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Self-Efficacy as a Mediating Variable in the Relationship between
Continuous Learning, Knowledge, and Job Empowerment with
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A Field Study on Hospitals in Abha Governorate, Saudi Arabia
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ABSTRACT:

This study aims to examine the impact of continuous

Key Words: learning, knowledge, and job empowerment on

e Continuous organizational commitment among employees in healthcare
Learning organizations, with a particular focus on the mediating role
e Knowledge of competence in eIuc_ide_1ting the relationship between these
o Self-Efficacy variables. A descriptive approach was adopted by

distributing questionnaires to a sample of 157 employees out
*Job Empowerment | ¢ 5 total population of 560 employees working in hospitals
» Organizational in Abha Governorate, Kingdom of Saudi Arabia. Structural

Commitment Equation Modeling (SEM) was employed to analyze the data
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and test the hypotheses. The results revealed a direct and

positive effect of continuous learning, knowledge, and job
empowerment on organizational commitment. Moreover,
the study confirmed the mediating role of competence in
enhancing this impact. These findings highlight the
importance of promoting continuous learning programs,
knowledge development, and employee empowerment as
effective strategies to strengthen organizational commitment
in the healthcare sector. This study contributes to filling the
research gap by presenting a comprehensive model applied
to the healthcare work environment in the Kingdom,
thereby enhancing the understanding of factors that drive
organizational commitment and improve the performance
of healthcare institutions.
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Participative Leadership and its Relationship with Intellectual Capital
Development (A Field Study at Taiz University)
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‘ ABSTRACT: ‘

This study aimed to explore the importance of participative
leadership and its relationship with the development of
Keywords: intellectual capital at the University of Taiz. A descriptive
e Participative approach was adopted in conjunction with a quantitative
Leadership analytical approach using Partial Least Squares Structural
e Intellectual Equation Modeling (PLS-SEM). The study sample consisted
Capital of 191 participants from Taiz University, including both

o Taiz . - .
University acgdemlc and admlnlstra'glve staff._The sample was _sel_ected
using the snowball sampling technique due to the difficulty
of reaching the entire target population. The analysis results
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indicated that the level of implementation of participative
leadership—across its three dimensions (delegation of
authority, participation in decision-making, and human
relations)—remains below the desired level at the
university. Additionally, the results revealed a statistically
significant positive relationship between participative
leadership and the development of intellectual capital.
Based on the findings, the study recommended enhancing
the application of participative leadership within the
university, given its significant positive impact on
developing intellectual capital. This can be achieved by
supporting practices of authority delegation, expanding
participation in decision-making, and improving human
relations within the academic work environment.
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I ABSTRACT I

Objective: This study aimed at demonstrating the impact
of using social media on acquiring and retaining

Keywords: customers in small and micro projects in the food industry

e Social media in Wadi Hadhramaut in Yemen.

e Customer Methodology: This _stuo_ly adopts the_deductive approach
acquisition in the research, which is an inferential process based on

the causes, by drawing on theories, concepts, or previous

¢ Customer studies to build the theoretical framework of the study, in
retention addition to explaining the relationships between the
e Food industry variables and dimensions of the phenomenon, and then
e Wadi the logical generalization of facts.
Hadramout Population and Sample: The study population consists of

all small and micro-enterprises in the food industry in
Wadi Hadhramout in Yemen. Since the size of the
population is unidentified, the researchers adopted the
purposive sampling technique for its suitability for such
cases.

Results: The results showed a significant correlation
between the dimensions of the study variables, and a
significant impact of using the Instagram application in
acquiring and retaining customers, while the WhatsApp
application had no significant impact, all at a significance
level of 0.01. The results also showed no significant
differences between the opinions of the study sample on
the study variables, attributed to the type and experience
of the sample, and the type of project (home or external).
Recommendations: The study recommended that owners
and business owners of the study rely more on social
media in marketing due to its impact on customer
behavior, develop their skills in using social media in
marketing, benefit from social media in revealing market
trends, and adopt an effective mechanism that works to
maintain customers, receive their complaints and respond
to them.
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The Role of Marketing Flexibility in Marketing Excellence
"A Field Study of a Pharmaceutical Companies’ Sample in Aden
Governorate"
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] ABSTRACT: [

The study aimed at identifying the role of marketing flexibility and
its dimensions on marketing excellence in pharmaceutical
companies in Aden governorate. The dimensions of marketing

Key Wgrds: flexibility were (product flexibility, price flexibility, promotion
 Marketing flexibility, and distribution flexibility), while the dimensions of

Flexibility marketing excellence were (customer value, market share, customer
e Product satisfaction,  profitability, and marketing creativity). A
Flexibility questionnaire was designed and then refereed by experts in the
e Price scientific field to assess and achieve the study’s objective, and for

Flexibility the purpose of collecting field data. The study population was
represented by total of (262) pharmaceutical companies in Yemen.
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e Promotion While the study sample was a random sample of pharmaceutical
Flexibility companies in Aden governorate, consisting of (100) individual
e Distribution | companies. The study adopted the descriptive and analytical
Flexibility approaches, and relied on the Statistical Package for Social
e Marketing Sciences (SPSS) software for statistical analysis.
Excellence The study concluded with a number of results, the most important

of which were: There is a statistically significant role for marketing
flexibility in its various dimensions in marketing excellence in
pharmaceutical companies in Aden governorate. In light of the
findings, the study recommends developing pharmaceutical
companies’ marketing strategies on a continuous basis, ensuring
that these strategies are flexible and adaptable to changing
circumstances. Further, pharmaceutical companies should strive to
develop new, innovative products and services that better meet the
needs of patients and physicians.
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| ABSTRACT:
- - - |

The study aimed to investigate the trends of industrial policy
indicators and economic development in Yemen, represented
by industrial exports, investment-to-GDP ratio,
unemployment rate, and inflation rate. Additionally, it sought
to measure the impact of industrial variables, specifically
industrial exports and investment-to-GDP ratio, on economic
development, which includes GDP, unemployment rate, and
inflation rate, in the presence of money supply as a mediating
variable. The research adopted a descriptive approach
through the use of ratios and growth rates while also adopting
an analytical approach using structural equation modeling
(Path Analysis) to assess the impact of industrial policy
represented by industrial exports and investment-to-GDP
ratio as external variables on economic development
represented by GDP, unemployment rate, and inflation rate
with money supply as a mediating variable.

The study yielded several findings, the most significant being:
There exists an indirect statistically significant impact of
industrial policy indicators, namely industrial exports and
investment-to-GDP ratio, on economic development as

represented by GDP in the context of money supply as a
mediating variable. Conversely, there was no indirect
statistically significant impact of these industrial policy
indicators on economic development concerning the
unemployment rate in the presence of money supply as a
mediating variable. The study also indicated a direct inverse
relationship between investment as a percentage of GDP,
which is considered an external variable, money supply as a
mediating variable, and the unemployment rate as an internal
variable. Hence, this suggests that investment has not
contributed to real change over the past decade, as
unemployment rates remain high. Furthermore, there was a
positive direct impact with statistical significance of industrial
policy indicators, specifically investment as a percentage of
GDP, on economic development represented by GDP in the
context of money supply as a mediating variable.
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Assessment of Basalt Rocks in the Field of Balhaf — the Volcanic Bir Ali -
Shabwa — South Yemen for Manufacturing Basaltic Fibers
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ABSTRACT:

Basalt rocks are used to produce basaltic fibers, which are used
for several industrial purposes, the most important of which are
Key Words: | construction industries. These fibers have excellent mechanical
properties, high resistance to chemicals, thermal stability, good

y Bfisalt_ resistance to moisture, and are eco-friendly due to the fact that it
*Bir Ali.. is easy recyclable. This study aims to evaluate basalt rocks in the
eBalhaf volcanic field (Balhaf — Bir Ali) in Shabwa Governorate on the
eShabwa coast of the Arabian Sea, to determine the possibility of using
<Arabian them in the manufacture of basaltic fibers. 13 representative

Sea basalt rock samples were collected from Balhaf field, Bir Ali, and

were chemically analyzed by X-ray fluorescence (XRF) method.
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The results of the analysis showed that basalt rocks in this field
are alkaline rocks, where the percentage of alkali (Na20 + K20)
ranges from 4-8%, the percentage of silicon dioxide (SiO2) from
4597 - 50.97%, the percentage of aluminum oxide (AL20s3)
from 15 - 17.8%, and the percentage of magnesium oxide (MgO)
from 4.21 — 10.46%. Evaluation criteria such as acidity (MK)
and viscosity (MV) were calculated by chemical analysis results.
The results of the chemical analyses showed that the majority of
these rocks are characterized by a high melting point and low
viscosity, where the pH standard ratios ranged between 2.04 —
3.19%, and the viscosity standard ratios ranged between 1.49 —
2.22. These calculations indicate that they can be used in the
manufacture of basaltic fibers.
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Limestone specifications for textile production must contain at least 94% CaCQO3, less
than 2.50% Si02, 3% MgO and 2% Fe203+Al203 [32,37] (Table 7). The limestone from the
study area meets these specifications (Table 1).

In food and pharmaceutical industry, high purity limestone is used; at least 97%
CaCOg3, less than 0.12% SiO2, less than 0.42% MgO, less than 0.10% Fe203 and high
brightness (>90%) [6] (Table 7). The limestone of the study area is not suitable for food and
pharmaceutical industry (SiO2 > 0.20%, Table 1).

In adhesive and sealants industry, limestone should contain more than 92% CaCQO3, less
than 4.5% SiO2, less than 1.2% MgO and less than 0.10% Fe203[6] (Table 7). The limestone
from the study area meets these specifications (Table 1).

For agriculture and animal feed, limestone should contain more than 92% CaCO3, more

than 51.55% CaO, less than 4.5% SiO2, less than 0.10% Fe203, 0.96% MgO and good
brightness (>81%) [6] (Table 7). The limestone of the study area meets specified requirements
for agriculture and animal feed (Table 1).
The impure limestone which could not meet the requirement for chemical and other
applications earlier stated can be used in the liming of soils or in stabilization of swelling soil.
It is therefore, apparent that the use of limestone for cement production only may not be
entirely beneficial to the industrial growth of other sectors, such as, steel industry, chemical,
fertilizer and lime production.

Conclusion

Limestone is one of the important and common uses industrial rocks. It is quarried for
cement production in some parts of Yemen. However, the suitability of limestone production
depends on its chemistry. This helps in the prediction of its purity. In this study, the chemical
composition of Middle Eocene limestone from the Northern Part of Al-Ghaydah district,
southeastern Yemen is presented. The results obtained indicated that the limestone from the
study area exhibits high purity, high CaO content (average 54.64%), trace amounts of other
oxides and the trace element contents are very low. Hence, it is suitable for industrial uses
such as; steel industry, paper, filler, pottery and porcelain ware, bleaching powder, soda ash
and caustic soda, calcium carbide, sugar, textile production, adhesive and sealants, agriculture
and animal feed.
Extensive deposits of limestone occur in Al-Mahrah governorate has not been examined
carefully. These locations cover large areas of the governorate and the potential markets are
closer. Uses of limestone rock should be oriented to the beneficial industries instead of using
it as a building material (coarse aggregates and building blocks) or cement production. This
study is only a preliminary effort to spotlight the possible industrial uses of the rocks
available in this area. It will help to understand the properties of limestone from the study area
for various industrial applications; however more detailed studies should be undertaken to
launch economic projects.
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for fillers in paints, rubber and plastic manufacturing include; high CaCO3 96% content; other
maxima include SiO2 1.2%, Al203 0.30%, Fe203 0.08%, and MgO 0.72% [36-38] (Table 7).
The Limestone in the study area is suitable for this purpose (Table 1).

High purity limestone as whiting is used as a flux for pottery and porcelain ware. It
should be at least 96% CaCO3, less than 2 % SiO2, less than 0.30 % Fe203, and less than
0.50% MgO [35,39] (Table 7). The limestone in the study area is suitable for this purpose
(Table 1).

For the manufacture of bleaching powder, limestone containing more than 54% CaO is
required. Less than 0.75% SiO2, less than 0.15% Fe203, less than 2% MgO [32,40] (Table
7). The limestone from the study area meets these specifications (Table 1).

Limestone for the manufacture of soda ash and caustic soda should be contain at least
53% CaO, less than 1% MgO and total SiO2+A203+Fe203 should be less than 3% [32,40]
(Table 7). So the limestone in the study area is suitable for this purpose (Table 1). Limestone
specifications for manufacture of calcium carbide must contain at least 97% CaCQ3, less than
1.2% SiO2, less than 0.8% MgO, less than 0.50% AIl203+Fe203, and a trace of P205
[32,35,37,40] (Table 7). The limestone from the study area meets these specifications (Table
1). Limestone for manufacture of sugar must contain more than 50% CaO, less than 2% SiO2,
less than 1% MgO, and less than 1.5% Al203+ Fe203 [36,40] (Table 7). The limestone from
the study area meets these specifications (Table 1).

In glass industry, high purity limestone is used 98% CaCQO3, less than 0.30% SiO2, 0.40%
Al203, 0.83% MgO and less than 0.10% Fe203 for glassware manufacture [34,36,42,43]
(Table 7). For colourless glass, limestone should contain 98.5% CaCO3, Fe203 less than
0.05% [42]. The limestone of the study area is not suitable for this industry (Table 1).

Table 7. Specifications of limestone for industrial uses

Compounds (% by mass)
Industrial uses CaCO, | CaO | SiO, | ALO, | Fe,0, | Mgo |  Brightness,

(min)) | (min) | (max.) | (max.) | (max.) | (max.) (min.)
Cement (OPC)[30,31] 75.00 42 25.00 5.00 2.00 3.00
Steel industry [14,32-43] 91.00 | 51.00 6.00 1.30 1.00 2.00 -
Paper [7,35] 96.00 | 53.76 | 0.40 0.50 0.10 0.45 93.30
Filler [36-38] 96.00 | 53.76 1.20 0.30 0.08 0.72 75.00
Pottery & Porcelain ware [35,39] 96.00 | 53.76 2.00 - 0.30 0.50
Bleaching powder [14, 31,32,40, 41] | 96.60 | 54.00 0.75 - 0.15 2.00
Soda ash & caustic soda [32,40] 94.60 53.00 3.00 1.00
Calcium carbide [14,31,32,35,37,40] | 97.00 | 54.00 1.20 0.50 0.80
Sugar [14,36,40] 89.29 | 50.00 2.00 1.50 1.00
Glassware [34,36,42,43] 98.00 | 54.85 | 0.30 0.40 0.10 0.83 -
Ceramic [7,32] 97.00 | 54.32 0.12 - 0.30 3.00 95.50
Textile production [14,31,32,37] 94.00 | 52.64 2.50 2.00 3.00 -
Food & pharmaceutical [7] 97.00 54.35 0.12 - 0.10 0.42 90.00
Adhesive & sealants [7] 92.00 51.55 4.50 - 0.10 1.20 75.00
Agriculture & animal feed [7,14,32] 92.00 | 5155 | 4.50 - 0.10 0.96 81.00
This Study 97.57 | 54.64 | 0.25 0.05 0.05 0.50 94.00

In ceramic industry, high purity limestone is used more than 97% CaCO3, less than
0.12% SiO2, less than 3% MgO, less than 0.30% Fe203 and excellent brightness (>95%)
[6,32] (Table 7). The limestone of the study area is not suitable for ceramic industry (high
values of SiO2, 0.25% (Table 1).
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Table 5: Chemical classification of studied limestone from the study area

Sample | CaO MgO Ca Mg Ca/Mg | Mg/Ca | Nomenclature [24]

No. | (%) | (%) | (%) | (%)

1 55.00 0.32 39.31 0.19 203.68 | 0.005 | Pure limestone

2 52.95 2.34 37.85 1.41 026.82 | 0.037 | Magnesian limestone
3 55.30 0.21 39.53 0.13 312.07 | 0.003 | Pure limestone

4 55.20 0.31 39.46 0.19 211.02 | 0.005 Pure limestone

5 55.20 0.22 39.46 0.13 297.35 | 0.003 Pure limestone

6 54.70 0.37 39.10 0.22 175.20 | 0.006 Pure limestone

7 56.00 0.30 40.03 0.18 221.21 | 0.005 Pure limestone

8 54.50 0.24 38.96 0.14 269.11 | 0.004 Pure limestone

9 55.53 0.24 39.69 0.14 274.20 | 0.004 Pure limestone
10 52.01 0.40 37.18 0.24 154.09 | 0.006 Pure limestone

Table 6: Limestone purity classification [27, 28]

Purity classification | CaCOs CaO MgO SiO; Fe203
(wt %) (wt %) (Wt %) | (wt%) (wt %)
Very high Purity >98.5 >55.2 <0.8 <02 <0.05
High Purity 97.0-985|54.3-552|08-10| 0.2-0.6 | 0.05-0.1
Medium Purity 935-970|524-543|10-30|06-10| 01-1.0
Low Purit 85.0-93.5| 47.6-52.4 <20
Impure ’ <850 <a76 | 30 20 >10

Analysis of brightness of limestone revealed a brightness index range between 82-86%. High
purity limestone that has been ground to a fine powder is called whiting. Whiting is used in
the paint and allied industries chiefly as a pigment, diluent, reducer or extender for other
pigments, primer, and an ingredient in putty [29]. It must be white, free of abrasive material
and free of coloring agents, particularly Fe203. Analysis of whiteness of the study area
limestone ranged between 94-96%.
Industrial potentials uses

Limestone samples analyzed were subjected to study their suitability for industrial
utilization. The general requirements of limestone for use in industries uses are shown in
Table 7. Limestone apposite for cement industry must contain at least 42% CaO, less than 6%
Si02, less than 5% Al203, less than 3% Fe203 and less than 3% MgO with minor quantities
of Na20, K20, P205 and SO3[30,31] (Table 7). Limestone from the study area meets this
requirements (Table 1).

Limestone suitable for steel industry should contain at least 51% CaO, less than 6%

Si02, less than 1.3% AI203, less than 1% Fe203 and 2% MgO with trace amounts of P205
and SO3 [32-34] (Table 7). The limestone from the study area meets these specifications
(Table 1).

Chemical requirements of limestone, as raw materials for paper industry include; high
CaCO03 96%, other maxima include 0.40% Si02,0.50% AIl203,0.10% Fe203, 0.45% MgO,
and excellent brightness (>93%) [6,35] (Table 7). In paper industry the high brightness is
preferred to produce the high quality paper. Limestone from the study area is suitable for
paper manufacturing (Table 1). Specific chemical requirements of limestone, as raw materials
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Trace Element
The trace elemental composition reported in ppm (Table 3) has the concentration of

Zn ranging from 10.21-18.92 ppm with an average of 13.78 ppm. Pb is less than 7.50 ppm.
Cr and As vary from 10.46-14.69 ppm and 16.54-30.32 ppm with mean values of 12.57 ppm
and 24.95 ppm respectively. These results show low levels and indicate the high degree of
purity of the limestone in the study area.

Table 3: Trace elemental concentrations of Tanhalen limestone (in ppm) [19]

Sample Zn Pb Cr As

No

1 18.92 | <7.50 | 12.56 | 30.32
2 10.21 | <7.50 | 14.69 | 16.54
5 12.21 | <7.50 | 10.46 | 27.99

Average | 13.78 | <7.50 | 12.57 | 24.95

Classification of limestone
The chemical classification of limestone in the study area is made according to Todd

[24] (Table 4). The standard Ca/Mg ratio varies from 26.82 to 312.07, while the reciprocal
ratio Mg/Ca ranges from 0.003 to 0.037. This result reveals that the limestone deposits in the
study area is pure limestone type except sample 2, magnesian limestone type (Table 5).

The Ca/Mg ratio also corresponds to stability condition during the formation of
carbonate rock [25]. He pointed out that the degree of salinity increases with decrease in
Ca/Mg ratio. Higher values of Ca/Mg ratio of the studied limestone indicates comparatively
less evaporation of sea water and low paleo-salinity conditions which prevailed during the
formation of limestone in general.

Table 4: Chemical classification of limestone [24]

Descriptive term Standard ratio Reciprocal ratio
Ca/Mg Mg/Ca
Dolomitic limestone 1.41-12.30 0.08-0.18
Magnesian limestone 12.30-39.00 0.03-0.08
Pure limestone 39.00-100.00 0.00- 0.03

The low values of Mg/Ca ratio indicate that the studied samples are not dolomitized
(except sample 2), because dolomitization would necessarily cause a marked increase in the
Mg/Ca ratio of the limestones [26].

The average content of CaCO3 in the studied samples are 97.57%, CaO 54.64%, MgO
0.05%, SiO2 0.25% and Fe203 0.05% (Table 1), which is called high purity limestone
according to Cox et al. [27] and Harrison et al. [28] (Table 6).

Brightness and whiteness

Brightness was measured according to 1SO 2470 [22] using a reflectance
spectrophotometer. The percentage reflectance being directly proportional to the whiteness
and to some extent, the purity of the sample. Brightness values should be greater than 80% for
high purity limestone samples [1].
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Fig. 5: Microphotograph of Limestone rocks from the study area (F=foraminifera; SF=
replaced bioclastic grains)
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carbonate content since it is synonymous with the evolvement of CO; after heating at 1000 °C

[23].

The content of A203 varies from 0.04 to 0.07% with an average of 0.05% confirming
no presence of clay minerals in this limestone. The Fe203 values range from 0.02 to 0.06%
with an average of 0.05%. The SiO, values range from 0.20 to 0.32% with an average of

0.25%.
Table 1: Geochemical composition of limestone samples
Sample No. SiO, AlL,O; | Fe,0;3 | TIO, | CaO | MgO | Na,© | KO | MnO | SO; | P,Os | LOI Total CaCOg;
1 0.25 0.05 0.05 0.05 | 55.00 | 0.32 0.21 0.09 0.05 0.35 | 0.05 | 43.71 | 100.18 98.21
2 0.25 0.05 0.05 0.05 | 5295 | 234 0.05 0.06 0.05 0.07 | 0.05 | 44.04 | 100.01 94.55
3 0.25 0.05 0.05 0.05 55.30 0.21 0.11 0.05 0.05 0.05 | 0.05 43.62 99.84 98.75
4 0.25 0.05 0.05 0.05 | 55.20 | 0.31 0.16 0.20 0.05 0.60 | 0.05 | 43.04 | 100.01 98.57
5 0.25 0.05 0.05 0.05 | 55.20 | 0.22 0.26 0.15 0.05 0.08 | 0.05 | 43.35 99.76 98.57
6 0.25 0.05 0.05 0.05 | 54.70 | 0.37 0.37 0.29 0.05 0.09 | 0.05 | 43.73 | 100.05 97.68
7 0.20 0.05 0.05 0.05 | 56.00 | 0.30 0.09 0.21 0.05 0.05 | 0.05 | 43.04 | 100.14 100.00
8 0.22 0.04 0.02 0.04 | 5450 | 0.24 0.05 0.06 0.05 0.05 | 0.03 | 44.80 | 100.10 97.32
9 0.32 0.05 0.02 0.03 | 5553 | 0.24 0.01 0.02 0.04 | 0.05 | 0.03 | 43.60 99.94 99.16
10 0.26 0.07 0.06 0.04 | 52.01 0.40 0.05 0.03 0.06 0.05 | 0.01 | 45.30 98.34 92.88
Min. 0.20 0.04 0.02 0.03 | 52.01 0.21 0.01 0.02 0.04 | 0.05 | 0.01 | 43.04 98.34 92.88
Max. 0.32 0.07 0.06 0.05 | 56.00 | 2.34 0.37 0.29 0.06 0.60 | 0.05 | 45.30 | 100.18 100.00
Ave. 0.25 0.05 0.05 0.05 54.64 0.50 0.14 0.12 0.05 0.14 | 0.04 | 43.82 99.84 97.57
STD. 0.03 0.01 0.01 0.01 1.23 0.65 0.11 0.09 0.00 0.18 | 0.01 0.73 0.54 2.20

The CaO content in this limestone shows a strong negative correlation with that of the

LOI (-0.81) (Table 2) which may be due to the reason that LOI is contributed mainly by the
carbonate content (calcite, CaCO3).

The CaO exhibits moderate negative correlation with MnO, A203 and MgO (Table
2). Fe203 has a significant positive correlation with A20s, TiO2 and MnO, whereas it does
not have any significant correlation with SiO2 (Table 2). This indicates that contents of these
elements do not relate to the detrital input. The chemical composition of the limestone reflects
its mineralogical composition.

Table 2: Correlation coefficient values of constituents of limestone samples
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SiO, | AlLO; | Fe03 | TiO, | CaO | MgO | Na,O | KO | MnO | SO; | P,Os | LOI
SiO, 1.00
Al,0; 0.25 1.00
Fe,0; -0.30 | 0.61 1.00
TiO, -0.62 | -0.13 0.70 1.00
Ca0 -0.08 | -0.63 | -0.33 | 0.13 | 1.00
MgO -0.01 | 0.02 0.18 0.21 | -0.53 | 1.00
Na,O -0.15 | -0.11 0.40 059 | 025 | -0.24 | 1.00
K0 -0.42 | -0.19 0.33 0.58 | 039 | -0.18 | 0.76 1.00
MnO -0.46 | 0.64 0.70 0.34 | -0.67 | 0.06 | 0.08 | 0.03 | 1.00
SOs 0.00 | -0.08 0.21 032 | 020 | -0.12 | 025 | 0.30 | 0.00 | 1.00
P,0s -0.31 | -0.56 0.23 077 | 058 | 0.17 | 054 | 056 | -0.34 | 0.32 | 1.00
LOI 0.05 041 -0.09 | -0.44 | -0.81 | 0.14 | -0.36 | -0.55 | 0.55 | -0.40 | -0.81 | 1.00
Bold emphasis indicate the significant positive and negative correlations
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Fig. 4: Chalky limestone of Habshiyah Formation in the study area

Materials and Methods
To determine the quality of Middle Eocene limestone in the study area, geochemical

analysis and pertographical were made, 25 representative samples were collected for
preliminary field identification, geochemical analysis and pertographical examination of thin
sections.

Geochemical analysis of the collected samples was carried out by X-ray fluorescence
spectrometry (XRF) using AxiosPANalytical machine at Faculty of Earth Science, King
Abdulaziz University, Jeddah, Saudi Arabia. LOl was determined by heating powdered
samples for 50 min at 1000 °C. The determination of the content of sulphur trioxide (SO3)
was carried out by a gravimetric technique. The concentration of major oxides were expressed
as a weight percentage (wt.%). Brightness was measured according to ISO 2470 [22], using a
reflectance spectrophotometer in Saudi Geological Survey (SGS), Jeddah.

Results and Discussion
Petrography

Petrographical studies of limestone samples from the studied area indicated that the
samples are dominantly composed of calcite (Fig. 5). These limestone rocks have fine to
medium grained granular mosaics with fossils. The medium- to coarse- grained calcite
crystals are generally interlocked.

Geochemistry
The limestone rocks used in this research were tested for determination chemical

composition by using XRF test. The major elemental chemistry of the randomly hand-picked
limestone samples from the study area is presented in Table 1. Chemical analyses revealed
that the limestone samples contain lime (CaO) as the major constituent, followed by LOI
(Table 1). Other oxides are present in traces concentration (<0.37%). The CaO content varies
between 52.01 to 56.00% with an average of 54.64+1.23% and is due to the calcite present in
the limestone (>92.88%). LOI varies from 43.04 to 45.30% with an average of 43.82+0.73%
(Table 1). High LOI value is indicative of high volatile content and this suggests a high
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Fig. 2: Geological map of study area [21]
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characterised by the very low content of silicaclastic materials. This is considered as Middle
Eocene on the basis of its fossil assemblages and its formation is apparently conformably
underlain by the Rus Formation; contact is transitional, occurring at the top of the powdery
gypseous chalk bed of the Rus and the base of the yellow gypseous marls of the Habshiyah
(Figs. 3and 4).

The study area contains sedimentary rocks that ranges in age from late Paleocene
(Umm Er Radhuma) to recent time, and is dominated by a thick Habshiyah formation.
Habshiyah formation is a marine succession that outcrops extensively in the eastern part of
Yemen [20] and in the study area consisting of shallow marine limestone and chalky
limestone.

According to megascopic observation, the limestone samples have shown no
alterations and weathering evidence in hand specimen. The rock is easily workable due to
systematic four joint sets. There are three main uses of limestone in Al-Ghaydah area. They
are used in construction of structural concrete, road pavement, and as filling materials. Many
tectonic structures such as faults are clearly visible in the study area as well as numerous
structures to small dimension such as fractures and joints.

Quaternary Deposits
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is considered an economic and social driver for Yemen. It largely contributes to the
improvement of infrastructure and the absorption of large numbers of the Yemeni labor.
However, the development of this sector is dependent on the quality and quantity availability
of useful rocks in the different areas of the country.

The purpose of this work is to make a preliminary study for geochemical assessment
of Middle Eocene limestone in the Northern part of Al-Ghaydah district, southeastern Yemen
for industrial uses.

Study Area

The study area is located in the northern part of Al-Ghaydah district, Al-Mahrah
governorate, southeastern Yemen, about 50 km from the coastline and 110 km west of Oman
(Fig. 1). It is characterized by an arid climate condition and a very rare vegetation.

Fig. 1 Location map of study area

Study Area

777 T £

Generally, the study area is characterized by small hills topography due to the
presence of low to moderate hills (< 1000 m above sea level). The limestone rock outcrops
covers extensive areas in Al-Mahrah governorate. In general, the topography of study area is
subdued and does not offer major obstruction to quarry sites. At many places, a large quarry
can be operated with a minimum of heavy equipment, so that large tonnages of rock can be
produced at a minimum cost. Therefore, specific attention was not given in this investigation
to mining methods, costs, and reserves.

Geological setting

The main exposed rock unit in the investigated area is Middle Eocene limestone
(Habshiyah Formation) (Fig. 2). This formation is a part of Hadramawt Group. The
microfacies of the Habshiyah Formation include a foraminiferalalveolinapackstone and is
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Introduction

The limestone and lime are prehistoric and among the oldest materials used by
mankind. Limestone is a sedimentary calcareous rock, mostly composed of calcite with some
gangue minerals such as quartz and feldspar. It comprises approximately 10% of all
sedimentary rocks exposed on the earth’s surface and is primarily biological in origin.

Limestone is an extremely valuable raw material and is one of the most versatile of all
industrial rocks and minerals. A wide range of industries has been made from limestone and
its by-products, such as metallurgy (iron and steel making), manufacturing (pharmaceutical,
food processing, sugar refining, cosmetics, glass, paper, fillers, cement, ceramics, paints,
leather, rubber, plastic, adhesives, calcium carbide, sealants, water purification, waste water
treatment, flue gas desulphurisation, insulation, coal dust fire dampener and pH control),
agriculture (fertilizers, fungicides, animal feed, poultry, liming of soil and fish ponds),
construction (mortar, cement, plaster, whitewash, silica bricks and building stone) purposes
[1-14] and removal of heavy metals and Cr from water and mitigation of poisonous and
dangerous gases emission [15,16]. In addition, waste materials of limestone can be used in
stabilization of swelling soil [17]. Limestone is a versatile material, which can support a wide
range of chemical and other industries in Yemen. Any limestone with CaCOs in excess of
75% can find some industrial use or another, and therefore warrants geological prospects to
make an assessment of reserves and quality and to determine the industrial possibilities [4].
High-purity limestone is defined as a carbonate rock that contains greater than 97% CaCOs. It
is often referred to as industrial limestone [1].

In Yemen, limestone deposits are widespread and are often well documented in
geological research, reports and maps. It is widely extracted as building stones, coarse
aggregates and cement raw materials, often by poorly-regulated open-pit quarrying. There are
44 reported pure limestone occurrences in Yemen. The estimated reserve in these locations is
about 3.4 billion m® [18] and the potential reserve of limestone in the study area is about
30,800,000 m® [19]. There is an increasing awareness of the need for geological resource
studies to guide strategic mineral planning and development plans. There is often no factual
basis to assess their quality, and to inform the planning process. The sector of industrial rocks
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|ABSTRACT: I

Large quantities of high-quality limestone are found in various
regions of Yemen, particularly in Al-Mahrah governorate.
Samples of Middle Eocene limestone from the Northern Part of
Al-Ghaydah District, southeastern Yemen, were studied to
evaluate their industrial potential. Petrographic analysis revealed
that these limestone rocks are of the foraminiferalpackstone type.
Geochemical analysis using X-ray fluor escence (XRF) revealed a
high calcium carbonate (CaCOgs) content, averaging 97.57%.

Keyword Major oxide analysis indicated that CaO content ranges from
e Limestone 52.01% to 56.00%0, with an average of 54.64%, while other oxides
e Al-Ghaydah were present in trace amounts. The loss on ignition (LOI) ranged

between 43.04% and 45.30%, confirming the high purity of the
limestone (CaCOs content of 92.88%-100%). Correlation
Al-Mahrah analysis showed a strong negative relationship between CaO and
Yemen LOI and moderate negative correlations with MnO, Al20s, and
MgO. Trace element concentrations were measured in ppm, with
Zn (10.21-18.92), Pb (<7.50), Cr (10.46-14.69), and As (16.54—
30.32). These results confirm that the high-purity limestone in
the study area is suitable for various industrial applications,
including steel production, paper manufacturing, fillers, pottery
and porcelain, bleaching powder, soda ash, caustic soda, calcium
carbide, sugar refining, textile production, adhesives, sealants,
agriculture, and animal feed.
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Fourth: Academic Integrity Policy

The research must be compatible with the standards of academic integrity and scientific
research ethics.

The journal is committed to revere the intellectual property copyrights of individuals
and institutions, and in a way that prevents censuring the ideas of others in any way. It
also stresses the necessity of the researcher’s commitment to indicating the sources of
quotations and information the researcher provides in the research and to attribute them
to their original authors.

The journal’s editorial board has the right to withdraw the research if it finds
conclusive evidence of illegal appropriation that breach academic integrity, the
presence of unreliable data, duplicate publication, or unethical behavior.

The journal has the right to refuse the publication of research by any author proven to
have violated the principles of academic integrity and decency.

Fifth: Reviewing Policy

The journal’s policy: transparency, objectivity, and confidentiality.

Research submitted for publication in the journal is subject to an initial review process
by the editorial board. If it rejects the research, the researcher is informed of the
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to the researcher for the necessary revisions before publication. The research should
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from receiving the reviewers’ comments.

The researcher will be notified of the decision acceptance or rejection of the research
for publication after presenting it to competent and specialized reviewers within a
maximum period of two months from the date of receiving the research.

The reviewer is obligated to provide detailed comments about the research, in
accordance with the reviewing template approved by the journal, and not to be satisfied
with the general scrutiny and reviewing, and to direct his comments towards the
research and not to the researcher as a person.

The journal has the right to make the necessary amendments of the editing formats of
the material submitted for publication, according to the publication requirements and
the journal’s template.

The two reviewers respond within a maximum period of one month from the date of
receiving the research. When the reports arrive from the reviewers, the journal’s
editorial board takes the necessary action according to the reviewers’ decisions. If the
two reviewers’ opinions conflict, the research is referred to a third reviewer for
deliberation. When the research is accepted without comments, the publishing
procedures are completed, and the researcher is provided with a publication acceptance
letter.

Sixth: Reviewers Delay Regulations

Al-Rayan Journal for Applied Sciences is keen to have the research submitted to it
reviewed as quickly as possible, in order to ensure prompt publication of the research
and being accessible to readers. Therefore, the journal sets a specific period of time for
the reviewers to issue their reports within a maximum period of one month from the
date of receiving the research.

If the reviewer delays in issuing his/her report within the specified period of time, the
journal sends him/her a notice letter, and he/she is given a week’s notice. If his/her
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