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Abstract: The suitability of the Otamiri River (Ihiagwa, Imo State, Nigeria) sands as a possible raw 
material source for the glass industry was investigated.  Granulometric analysis of the sands was 
carried out and statistical parameters were determined.  Results show that the sands from the present 
channel of the river has mean, median and modal grain sizes of 0.6mm, 0.65mm and 0.57mm 
respectively, and coefficients of uniformity and curvature of 2.19mm and 0.81mm respectively while 
the sands from the river terrace has mean, median and modal grain sizes of 1.35mm, 1.3mm and 
1.59mm respectively, and coefficient of uniformity 2.91mm and coefficient of curvature of 0.64mm.  
The chemical analyses of the sands using atomic absorption spectrophotometry (AAS) show a 
percentage silica content of 90.28 and 80.26 for sands from river channel and terrace respectively.   
These results indicate that the sands of the river in their natural state of deposition fail to meet the 
specification for glass making.  However, when subjected to some sand processing technique such as 
washing, attrition scrubbing and acid leaching the sand from the river terrace showed improved 
percentage silica content of 98.04 which is still inadequate.  But the processed sands from the 
present channel of the Otamiri River showed greatly enhanced percentage silica content of 97.30 
which is only suitably high enough to be used in the manufacture of coloured glasses such as bottle 
and window glasses.   
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INTRODUCTION 

 
 Glass formed by natural process is a product of melting that has cooled to form a solid phase in the 
absence of crystallization.  It is an amorphous solid substance without an ordered structure over a range 
greater than several times the dimension of the individual unit cells.  The glassy state is formed by a 
continuous transition from liquid to solid state.  On heating glasses gradually soften to form a viscous liquid.  
They are considered to be super-cooled liquids that cannot crystallize because of their high viscosity and 
instantaneous cooling (Bouska, 1963). 
 Generally glass is a hard material normally fragile and transparent.  Glasses are composed mainly of 
sand, and an alkali.  These materials at high temperature (ie molten, viscous state) fuse together; then they are 
cooled rapidly forming a rigid structure, though not having enough time to form a regular crystalline 
structure. 
 Batch materials for Glass manufacture: Glass compositions must take into account the end use of the 
product and the type of process used in forming the product – poured, pressed, drawn, rolled, moulded etc.   
The raw materials for glass manufacture are as follows: 
 Glass sand (Silica sand): This is the most important raw material required for the manufacture of glass 
and usually constitutes 60 – 90% of the total raw materials requirement, depending on the type of glass to be 
manufactured. Glass sand is the “glass forming oxide” in glass manufacture. 
 
Soda Ash (Sodium Carbonate, Na2CO3):  
 Pure silica has a melting point at a viscosity of 10Pa of over 23000C.  While silica can be made into glass 
for special applications (fused silica glass) other substances are added to common glass to simplify 
processing.  One is Na2CO3 which lowers the melting point to about 15000C in the soda-lime silica glass. 
 
Limestone (CaC03) or Dolomite CaMg(C03)2: 
 Soda added to glass makes it water soluble,  soft and not very durable.  Hence, lime is added to improve 
the chemical durability, hardness and to provide insolubility of the materials. Other oxides or metals such as 
alumina and borates may be added to provide properties for special applications.  Table 1 provides the list of 
the major oxide and typical oxide composition of some glass making raw materials. 
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Table 1: Raw materials for glass making, oxides or elements (after Leford, 1983). 

RAW MATERIALS OXIDE/ELEMENT 
Silica (glass) sand Si02 
Soda ash Na20 
Limestone Ca0 
Dolomite (raw or busned) Ca0 + Mg0 
Feldspar, aplite, Nepheline synite  Al203 + Na20 + K20 
Blast furnace slag   Al203 + S 
Borax, Razorite  B203 
Salt cake S03 + Na20 
Gypsum S03 + Ca0 
Barite  S03 + Ba0 
Fluorspar F2 
Arsenic AS203 
Iron Chromites  Cr203 
Iron Pyrite  Fe203 + S 
Niter Na20 + 02 
Selenium  Se 
Carbon  C. 
 

Types of Glass: 
 Commercial glass can be classified as soda-lime or lime-glasses, lead glasses, borosilicate glasses and 
fused silica glasses.  Soda lime glasses are produced in largest quantities because they are low in cost and 
resistant to devitrification.  They are widely used as window glasses, electric bulbs, bottles and cheaper table 
ware where high temperature resistance and chemical stability are not required. 
 Lead glasses also called flint glasses contain 15 – 30% lead oxide.  They are used for high quality 
tableware, optical purposes, neon sign tubing and in art objects because of their high luster.  They have a 
relatively low melting point but have high resistivity and high refractive index.     
 Borosilicate glasses are known under the trade name ‘Pyrex’, and contain virtually only silica and boron 
with small amounts of alumina and still less alkaline oxide.  The substitution of alkali and basic alkali oxide 
of the lime glasses by boron and aluminium results in a glass of low thermal coefficient of expansion and 
high chemical resistance.  Due to their high chemical stability, high thermal shock resistance and excellent 
electrical resistivity, they are used in the industry as piping, gauge glasses, laboratory wares, electrical 
insulators and for domestic purposes. 
 Fused silica glasses contain approximately 100% silica.  They have high resistance to thermal shock and 
high heat resistance.  They are very expensive materials and are used mainly for wares of chemical plants, for 
chemical laboratory wares and for electrical insulating materials in electrical heaters and furnaces. 
 The glass industry in Nigeria is relatively undeveloped despite the availability of glass sand – the most 
important raw materials for the manufacture of glass in the nation as well as the abundance of other raw 
materials.  Glass sand deposit can be found in Port Harcourt, Bida, Kaduna, Ughelli, Auchi etc. while 
limestone can be found in Ewekoro, Gboko, Sokoto, Nkalagu etc and feldspar can also be found in Aro in 
Abeokuta, Ijeri in Ondo State, Oshogbo, Okene etc.  Despite widespread occurrence of these minerals, very 
few glass industries can be found in the country.  It may not be possible to estimate the amount of glass 
manufactured in the country or the amount of glass sand consumed by the nation as probably no statistics of 
glass production and consumption exists for the nation.  Many glass industries in Nigeria may not be regarded 
as glass industries sensu stricto since many of them do not produce glass from the glass raw materials but deal 
with the importation of ‘finished’ glasses which they cut into different shapes and sizes for various purposes. 
 Sands and gravel are for sometime now being mined at the banks of Otamiri River in Ihiagwa, Imo State, 
Nigeria for building and construction purposes.  Various descriptions of marketable sediments in the sand and 
gravel industry such as hardcore, road aggregates, building sands have been derived from the banks of the 
river.  Little or no attempt has however been made towards determination of the usefulness of Otamiri River 
sands in the manufacture of glass.  This research is therefore designed to embrace detailed study of the sands 
of the Otamiri River in order to determine whether it meets the specification for typical glass-making raw 
material.      
    
Methodology: 
The research was in four phases: 
 Phase 1 was the field work which entailed geomorphological studies of the Otamiri River, and sample 
collection.  Two samples were obtained from the present river channel and two from the river terrace.  The 
two types of samples were expected to show slightly different chemical properties since the samples from the 
present river channel have been thoroughly washed by the flowing river and as such will contain little or nor 
clay in purities as opposed to the ones from the terrace where clay impurities settle and authigenic minerals 



Aust. J. Basic & Appl. Sci., 5(9): 492-500, 2011 

 

494 
 

precipitate thereby contaminating the sand.  Phase 2 involves laboratory analyses which include grain size 
(granulometric analysis) and chemical analyses to determine the major oxides using Buck Scientific Atomic 
Absorption Spectrophotometry (AAS).  Phase 3 deals with some basic processing of the sands such as 
washing, scrubbing and acid leaching (with dilute HCl) in order to beneficiate the sand and improve the 
quality.  Phase 4 is post processing chemical analysis of the sand using AAS. 
 
Location: 
 The study area covers the Otamiri River channel in Ihiagwa along the Nekede - Ihiagwa – Obinze road, 
Imo State Nigeria (fig 1).  It is bounded by longitudes 60 58’E and 70 04E and latitudes 50 23’N and 50 30’N.  
The area is currently sites for mining sands and gravels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Topogrophical / Sample location map of the study area. 
 
Physiography: 
 This study area is located within the tropical rainforest belt of Nigeria. Over the years the original 
tropical rainforest has been cultivated and deforested and has to a large extent been replaced by secondary 
forest.  Economic trees like the iroko, mahogany obeche, gmelina bamboo, rubber and oil palm predominate.  
But due to high population density, most of the state bas been so farmed and degraded that the original 
vegetation has disappeared.  Deforestation has triggered off acute soil erosion in some parts of the state. 
 The region experiences a mean annual temperature of 270C, and an annual rainfall of 200 – 300cm with 
most of the rainfall in the rainy season – from April to early November (Iloeje, 1979).  The area experiences 
two air masses – the Tropical Maritime Air mass which originates from the Southern high pressure belts, 
crosses the equator,, picks up moisture from over the Atlantic and enters Nigeria from the South, then 
ushering in rainy season, and the Tropical Continental Air mass which enters the country from the Northeast 
and carries little or no moisture and as such is responsible for the dry season. 
 The area is low lying being generally about 300m above sea level.  The main stream draining the study 
area is the Otamiri River.  The area presents a more or less dendritic pattern of drainage.  The Otamiri River 
runs from Egbu where it has its major base or source through to Nekede, Ihiagwa, Eziobodo, Olokwu, 
Umuisi, Mgbirichi, Umuagwo and finally to Ozuzu in Etche town of Rivers State of Nigeria  where it finally 
joins the Imo River to the Atlantic Ocean.  The Otamiri River has the Oramiriukwa stream as its major 
tributary, and at Nekede the Otamiri confluences with the Nworie River.  The river is of great significance to 
the people of Ihiagwa as it serves as a source of water for domestic use, fishing, sand and gravel mining. 

 
Geology: 
 The studied area is part of the Niger Delta region of Nigeria.  An extensive study by the Niger Delta 
Development Commission (NDDC) puts the area covered by the Niger Delta as 112,000 sq km and this is in 
line with the political boundaries of the region which includes nine states of the federation.  The study area 



Aust. J. Basic & Appl. Sci., 5(9): 492-500, 2011 

 

495 
 

lies within the Northern Delta depobelt of the Nigeria Delta Basin and the area is basically underlain by the 
Benin formation (fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Geological map of the study area. 
 
 The Benin formation is an extensive statigraphic unit in Southern Nigeria sedimentary basins.  It has 
been earlier referred to as coastal plain sands for example Sampson (1954) and was formally named the Benin 
formation by Reyment (1965) following Parkinson (1907). The Benin formation has variable thickness.  It is 
underlain on land by the Oligocene – Miocene Ogwashi – Asaba formation; on the subsurface by the 
petroleum bearing Agbada and Akata formations and overlain by quaternary alluvium (table 2). 
 The Benin sands and sandstones are mainly deposits of continental upper deltaic plain environment.  It is 
predominantly sandy with few shale intercalations becoming more abundant towards the base.  The sands and 
sandstone are coarse grained pebbles, sub angular to well rounded and whitish or yellowish in colour 
probably because of limonite coating and bears lignite streaks and wood fragments.  The sands may represent 
point bar deposits, channel fills or natural levees whereas the shales may be interpreted as back swamp 
deposits and ox bow fills.  The thickness of the formation is variable and may be more than 1800m.  In the 
subsurface, it is of Oligocene age in the North and becoming progressively younger southwards.  In general it 
ranges from Miocene to Recent.  Stratigraphically the Benin Formation is overlain by Quaternary alluvinum 
and recent sediments, and underlain by the Agbada formation.  Its outcrop lateral equivalent is the Ogwashi – 
Asaba Formation (table 2). 
 
Table 2: Niger Delta Stratigraphic unit (after Short and Stauble, 1964). 

Outcropping Units Subsurface units Type of deposit Age 
Benin Benin Continental (fluviatile) deposits   Miocene – Recent 
Ogwashi – Asaba Agbada Mixed continental, brackish and marine 

deposit (sand & clays) 
Oligocene  

Imo Shale Akata Marine deposits mainly clays Paleocene  

 
 
Granulometric Analysis: 
 The sand samples white in colour were dried and disaggregated, and weighed.  The stacks of sieves were 
coupled and mounted on the electric sieve shaker and time knob switched to 10 minutes.  The vibration 
stopped after 10 minutes, and the individual fraction of the sand sample collected on each sieve was weighed.  
From this record the percentage weight retained on each sieve was calculated and finally the cummulative 
percent retained on each sieve was determined (tables 3, 4).  Both graphic and statistical methods of data 
presentation have been developed. A graph which plots cummulative percent against the grain size – 
cummulative frequency curve is shown in figure 3. 
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Fig. 3: Grain size distribution curve. 
 
 The grain size for any cummulative percent is called the percentile.  The sorting of sediments can also be 
expressed by various statistical gymnastics; simplest of these is the measurement of central tendency of which 
there are three commonly used parameters: the mean, the mode and the median.  The median grain size is that 
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which separates 50% of the samples from the other, ie the median is the 50th percentile.  The mode is the 
largest class interval.  The mean is variously defined but a common formula is the average of the 25th and 75th 
percentile. 
 Another important aspect of granulometric analysis is the sorting or measure of degree of scatter ie the 
tendency of the grains to all be of one class of grain size.  This is measured by a sorting coefficient.  The 
classic Trask sorting coefficient is calculated by dividing the 75th percentile by the 25th percentile (Selley 
1976).         
 Other properties of the granulometric analysis include the coefficient of uniformity which is 
mathematically given as: 
Coefficient of uniformity (Cu) = D60/D10 
 
where D60 is the grain size for which 60% by weight of the grains are finer and D10 (effective size) is the 
grain size for which 10% by weight of the grains are finer.  Another statistical parameter is the coefficient of 

curvature (Cc) which is given as    where   is the grain size for which 30% by 

weight of the grains are finer.  Generally, for well graded sands (poorly sorted sands), Cu > 6 and Cc lies 
between 1 and 3 (table 5). 
 
Chemical Analysis: 
 The chemical compositions of the samples were determined using Atomic Absorption Spectrophotometry 
(AAS).  This is a technique in which the absorption of light by fine gaseous atoms in a flame or furnace is 
used to measure the concentration of atom in a given sample.  The principle of AAS is based on flame 
emission Spectroscopy. 
 Radiation source is a hollow cathode lamp.  This contains a substantial portion of the element to be 
measured.  The radiation produced corresponds to the emission spectrum of that element and so the required 
line may be readily isolated by the monochromator.  Individual hollow cathode lamps are available for large 
number of elements.  Results of the average chemical analyses of unprocessed and processed samples are 
presented in tables 6 & 7.  
 
Processing of the Otamiri River Sands: 
 The Otamiri River sands were subjected to some basic sand processing and beneficiation procedures.  
Processing techniques such as washing, scrubbing and acid leaching have been used.  Washing will help to 
remove undersized particles, clay impurities and water soluble salts.  Attrition scrubbing in which the grains 
are violently agitated in a small amount of water helps remove adhering Fe oxides and breaks down soft 
impurity grains.  Acid leaching helps to remove Fe oxide surface staining.  During processing, the sand 
samples were first washed with water while scrubbing at the same time, and then washed with dilute HCl, and 
then dried before taking for further chemical analysis.  

 
Results: 
 
Table 3: Average granulometric analysis results (OC) for samples OC1 and OC2 

Sieve size (mm) Mass Retained (g) Mass passing (g) % passing 
2,000 18.2 198.8 91.6 
1.180 13.0 185.8 85.6 
0.850 29.8 156.0 71.9 
0.600 59.1 96.9 44.7 
0.425 32.4 64.5 29.7 
0.300 50.6 13.9 6.4 
0.212 6.4 7.5 3.5 
0.125 7.1 0.4 0.2 
0.075 0.0 0.4 0.2 
PAN 0.0 0.4  

 
Table 4: Average granulometric analysis results for (OT) samples OT1 and OT2 

Sieve size (mm) Mass retained (g) Mass passing (g) % passing 
2.000 21.1 59.2 73.7 
0.180 21.7 37.5 46.7 
0.850 8.0 29.5 36.7 
0.600 17.8 11.7 14.6 
0.425 7.3 4.4 5.5 
0.300 2.3 2.1 2.6 
0.150 1.2 0.9 1.1 
0.75 0.3 0.6 0.8 
PAN 0.2 0.4  
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Table 5: Statistical Parameters derived from the average of OC1 and OC2 as well as from OT1 and OT2 

Statistical parameter Average 
 OC1 & OC2 

Average 
 OT1 & OT2 

D10 0.32mm 0.55mm 
D30 0.425mm 0.75mm 
D60 0.7mm 1.6mm 
P25 0.39mm 0.7mm 
P50 0.65 1.3mm 
P25 0.75mm 2.0mm 

Median 0.65 2.0mm 
Mode 0.57mm 1.59mm 
Mean 0.6mm 1.35mm 

Cu 2.19 2.91 
Cc 0.81 0.64 

Sorting Coefficient 1.92 2.86 
Remarks Poorly graded sand ie well  sorted Poorly graded sand ie well sorted 

 
Table 6: Chemical composition of the unprocessed Otamiri River sands. 

 OC1 OC2 Average OT1 OT2 Average 
SiO2 90.31 90.25 90.28 80.48 80.76 80.62 
Al2O3 0.61 0.65 0.63 0.92 0.86 0.89 
Fe2O3 0.08 0.06 0.07 0.15 0.11 0.13 
CaO 0.03 0.03 0.03 0.09 0.05 0.07 
MgO 0.15 0.21 0.18 0.63 0.55 0.59 
Na2O 0.80 0.70 0.75 0.37 0.41 0.39 
K2O 0.18 0.20 0.19 0.22 0.24 0.23 

Cr2O3 0.00 0.00 0.00 0.01 0.01 0.01 
 
Table 7: Chemical Composition of processed Otamiri River Sands. 

 OC1 OC2 (OC) Average OT1 OT2 (OT) Average 
SiO2 96.79 97.81 97.30 88.27 88.93 88.60 
Al2O3 0.32 0.28 0.30 1.64 1.18 1.41 
Fe2O3 0.02 0.06 0.04 0.06 0.10 0.08 
CaO 0.13 0.05 0.09 0.05 0.03 0.04 
MgO 0.83 0.97 0.90 0.28 0.22 0.25 
Na2O 0.51 0.41 0.46 0.35 0.37 0.36 
K2O 0.18 0.22 0.20 0.22 0.18 0.20 

Cr2O3 0.01 0.01 0.01 0.01 0.01 0.01 
 
 
Table 8: Comparing chemical properties of processed Otamiri River sands (OC & OT) with typical chemical properties of sand for 

manufacture of various glasses. In accordance with United States Bureaus Standards.  
Type 

of 
glass 

Optical 
glass 

Flint 
Glass 

flint Sheet, 
rolled 
and 

polished 

Window 
glass 

White 
window 

Pale 
green 
glass 

Bottle 
glass 

Amber 
glass 

OC OT 

SiO2% 99.8 98.5 95 98.5 95 98.0 98 95 95 97.3 88.6 
Al2O3 0.1 0.5 4 0.5 4 0.5 0.5 0.5 0.5 0.3 1.41 

 
Fe2O3 

0.005 - 
0.02 

 
0.035 

 
0.035 

 
0.06 

 
0.06 

0.3  
0.3 

 
0.3 

 
1 

 
0.04 

 
0.08 

CaO  

+  
MgO 

 
0.1 

 
0.2 

 
0.5 

 
0.5 

 
0.5 

 
0.5 

 
0.5 

 
0.5 

 
0.5 

 
0.99 

 
0.29 

 
RESULTS AND DISCUSSION 

 
 A necessary physical property of sand for glass making is that the grains should have a fairly narrow 
range of grain size (ie well sorted).  Basically most of the grains should lie between 0.2 and 0.8mm (Ofor, 
1997).  Coarse fraction resists melting and thus form ‘stones’ while the finest fractions are usually chemically 
impure.  The restriction on particle size is due to the desire of the glass manufacturer to have an even and 
controllable melting of the glass raw materials. 
With regard to the effect of sizing in the glass process, the following are of concern:  
 
1. Meltability: 
 Materials such as sand, nepheline syenite, aplite and feldspar (glass raw materials) are the most difficult 
to melt in the glass furnace.  It is therefore important that the coarse fractions be eliminated to aid melting. 
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2. Dusting:  
 Too many fines in the glass raw materials cause dust in handling and within the glass furnace itself.  The 
dust is detrimental to housekeeping, equipment and personnel while in the furnace it increases the erosion of 
furnace refractories.  Generally, size distribution below 0.150mm (No. 100 mesh size) is critical from dusting 
stand point and specification should be set to control this (Lefond, 1983). 
 
3. Mixing and segregation:   
 It is important that all glass making raw materials anhave similar size to improve blending of the 
materials and ensure homogeneity of the final product.   
 From the grain size analysis of the Otamiri River sands, it is observed that the samples from the present 
river channel (OC1 & OC2) have a mean grain size of 0.6mm which lies within the acceptable size limit of  
0.2 – 0.8mm; further more it has a  sorting coefficient of 1.92, coefficient of uniformity of 2.19 and a 
coefficient of curvature of 0.81, is well sorted and lies within a fairly narrow range  of grain size (since for 
poorly sorted sands ie well graded, Cu > 6 and 1 < Cc < 3).  Hence the sand from the present river channel in 
its natural state generally meets the basic physical requirement for glass making raw materials. 
 Samples OT1 and OT2 from the abandoned river channel though well sorted (Cu = 2.91, Cc = 0.64, 
sorting coefficient = 1.92) fails to have the necessary size restriction for glass raw material with a mean grain 
size of 1.35mm. 
 
Chemical Analysis: 
 In general a necessary chemical requirement for glass sand is the degree of purity of the sands which 
typically varies with the type of glass to be manufactured (table 8).  The glass manufacturer is concerned 
about certain impurities which might be contained in certain raw materials in addition to normal chemical and 
physical characteristic.   Refractory particles are those which may survive the glass melting process and be 
present in the finished glass as a solid inclusion or ‘stone’ defect.  The refractory particles may be naturally 
occurring minerals contained in trace quantities (eg spinel, zircon, chromite etc grains) in the raw materials or 
as a result of contamination through the raw material processing or chemical interaction. The chemical 
analysis of the Otamiri River sands shows a silica content of 90.28 and 80.62% by weight for samples from 
river channel and river terrace respectively.  Comparing this with table 8, it is obvious that both sand samples 
from their natural state do not meet the chemical specification for the manufacture of any type of glass.  For 
any sands to be used in glass manufacture, some processing will be required.  The chemical analysis results of 
the processed samples show improvement with a silica content of 98.04 and 88.06% by weight for sand from 
present channel and river terrace respectively (table 7), and also lowering of the Fe2O3 percent. 
 Comparing this with table 8, it can be seen that the sample from present river channel actually meets the 
silica content specification for the manufacture of certain types of glass (eg window and bottle glass) while 
the sample from river terrace (OT) still falls short of this silica content requirement for glass making raw 
material. 
 Another important chemical consideration is the iron and chromium oxide content of the sands.  The 
presence of high concentrations of iron and chromium imparts certain shades of green colouration to the 
finished product with the colour deepening with increasing concentration of these oxides (Lefond, 1983).  
 According to the UK Glass Manufacturers, Federation preferred specification for colourless glass, the 
Fe2O3 content of the sands should not be more than 0.03%, chromium content 0.0005%, silica 98.8%.  This 
clearly shows that the processed sample from the present river channel (OC) with an iron oxide content.  
0.04% and silica of 98.04% clearly cannot be used for any type of colourless glass, be it optical or flint glass 
but may be suitable for manufacture of coloured bottle and window glasses.  Scrubbing and acid leaching the 
sand from the river terrace show improved percentage silica content of 88.60 which is still inadequate.  
Consequently only the processed sands from the present channel of the Otamiri River is good to be used in 
the manufacture of coloured glasses such as bottle and window glasses. 

 
Conclusion: 
 The sands of the Otamiri River, both from the present river channel and the river terrace in their natural 
state of deposition fail to meet the general chemical specification for glass making.  With minimal processing 
the sands from the present channel of the river will be suitable for the manufacture of coloured glasses (eg 
window and bottle glasses) but will not be suitable for making of colourless glasses (eg optical and flint 
glasses).  Sands from the terraces of Otamiri River having undergone some processing still failed to meet the 
chemical specification just as it failed the grain size requirement, and as such cannot be used in the 
manufacture of any type of glass. 
 
 
 



Aust. J. Basic & Appl. Sci., 5(9): 492-500, 2011 

 

500 
 

REFERENCES 
 
 Bouska, V., 1993. Natural glasses. Ellis Horwood Limited. England. 
 Iloeje, N.P., 1976.  A New Geography of Nigeria.  Longman Nigeria Limited Ikeja Nigeria. 
 Leford, J.S., 1983.  Industrial Minerals and Rocks. Port City Press. Saltiva Maryland. 
 Ofor, O., 1997.  The Mineral wealth of Nigeria.  Oliverson Industrial Publishing House, Nigeria. 
 Parkinson, J., 1907. The Post Cretaceous Stratigraphy of Southern Nigeria: Journal of Geological Soc 
London, V. 63 p. 311 – 320. 
 Reyment, R.A., 1965. Aspects of Geology of Nigeria.  Ibadan University Press. 
 Selley, R.C., 1976.  An introduction to sedimentology.  Academic Press Inc. New York. 


