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 This study aims to assess the potential of Obajana marble as a raw 

material in the production of cement and other industrial applications 

by evaluating its mineralogical and chemical composition. Five samples 

from Obajana were analyzed using energy dispersive XENEMETRIX 

XRF and Rigaku Mininflex XRD to ascertain its mineralogical and 

chemical composition respectively. The tests explored the applicability 

of marble as a replacement for limestone in clinker formation which 

reduces the environmental impact of cement production while 

maintaining comparable chemical and mechanical properties; the 

incorporation of marble powder as a Supplementary Cementitious 

Materials (SCM) and utilization in metal production have enhanced 

workability, durability, and strength, contributing to reduced clinker 

consumption and carbon emissions. The presence of calcium carbonate 

(CaCO3: 91.99 %), calcium oxide (CaO: 92.42%), silica (SiO₂: 1.38–

5.65 %), alumina (Al₂O₃: 1.50–3.82%), and iron oxide (Fe₂O₃: 0.29%) 

in Obajana marble supports its role in clinker formation by promoting 

cementitious compound development and function as a fluxing agent in 

pyrometallurgical processes in metal smelting. The high CaCO₃ and 

minor SiO2, and Al₂O₃ content, enables Obajana marble serve as a cost-

effective filler, improving packing density, microstructure, and 

mechanical properties of concrete. The findings underscore the 

potential suitability of Obajana marble in promoting resource efficiency, 

circular economy principles, and sustainable building materials. With a 

high CaO content of 92.93% and minimal impurities such as SiO₂, 

Al₂O₃, and Fe₂O₃, the marble meets key chemical criteria for use in 

cement and lime production. Its low MgO and Fe₂O₃ levels further 

suggest suitability for white cement and high-grade construction 

materials. The trace elements present are within acceptable industrial 

limits, reinforcing its potential for eco-friendly and versatile 

applications. This research provides valuable insights into the role of 

Obajana marble in advancing sustainable construction practices and 

reducing dependency on imported raw materials by integrating detailed 

geochemical characterization of Obajana marble with its industrial 

suitability for cement and construction material production and 

application. 
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1.0 Introduction 

Carbonate rocks, including limestone and marble, are primarily sedimentary rocks composed of carbonate minerals [1]. 

In Nigeria, marble deposits are extensively found within the Precambrian Basement Complex and are commonly 

associated with the Schist Belts [2] [3] [4]. These Schist Belts exhibit distinct petrological, structural, and metallogenic 

characteristics, predominantly occupying north-south trending troughs. They are particularly prominent in the western 

region of the country [5]. Many of these marble deposits remain largely untapped, primarily due to a lack of 

comprehensive data on their composition, which is crucial in determining their suitability for industrial applications [6]. 
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The application of marble is influenced not only by its chemical composition but also by its petrographic properties. 

Key factors such as mineralogical composition and grain size, which are easily identifiable physical characteristics, 

play a significant role in determining the strength, visual appeal, and color of marble, ultimately affecting its suitability 

for various industrial uses [7] [8]. 

Marble deposits in Nigeria, including those in Obajana, have historically played an important role in providing raw 

materials for industries like construction, fertilizer production, and chemicals. Additionally, these marble rocks have 

the potential to be used to extract valuable metals like gold (Au), lead (Pb), silver (Ag), tin (Sn), copper (Cu) bearing 

minerals, and certain silicate minerals, especially when subjected to hydrothermal processes. This study therefore 

assesses the chemical composition of Obajana marble to determine its suitability for cement production, construction 

aggregates, and other building materials. 

1.1 Application of Marble in Construction 

C Depending on the project's requirements, construction materials vary widely in type, properties, and applications 

[9]. Marble is a natural stone used in construction for centuries due to its aesthetic appeal, durability, and versatility 

[10]. Generally, marble is an important ingredient in the production of cement. Cement is described as a material with 

adhesive and cohesive properties capable of bonding material fragments into a compact whole [11]. Marble is prized 

for its unique veining patterns, wide range of colors, and polished finishing, making it a popular choice for both 

structural and decorative applications. The choice of construction materials depends on the specific needs of the 

project, including structural requirements, climate, and intended use. Advances in technology and sustainability are 

driving innovation in this field, leading to the development of smarter and more eco-friendly materials. 

1.2 Description of Study Area 

The study area lies between longitude 6°10°E and 6°30' East of the Greenwich meridian and Latitude 7°40'N and 

8°00'N North of the equator, as shown in Figure 1. Obajana is home to the Dangote Cement Plant in Kogi State, which 

is the largest cement plant in Sub-Saharan Africa and ranks among the largest cement plants globally [12]. 

 
Figure 1: Map showing the Study Area 

 

2.0 Methodology 

Hundred-kilogram (100Kg) of broken marble rock samples were gathered from Obajana marble deposits, to allow for 

an investigation of the marble's chemical and mineralogical composition. The mineralogical composition of the 

broken-field samples collected from the Obajana deposit was analyzed using a Rigaku Miniflex XRD equipment. The 

field samples were further broken and ground with a laboratory-sized crusher and pulverize to a particle size <75 µm 

for its engineering applications. The Powdered rock samples were then subjected to analysis using an energy dispersive 

Genius IF XENEMETRIX XRF equipment for their elemental composition with the spectrum analysis conducted on 
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an XRS-FP Software. The XRD on the other hand, the sample was analyzed on an RIR Quantification to match the 

mineral phases and generate the report for both the qualitative and the quantitative analysis. Comparative analysis of 

the chemical composition of the marble sample was carried out with ASTM and European committee for standards to 

ascertain its suitable industrial applications. 

3.0 Results and Discussion 

3.1 Mineralogical Assessment 

The result of the mineralogical composition of five (5) marble samples taken from Obajana is presented in Table 1, 

and this is plotted as a histogram showing the percentage composition of the constituent minerals in Figure 2. From 

the Figure 2, calcite mineral (CaCO3) is the most dominant mineral with an average percentage composition of 91.99 

%. The sample composition also comprises quartzite (SiO2), Albite (K/Na.SiO2), and lime (CaO) of average percent 

composition of 7.70 %, 2.3 %, and 0.89 %, respectively. These results confirmed marble as a metamorphic rock with 

calcite mineral (CaCO3) being the most dominant mineral [13]. 

Table 1: Result of Mineralogical Composition 

Samples 
% Mineral Composition 

Calcite (CaCO3) Quartz (SiO2) Albite (K/Na. AlSiO3) Lime (CaO) 

A 89.11 8.12 1.23 1.53 

B 93.41 4.10 1.83 0.52 

C 90.59 5.94 2.62 0.74 

D 92.15 6.17 1.02 0.63 

E 94.73 3.9 0.8 0.51 

% Avg. Comp. 91.99 5.65 1.50 0.79 

 

 
Figure 2: Mineralogical Percent Composition 

 

3.2 Chemical and Elemental Compositions 

The results of elements contained in the marble samples are presented in Table 2 and the chart showing the elemental 

composition of the five samples is presented in Figure 3. 
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Table 2: Result of Elemental Composition 

Samples 
% Elemental Composition 

Ca Si Al Sn Fe Ba Cl Zr Ta Mg O 

A 66.42 0.11 2.63 0.36 0.21 0.14 0.24 0.11 0.12 0 29.35 

B 62.71 1.19 2.19 0.4 0.33 0.13 0.31 0.1 0.03 1.96 30.1 

C 64.88 1.15 2.53 0.38 0.3 0.01 0.3 0.11 0.01 0.09 29.9 

D 66.17 0.22 2.53 0.49 0.26 0.04 0.39 0.1 0.15 0 29.34 

E 66.01 0.59 2.29 0.43 0.28 0.12 0.31 0.12 0.03 0 29.48 

   65.24  0.65  2.43  0.41  0.28  0.09  0.31  0.11  0.07  0.41  29.63 

 
Figure 3: Percentage Elemental Composition 

 

The Calcium (Ca) and Oxygen (O) elements account for 65.24 % and 29.63%, respectively, indicating the 

carbonaceous history of the rock, classifying it as sedimentary by origin. Other elemental components of the sample 

are associated with common marble mineral. 

Table 3: Result of Chemical Composition 
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% Mg
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Samples 
% Chemical Composition 

CaO SiO2 Al2O3 SnO2 Fe2O3 BaO Cl ZrO2 Ta2O5 MgO K2O 

A 92.93 0.25 4.98 0.45 0.30 0.16 0.24 0.15 0.15 - 0.07 

B 87.75 2.55 4.14 0.51 0.47 0.15 0.31 0.14 0.04 3.26 - 

C 90.78 2.47 4.79 0.48 0.44 0.01 0.3 0.15 0.02 0.16 - 

D 95.52 0.45 2.71 0.24 0.13 0.01 0.06 0.06 0.02 - - 

E 95.13 1.22 2.46 0.21 0.14 0.05 0.50 0.08 - - - 

Avg. 

Comp. 
92.42 1.38 3.82 0.38 0.29 0.08 0.28 0.12 0.05 - - 
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Figure 4: Chemical Analysis of Samples 

 

The result of the chemical analysis in Table 3 shows that the marble samples from Obajana contain high Calcium 

Oxide (CaO) which is an average of 92.42 %. Other constituents of the sample are Al2O3, SiO2, and Fe2O3 with an 

average composition of 3.82 %, 1.38 %, and 0.29 % respectively.  

Table 4: Comparative study of Obajana marble in relation to International Standards 

Chemical 

Component 

Relating to 

Standards 

Obajana 

Marble (Avg. 

%) 

ASTM C595/C150 

Requirement 

EN 197-1 Requirement Comparative 

Remarks 

CaO 92.93 42% (equivalent to 

≥75% CaCO₃) 

≥75% CaCO₃ (42% CaO) Exceeds requirement 

SiO₂ 0.25 No specific limit 

(low % preferred) 

No specific limit Acceptably low 

Al₂O₃ 4.98 No specific limit No specific limit Can aid hydration 

Fe₂O₃ 0.30 Combined (SiO₂ + 

Al₂O₃ + Fe₂O₃ ≤ 5%) 

Same as ASTM Acceptable (total = 

5.53%) 

MgO 0.68 ≤ 5.0% ≤ 4.0% Excellent (none 

detected) 

Cl 0.24 ≤ 0.10–0.20% 

(optional spec) 

≤ 0.10% (water-soluble) Slightly above EN 

limit and further testing 

needed 

K₂O 0.07 No specific limit ≤ 0.60% (when specified as 

low alkali cement) 

Trace level 

Other Trace Oxides 

(SnO₂, BaO, ZrO₂, 

Ta₂O₅) 

≤ 0.45 each Not specified Not specified Considered inert at 

trace levels 
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Sulfur Trioxide (SO₃) - 3.0 (for Types I & II) 

≤ 3.5% for CEM I and CEM 

II/A-L, CEM II/A-LL; ≤ 

4.0% for other types 

Not tested 

Loss on Ignition 

(LOI) 
- 3.0 ≤ 5.0% 

Not Tested 

Insoluble Residue - 0.75 ≤ 5.0% Not tested 

Tricalcium 

Aluminate (C₃A) 
- 15.0 (Type I) No specific limit 

Not tested 

 

Table 4 shows the comparative study of Obajana Marble sample to the standard specifications that ensure the quality 

and performance of Portland cement in various construction applications according to ATM C150 and EN197-1 

respectively. According to these standards, limestone materials incorporated into blended cements must contain at 

least 75% CaCO₃ (EN197-1), equivalent to approximately 42% CaO (ATM C150). The Obajana marble sample 

possess a higher average CaCO₃ content of 91.99% and CaO content of 92.44 %, respectively indicating that Obajana 

marble is very suitable for cement production.   

3.3 Suitability of Obajana Marble for Production of Construction Materials 

3.3.1 Obajana Marble as Replacement for Limestone Clinker Production 

Ordunarily, limestone is the primary ingredient in cement clinker production, which is produced by heating a mixture 

of limestone (CaCO₃), silica (SiO₂), alumina (Al₂O₃), and iron oxide (Fe₂O₃) at high temperatures. Based on the high 

composition of calcite (CaCO3) in the Obajana Marble sample at an average of 91.99 % and lime (CaO) of 0.79 %, 

marble from this site can be used to replace limestone in clinker production for cement [11]. This has been seen to be 

more economical for cement production, reducing environmental impact and energy consumption in cement 

production plants [14] [11].  

3.3.2 Marble as a Supplementary Cementitious Material (SCM) 

Marble obtained from the Obajana site can be effectively utilized as a supplementary additive in cement production 

when broken, ground, and processed into fine marble powder. The high calcium oxide (CaO) content (92.42%) in the 

marble closely aligns with the composition of limestone powder, which is widely accepted as a Supplementary 

Cementitious Material (SCM) in cement production when compared to ASTM C150 (Table 4) and EN 197-1 (Table 

5) standards [19][20]. Additionally, the presence of Al₂O₃ (3.82%), SiO₂ (1.38%), and Fe₂O₃ (0.29%) remain within 

acceptable ranges for SCMs supporting its role in enhancing cement hydration through filler effects and potential 

pozzolanic reactions. While not as reactive as traditional pozzolans, finely ground marble powder can improve cement 

packing density, reduce porosity, and optimize hydration, making it a viable SCM in construction applications. Studies 

have shown that replacing 5–15% of cement with marble powder enhances the strength and durability of concrete 

[15]. This improves workability, enhances strength, and reduces the carbon footprints emanating from cement plants 

[16] [17] [18]. 

3.3.3 Marble as a Valuable Additive in Metal Extraction 

Metals such as iron, aluminum, and copper are valuable components of construction materials, and the application of 

marble in extracting these metals is crucial for their production. The extraction of metals like iron requires high-purity 

marble containing a high percentage of calcium carbonate and calcium oxide content. The Obajana marble, with a 

high calcium carbonate (CaCO₃) content of 91.99% and calcium oxide (CaO) content of 92.42%, is valuable for metal 

extraction purposes [21][22]. In blast furnace operations, Obajana marble (CaCO₃) acts as a fluxing agent, replacing 

limestone to remove impurities such as silica (SiO₂), phosphorus (P), and sulfur (S) from iron ore [23]. Additionally, 
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the high CaO content (92.42%) in the marble ensures efficient slagging, improving metal purity and reducing 

refractory wear in furnaces [15] [24]. 

3.3.4 Functional and Economic Benefits 

Beyond the technical suitability of Obajana marble, it offers significant economic and environmental advantages 

compared to other marble deposits in Nigeria. Its local availability near major cement production facilities such as the 

Dangote Cement Plant in Kogi State reduces transportation costs and reliance on imported SCMs. The application of 

such a locally sourced material not only promotes cost efficiency but also contributes to sustainable industrial 

applications in construction by lowering the clinker factor and associated carbon emissions. 

4.0 Conclusion  

Obajana Marble, due to its high calcium carbonate (CaCO₃) content of 91.99 %, silica (SiO₂), alumina (Al₂O₃), and 

iron oxide (Fe₂O₃) levels, has proven to be a versatile material that is applicable in the production of some vital 

construction materials. In cement manufacturing, marble serves as a raw material for clinker production, a 

supplementary cementitious material (SCM), and an inert filler, contributing to improved workability, strength, and 

sustainability of concrete. Its use reduces the heavy reliance on traditional limestone, reduces carbon emissions, and 

enhances the durability of cement-based materials. In metallurgical applications, marble functions as a fluxing agent 

in iron, steel, copper, and aluminum smelting thereby facilitating the removal of impurity and slag formation. Thus, 

Obajana marble is highly valuable and preferable in many industrial applications due to its location, extremely high 

CaO content, Significant cost-saving potential in both cement and metallurgical applications, abundance and 

accessible local supply. 

In conclusion, the Obajana marble sample satisfies the key chemical requirements for clinker production, SCM, serves 

fluxing agent and inert filler. Its uses and applications offer additional logistical and environmental benefits. These 

attributes make it a strategic and preferable alternative for cement producers seeking high-performance, locally 

available SCMs in compliance with international standards. 

5.0 Recommendation 

The overall integration of marble in cement and metal extraction processes highlights its potential as a cost-effective 

and environmentally friendly material. Future research should focus on optimizing its applications in green metallurgy, 

alternative cement technologies, and rare earth element (REE) extraction, ensuring more sustainable industrial 

operations. 
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