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Abstract: Sandstones from Nsukka and Ameki Formations are crushed and used for construction purposes without
any qualitative and quantitative backing of their strength and durability characteristics. This research is aimed at to
study the petrography and assess the quality of crushed sandstones fromNsukka and Ameki Formations found in
the Southeastern part of Nigeria in relation to their use as highway pavement aggregates. Sandstone samples were
collected from the two locations and taken to lab for physico-mechanical tests to know the strength and durability
characteristics and also thin sections were produced for the petrographic studies.Samples collected from
ThubeOkigwe area (Nsukka Formation) and Ikperejere (Amaeki Formation) are bothdatrkish in color and have
angular and sub angular to sub rounded quartz, monocrystalline quartz and opaque minerals. These two samples are
ferruginisedbecause of the presence of iron oxide (hematite) as their cementing minerals. Physico-mechanical tests
carried to study the strength and durability characteristics of the samples, shows that sandstone fromAmaeki
Formationand Nsukka Formationhave Aggregate Crushing Value (ACV) of 24.4% and 25.2% respectively, these
values are within the acceptable limit of 30% maximum. The Los Angeles Abrasion Value (LAAV) fors and stone
sample from Nsukka Formationis 42.96% while that of the sandstone sample from Ameki Formation is 49.78%.
These two values are above the standard limit of 40% maximum. The Aggregate Impact value ofNsukka Formation
and Ameki Formation are 31.40% and 39.20% respectively. This study also found that WaterAbsorption (WA) and
Specific Gravity (SG) values of the samples from Nsukka Formation are 0.8% and 2.94 and Ameki Formation are
3.30% and 3.02 respectively. From the values obtained in the laboratory analysis of the strength and durability
characteristics, the studied sandstone samples are not suitable to be used as highway pavementaggregates because of
their failure to meet the strength durability acceptable limits/standard and the poor framework of the grains which
has generally lose and floating grains.
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1.0 INTRODUCTION

Sandstones are detrital sedimentary rocks formed by cementation of individual sand grains and composed of quartz
minerals, Richard (2006). EGSA (2009) general dictionary of geology defined sandstone as a sedimentary rock that
is composed of sand sized patticles (1/16-2mm in diameter). Furthermore, Williams, Turner, and Gilbert (1954)
stated that sandstones are detrital sediments containing abundant grains of sand and coarse silt. Sandstones could be
clean consisting mostly of sand grains, and could also be a mixture of sand, silt and clay with authigenic minerals
serving as binders or precipitated cement.

Classification of sandstones are based on their component materials, nevertheless, occurrence of various cement
materials in them are acknowledged by a suiting adjective in their naming, like calcareous sandstone and siliceous
sandstone (Williams, et al. 1954). Sandstone are classified by degree of sorting into two types;

Arenites are sandstones consisting of pure sand grains that is relatively well sorted and contains little or no clay.
They contain less than 10% argillaceous matrix.

Wackes are impure and pootly sorted sandstones with mixture of clay and silt. They contain over 10% argillaceous
matrix. According to Williams, et al. (1954), arenites are well washed by currents and are accumulated in a selectively
slow manner while wackes are rapidly deposited without proper selection.
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It is believed generally that sandstone aggregates are relatively weak and friable but improves in its properties as it
metamorphoses towards quartzite (Mackechnie, 2003). Crushed rock aggregates are rock materials broken down to
relatively smaller vatrying sizes for various engineeting construction to achieve desired purpose/target. Some
aggregates are natural while others are products of human activities in quarries. Production of sandstone aggregate
is generally done in quarries in diverse methods ranging from the most common method of open pit or surface
mining (quarrying) to other sophisticated methods like using rock drills, explosion of dynamites e.t.c. According to
Ukpong, (2012), the choice of any particular method is dependent on the nature of the rock deposit, mode of
occurrence and location of the deposit.

Aggregate either natural (such as gravels) or man-made (such as crushed sandstones) is combined with binding
materials; cement and water, to form concrete, mortar or asphalt, it could also be treated alone to form railroad
ballast, filler beds or fluxed material (Adeyi, Mbagwu, Ndupu and Okeke, 2019, Langer 1983). The mixture of
aggregates and binders are used for construction of roads, bridges, houses, landscaping, parks etc., it is, therefore,
very necessary that aggregates should be strong enough to crushing, abrasion and degradation. Soil erosion control,
road embankments, water purification and reduction of sulphur dioxide emissions at electric power plants, these are
some of the various ways aggregates are being used in environmental protection. In all the ways aggregates are put
into use, they are exposed to stresses, therefore should be durable to withstand prevailing harsh environmental
conditions, high impacts and severe abrasion (Adeyi, et al. 2019).

Using crushed rocks (e.g. crushed sandstone) as engineering construction aggregate is dependent on the durability
characteristics and strength of the aggregate (Okeke, 2005). Crushed rock aggregates are essential as an aggregate for
road pavements. They also form part of the component of concrete.

The strength of any rock aggregate is its ability to resist and withstand compression from external load, either
dynamic or static (Prentice, 1984).

Crushed rock aggregates are not only essential as a foundation for road pavement; they also form part of the cement
that makes road itself. Due to the fact that open engineering structures like roads are exposed to direct impact of
water, aggregate used in their construction must be able to maintain its properties (stability) when it comes into
contact with water (Iwuoha, Iwuji, Adiela and Okeke, 2010)

The mineralogical composition and framework of grains in sandstone can be considered to be a product of
tectonism, source rock composition, weathering and transportation and diagenetic processes (Ingersoll, Bullard,
Ford, Grimm, Pickle and Sares, 1984; Carozzi, 1993). Any sandstone grain framework that have not been altered
significantly either by diagenesis and/or transportation can provide information on the composition and tectonism
of the source environment, it therefore, means that the mineralogical composition of sandstone grains is key in the
study of provenance (Ingersoll et al., 1984; Carozzi, 1993).

To unravel the mineralogical composition of any sandstone sample (and by extension all other rock types- igneous,
metamorphic or sedimentary) it has to be subjected to petrographic studies and examined under microscope. Only
then can one quantitatively and qualitatively classify the constituent minerals of the sample. Petrography is simply
the geological description and classification of a rock usually by means of microscopic examination (Brenda, 2000).
Sequel to these stated facts, the choice of a quality suitable aggregate material is necessaty to ensure durability of
engineering structures and to overcome recurrent failure of road pavements. Aggregates in all the aspects of their
usage in engineering construction, are prone to stresses from heavy loads, high impacts and severe abrasion
occasionally harsh environmental conditions, it therefore, should be of good quality so as to be durable in civil
structures.

To ascertain the durability and strength (i.e quality) of an aggregate with respect to road construction, it should be
tested based on the following geotechnical parameters; Los Angeles Abrasion Value (LAAYV), Aggregate Crushing
Value (ACV), Aggregate Impact Value (AIV), Specific Gravity and Water Absorption test.

By testing these parameters, an aggregate can qualitatively and quantitatively be certified strong enough or
otherwise to withstand degradation, disintegration and crushing from external loads and heavy impacts. The quality
of construction aggregates directly affects the durability of engineering structures.
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The use of sandstone as aggregate for engineering constructions is a common practice though there is no known
qualitative and quantitative scientific backing or proof of the aggregate quality of sandstone samples found in
various geologic formations in Southeastern Nigeria to be used as road pavement aggregates

2.0 LOCATION AND GEOLOGY OF THE STUDY AREA
The study area is located in the Okigwe area, Southeastern Nigeria. Samples for the for the studywere picked

atThube (Nsukka Formation) with coordinates Lat. 5°51°51”N and Long. 7°2124”E and 1 kpetejere (Ameki
Formation) with coordinates Lat. 5°37°09”N and Long. 7°22°26”E.

NIGERIA
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Fig.1 Geologic map of Southeastern Nigeria showing the study area (Modified after Okoro and Igwe,
2014).

2.1 NsukkaFormation.

Nsukka Formation (Maastrichtian-Danian) also known as the Upper Coal Measure (Reyment, 1965 and Obi, 2000)
is underlaid by Ajali sandstone and overlaid by Imo Shale (Paleocene) Nwajide, (1990). Nsukka comprises of
clayeyshale with occasional ironstone and thin sandstone with the occurrence of carbonized plants remains (Kogbe,
1989). Nsukka Formation marks the onset of the Sokoto transgression (Murat, 1972) it records a return to paludal
conditions. The process of sedimentation in this formation was mainly of fluvial origin. The microfossils identified
from the Nsukka Formation are: AfroboliviniaAfra, Bulimina, etc. (Reyment, 1965). The formation ranges from the
Maestrichtian to probably lower Paleocene. Lithologically, the Nsukka Formation consists of alternating sequences
of sandstone, dark shale, sand, and thin coal seams (Uma, 1989).

2.2 Ameki Formation.
Theregressive phase which characterized the Eocene age led to the deposition of Ameki Group (Obi, 2000). The

lithologic units of the Ameki Formation is placed in two general groups (Reyment, 1965), namely, an upper grey-
green sandstones and sandy clay; and a lower fine/coarse sandstones, which has intercalations of calcareous shales
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and thin shelly limestones. In southeastern Nigeria, Ameki displays rapid lateral facies changes and also locally show
shaly inclusions of white and mottled claystones. The Nanka sand is a lateral equivalent of the Ameki Formation.
The type locality of the sand is Nanka where gully erosion has carved the landscape into beautiful geomorphic
scenery (Emberga, 2019). Ameki Formation constitutes the main bulk of Eocene strata overlying the Imo Shale.
Generally, the Ameki Formation has a series of highly fossiliferous greyish-green sandy-clay with calcareous
concretions and white clayey sandstones. The thickness may attain as much as 1,400 metres in places (Reyment,
1965). This Formation is divisible into two lithologic units; Upper and Lower Ameki. Upper beds of the Ameki
Formation contain coarse-grained, cross-bedded sandstone, bands of fine, grey-green sandstone and sandy clay. It is
sandier than the lower Ameki. However, the lower beds consist of massive dark grey to brownish sandy mudstone,
fine to coarse-grained sandstones, intercalations of calcareous shale and thin shelly limestone. Shales are more
prominent in the lower Ameki section. The lithologic units are made up of sands, sandy shales, mudstone, and
clayey sandstone, argillaceous sandstone with thin limestone bands, calcareousshale, thin shelly limestone and
claystones. The formation is good for groundwater exploitation (Emberga, 2019).

Table 1: Generalized regional stratigraphy of Southeastern Nigeria (Modified from Reyment, 1965 and
Offodile, 1975).
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3.0 MATERIALS AND METHODS

Field work is one very first and important step in every geological research. At the commencement of this research
work, two Geologic Formations (Nsukka and Ameki) bearingsandstones in the Okigwe area, Southeastern Nigeria
were visited and samples collected. Samples were collected with the aid of geologic hammer and shovels to ensure
that the collected samples are fresh and unweathered. The locations visited are listed in tablebelow.

Table 2. Locations Visited.

Location Coordinates Identity of Collected | Geologic Formation
Sample
IkperejereNdiowerrelhitte- | Lat. 5°37°09”N Ikperejere Sandstone Amaeki Formation
Uboma Imo state Long.7°22"26”E
ThubeOkigweAbia State Lat. 5°51°51”N Thube Sandstone Nsukka Formation
Long.7°21"24”E

3.1 Physico-mechanical Parameters (Analysis)

The collected sandstone samples were taken to the quality control laboratory of Arab Contractors Litd.
OwerriNigeria for analysis. The physico-mechanical analysis carried out on the samples was to determine their
strength and durability characteristics based on the following parameters; Aggregate Crushing Value (ACV),
Aggregate Impact Value (AIV), Los Angeles AbrasionValue (LAAV), Water Absorption (WA), Specific Gravity
(SG) and Bulk Density (BD). The standard limit used for the analysis is that of British Standard BS 885, 1973 and
Government of East Central State of Nigeria Standard, 1972.

3.2 Petrographic Studies
Petrographic analysis carried out on the sandstone samples was aimed at;

» 'Thin Section preparation.
» Identification of constituent minerals by examining the thin sections under a petrographic microscope.

The petrographic analysis was carried out at the geology laboratory of the University of Ilorin, in lorin Kwara state,
Nigeria.

4.0 RESULTS AND DISCUSSION
4.1 Physico-mechanical Analysis.

Table 3 below shows the result of the physico-mechanical analysis carried out to determine the strength and
durability characteristics of the two sandstone samples from Nsukka and Ameki Formations in the Okigwe area,
Southeastern Nigeria and the reference standard after BS 885, 1973 and Government of East Central State of
Nigeria Standard, 1972 showing the acceptance limits for each of the parameters analyzed.

Table 3. Analysis Results of Physico-mechanical Parameters of the Samples and Acceptance Limits (After
BS 885, 1973 and Government of East Central State of Nigeria Standard, 1972)

Parameters Sample ID
IH(Nsukka IK (Ameki = Acceptance Limits
Formation) Formation)
ACV (%) 25.2 24.40 Maximum 30
ALV (%) 31.40 39.20 Maximum 30
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LAAV (%) 42.96 49.78 Maxiumum 40
WA (%) 0.80 3.30 Less than 3
SG 2.94 3.0 26-29

BD (Mg/m?) 2.74 2.80 More than 2.6

Sample Identities

IH= Thube-Okigwe Sandstone (NsukkaFormation)
IK= Ikperejere Sandstone (AmackiFormation)

Parameters

ACV= Aggregate Crushing Vapid
AIV= Aggregate Impact Value
LAAV= Los Angeles Abrasion Value
WA= Water Absorption

SG= Specific Gravity

BD= Bulk Density

4.2 Petrographic Analysis.

Petrographic analysis was carried out on the sandstone samples with thin sections prepare for microscopic
examination. The sections were allowed to cool and washed with acetone or methylated spirit, soap solution and
finally rinsed with distilled water.

Photomicrographs were taken on the section by using Amscope camera attached to the petrological microscope and
connected to the computer. The photomicrograph were taken under the plain polarized light (PPL) first, i.c.
(analyzer out) then it was proceeded to crossed polarized light (XPL) where the two polariod sheets are at right
angle to each other (analyzer in) with the magnification of x4 under the objective lenses.

PHOTOMICROGRAPHS
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Q — Quartz (Angular, sub angular and sub rounded monocrystalline quartz grains), P — Plagioclase, T - Tourmaline,
and Op — Opaque minerals. MG. X4
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5l N

Q — Quartz (Monocrystalline and polycrystalline angular and sub angular quartz grains. The quartz grains are mainly
monocrystalline quartz grains), T — Tourmaline and Op-Opaque minerals. MG. X4
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Q — Quartz (Angular, sub angular and sub rounded monocrystalline and polycrystalline quartz grains) and Op —
Opaque minerals. MG. X4
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Q — Quartz (Angular, sub angular and sub rounded monocrystalline quartz grains), T — Tourmaline and Op —
Opaque minerals MG. X4

Table 4. Samples and their constituent minerals

Sample Geologic Colour Constituent Minerals Name of
Formation Sandstone
Ikperejere Amaeki Darkish Quartz (Angular, sub angular and sub | Ferruginous
rounded monocrystalline quartz | Sandstone
grains),Plagioclase, Tourmaline, and Op
— Opaque minerals (Iron-oxide)
Thube Nsukka Darkish Quartz (Angular, sub angular and sub | Ferruginous
Sandstone rounded monocrystalline and | Sandstone
polycrystalline  quartz ~ grains) and
Opaque minerals (Iron-oxide).

4.3 Discussion

The acceptance limit for Aggregate Crushing Value (ACV) from the table 3 above is a maximum of 30%, it
therefore implies that any aggregate with ACV higher than 30% is not suitable to be used as a road aggregate.

Crushed sandstone aggregates from NsukkaFormation (Ihube sandstone) and Ameki Formation (Ikperejere
sandstone) have ACV of 25.2% and 24.4% respectively, (table 3). These values are within the acceptance limits and
in agreement with the reference standard.

Aggregate Impact Value (AIV) is another crucial parameter in assessing the strength of road aggregates. The
acceptable limits for AIV according toBS 885, 1973 and Government of East Central State of Nigeria Standard,
1972is maximum of 30%, therefore, aggregates with AIV above 30% are unsuitable to be used for road
construction. This study found from analysis carried out that AIV of the samples from the study area exceeds the
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acceptance limit.Nsukka Formation has AIV 31.40% while AmekiFormation has 39.2%. These values fail the
reference standard limit.

A measure of the resistance of the aggregates to surface wear by abrasion is termed Los Angeles Abrasion Value
(LAAY). From the results in table 3 as obtained from the analysis, all two crushedsandstone aggregate samples
have LAAV above the acceptable limit of 40% maximum; NsukkalFormation 42.96% and AmekiFormation 49.75%.
Aggregates with lower LAAV have greater resistance to wear and are very durable when used for road construction,
those with higher values like that of the studied samples haveweak resistance and not durable.

Water Absorption of road aggregates control the quantity of binder material required to properly design a road
surface. The acceptable water absorption limit is less than 3%. The sample fromNsukka Formation (Ihube-Okigwe
sandstone) has water absorption of 0.8%, the other sample fromAmeki Formation (Ikperejere sandstone) has water
absorptionvalue of 3.3% whichslightly exceeds the acceptable limit.

Bulk Density And Specific Gravity are indirect measures and determinants of strength and durability of road
aggregates. While the acceptable limit for Specific gravity is between the ranges of 2.6 — 2.9, that of Bulk density is
above 2.6Mg/m? (BS 882, 1973 and Government of East Central State of Nigeria, 1972). Thevalues obtained for the
samples are NsukkaFormation 2.94, AmekkFormation 3.02 these two values did not meet the acceptance limit.
Furthermore, the sandstone samples have bulk densities within the acceptable limit (more than 2.6 Mg/m?).Nsukka
Formation 2.74Mg/m? and Ameki Formation 2.80Mg/m? .

For the Petrography, photomicrographs from the prepared thin sections show the dominant minerals in the
samples. These minerals identified from the thin sections, reviewed literatures, (Pettijohn, 1949, Milner, 1940,
Williams, et al., 1954) and field observations as the cementing minerals were used in naming the sandstone samples.

The two sandstone samples from ThubeOkigwe area (Nsukka Formation) and Ikperejere (Amacki Formation) are
both darkish in colour and both have angular and sub angular and sub rounded quattz, monocrystalline
quartz,opaque minerals and iron oxide. These two samples are ferruginous because of the presence of iron oxide
(hematite). Also the two samples are derived from paralicformations and sandstones derived fromparalic formations
are known to be ferruginous (Milner, 1940, Pettijohn, 1949)

The framework of the sandstones as observed from the photomicrographs shows a floating arrangement of the
grains and constituent minerals of the samples. The grains are loosely and freely packed, there are gaps in between
them showing that they are not closely or firmly packed. This arrangement and framework of the sandstone grains
also contributed to their weakness and poor strength and durability property. Having loose and floating grains
means that the sandstone aggregates can easily be crushed and collapse upon impact from heavy weight.

5.0 CONCLUSION

The crushed sandstone aggregates derived from Nsukka and Ameki Formations in the Okigwe area Southeastern
Nigeria studied in this research failed the strength and durability test because their strength and durability parameter
values did not meet the required standard limits as contained in table 3 (BS 885, 1973 and Government of East
Central State of Nigeria, 1972). Therefore, the samples are not good enough and unsuitable to be used as road
aggregates.

Although the actual percentages of each of the constituent minerals were not quantified, the samples were found to
have some similar minerals with quartz predominantly occurring in the samples studied. In naming the sandstones,
field observations, some related literatures and cementing minerals identified from the petrographic studies were
used to give the samples the most suitable and appropriate name.

6.0 CONTRIBUTIONS TO KNOWLEDGE
This studyhas successfully achieved the following:

i, Carried out petrographic studies by preparing thin sections, examine them under petrographic microscope
andidentify, tabulate the mineral constituents of these sandstone aggregates
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ii.  Cementing mineral materials identified have been used to name the sandstones ferruginous (hematite and
ilmenite).
ili.  Crushed sandstones from the study area have been confirmed through physico-mechanical analysis of their

strength and durability parameters, to be unsuitable to serve as road aggregates due to their poor strength
and durability quality and high water absorption values.
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