentary (limestone) rocks represent the
dominant natural industrial materials used as decorative stones
in construction and building sectors (Gomes et al., 2020; Eroğlu
and Çalik, 2023). Granitoid is a versatile natural material with a wide
range of applications due to its excellent mechanical strength,
durability, and radiation-shielding properties. With an impressive
combination of high density, structural integrity, and low
permeability, it offers excellent radiation protection and is often
used in industries and facilities dealing with radioactive materials.

In the present work, we assess the ability of Um Had granitoid
pluton for its use in the construction sector as a decorative stone. We
reported new petrography and whole-rock chemical analyses (major
oxides and trace elements) as well as mechanical and physical
characteristics of Um Had granitoid. In addition, this study
focuses on the utilization of the Um Had granitoid pluton as a
radiation-shielding material. Granitoid, such as the one found in
Um Had, possess unique geochemical characteristics that make
them particularly suited to radiation-shielding applications.

2 Geologic setting

Egyptian Neoproterozoic rocks straddle the northern sector of
the Arabian Nubian Shield (ANS), which represents the northern

extension of the highly deformed Mozambique Belt. ANS makes up
the eastern limb of the U-shaped Pan African Orogenic belt, one of
the best examples of juvenile continental crust in the world (e.g.,
Lasheen et al., 2021; Khaleal et al., 2022a; Alharshan et al., 2022;
Lasheen et al., 2022b; Hamdy et al., 2022; Kamar et al., 2022; Sami
et al., 2023). The ANS encompasses both sides of the Red Sea: the
Nubian Shield (western sector) and the Arabian Shield (Eastern
sector) (e.g., Khaleal et al., 2022b; Saleh et al., 2022b; Sami et al.,
2023).

The Um Had area lies in the Central Eastern Desert of Egypt,
northwest to the intersection of Wadi Attala and Quseir—Qift
asphaltic road (Figure 1A). Based on field observations, the main
units exposed in the study area include gneiss, amphibolites,
serpentinites, metavolcanics, ophiolitic mélange (metasediments),
Hammamat metasedimentary rocks, Dokhan Volcanics, Attalla
Felsite, and younger granitoid rocks (Figure 1B). Hammamat
metasedimentary rocks (metaconglomerate, metagraywake, and
metasiltstone) cover the greatest part of the study area, which are
intruded by Attala felsite and the Um Had granitoid. The Um Had
granitoid has a circular outline with a mean diameter of about
10 km. This pluton is hard, massive, and with a medium- to coarse-
grained with buff, white to reddish pink in color (Figure 2A). It has
an elevation point about 595 m above sea level. The southern part of
the pluton has a sharp intrusive contact with Hammamat
metasedimentary rocks, whereas the eastern part of the pluton
lies against the Dokhan Volcanics. In addition, the Um Had
granitoid is intruded by variable felsic (pegmatite and quartz),
dikes, and veins. Some felsite and mafic xenoliths are recorded
within the Um Had granitoid in the central and the northern parts.
Some parts are intensively jointed in several trends, yielding small-
to large-scale block weathering and exfoliation features (Figure 2B).

3 Materials and methods

Twenty-one samples were collected from the composite Um
Had granitic pluton for our analyses. Twelve representative
samples were examined in thin sections for the identification of
preliminary mineral composition and textural relationships of
rocks under investigation by using a polarizing microscope.
The chemical (major oxides and trace elements) analyses of
twelve samples were done using XRF (X-Ray Fluorescence
technique) at the National Research Centre (NRC), Egypt.
The samples were prepared as a bead with a 1 gm sample/
10 gm flux ratio at 1150°C in an electroconductive furnace.
ASTM E-1621 and ASTM D-7348 represent the dominant
standard guides for analysis. The accuracy and precision of
our analyses were better than ± 5% for major oxides and ±10%
for trace elements.

The physical and mechanical characteristics of our studied
samples were tested on cubic specimens of each Um Had
granitoid sample (50 x 50 x 50 mm) (Figure 3). The water
absorption, dry and wet bulk density, and apparent porosity
were the main physical properties, which were measured
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following the international standard specifications (ASTM C97/
C97M, 2015; EN, 1936) based on Archimedes’ method (Mosch
and Siegesmund, 2007; Siegesmund and Snethlage, 2014;
Rashwan et al., 2022; 2020). The mechanical tests including
compressive strength with a rate of 0.5 MPa/s were also
measured following the international standard specification

(ASTM C170/C170M, 2015). The physical and mechanical
tests were performed at the Marble and Granite Testing
Laboratory (MGTL), National Research Centre, Egypt.

The examined samples were dried at 60°C until a constant mass
was reached. Then, the weight was recorded to the nearest 0.01 gm.
They were immersed in a tap water bath until complete saturation.

FIGURE 1
(A) Landsat image showing the location of Um Had area and (B) Geologic map of the area under investigation (Qaoud, 2014).
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The saturated samples were removed from the water bath, and the
saturated-surface dry (SSD) weight was recorded to the nearest
0.01 gm. After that they were suspended in water and their
suspended weight was then recorded to the nearest 0.01 gm. The
physical properties were estimated through the following:

Water absorption,% � 100 × (SSDweight − Dry weight)/Dry weight

(1)
Apparent porosity,% � 100 × (SSDweight − Dry weight)/

(SSDweight–Suspendedweight) (2)

Dry Bulkdensity, kg/m3 � 1000 × Dry weight/
(SSDweight–Suspendedweight) (3)

SSDBulk density, kg/m3 � 1000 × SSDweight/
(SSDweight–Suspendedweight) (4)

Acubic specimen of each sample (50 × 50× 50mm)was prepared for the
measurements ofmechanical properties (compressive strength) following
the requirements of the international standard test method (ASTM
C170/C170M, 2015). According to this method, the investigated
samples were completely dried at about 60°C. The loading area of the

FIGURE 2
Field photographs exhibiting: (A) Variations in color of UmHad composite granitoid, and (B) Several joints, block weathering, and exfoliation features
of Um Had granitoid. One of the authors is displayed for scale.

FIGURE 3
Cubic dimension of Um Had granitoid rocks for mechanical and physical tests.
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samples were then calculated to the nearest 0.1 mm2, after which the load
was applied at a rate of 0.5MPa/s using a compressive testing machine
(SOILTEST Model: CT-6200-8) with a maximum capacity of 3,000 kN,
until sample failure (Mashaly et al., 2018). The compressive strength was
then calculated according to the equation:

Compressive strength,MPa � Total load(N)/Loading area(mm2)

(5)
The mass attenuation coefficient (GMAC) measured the probability
of gamma ray or X-ray interaction per unit mass of a material and
was therefore essential in assessing a material’s potential for

radiation shielding. The shielding parameters were computed
using the platform Phy-X (Şakar et al., 2020).

4 Results and discussion

4.1 Petrographical investigation

On the basis of modal analysis, the examined Um Had
composite granitoid with different colors were classified as
syenogranites. They revealed a hypidiomorphic texture with

FIGURE 4
Photomicrographs exhibit: (A) Flamey orthoclase perthite (Pr) engulfing fine-grained plagioclase (Pl); (B) String orthoclase perthite enclosing
euhedral zircon (Zr) crystal; (C) Pristine microcline (Mc) crystal associated with foliated muscovite (Ms) flakes; (D) Twisted plagioclase that reveals
extensive saussurtization; (E) Partially chloritized biotite (Bt); and (F) Aggregated perfect carlsbad hornblende (Hb). Abbreviation of minerals after Whitney
and Evans (2010).
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TABLE 1 Bulk rock (major and trace elements) and normative minerals of the Um Had composite granitoid.

Oxides I-1 I-2 I-3 Av. IIA-1 IIA-2 IIA-3 Av. IIS-1 IIS-2 IIS-3 Av. 10-1 10-2 10-3 Av.

SiO2 72.72 72.61 72.24 72.52 73.46 73.61 73.75 73.61 73.83 73.68 73.88 73.80 71.58 71.68 71.94 71.73

TiO2 0.32 0.31 0.34 0.32 0.20 0.27 0.24 0.23 0.20 0.16 0.14 0.17 0.18 0.19 0.18 0.19

Al2O3 13.44 13.10 13.15 13.23 13.09 13.10 13.13 13.11 13.02 13.01 13.03 13.02 15.06 15.15 14.98 15.06

Cr2O3 - - - . 0.10 0.10 0.12 0.11 - - - . - - - .

Fe2O3 3.40 3.46 3.45 3.44 2.65 2.08 2.70 2.48 2.25 2.17 2.42 2.28 1.89 2.05 1.94 1.96

Na2O 3.42 3.56 3.56 3.51 3.59 3.53 3.21 3.44 4.10 3.99 3.89 3.99 4.30 4.20 3.95 4.15

K2O 3.67 3.86 3.91 3.81 4.32 4.75 4.82 4.63 3.83 3.75 3.77 3.78 4.38 4.21 4.08 4.22

CaO 1.33 1.40 1.49 1.41 0.88 1.05 0.93 0.95 0.95 1.04 1.01 1.00 0.99 1.06 0.98 1.01

MgO 0.41 0.46 0.51 0.46 0.21 0.22 0.23 0.22 0.22 0.22 0.24 0.23 0.51 0.52 0.56 0.53

MnO 0.06 0.05 0.08 0.06 0.07 0.10 0.10 0.09 0.06 0.07 0.08 0.07 0.08 0.09 0.11 0.09

P2O5 0.21 0.26 0.21 0.23 0.08 0.06 0.06 0.07 0.11 0.09 0.09 0.10 0.13 0.12 0.12 0.12

LOI 0.43 0.43 0.43 0.43 0.37 0.37 0.37 0.37 1.17 1.17 1.17 1.17 0.45 0.45 0.45 0.45

Total 99.41 99.50 99.37 99.43 99.01 99.23 99.66 99.30 99.73 99.35 99.72 99.60 99.55 99.72 99.28 99.52

Normative values

Q 35.92 34.20 33.22 34.45 34.08 32.50 34.47 33.69 33.28 33.83 34.57 33.89 27.30 28.45 30.79 28.84

C 1.93 1.14 0.86 1.31 1.10 0.38 1.09 0.86 0.67 0.71 0.93 0.77 1.76 2.04 2.58 2.13

Or 21.69 22.81 23.11 22.53 25.53 28.07 28.49 27.36 22.63 22.16 22.28 22.36 25.89 24.88 24.11 24.96

Ab 28.94 30.11 30.12 29.72 30.38 29.87 27.16 29.14 34.69 33.76 32.92 33.79 36.39 35.54 33.38 35.10

An 5.22 5.25 6.02 5.50 3.84 4.82 4.22 4.29 3.99 4.57 4.42 4.33 4.06 4.48 4.08 4.21

Hy 1.02 1.15 1.27 1.15 0.52 0.54 0.57 0.54 0.55 0.55 0.60 0.56 1.27 1.28 1.40 1.32

Il 0.14 0.11 0.16 0.14 0.16 0.21 0.21 0.19 0.12 0.14 0.17 0.14 0.16 0.19 0.24 0.20

Hm 3.40 3.46 3.45 3.44 2.65 2.08 2.70 2.48 2.25 2.17 2.42 2.28 1.89 2.05 1.94 1.96

Ru 0.25 0.25 0.26 0.25 0.11 0.16 0.13 0.13 0.13 0.09 0.05 0.09 0.10 0.09 0.05 0.08

Ap 0.50 0.61 0.50 0.54 0.19 0.14 0.14 0.16 0.26 0.21 0.21 0.23 0.31 0.28 0.28 0.29

Total 99.01 99.09 98.96 99.02 98.56 98.77 99.18 98.84 98.58 98.19 98.56 98.44 99.11 99.29 98.85 99.08

(Continued on following page)
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TABLE 1 (Continued) Bulk rock (major and trace elements) and normative minerals of the Um Had composite granitoid.

Oxides I-1 I-2 I-3 Av. IIA-1 IIA-2 IIA-3 Av. IIS-1 IIS-2 IIS-3 Av. 10-1 10-2 10-3 Av.

Trace elements

SC 2.90 2.70 2.99 2.86 4.50 4.60 4.33 4.48 7.50 7.34 7.56 7.47 3.90 3.86 4.07 3.94

V 8.60 8.40 8.75 8.58 1.90 1.78 1.89 1.86 2.70 2.68 2.79 2.72 7.30 7.27 7.35 7.31

Cr 24.80 24.43 24.86 24.70 36.60 36.21 36.71 36.51 9.10 9.08 9.37 9.18 2.80 2.75 2.81 2.79

Ni 2.80 2.71 2.83 2.78 0.50 0.42 0.41 0.44 1.30 1.08 1.36 1.25 3.80 3.81 3.79 3.80

Cu 4.70 4.60 4.81 4.70 4.00 3.74 3.98 3.91 4.80 4.76 4.81 4.79 3.90 3.95 3.89 3.91

Zn 64.30 64.22 64.43 64.32 50.20 50.11 49.43 49.91 61.60 61.46 61.58 61.55 80.70 80.69 79.88 80.42

Ga 18.90 18.88 18.99 18.92 18.90 18.83 19.00 18.91 22.20 22.04 22.29 22.18 20.90 20.85 20.32 20.69

Rb 52.10 52.33 52.43 52.29 68.40 68.22 68.27 68.30 84.00 83.89 83.68 83.86 130.00 130.72 129.57 130.10

Sr 177.50 177.69 177.11 177.43 80.60 80.32 80.71 80.54 93.20 93.13 93.27 93.20 165.60 165.47 165.37 165.48

Y 24.10 24.36 23.98 24.15 35.30 35.21 35.33 35.28 45.70 45.66 45.73 45.70 49.00 49.09 49.26 49.12

Zr 393.00 392.00 393.90 392.97 241.00 240.00 241.66 240.89 288.50 288.30 288.46 288.42 177.80 177.79 177.43 177.67

Nb 18.10 18.00 17.83 17.98 22.30 22.11 22.43 22.28 26.20 26.10 26.32 26.21 20.40 20.30 20.35 20.35

Cs 112.40 112.23 112.51 112.38 8.40 8.24 8.21 8.28 7.10 7.06 7.08 7.08 3.90 3.98 3.91 3.93

Ba 685.30 685.23 686.00 685.51 285.30 285.22 285.11 285.21 392.00 391.00 392.00 391.67 386.00 387.00 386.40 386.47

La 24.40 24.44 24.77 24.54 44.40 44.62 44.63 44.55 93.60 93.28 93.61 93.50 30.80 30.59 30.86 30.75

Ce 57.20 57.43 57.32 57.32 98.40 98.43 98.41 98.41 181.00 180.80 181.80 181.20 71.70 71.68 71.39 71.59

Nd 22.60 22.22 22.09 22.30 44.40 44.22 44.63 44.42 84.40 84.32 84.70 84.47 35.10 35.08 35.21 35.13

Pb 6.80 6.60 6.27 6.56 9.00 9.00 8.76 8.92 10.00 9.88 10.20 10.03 12.90 12.78 12.87 12.85

Th 7.10 7.00 6.80 6.97 12.90 12.46 12.85 12.74 15.30 15.22 15.51 15.34 17.50 17.49 17.43 17.47

U 0.40 0.32 0.29 0.34 1.30 1.10 1.32 1.24 0.40 0.37 0.33 0.37 1.40 1.36 1.42 1.39

R1 2677.40 2575.70 2537.94 2597.02 2536.43 2479.79 2571.47 2529.23 2504.48 2555.13 2593.51 2551.04 2164.57 2242.14 2383.49 2263.40

R2 426.28 429.58 442.68 432.85 361.02 379.93 368.47 369.81 367.96 377.39 375.52 373.62 426.64 436.15 426.49 429.76

Na2O/K2O 0.93 0.92 0.91 0.92 0.83 0.74 0.67 0.75 1.07 1.06 1.03 1.06 0.98 1.00 0.97 0.98

K2O/Na2O 1.07 1.09 1.10 1.09 1.20 1.35 1.50 1.35 0.93 0.94 0.97 0.95 1.02 1.00 1.03 1.02

Na2O+K2O 7.09 7.42 7.47 7.33 7.91 8.28 8.03 8.07 7.93 7.74 7.66 7.78 8.68 8.41 8.03 8.37

Agpaitic Index 0.71 0.77 0.77 0.75 0.81 0.84 0.80 0.81 0.84 0.82 0.80 0.82 0.79 0.76 0.73 0.76
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medium- to coarse-grained crystals. Quartz, K-feldspars,
plagioclase(An4-13), and muscovite were the dominant minerals
with minor biotite, hornblende, and muscovite. Kaolinite,
sericite, and epidote were the predominant secondary
minerals, while iron oxides and zircon represented the main
accessories. Quartz (22%-32%) occurred as anhedral crystals,
revealing wavy extinction and sometimes present as small
interstitial crystals. The dominant mineral was K-feldspar
(microcline and orthoclase perthite) at 35%-42%. Perthite
presented as flamey and string types (Figures 4A, B) with a
clear to dusty surface and subhedral to anhedral crystals
(Figure 4C). Occasionally, some fine-grained albitic plagioclase
were enclosed in microcline megacryst (Figure 4A). Locally, they
formed a micrographic texture due to intergrowths with quartz.
Albite of medium- to coarse-graine ranged from 8% to 20%. In
some samples, the albite exhibited a weak to strong
saussurtization effect (Figure 4D). Biotite occurred as the
main mafic mineral as fine flakes in the different granites. It
was partially altered to chlorite along its periphery (Figure 4E).
Minor hornblende occurred as fine-grained crystals with a clear

set of two cleavages at an angle of ~120° (Figure 4F). Zircon was
the main accessory mineral, which presented as very fine crystals
commonly enclosed in microcline (Figure 4B).

4.2 Bulk rock geochemistry

The examined samples collected from the Um Had granitoid
exhibit marginal variations in their chemical composition and
normative values (Table 1). They have SiO2 (71.58%–73.88%; av.
72.91%), Na2O+K2O (7.09–8.68; av. 7.88%), Al2O3 (13.01%–

15.15%; av. 13.6%), and Fe2O3 (1.89–3.46; av. 2.53%), and
minor concentrations (<1%) of TiO2, MnO, MgO, Cr2O3, and
P2O5. In addition, they possess K2O/Na2O > 1 (av. 1.1) in mean
reflecting potassic nature. The main normative values are quartz
(av. 32.72%), albite (av. 31.90%), and orthoclase (av. 24.31%).
The Um Had granitoid are classified using variable
discrimination diagrams. They are subalkaline in nature (after
Middlemost, 1994) (Figure 5A). In addition, the examined rocks
are classified as syenogranites based on their Ab, Or, and An

FIGURE 5
Bulk rock geochemistry of Um Had granitoid rocks: (A) SiO2 (wt.%) vs. Na2O+K2O (wt.%) diagram (Middlemost, 1994); (B) Ab-Or-An diagram
(Streckeisen, 1976); (C) Al/(Ca+Na+K) vs. Al/(Na+K) diagram (Shand, 1951); and (D) SiO2 (wt.%) vs. K2O (wt.%) diagram of (Rickwood, 1989).
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normative values (after Streckeisen, 1976), (Figure 5B). Notably,
these rocks have a peraluminous nature on the basis of their
A/CNK (av. 1.51) (after Maniar and Piccoli, 1989) (Figure 5C).
The studied rocks are high calc alkaline, with their agpaitic
index ranging from 0.71 to 0.84 (<0.87). This is indicated
by the SiO2-K2O binary diagram after Rickwood (1989)
(Figure 5D).

The studied granitoid samples match well with A-type
granitoid, as indicated by the Ga/Al versus Zr binary
diagram after Whalen et al. (1987) (Figure 6A). The
investigated granitoid rocks are of calc-alkaline in
composition and of late to post-collisional type (III field)
(Figure 6B) (after Hassan and Hashad, 1990). Um Had
granitoid source can be inferred by some geochemical
diagrams (after Laurent et al., 2014). They can by developed
by the low partial melting degree of crustal tonalitic rocks (after
Laurent et al., 2014), (Figure 6C). On the other hand, the
distribution of trace elements was normalized to primitive
mantle (after Sun and McDonough, 1989) of the studied Um
Had granitoid rocks, as shown in Figure 6D. It is obvious from

this pattern that the spider diagram shows positive anomalies of
Cs, Rb, and Pb, and pronounced Ba, Sr, and Ti negative
anomalies.

4.3 Physical and mechanical tests

Natural rocks used for decorative purposes in the interior
(indoor) and exterior (outdoor) should undergo some physical
and mechanical evaluations. The studied granitoid were tested
for water absorption, bulk density, apparent porosity, and
compressive strength. The main physico-mechanical
properties of the studied granitoid are given in
Supplementary Table S1 and illustrated in (Figures 7, 8 and
Figure 9). The water absorption results (Figure 7A) ranged from
0.38% to 0.55%. The minimum value was recorded in granite
(sample no. 10) with an average value of 0.41%, which
corresponded with their porosity (Figure 7B) with an average
value of 1.05%. On the other hand, the maximum water
absorption value was recorded in granite (sample no. I) with

FIGURE 6
Bulk rock geochemistry of Um Had granitoid rocks: (A) 104 Ga/Al- Zr (ppm) (Whalen et al., 1987); (B) Na2O-K2O-CaO (wt.%) (Hassan and Hashad,
1990), I = granodiotite and metagabbro, II = early subphase of younger granites, and III = late phase of younger granites; (C) Al2O3/(FeO+MgO)-3 CaO-
5 K2O/Na2O (wt.%) (Laurent et al., 2014), and (D) Spider diagram normalized to primitive mantle (Sun and McDonough, 1989).
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an average value of 0.54% that matches their average porosity
value (1.39%). These values indicate that the water absorption
increases with increasing apparent porosity, exhibiting a
significant positive correlation coefficient (r = 1), as shown
in (Figure 7C).

The dry and wet bulk densities of the granitoid rocks, as
illustrated in Figures 8A, B, revealed that the granite sample (no.
10) recorded the maximum dry bulk density with average values
of 2564.03 kg/m3 and the minimum apparent porosity. On the
other hand, the minimum bulk densities were achieved in the

FIGURE 7
Physical properties of Um Had granitoid rocks: (A) water absorption, (B) porosity, and (C) water absorption vs. porosity relationships.
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granitoid (no. I) with average values of 2561.45 kg/m3 with the
maximum apparent porosities. These results exhibit a
relationship between the bulk density and apparent porosity
(Figure 8C) with a significant negative correlation coefficient
(r = −0.74).

Regarding the compressive strength results of the studied
granites, there is a notable variation in the compressive strength
values as shown in Figure 9. This figure shows that the granitoid
rock sample of a minimum average normative quartz content
(28.84%) and maximum average normative albite content

FIGURE 8
Physical properties of Um Had granitoid rocks: (A) dry bulk density, (B) wet bulk density, and (C) bulk density vs. apparent porosity relationship.
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(35.1%) (Table 1) records high strength values ranging from
1098.95 kg/cm2 to 1207.18 kg/cm2 with an average value of
1156.76 kg/cm2. On the contrary, the lowest strength with an
average value of 514.42 kg/cm2 is recorded in the granitoid rock
sample of a lowest average normative albite content (29.13%) and
a highest average normative orthoclase content (27.36%)
(Table 1). As mentioned above, the variations in the physical
and mechanical strength may be attributed to the variations in
the mineralogical composition of the studied granitoid rock
samples as shown in Figures 10A–C. A negative variation in
water absorption values with the total normative feldspar content
(Figure 10A) with a correlation coefficient of r = −0.67 was
observed, while a positive variation with normative hematite
content (Figure 10B) with a correlation coefficient of r =
0.77 was also seen. Moreover, a positive variation in
compressive strength values with the normative albite content
(Figure 10C) with a correlation coefficient of r = 0.85 was also
observed.

Comparing the results of the physical and mechanical data
of the studied granites with the standard specification limits of
the granite dimension stones (ASTM C615), it is found that all
studied samples comply with the requirements of bulk density
of a minimum limit (2560 kg/m3). The determination of
density is an important parameter for evaluating the
compactness of rocks and consequently its hardness and
resistance to abrasion. Regarding the water absorption
results, the average value of the studied granitoid rock
samples is 0.48%, which is slightly higher than the
maximum specification limit (0.40%) and considered
insignificant in countries with arid conditions. Although the

compressive strength data of the studied granite does not
achieve the minimum requirement of the same specification
(131 MPa), making them suitable for exterior and heavy duty
uses such as paving and landscape, these rocks could be
acceptable for interior use and the light-duty purposes of
exterior use as facades and cladding.

4.4 Radiation shielding

This research showed that among the examined Um Had
granitoid, I, IIA, IIS, and 10, sample I exhibit the highest GMAC

values at 2.108 (at 15 keV), implying that this granite sample
may offer superior radiation-shielding capabilities (Madbouly
et al., 2022). However, it is important to consider that GMAC

decreases as the photon energy increases due to multiple types
of photon-matter interactions, including the photoelectric
effect, Compton scattering, and pair creation (Figure 11).
This implies that while sample I exhibits superior shielding
at lower photon energies, its performance may diminish with
higher energy gamma rays. Moreover, another significant
parameter in radiation shielding is the effective atomic
number (Zeff). This quantity gives insights into a material’s
capability to block incoming photons; a higher Zeff suggests
better shielding efficiency (sample I). For the examined
granitoid, Zeff reached its peak value at 15 MeV, with sample
(I) having the highest Zeff at 10.76 (Figure 12). This further
indicates that the Um Had granite pluton (sample I) can offer
better gamma radiation shielding than the other natural
samples. In this investigation, we utilized the Geometry

FIGURE 9
Mechanical properties (compressive strength) of UmHad granitoid.
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Progressive (G-P) approach to calculate these factors for the
granitic samples (I, IIA, IIS, and 10) (Singh and Badiger, 2014).
This method, elaborated upon in a previous publication,

enabled us to map out the correlation between the energy of
the incoming photons and the variation in the EBF and EABF
for these rock samples. The results (Figure 13; Supplementary

FIGURE 10
Relationship between physical properties of the Um Had granitoid and their mineralogical composition: (A) normative feldspar vs. water absorption
and apparent porosity; (B) normative hematite vs. water absorption, and (C) normative albite vs. compressive strength.
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Tables S2–S5) reveal an inverse relationship between the
penetration depth and the incident photon energy. As the
energy of the photons decreases, the depth-dependent
absorbance increases, reaching its maximum in the medium
energy range before starting to decline. This indicates that the
granite rock samples (I, IIA, IIS, and 10) may offer better
shielding for lower energy gamma rays but may lose
effectiveness for higher energy gamma rays due to the
decrease in depth-dependent absorbance.

5 Conclusion

The present article studied the physico-mechanical
characteristics and shielding efficiency of the Neoproterozoic
granitoid of Um Had Area, Central Eastern Desert, Egypt with
reference to their mineralogical and geochemical compositions. The
main findings of this study are as follows:

• The studied granitoid rocks are characterized by their
medium- to coarse-grained texture. They are classified as
syenogranite based on their modal analyses and bulk rock
chemistry.

• The main mineral composition of our studied granite samples
includes quartz (22%-32%), microcline and orthoclase (35%-
42%), and albite (8%-20%), in addition to minor amounts of
biotite and hornblende. The predominant secondary minerals

FIGURE 11
Depiction of the fluctuation in the mass attenuation coefficient
relative to photon energy for the Um Had granitoid.

FIGURE 12
A three-dimensional plot illustrating the relationship between the
effective atomic number (Zeff) and Fast neutron removal cross section
(1/cm) as a function of energy for the Um Had granitoid.

FIGURE 13
Illustration of the variation in: (A) exposure buildup factor (EBF)
and (B) energy absorption buildup factor (EBF) in relation to photon
energy in Um Had granitoid.
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are kaolinite, sericite and epidote while iron oxides and zircon
represent the main accessory minerals.

• The physical test data revealed that the water absorption and
bulk density are significantly influenced by the percentages of
apparent porosity. The water absorption ranges from 0.38% to
0.55% with an average value of 0.41%. The bulk density ranges
from 2559 to 2565 kg/m3 with an average value of 2562 kg/m3.
At the same time, a negative variation in water absorption
values is observed with the total normative feldspar content
with a correlation coefficient of r = −0.67, while a positive
variation with normative hematite content is observed with a
correlation coefficient of r = 0.77.

• The mechanical properties of the studied granitoid rocks show
that the compressive strength ranged from 509 to 1207 kg/cm2

with an average value of 880 kg/cm2. The results also exhibit a
positive variation in compressive strength values with the
normative albite content with a correlation coefficient
(r = 0.85).

• The studied granitoid rocks satisfy the bulk density
requirements of dimension stones and, to some extent,
water absorption. Although the compressive strength values
do not achieve the minimum requirements, they could be
acceptable for interior use and light-duty purposes for
exterior uses.

• This comprehensive analysis provides strong evidence of the
granitoid capabilities as a radiation-shielding material.
However, this study is but a small step forward in our
understanding and application of geological samples for
radiation protection.
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