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Abstract 

This work focused on the characterization and assessment of the economic potential of sand deposits in 

Anambra State. It was undertaken to determine the potential of the sand for use in glass and solar panel 

manufacture. Samples collected from quarries at Agu-Awka, Ishiagu, Nimo, Umuoru-Uga and River Awdaw 

channel at Amaokpala were texturally and chemically analyzed. Result of sand-size analysis of the samples 

revealed that 85.7-95% of the samples were retained within the 0.125-0.5 mm sieve meshes. This range of 

values falls within the sand-size threshold suitable for the manufacture of glass wares.  Result of X-Ray 

Fluorescence spectroscopy showed that SiO2 percent ranged between 93.87 and 98.01, followed by Al2O3  

(0.94-1.84), Fe2O3 (0.367-1.681), TiO2 (0.23-1.05), Cr2O3 (0.025-0.042), CuO (0.019-0.039), K2O (0.001-0.38). 

The very high concentration of silica shows that with very minor beneficiation, all the sample can be 

employed in the manufacture of glass and solar panels. These findings provide basis for investments in 

commercial silica sand and thus herald a new dawn of business opportunities in Anambra State.  
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Introduction 

Silica sand is one of the end products of the weathering process of most granites and sandstones that 

possess high ratio of quarts to other minerals. Its usability in the manufacturing industry greatly depends 

on its inherent chemical and mechanical properties. Anambra State has extensive sand deposits that 

could, if properly harnessed, turn the State into a commercial hub and provide jobs for her teeming 

population.  Silica sand is an invaluable raw material for a host of industrial applications including but not 

limited to paint making, glass manufacture, foundry sand, solar panel production, proppant in the oil and 

gas industry, and for horticultural and other agricultural applications (Sundararajan et al., 2009). It is 

estimated that about 15 billion tons of sand is consumed annually on a global scale, and about 70 billion 

dollars made in respect to trade volume (Villioth, 2014). According to the Observatory of Economic 
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Complexity, OEC, sand is such an important raw material that countries such as Singapore, Belgium, 

Canada, Netherlands, and Japan spent over 100 million US dollars each on sand imports in 2014.  

As Nigeria strives for industrialization, there is need to not only increase energy generation but also to shift 

to cleaner and renewable resources like solar energy. The use of solar panels manufactured from silica 

sand would also serve as an alternative to the currently unreliable and unstable energy transmitted from 

the national grid. In order to give a boost to the economy of Anambra State therefore, investments in 

commercial silica sand should be a step in the right direction.  

Apart from sedimentological studies involving texture, composition, structures and diagenesis, most of 

which form basis for paleo-environmental reconstruction and the extensive use in civil construction, there 

is unfortunately no study that has related the chemical and mechanical properties of the sand deposits in 

Anambra State to other economic applications such as in manufacture of glass wares and solar panels. The 

present report which focused on the south-eastern part of Anambra State is preliminary to a State-wide 

TETFund-sponsored project to characterize sand deposits within the state, evaluate the physical and 

chemical properties and determine the economic applicability in glass and solar panel manufacture.  

Geological Setting 

This study focused on the part of Anambra State that is bounded by latitudes 50551N to 60151N and 

longitudes 60571E to 70071E (Fig. 1). The area includes parts of Aguata, Orumba North, Nnewi South, 

Aniocha, Njikoka and Awka South Local Government Areas of Anambra State. The area is underlain by the 

Paleocene Imo Formation and the Eocene Ameki Group (Nwajide, 1979, 1980; Odunze and Obi, 2011; 

Ekwenye et al, 2014, 2015, 2017; Fig. 2). The Imo Formation comprising dark fossiliferous marine shale and 

friable to pebbly sandstones underlies the northern and northeastern parts of the study area while the 

remaining part is dominated by the Ameki Group (Fig. 2.) comprising alternation of fine grained, 

friable/fossiliferous sandstone, mud-rich heteroliths, clays and clay-shale with thin bands of ironstone 

(Reyment, 1965; Arua, 1986; Nwajide, 2013; Mgbenu, 2019).   
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The terrain is typically undulating and dictated by the alternation of erosion-resistant sand bodies and mud 

rocks. The major topographic feature is the northwest-southeast trending Awka-Orlu Highlands which 

attains its maximum elevation of up to 1000ft above sea level in the Igbo-ukwu and Isuofia areas, flattens 

out northwestward into the floodplains of the River Niger (Floyd, 1965)..  

Methods of Study 

A total of fifteen fresh sand samples were collected at regular intervals from quarry faces at Agu-Awka, 

Ishiagu, Nimo, and Umuoru-Uga localities, and from River Awdaw channel at Amaokpala (Fig. 3).  In most 

cases bed-to-bed sampling was adopted following the method of Obi (2000).  The samples were thoroughly 

disaggregated and subjected to grain size and chemical analyses    
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Grain Size Analysis 

One hundred (100) grams of each disaggregated sample was divided into two equal parts using the Jones 

sample splitter.  The 50-gram split of each sample was then sieved for 15 minutes on a Ro-Tap sieve shaker 

using a set of US Standard Sieves at a half- phi sieve interval to provide maximum accuracy of results as was 

suggested by Folk (1980).  Each sieve fraction was checked for aggregates with the stereomicroscope, and 

then weighed to a precision of 0.01 gram. The result of sieve analysis for the five stations is presented in 

Table 1. 
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Whole Rock Geochemistry: Percentage compositions of  major and trace elements were determined for 

five representative sand samples (one sample from each  locality), at the National Geoscience Research 

Laboratory of the Nigerian Geological Survey Agency Kaduna, using the Energy Dispersive x-ray 

fluorescence (EDXRF) spectrometer (model “Minipal 4”). The samples were oven-dried at 1100C for 24 

hours after which 5.0g of dried sample powder was ignited in a furnace at 10000C for about 3 hours in 

order to calcinate any impurities. Five-times the flux (x-ray flux type 66:34, comprising 66% lithium 

tetraborate and 34% lithium metaborate) was added to 1.0g of stored ignited rock powder in order to 

lower the powder’s vitrification temperature. The mixture was then ignited for 10 minutes at 15000C in the 

preset furnace and subsequently labelled and slotted into the XRF machine for major elemental analysis. 

To determine the composition of the trace elements, compressed powdered pellets were employed. The 

pellets were prepared by adding 3.0g of cellulose powder (binder and dispersive agent) to 3.0g of 

desiccated sample powder and shook for about 12 minutes. Pressure of 1500kgm-2 was then applied to 

compress the mixture after which it was placed in the computer programmed for trace elemental analysis.  

Results and Discussion 

1. Textural Parameters 

Table 1 shows the grain size distribution as determined for the fifteen samples. From the Table it can be 

observed that the percentage of total fraction of sample retained between the 0.125-0.5mm sieve fraction 

ranged between 85.69% and 98.39%. According to Robert et al., (2002), grain size is critical when accessing 

quartz sand potential for glass manufacture- grains that are too fine would produce air bubbles while 
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those that are too coarse would not mix properly with other grains in the final product. According to BS 

2975, sand for glass manufacture should have at least 92% of their total weight falling within the 0.125-

0.5mm sieve fraction. In the present study, samples from Agu-Awka, Nimo and Ishiagu have grain sizes 

suitable for glass manufacture. Samples from Umuoru-Uga and Awdaw River channel on the other hand 

have relatively higher concentration of coarser particles which, according to Edem et al., (2014), can be 

easily eliminated by screening  

2. Geochemical Analysis 

Results of X-Ray Fluorescence Analysis (XRF) are presented in Table 2. XRF results reveal that the highest 

concentrated metallic oxide in the sand samples is SiO2 (93.87-98.01), followed by Al2O3 (0.94-1.84) and 

Fe2O3 (0.367-1.681). Range of values for other significant metallic oxides included: TiO2 (0.23-1.05), Cr2O3 

(0.025-0.042), CuO (0.019-0.039), K2O (0.001-0.38), etc. Loss on ignition (L.O.I) is a quality test which 

measures the total volatile matter (CO2 from carbonates and combined structural water) lost when a 

sample is heated to temperatures of about 10000C (Ademoroti, 1996; Oliver et al., 2001). Values of L.O.I 

ranged from 0.97 to 1.76. 

3. Economic Potential  

Figure 3 is a chart of essential chemical oxides of the samples from the study area, against industrial 

standard, while Table 3 shows a quick overview of the oxides from the different sample points and their 

applicability for the manufacture of glass and solar panel. The letters A, B, C, D, E, F, G and S represent 

optical/ophthalmic glass, tableware/lead-crystal glass, borosilicate glass, colorless glass, clear flat glass, 

colored glass, insulating fiber glass, and solar panel respectively.  
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Glass manufacture: Table 4 shows that sand sample from Nimo, Agu-Awka, and Umuoru-Uga are all 

suitable for the manufacture of insulating fibers. In addition, samples from Agu-Awka and Umuoru-Uga 

passed the acceptable limit for the manufacture of clear flat glass. All the samples fell below the limit for 

manufacture of colorless glass, colored glass, borosilicate glass, tableware and optical glass. Percentage 

composition of all Al2O3 shows that all the samples fell  
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within acceptable limits for the manufacture of insulating fibers only, while falling short for all other forms 

of glass wares. Though all the samples fell short of the limits for Fe2O3 and Cr2O3, their CaO and MgO 

percentage concentration were within acceptable range for manufacture of all forms of glass wares.  

Solar Panel Manufacture: When considered for solar panel manufacture, values of CaO, MgO and Cr2O3   

(Table 3) indicate that all the samples are within acceptable limit for the manufacture of solar panels. 

However, the SiO2, Fe2O3, TiO2, and Al2O3 percentages are all below standard for solar panel manufacture. 

These samples may require various forms of beneficiation before they can be suitable for solar panel 

manufacture. Sundararajan et al. (2009) and Edem (2014) have shown that beneficiation can greatly 

improve the quality of silica sand by reducing the contaminating oxides.  With none of the samples falling 

below 93% silica prior to beneficiation, all the samples hold great promise for the manufacture of various 

forms of  glass wares and as well as  for the manufacture of solar panels after beneficiation. 

Conclusions 

Chemical and textural evaluations of the sand deposits in the study area have revealed that the 

parameters are suitable for various industrial applications. The percentage composition for the most vital 

mineral, silica ranges from 93% to 98%. Iron oxide percentages are unusually high in all the samples 

analyzed. But with iron treatment, samples from Nimo, Agu-Awka, and Umuoru-Uga could be applied for 

the manufacture of insulating fiber, while samples from Agu-Awka and Umuoru-Uga can be additionally 

employed for the manufacture of clear flat glass. The high concentration of silica in all the samples 

analyzed shows that the sand holds great promise for use in the manufacture of solar panels and other 

forms of glass wares after beneficiation. More work is needed in the assessment of actual reserve of the 

sand bodies to ensure that they would sustain manufacturing industries. The industries birthed will in turn 

stimulate the local economy of Anambra State and help create job opportunities within the state. 
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