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Abstract 
 
On the eastern side of the Gulf of Suez, at Gebel Abu Hasswa, fifty one (51) samples were 
obtained from different lithofacies of Nubia sandstone units. Acoustic velocity, porosity and 
permeability have been integrated and confirmed with petrographical investigation. In 
addition to porosity and permeability analysis, the acoustic wave velocities of dry and wet 
clastic rock samples are measured to evaluate the influence of diagenesis on reservoir 
characteristics, which affects the acoustic characteristics of the studied sandstone rocks. 
Petrographical study determined that all the study samples are mainly quartz arenite facies. 
The diageneses processes, such as compaction, recrystallization, and cementation, 
increased compressional and shear wave velocities while decreasing reservoir quality. 
The X-Ray Diffraction (XRD) analysis showed that the main mineral that formed samples is 
quartz mineral, while the minor minerals are calcite, hematite, and kaolinite. From thin 
sections and XRD results concluded that the samples had been suffered from dissolution 
process that caused the oversized porosity, in addition to, cementation process with 
multiple types of cements like silica overgrowth, ferruginous, and calcareous. Depending 
on the acoustic wave velocities of dry rock samples, the estimated empirical equations can 
be utilized to predict both the wave velocities (Compressional - Shear wave velocities) of 
wet rock samples. 

 

Introduction  

Nubia sandstone is of special interest for several 
reasons: (1) the Pharaonic stone monuments in the 
Upper Egypt were carved from this rock, (2) the 
Nubian sandstones is considered as the main reservoir 
of several oil fields in Egypt especially in Gulf of Suez 
region, (3) the Nubian sandstones also represent the 
main water aquifer in Egypt especially in western 
desert, (4) in many localities especially in Sinai the 
Nubia sandstone intercalated with kaolinite deposits 
which are of potential economic importance, (5) the 
Nubian sandstones are the main source of glass sand 
in Egypt, and (6) the Nubian Sandstone is a variety of 
sedimentary rock; it consists of continental sandstone 
with thin beds of marine limestone, and marls which 
reflects various environmental conditions [1].The 
huge hydrocarbon production capacity of the Nubian 
sandstone reservoirs in the Gulf of Suez basin is widely 
known.  They are a sequence of Cambrian - Lower 
Cretaceous sandstones and shale that overlie the 
majority of Gulf of Suez area according to [2, 3]. 

The Middle Jurassic rocks in Khashm El-Galala, 
western side of Gulf of Suez have been investigated by 

[4] resulted five microfacies, while acoustic 
measurements were performed on Middle Jurassic 
rock samples at Ras El-Abd in both dry and wet 
conditions and were combined with standard 
petrophysical parameters to characterize reservoirs 
[5].  

In the presence of ambient conditions, all of the 
characteristics (Acoustic velocity, porosity and 
permeability) were determined [6], the acoustic 
velocities in rocks were governed by a variety of 
factors including grain density, cementation, porosity, 
and fluid pressure in pores.  The global Jurassic sea-
level oscillations were explored by [7], who stated 
that there was a sea-level drop at the base of the 
Bajocian and a widespread rise in the Bathonian. 

[8] concluded that, the velocity values increase as 
depth and pressure increase, while dropping as 
temperature related to pressure increases. Clay 
content and distribution are important factors in 
lowering velocities, the clay of pore filling type is 
considered the most effective type of clay on velocity 
[9]. [10], concluded that the Nubia samples from 
Gebel Abu Hasswa are divided into five hydraulic flow 
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units (HFUs) of various types of rock, with only three 
electrical -flow units (EFUs). The variation between 
them could be related to the iron oxide cementations 
which reduce permeability without a significant 
reduction in porosity. 

In saturated porous rock, the compressional wave 
velocity is often higher than in dry rock with the 
exception of materials with poor bulk compressibility 
and very limited pore volume [11]. The current study's 
goal is to integrate perographical investigations, XRD 
analysis, the reservoir properties and acoustic wave 
velocities of clastic samples (Nubia sandstone) at 
Gebel Abu Hasswa section to investigate reservoir 
properties.  

The studied samples were collected from outcrops at 
Gebel Abu Hasswa on the eastern side of the Gulf of 
Suez to represent various lithofacies of the Nubia 
sandstone sequence. As shown in Figure 1, the study 
area is located between Lat. 28° 20' to 28° 40' N and 
Long. 33° 10' to 33° 30' E. 

Geologic Setting 

[12, 13] were the first to study Paleozoic rocks in 

Egypt, Carboniferous sediments were discovered in 

Sinai and the Eastern Desert. More information about 

Cambrian sequences in Sinai was provided by [14, 15]. 

Outcrops from the Devonian period was first shown 

on the western edge of Gulf Kebir Plateau in south 

region of Western Desert was reported by [16]. [17] 

sectioned the Paleozoic Nubia sandstone into the 

following formations: Araba (Early Cambrian), Naqus 

(Cambrian), Abu Durba (Lower Carboniferous), 

Aheimer (Pennsylvanian) and Qiseib (Permo-Triassic) 

formations. Many stratigraphic sections were 

measured and many Paleozoic rock units were 

recognized by [18, 19, 20, 21, 22] Figure (1).  

Paleozoic sequence (Cambrian - Permian) with a 

thickness of several thousand meters have been 

discovered in the subsurface of the North Western 

Desert [23, 24, 25, 26, 27, 28]. The Nubia sandstone 

was classified into 3 sections by [29]. The lithology of 

Nubia C changes from fine-coarse, conglomerate, soft, 

and  kaolinitic whitish-brown sandstones, the middle 

Part Nubia B is composed of marine shales, gray - 

green, silty with sandstones thin interbeds , fine -

medium grain size with  Permo-Carboniferous trace 

fossils. 

The upper part of Nubia A is composed of fine/coarse 

fluviatile sandstone, conglomerate, and massive 

sandstone and sometimes cross-bedding, indicating a 

south-to-north transport direction, intercalated with 

fossil- soils formed of mud stones, varicolored, and 

stratified with root structures. [30] studies the 

primary structures and the lithofacies of the Nubia 

Sandstone of Gebel Qabaliat and Gebel Abu Hasswa in 

south- Sinai. The Lower-Paleozoic rocks of Sinai and 

Gabal El Zeit, were compared by [1] (Figure 1) and 

they concluded that the paleo relief of underlying 

basement surface controls the model of deposition 

during Cambro-Ordovician Araba Formation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials and methods 

Fifty one (51) rock samples were taken from the 

Nubia sandstone for this study (Table 1). The following 

methods were undertaken, to carry out the present 

work: sampling and description of different rock units 

in sections; using the polarized microscope to detect 

the mineralogy, diagenesses, as well as its impact on 

storage capacity of the studied rocks; X-ray diffraction 

(XRD) of some samples to determine its mineral 

composition ; laboratory measurements of rock 

porosity, permeability and densities as well as the 

laboratory measurements of ultrasonic wave 

velocities (Vp and Vs) and calculating the relevant 

elastic parameters like young’s modulus, bulk 

modulus, and rigidity. Each cylindrical sample 

measured at ambient conditions as dry and wet rocks, 

which then leads to calculations of the dynamic elastic 

characteristics of different samples. For the P-Wave 

the available transducers frequencies were 500 KHz 

and 100 KHz for S-Wave. 

 

Figure 1: The Location map of study area; map showing the Lower 
Paleozoic rocks exposed in Egypt (modified after [22]. 

Study 
area 



Journal of Petroleum and Mining Engineering 24(2)2022                                                                                                          DOI: 10.21608/jpme.2023.186245.1150 
 

Page|70 

       Porosity (Ø) 

According to [30], Ø (porosity) was determined by 

a helium- porosimeter, is equal to vpore (pore spaces 

volume) divided by Vb (sample's bulk volume):  

 
                 𝑣𝑝𝑜𝑟𝑒  =  𝑉𝑏 − 𝑉𝑔     (1) 

                        ∅ =
𝑣𝑝𝑜𝑟𝑒

𝑉𝑏
    (2) 

       Permeability (K) 

Porous materials capacity to transfer fluids is 

defined as permeability (K) in mD. Many factors 

influence rock permeability (the geometry of rock 

pores, cementing materials, texture, and grain size). 

Darcy's equations were used to determine 

permeability:  

 

𝐾 = 𝜇 ∗
𝑢

∆𝑃
, (3) 

μ is viscosity of air by centipoises, u is the fluid flow 

rate (cm3 /sec), and   ΔP is the pressure difference 

between inlet and outlet. The mass per unit volume in 

its normal case is defined rock bulk density as 

expressed by the following equation:  

 

𝜎𝑏 =
𝑊𝑑

𝑉𝑏
, 

(4) 

σb is bulk density (g/cm3), Wd is sample's dry mass 

(g), and Vb is sample's bulk volume (cm3).  

      Acoustic waves 

Samples were measured for velocities (Vp & Vs) in 

wet and dry cases, and can be estimated from elastic 

moduli using formulas below: 

𝐕𝒑   (
(𝑩 +

𝟒𝑮
𝟑

)

𝛔
)

𝟏
𝟐

                                              (𝟓)       

   𝑽𝒔 = (
𝑮

𝛔
)

𝟏
𝟐

                                                       (𝟔) 

B is bulk modulus, G is shear modulus and σ is 

density. Many authors have written about seismic 

wave velocities in all reservoirs [31, 32, 33, 34]. 

 

       Voigt-Reuss model 

Seismic analysis for porosity and Litho-facies relies 

heavily on rock physics models that link velocity, 

porosity, and mineralogy. The velocity-porosity model 

[35, 36, 37] (Figure 2a) combines the friable and 

cemented sand models, with a constant cement value 

in the sorting trend. 

Because elastic moduli are the controlling key for 

acoustic wave propagation, the lithology of each 

formation and its elastic characteristics have a good 

connection. Shear modulus, bulk modulus, Lame's 

constant, and Poisson's ratio are most often used 

modules, where shear modulus is resistance of rock to 

shear deformation, or in other words, the resistance 

to deform by parallel force (Figure 2b). As a result of 

the fact that fluids cannot shear whereas solids can, 

we may deduce that shear modulus is an excellent 

indicator of rock matrix. Reluctance of rock to 

compress or resist volume change is known as bulk 

modulus or incompressibility. Lame's constant may be 

calculated using bulk modulus and shear modulus. 

 

λ =  𝐾 −  2 ∗
μ

3
      (7) 

The dynamic mechanical properties like Young’s 

Modulus; Bulk Modulus; Rigidity Modulus; and 

Poisson’s Ratio were calculated by using measured 

wave velocities (Vp and Vs) as follow: 

 

       Poisson's Ratio (σ) 

Transverse (lateral) strain (extension) to 

longitudinal strain (contraction) ratio, or the 

geometrical variation in form of an elastic body, is 

known as Poisson's ratio. When a solid material is 

compressed uniaxially, it shortens in the direction of 

the applied stress and lengthens in the opposite 

direction. 

+ ϵ1: positive elongation, - ϵ3: negative elongation. 

Poisson’s ratio is ranged from 0.5 in fluids and 0.25 in 

solids, whilst weak materials have values greater than 

0.45. 

      Young Modulus (E) 

Burger, 1992 stated that the linear relation 

between the applied stress (Q) and the resulting strain 

(ϵ) if a material is subjected to uniaxial compression or 

tension can be calculated by the relation: 

                  𝐐 =  𝐄 ∗  𝛜,   (9) 

where, the constant E is Young’s modulus, 

(dyne/cm2). 

 Young's modulus can also be calculated using the 

equation below.  

                   𝐸 =  
(𝑉𝑆

2∗ 𝜌3∗ 
𝑉𝑃
𝑉𝑆

)−4

(
𝑉𝑃
𝑉𝑆

)
2

−1 

,                                  (10)  

VP: compressional wave velocity, VS: transverse 

wave velocity, and 𝜌: bulk density. 

 

      Rigidity Modulus (μ) 

It is a measure of a material’s resistance to change 

in its shape, rigidity modulus gives information about 

the rock matrix, and calculated from the following 

equation [38]: 

 

          σ =  
𝜖1

− 𝜖3
=  

  1 − ( 2 * 
VS

2

Vp
2  )  

2∗( 1− 
VS

2

Vp
2  )

=   
(0.5∗(

VP
VS

)
2 

)−1

(
VP
VS

)
2 

−1 

,          (8)  
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𝜇 =  
𝐸

2 ∗ ( 1 +  𝜎 )
, (11) 

µ: rigidity modulus (dynes/cm2), E: Young’s 

modulus, and σ:  Poisson’s ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Bulk Modulus (K) 

When a rock sample is exposed to stress from all 

directions, it is just the resistance of the rock sample 

to change in volume. The bulk modulus (K) in 

(dyne/cm2) is compressive stress divided by the 

volume change, where the bulk modulus is governed 

by the kind of fluid if the samples were saturated. 

Because brine is substantially stiffer than gas, the bulk 

modulus of brine saturated samples is larger than that 

of gas saturated samples. The following equation [38] 

can be used to compute K: 

 

K =
2 ∗  𝜇 ∗  ( 1 +  σ ) 

3 ∗ ( 1 − 2σ ) 
=

E

 3 ∗ (1 − 2 σ)
 (12) 

 

 

 

 

 

 

 

 

 

 

 

 

Result  

       Petrographic investigations 

Petrographic investigations of eleven samples 

selected from Paleozoic Nubia sandstone surface at 

Gabel Abu Hasswa demonstrates that, all of the 

samples are composed mainly of sandstone facies 

classified as quartz arenite (Figure 3). Cementation, 

dissolution, and compaction are the dominant 

diagenetic processes; the former is evidenced by 

silica, calcareous, and ferruginous. The grain contact 

is indicated by straight and uncommon suture 

contact. Therefore, this study divided the samples 

according [39] and depending on the diagenesis 

processes into (1) Quartz Arenite, (2) Calcareous 

Age Fm. Lithology Description 
 

Lower 

Cretaceous 

 

Malha  
 

 

 

 

 

 

 Basement rock   

Permo – 

Triassic 

Qisieb 

Aheimer 

 

Carboniferous 

 

Abu 

Durba 

 

U Ordovician –

L Silurian  

 

Naqus 

 

Cambro - 

Ordovician 

 

Araba 

Pre - Cambrian Basement 

Table 1:  Lithologic Column of Gebel Abu Hasswa, western Sinai Peninsula side, Egypt and the 
selected samples. 

 

Sandstone: yellowish brown, pink, alternated with claystone beds 6 samples. 

 
Sandstone: yellowish, red, white, with gypsiferous kaolinite intercalations. 

 
Claystone: dark purple, intercalated with siliceous & calcareous sandstone 

beds 10 samples. 

 
Laminated sandstone and claystone: dark brown, red with evaporite and 

dolomite streaks in some parts 3 samples. 

 Sandstone: white, coarse, pebbles & gravels intercalated with sands, 

kaolinitic and highly cross bedded. 

 
Sandstone: yellowish brown, coarse, medium to fine, cross bedded with fine 

shale streaks 32 sample. 

 

a

b

Figure 2: a) P-wave velocity against porosity for a variety of wet sediments, correlated with the Voigt–Reuss bounds. 
Data are from [35, 36, 37] b) Elastic moduli with stress directions. 
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Quartz Arenite, (3) Siliceous Quartz Arenite and (4) 

Ferruginous Quartz Arenite microfacies. Figure 3 

represents the prementioned microfacies, where the 

red circles labeled show the diagenesis process 

appeared in that slice. 

 

      Ray Diffraction Analysis (XRD) 

Each sample was powdered to a size of 0.063 mm 

and quartered, then inspected with a Philips X-ray 

diffractometer using the Copper tube (Cu). X-ray data 

were evaluated by using ASTM cards of the data 

published [40, 41]. Intensity detection was carried out 

by comparing the strongest lines of the mineral 

composition of the bulk rock samples. Figure 4 

illustrates the relation between the angle of 

diffraction and intensity of different samples, the 

identified minerals and intensities show a good 

correlation with the facies which are classified from 

the petrographic study. All samples show a high 

intensity of quartz which proves that all the samples 

are quartz arenite. In the other hand, the intensity of 

calcite and kaolinite changes from one sample to 

another related to the diagenesis processes. Finally, 

the iron cementation has been revealed as a presence 

of hematite. 

 

       Petrophysical characteristics 

Porosity, permeability, and rock density are 

petrophysical properties, which have been studied to 

learn more about the acoustic waves of dry samples. 

This investigation aimed to determine the 

relationships between both the petrophysical 

characteristics and the acoustic waves. There are two 

types of seismic wave velocities propagation: shear 

and compressional wave velocities (VS and VP). The 

internal structure, elastic coefficients, and density 

characteristics of any rock sample influence its 

ultrasonic wave velocity. The framework of rock, like 

elastic content of grains, grain density, type of 

cement, pressure on lithology, and porosity, are 

summarized as parameters that control rock velocities 

[6].  

      Density, porosity, and permeability  

Bulk density of Paleozoic rocks of Abu Hasswa 

section ranged from 1.874 to 2.640 gm/cc, with a 

mean value 2.09 gm/cc and standard deviation 2.66 

gm/cc. Its porosity ranged from 2.69 to 29.6%, with 

21.3% mean value and of 5.367% standard deviation. 

The permeability ranged from 0.0013 to 4027.66 mD, 

with 877.7 mD mean value, and 1030.02 mD standard 

deviation. 

 

Porosity and Bulk density relationship 

Porosity and bulk density relationship for Araba, 

Abu Durba, Ahemir, and Malha formations shows an 

indirect relationship with high correlation coefficients 

of 0.87 for all the investigated samples, therefore we 

can calculate porosity from density using the 

predicted equation (Figure 5a).  

 

       Density and Permeability relationship 

Figure 5b depicts the relationship between 

permeability and bulk density for Araba, Abu Durba, 

Ahemir, and Malha formations. This relationship 

showed a significant indication for all formations 

except Araba Formation, where all formations 

showed that permeability has an indirect relationship 

with grain density. This could indicate that as the iron 

oxides percentage increases, it may fill the pore 

throats, causing permeability to decrease, While 

Araba Formation may have a different flow unit, 

causing the relationship to be distorted. 

 

      Compressional Velocity (Vp) and Shear Wave 
Velocity (Vs) 

Compressional wave velocity of the study 

formations of Abu Hasswa section ranged from 1.92   

to 4 m/sec, with 2.4 Km/sec mean value and 0.4 m/sec 

standard deviation, The average values of rocks from 

the Malha, Ahemir, Abu Durba, and Araba formations 

are 2.76, 2.26, 3.63, and 2.00 respectively. The shear 

wave velocity of the same selected samples of Abu 

Hasswa section ranged from 1.2 to 2.5 m/sec, with 1.6 

m/sec mean value, and 0.2 Km/sec standard 

deviation. Malha, Ahemir, Abu Durba, and Araba 

formations have mean values of 1.7, 1.59, and 2.00, 

respectively.  

 

The relationship between petrophysical properties 
and acoustic wave velocities 
      Acoustic wave velocities (vp and vs) and bulk 

density (ρb) relationship   

Relationship between the acoustic waves and 

petrophysical properties has been studied.   Figure 6a 

displays the linear relation between (Vp and Vs) 

(km/sec) and bulk density (gm/cc) for the study 

samples. The correlation coefficients for both Vp ,Vs 

with bulk density are 0.83 and 0.69 respectively. We 

can see that when the bulk density decreases, Vp and 

Vs get closer to each other.  
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Micrograph (A) 
 

 
Phi=21.3%, k=1510md 

Micrograph (B) 
 

 
Phi=21.3%, k=1510md 

Micrograph (C) 

 
Phi=21.3%, k=1510md 

Micrograph (D) 

 
Phi=21.3%, k=1510md 

  

 

a

e

Phi=21.3%, K=1510mD 

b

Phi=21.3%, K=1510mD 

Phi=21.8%, K=11.07mD Phi=23.7%, K=774.23mD 

Phi=20%, K=59mD Phi=22.7%, K=774.23mD 

d

f

Figure 3: Photomicrographs represent different microfacies; (a,b) Quartz Arenite  is composed mainly of quartz grains with 
rare of organic matter and quartz overgrowth, coarse to medium sand size, subangular to subrounded, oversize porosity, 
moderately sorted, there are different type of contact between grains such as straight, point, concavo- convex and suture 
contact as shown by red circles photo a. (c) Calcareous Quartz Arenite is composed mainly of quartz cemented by calcite, the 
grains are coarse to fine, subangular to subrounded. (d) Siliceous quartz arenite is composed of quartz grains cemented by 
silica and some carbonate rock fragment (red circles), medium to fine, subangular to subrounded, poorly sorted. (e) 
Ferruginous Quartz Arenite is composed of quartz grains cemented by iron (red circles), fine to medium, subangular to 
subrounded, moderately sorted. (f) Oversize porosity as a result of dissolution processes in addition to pyritization (black 
spots in red circle).  

 

Silica cement 

Pore filling 

Pore linning 

Quartz 
overgrowth 

Oversize pores 

Organic matter 

Calcareous cmt 

c
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  Acoustic Wave Velocities (Vp and Vs) and 
Porosity (Ø) relationship 

Figure 6b depicts the relation between Acoustic 

wave velocities and porosity for the selected samples. 

This relationship revealed an indirect relationship 

with correlation values of 0.754 for Vp and 0.68 for Vs 

with porosity. 

      
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Compressional Wave Velocity (Vp) and Shear 
Wave Velocity (Vs) relationship 

Figure 6c depicts the relation between Vp and Vs 

for research samples; this relationship revealed a 

direct association with an excellent correlation 

coefficient of 0.75. Figure 6d show the (Vp/Vs) and 

compressional wave velocity (Vp) relationship for the 

study samples. This relationship revealed a direct 

association with a modest correlation coefficient of 

0.27 for Vp values.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: X-ray diffraction cross plot of studied bulk samples. 

Figure 5: The relationship between a) bulk density and porosity, b) bulk density and permeability.              

 

a

b
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The relationship between petrophysical 
parameters and Elastic Moduli 

      Young’s modulus (E) / compressional (Vp) and 
shear wave (Vs) velocities relationship 

Acoustic wave velocities (Vp and Vs) and Young's 

modulus relationship show a direct relationship with 

0.91 and 0.67 correlation coefficients 

respectively. Regression equations for the acoustic 

wave velocities and Young's modulus are shown in 

Figure 7a. These relationships indicate that both Vp 

and Vs have been affected by Young’s modulus, 

whereas both Vp and Vs increase with increases of 

Young’s modulus.    

 

       Rigidity modulus (µ) / compressional (Vp) and 
shear wave (Vs) velocities relationship 

Acoustic wave velocities (Vp and Vs) and rigidity 

modulus relationship for the study samples revealed 

a direct relationship with correlation coefficients of 

0.75 for Vp and 0.85 for Vs with the regression 

equations of the acoustic wave velocities and rigidity 

modulus Figure 7b. This means that both Vp and Vs 

have been affected by Rigidity modulus, whereas both 

Vp and Vs increase with increases of Rigidity modulus. 

 

       Bulk modulus (K) / compressional (Vp) and 
shear wave (Vs) velocities relationship 

Acoustic wave velocities and bulk modulus 

relationship for the study materials revealed a direct 

relationship with correlation values of 0.9 for Vp and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.48 respectively. The regression equations of the 

acoustic wave velocities and bulk modulus 

relationships are shown in Figure 7c. This means that 

both Vp and Vs have been affected by Bulk modulus, 

whereas both Vp and Vs increase with increases of 

Bulk modulus. 

 

      Poisson’s ratio (σ) and (Vp/Vs) ratio 
relationship  

Dimensionless elastic constant Poisson's ratio (σ) 

could be used to convert the Vp/Vs ratio. The 

association between and Vp/Vs ratios is shown in 

Figure 7d as a direct relationship with a fourth-degree 

polynomial regression line with a correlation value of 

R = 0.998. At low Vp/Vs ratios, every tiny change in 

Vp/Vs will result in huge changes. This means that 

Poisson’s ratio depend strongly upon P-wave velocity, 

where Poisson’s ratio increase with decreases of 

Vp/Vs ratios. 

 

       The relationship between elastic moduli and 
porosity 

Figure 8a depicts the relationship between the 

multiplication of different elastic moduli in bulk 

density with porosity for the study samples. This 

relationship revealed an indirect relationship with 

correlation coefficients of 0.76 for Lambda*bulk 

density with porosity and 0.46 for Rigidity* bulk 

density with porosity, whereas both of them increases 

with decreases of porosity. The relationship between 

P-wave velocity and porosity means that P-wave 

Figure 6:The relationship between a) bulk density and both Vp, Vs; b) porosity and both Vp, Vs; c) Vp and Vs;  d) Vp and 
Vp/Vs.  

 

a b

c d

y = 2.5899x-3.0267   
R2=0.831 

y = 1.2806x-3.0267   
R2=0.6884 

y = -0.0413x+2.5331   
R2=0.68 

y = -0.0799x+4.1046 
R2=0.75 
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velocity depends on porosity, where P-wave velocity 

increases with decreases of porosity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Velocity-Porosity Chart for Cementation 
Exponent Prediction 

El-Sayed, (1995) constructed an empirical chart 

among the compressional velocity (Vp), cementation 

exponent (m) and porosity (ø), based on an empirical 

relation between the compressional velocity and f 

(formation resistivity factor) for a number of surface 

samples obtained from G. Nazzazat in the western 

central Sinai. He constructed four charts depending on 

the multiplier (a) of the general Archie's equation with 

values of 0.5, 1, 1.5, and 2. This study used El-Sayed 

chart when the multiplier (a) equals 2.                       

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cementation was designated to be ranged from 1 

up to 3 through the four charts. 

Figure 8b illustrates that the study samples of Abu 

Hasswa section (black dotes) have cementation 

exponent (m) ranged from 1 to 1.7, which is confirmed 

with the results of resistivity measurements and 

electrical flow units’ calculations. 

 

 

 

𝑙𝑛𝑓 = 0.9𝑉𝑝 − 0.69, (13) 

Figure 7: The relationship between a) (Vp and Vs) and (Young's modulus E); b) (Vp and Vs) / (rigidity modulus µ); 
c) (Vp and Vs) / (bulk modulus K); d) Poisson’s ratio (σ) and Vp/Vs ratio.  

 

a b

c d

a b

Figure 8: a) The relationship between porosity and (Lambda*Rhob) (Rigidity*Rhob); b) Velocity- porosity Abu Hasswa Section. 

.  
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 Discussions 

Thin sections description and physical 

measurement correlation revealed the effect of 

diagenetic processes on the reservoir quality such as 

samples characterized by high pore-filling, and pore-

lining (Figure 3b,d), in addition to porosity-reducing 

processes; high cementation with iron oxides and 

calcareous (Figure 3c,e), in addition to silica 

overgrowth and the microcrystalline silica (Figure 

3b,d), as well as the fine-grained poorly sorted sands 

and compaction. The cleaned, coarse-grains and well-

sorted sands, in addition to porosity-enhancing 

processes (dissolution and leaching represented in 

oversized porosity (Figure 3f).  

The measured compressional velocity plotted 

versus to the porosity of some selected samples from 

Nubia sandstone at Gebel Abu Hasswa (Figure 9) and 

classified according to Voigt-Reuss cross plot, the 

projection of samples shows that the study samples 

are located in the zone of sand with clays mixed with 

some compacted samples. These compacted samples 

were also defined using the petrography study as iron 

cemented facies. The rock samples are exhibiting a 

higher strength in its compaction and grain to grain 

contact due to cementation materials such as clay 

bearing and iron bearing samples. The samples show 

a high degree of heterogeneity represented in 

samples going to higher compressional velocity and 

low porosity. 

According to the calculated elastic moduli and the 

investigation of its relationships with the measured 

petrophysical properties, the study samples are 

ranged from highly to moderately compacted 

samples. The elasticity behaviour of the studied 

samples can be explained in the light of Poisson’s 

ratio. Samples of high Poisson’s ratio are samples that 

exhibits a bi-directional lateral and axial forces lower 

than unidirectional force. The most significant feature 

can be extracted from Poisson’s ratio relationship is 

negative values for many studied samples. The 

Poisson’s ratio negative value is sensitized to the 

positive axial strain as well as the transvers strain 

which would proportion directly with cross sectional 

area. The studied samples of negative Poisson’s ratio 

can be classified as auxetic materials, which become 

thicker perpendicular to the applied force when 

stretched. 

 

     

 

 

 

 

 

 

 

 

 

   Vertical profiles of measured petrophysical 
parameters 

The vertical profiling of different measured 

parameters illustrates the significant markers and 

differentiate between good and bad quality 

sandstone. Plots of storage and flow capacity, bulk 

density and grain density are shown in Figure 10 (a). 

Changes in porosity and permeability within research 

samples can be used to determine the quality of 

sandstone from the Abu Hasswa area. Because of the 

diagenetic process depicted in cementation, 

compaction, and dissolution, certain intervals have 

altered in permeability with no change in porosity and 

vice versa. The grain qualities and varied textural 

patterns are also important.  All sandstone samples 

characterized by high porosity and permeability 

values, except to Abu Durba Formation and lower part 

of Araba Formation that have a very high 

concentration of iron oxides where it increases the 

density of the study samples, in addition to, pore 

filling with silica and calcareous cement (Figure 10a).  

 

Vertical profiles of measured acoustic and 
mechanical parameters 

Figure (10b) shows the vertical acoustic and 

mechanical profile of Abu Hasswa section. Acoustic 

properties mainly affected by compaction, 

cementation and mineral composition of the samples. 

It’s clearly obvious, Abu Durba Formation is a clear 

marker of high acoustic properties due to the very low 

porosity presence, while the other formations have 

low acoustic properties due to low porosity presence. 

Where the lower part of Araba Formation has a 

significant change on the vertical log of Poisson’s 

ratio, lame’s constant, and in addition to shear 

modulus, which can be integrated with the thin 

section description results that showed pore filling 

with carbonate and silica overgrowth. Where the 

mean value of the Poisson’s ratio, Lame’s constant, 

and shear modulus within the lower part of Araba 

Formation is -0.3, -25000, and 30000 (Kg/cm2) 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 9: The relationship between Vp and porosity (Voigt-Reuss cross plot).  
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Conclusions 

The petrophysical evaluation of porosity and 

permeability of Nubia sandstone samples were 

carried out for storage and flow capacity assessment, 

and to detect the degree of heterogeneity. Abu 

Hasswa section illustrates the relationships with 

different petrophysical characteristics such as rock 

density, porosity and permeability; and their effects  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

on the different elastic moduli such as bulk, rigidity, 

and Young's modulus in addition to lame's constant 

and Poisson's ratio. Nubia sandstone samples reflect 

good storage and flow capacity properties at some 

intervals, while in other some intervals show fair to 

bad storage and flow capacity properties. This is due 

to the heterogeneity degree of the study samples that 

Figure 10: a) Vertical petrophysical profile of Abu Hasswa section; b) Vertical acoustic properties profile of Abu Hasswa section.  

b

a
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can be controlled by the sedimentological and 

diagenetic processes.  

The compressional and shear waves have a direct 

relationship with the bulk density of rocks, which is 

based on porosity and cementation (silica, calcareous 

and iron oxides) content. High correlation coefficients 

were found in the relationships between acoustic 

waves and porosity and bulk density. Several 

relationships were carried out as a combination 

between the different elastic moduli, porosity, bulk 

density and acoustic velocities. These relationships 

can prove the lithology of the samples as sandstone 

and the high correlation coefficients make them very 

useful for parameters prediction from the others. 

The correlation between the different 

petrophysical parameters like porosity, permeability, 

grain density, resistivity, and also compressional, and 

shear wave velocities was carried out using the multi-

regression algorithm. The modeled petrophysical 

parameters showed a significant empirical equation 

with good to excellent correlation coefficients. The 

compressional and shear wave velocities show a well 

correlated indirect relationships with porosity of the 

rock samples, moreover they were used to calculate 

the slowness, and Vp/Vs ratio and studied the 

relationships with different petrophysical parameters. 

The elastic parameters revealed that there is a 

significant relationship to the nature of rocks and the 

diagenesis processes of the study samples, especially 

the poisons ratio, where the regretted curve was 

started from 1.17 m/sec and -0.86 which indicate the 

high degree of diagenesis processes.  

Finally, the change in the petrophysical 

parameters vertically and its relationship with the 

rock quality show that all sandstone samples are of 

high porosity and permeability values, except to Abu 

Durba Formation and lower part of Araba Formation 

that have high acoustic due to the very low porosity in 

addition to high concentration of iron oxides where it 

increases the density of the study samples, in addition 

to, pore filling with silica and calcareous cement. 
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