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Abstract- The need for construction materials in the rapidly developing areas around Federal Capital Territory, Abuja, Nigeria cannot be
overemphasized and this study was undertaken in line with this need. The study area, located about 60km from Abuja, is underlain
predominantly by shales and claystones of the Patti Formation. These argillaceous rocks may offer locally sourced construction material if
they meet certain specifications, however to date, there has not been a geotechnical study of these rocks. The geotechnical properties and
the mineralogy of the shale and claystone were investigated to evaluate their suitability for civil engineering works. Particle size distribution,
Atterberg limits and X-ray diffraction analyses were performed on fifteen shale and claystone samples collected from three localities (along
an approximately 25km transect) for determination of their geotechnical properties and mineralogical composition. Mineralogical data obtained
show the samples are dominated by kaolinite with minor amount of montmorillonite. Quartz and minor amounts of microcline, rutile and
anatase dominate the non-clay mineral fraction. Particle size data indicate high proportion of fines and they are well graded. The Atterberg
limits indicate that the samples have average values of liquid limit of 51%, plastic limit of 23%, plasticity index of 29% and shrinkage limit of
13%. These indicate they are of medium compressibility, low to medium shrink/swell potential, marginal expansive rating and low permeability.
High bulk specific gravity (average of 2.61) suggests the samples are inorganic and this is supported by the consistency limits values.
Generally, results indicate the shale and claystone can be useful as stabilizing materials in civil engineering works. In addition, the marginally
expansive nature of the shale and claystone, low permeability and intermediate to high plasticity may make them suitable as road subgrade.
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1 INTRODUCTION
1.1 BACKGROUND
Shale, as used in the present study is laminated and
grayish in colour while claystone is fine grained,
brown to white compacted and massive clays. The
study of shales and claystone in sedimentary basins have
received local and international attention with diverse
objectives ranging from evaluation of industrial
application, geotechnical properties, provenance and
hydrocarbon reservoirs (Nton and Elueze, 2005; Ojo et al.,
2011). Geologic materials (soils and rocks) are very critical
in engineering design and construction of buildings,
landfills and roads. The mineralogical composition of clay
influences geotechnical properties, particularly, swelling
nature of clay (Ogunsanwo, 1995; Alao, 2011). Generally,
texture and composition of soil and rock influence
engineering properties in respect of the ability of material
to  withstand  engineering  structure. = Hence,
understanding of soil compositions, their unconfined
compressive strengths as well as their structural make-up
helps geotechnical engineers in their tasks (Lee et. al,
1983; Jacquelyn, 2000).

Okogbue et al. (2010) compared geotechnical properties
of Abakaliki, Awgu and Enugu shale formations and their
likely use for construction and suggested that Abakaliki
shale may be satisfactory as fill and embankment material
but may not be good as sub base material due to high
liquid limit and plasticity index. Adeshina et al. (2017)
studied shales (Enugu, Ameki and Imo) in Anambra
Basin for use as landfill liners and suggested that high
hydraulic conductivity and swelling potentials of the
shales would not make them suitable for natural clay
liners. These aspects of research, however, have not been
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extended to the shales and claystone in the southern Bida
Basin despite its substantial occurrence both in the
subsurface and outcrop levels. Most previous studies of
shales in the Bida Basin have been on the evaluation of
hydrocarbon source rock characteristics, biostratigraphy
and provenance (Agyingi, 1993; Ojo and Akande, 2008;
Ojo et al.2016).

The present paper is therefore designed to determine the
geotechnical properties (texture, consistency limits,
specific gravity) and mineralogical composition of the
shales and clays which are exposed at Gerinya, Ahoko
Quarry and Idu areas (Fig. 1). Their suitability as civil
engineering construction materials are also examined on
the basis of the outlined parameters. In recent time, shale
has been applied for diverse purposes including
embankment, landfill, pavement and other civil
engineering works. However, shale often presents some
problems such as getting weathered from a hard, rock-
like material to a fine-grained soil, particularly when used
as foundation or construction material. This degradation
occurs over a long time, and many engineering problems
such as settlements and slope failures may result several
years after construction (Gomez-Gutierrez et al. 2011).
Diverse construction work done globally on shale or
using shales have experienced failures, hence, it is
important to assess their geotechnical properties and
determine their best applications.

1.2 GEOLOGICAL SETTINGS OF THE STUDY AREA

The Bida Basin is a NW-SE trending intracratonic
sedimentary basin in Nigeria, West Africa which is
contiguous with the Anambra Basin to the southeast and
the Sokoto Basin to the northwest (Fig. 1). Authors have
provided evidences such as Landsat images and
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geophysical data in support of rift hypothesis for the
origin of Bida Basin (Kogbe et al., 1983; Ojo and Ajakaiye,
1989). The popular opinion is that the basin’s structural
evolution was associated with the mega Benue trough
structure which has been proven to have evolved as a
result of fragmentation and separation of African and
South America plates in the mid Cretaceous times. The
basin presents an oval shape with thickening of the
argillaceous rocks towards the centre of the basin. Depth
to basement in this area is about 3.5km and the
sedimentary fills which are essentially clastics, are
generally flat-lying.

1.3 STATIGRAPHY

The stratigraphic framework of southern arm of the basin
which is focus of this study, presents an undeformed,
parallel bedded clastic sequence of about 3.5km thick,
continental to shallow marine sediments of late
Cretaceous age. The oldest unit, the Lokoja Formation
overlies non-conformably Pre-Cambrian crystalline rocks
(consisting of schist, gneisses and granites) and it is
succeeded by the Maastrichtian Patti Formation. The
overlying Patti Formation, focus of this study consists of
more mature sandstones, claystones, siltstones, and
shales deposited in shallow marine to non-marine
swamps. The Patti Formation is capped by a shallow
marine Agbaja ironstone formation of late Maastrichtian
age.

At the investigated sites (Gerinya, Ahoko, Idu), the
lithostratigaphic sections, which are essentially roadcuts
and a quarry consist of rhythmically bedded shales,
claystones and ferruginised siltsones and concretionary
ironstones (Figs. 2 and 3). At Ahoko Quarry and Idu
Roadcut sections (about 20m thick each), the grey to dark
shale is typically at the base and passes upward into
claystone. At Gerinya Roadcut section (about 18m thick),
the basal part of the section consists of fine-grained
sandstone and it is overlain by shale. Generally, the shales
in the study area are parallel laminated, grayish and
carbonaceous and silty towards the top. In all the
investigated sections, the shale and the claystone are
friable to slightly indurated depending on the level of
ferruginization. The overlying claystones are massive and
brown to milky and occur at the upper part of the
sections. Average thickness of the claystone and shale
beds is 0.5m, though claystone beds in places may be as
thick as 4m. Vertical fractures cutting through the shales
and the claystone beds are common at the sites.

2 MATERIALS AND METHODS

The ridges, freshly cut along the road and the quarry,
were sampled and logged along the vertical profile (Figs.
2 and 3) with the purpose of evaluating their engineering
construction resource potential (e.g. liners in landfill,
embarkment for dams and road subgrade. The samples
were collected from the Gerinya Roadcut, Ahoko Quarry,
and Idu Roadcut in the southern Bida Basin, Nigeria (Fig.
1). Sampling of the shale and claystone were made at
representative intervals, between 0.3 to 1.5m, along the
vertical section of the ridge (Figs. 2 and 3). Samples were
selected at intervals such that the lower, middle and
upper parts of the exposure were investigated
particularly at Gerinya and Ahoko sites. Hammer and
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chisels were used to collect the samples and the samples
were stored in a well labelled polymer bags prior to
analysis and the friable samples were preferentially
selected for the analysis. It is important to note that the
shales and claystones (often referred to herein as soils)
investigated in this study are friable to weakly indurated
and can be analysed with routine soil techniques.
Laboratory investigations were carried out on fifteen
samples, which were disaggregated using mortar and
pestle at the Civil Engineering Department, University of
Ilorin and these include: particle size distribution,
Atterberg limits, shrinkage limit and specific gravity. The
particle size analysis was determined for fourteen
samples using the standard ASTM D4318 hydrometer
method (Gee and Bauder, 1986). This entails that the
samples were treated with sodium hexametaphosphate to
complex Ca?, Al*, Fe* and other cations that bind clay
and silt particles into aggregates. The samples were
thoroughly mixed until broken down to individual
particles. The Uniformity coefficient and the coefficients
of gradation were calculated using the particle size
distribution curve and equations 1 and 2 below (Gee and
Bauder, 1986):
Cu=Dso/D1o 1)
Ce= (D30)*/De0.D10 (2)

Cu= uniformity coefficient, Deo =largest diameter of the
finest 60% of the sample, Dso= largest diameter of the
finest 30% of the sample, Dio= largest diameter of the
finest 10% of the sample and it is regarded as the effective
size. Cu< 3 indicates a uniform soil; Cu> 5 indicates a well-
graded sample. The closer the value of uniformity
coefficient to one, the more uniformly graded or well
sorted the sample is. When the value is high, the sample
is well graded. Most well graded samples will have
grading curves that are mainly flat or slightly concave,
giving values of coefficient of gradation or curvature (Cc)
between 0.5 and 2.0. However, 0.1 indicates a possible
gap-graded soil (Ismail, 2008). Gap graded soil lacks one
or more intermediate size.

For the mineralogy, eleven samples were analysed using
X-ray diffraction (XRD) method at the Department of
Geology, Faculty of Natural and Agricultural Sciences,
University of Pretoria, South Africa. The samples were
prepared for XRD analysis using a back-loading
preparation method and were analysed using a
PANalytical X'Pert Pro powder diffractometer with
X'Celerator detector and variable divergence- and
receiving slits with Fe filtered Co-Ka radiation. The
Atterberg limits were determined for fifteen samples
according to ASTM D4318 while the specific gravity (Gs)
of the shale and claystone samples was determined using
the ratio of the weights of equal volume of sample and
water in air.
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Fig. 1: Geological map of Bida Basin, Nigeria and location of

investigated sites. Inset shows the location of study area in Nigeria

(Ojo and Akande, 2009).
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Fig. 3: (a) Parallel bedded claystones and fractures filled with
clastic dykes (arrow) at Gerinya Roadcut. Note the clastic dykes
which are perpendicular to bedding (b) Parallel bedded shale at the
base and the overlying claystoneat AhokoQuarry (Average height
of the Geologists at site is 1.65m).

3 RESULT AND DiscussION

3.1 PHYSICAL PROPERTIES

The physical properties of shales and claystones samples
from Patti Formation exposed at Ahoko quarry (where
they quarry clay and shale), Gerinya and Idu Road cuts
were evaluated on the bases of grain size distribution,
Atterberg limits, mineralogy and bulk specific gravity.
The compressibility and permeability are inferred from
related evaluated parameters. Soil techniques were
applied to the disaggregated shale and claystone samples
in this study.

3.2 PARTICLE SIZE DISTRIBUTION

The results and the interpretations are presented in Table
1 and show that the samples have high proportion of clay
fraction passing 2um except sample AHK1Q having only
10% clay. This is typical of most sedimentary claystone
(Elueze and Bolarinwa, 2001). These shales and claystones
are texturally classified as silty clays and clayey silts with
percentage of sand sized fractions less than 20% (by
weight) using a soil classification applied to
disaggregated rock. The uniformity coefficient and
coefficient of gradation values show that the shale and
claystone samples fall within well graded soils with
average values of 4.87 and 0.79 respectively (Table 2) and
this is in line with the submission of Elueze and Bolarinwa
(2001). Sample AHK 2E is an exception to this having
coefficient of gradation value of 0.05 indicating a gap
graded soil and also uniformity coefficient value of 0.70
indicating uniform soil (Table 2). Civil Engineers prefer
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well graded soil for road constructions (Holtz and
Kovacs, 1981). However, results shown by the uniformity
and gradation coefficients should not be the final verdict
for engineering usages because they do not account for
the mineralogical compositions of the samples which
impact on engineering applications of rocks and soils.

Table 1. Particle size distribution of the samples

Locanon Lithology SampleNa | Sand (%) T BT Clay e Sarl Tecture
(Field Classificarion) 005-hom | 00000mm | %4l<0.002mm Classification

Aok Cleystons AIETY 1K #1 Hm Clayey 5
Aok Shal: AR [33] LR LT Clayzy S
Aok Cleystons AKIE B3 J[£3 (110 Sy Clay
Aok Shal: AHKIA [33] [113] JEL] Clavay 5
Aok Shalz AETS 33 TR m Clayey 5
‘Aloko Shalz ATV JEX3 TR 1] Sifty Cley
Aok Shal: ARG 3] & 2N Clayzy Sk
Aok Shal: AREIL [33] 8 0 Clavay 5
Td Shalz g} B3 3 ikl Sandy Clay
Garnya Cleystons GERIC [ J5¥ 5] Sy Clay
Cariny Cleystons GERTT I il il Sy Clay
Gerna Cleystone GERIL I 53] Liil] Sy Clay
Garnya Cleystons GERID bH 3¥) [$1] Sy Clay
Carny Cleystons GER TS i HY) T3 Sty Clay

Table 2. Summary of Soil Gradation Measurements for the
Selected Disaggregated Shale and Claystone Samples

Loatm | Litoby | Seaplel) | Dlpm | Dilom | Dlm | (o Inteprettion [ Intepreftion
Abokn Clay AHKIY 013 08 033 S| wel radedsoll 0% vzl eraded soil
Aok Shele | AHKIQ [0 [} 14 180 [ wel pradad soll [1]] wal eradad soil
T | Gy | AKE | 0% | 05 | 05 | 00| whmal | 0F | spoedal
Abokn Shele | AHKIA [} 085 134 30| well paded il 037 wall gradad soll
Abokn Shals | AHKIS 013 085 135 0| wel pradad ol [} well graded soil
Aok Shale | AHEIV | OB 03 0I5 | 400 | wel pdedsoll 100 well gradad soil
Aok Shale | AHKIG | OB 04 [ 0| wel pradedsoll [ well graded soll
Abokn Shels | AHKIL 020 100 [15 0| wel radadsoll 101 vzl eraded soil
lau Shala DID 04 [1]] 133 640 | well paded sl 097 well gradad soil
[ GERIL D ] ND D D D D
G | Gy | GRIQ | @ | W@ | W | @ i) ] ]
Gem | (v GERTR )] ] 1] )] U] )] )]
Avaag 021 01 [} [ 079
i Min 008 030 013 ] 1]
Sulstel Sy W | | W I
8D, (21 124 011 1% 031
ND= not determined, SD= standard deviation, Cu=uniformity

coefficient, Cc=coefficient of gradation

3.2 ATTERBERG LIMITS

The Atterberg limits test is a common soil classification
technique, here applied to disaggregated shale and
claystone samples. Generally, it is a basic measure of the
critical moisture contents of a fine-grained soil, such as its
plastic and liquid limits. When a dry clayey soil takes on
increasing amounts of water or moisture, it undergoes
dramatic and distinct changes in behaviour and
consistency. Depending on the moisture content of the
soil, it may appear in solid, semi-solid, plastic and liquid
states. In each state, the consistency and behaviour of a
soil is different and consequently, its engineering
properties. Thus, the boundary between each state can be
defined based on a change in the soil's behaviour. The
Atterberg limits tests are used widely in the preliminary
stages of designing any structure to ensure that the soil
will have the correct amount of shear strength and not too
much change in volume as it expands and shrinks with
different moisture contents.

In the present study, the liquid limit of the samples varies
from 41 to 56% with an average of 51% while the plastic
limit ranges from 17 to 29% with an average of 23% (Table
3). The plasticity index of the samples ranged from 16 to
34.4 % with average of 29 %. This shows they are mainly

© 2020 The Author(s). Published by Faculty of Engineering, Federal University Oye-Ekiti. 183
This is an open access article under the CC BY NC license. (https://creativecommons.org/licenses/by-nc/4.0/)

http://dx.doi.org/10.46792/fuoyejet.v5i2.510

engineering.fuoye.edu.ng/journal



https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.46792/fuoyejet.v5i2.510
http://engineering.fuoye.edu.ng/journal

FUOYE Journal of Engineering and Technology (FUOYEJET), Vol. 5, Issue 2, September 2020

of medium plasticity except the Gerinya Roadcut
claystone sample GER 1Q, that has high plasticity index
of 36.4 % (Casagrande, 1948; Harding, 1991). According
to Hick (2007), the plasticity index values of the samples
suggest they are of medium compressibility and medium
shrink-swell potential except samples AHK 1L and GER
1L that showed low compressibility and low shrink-swell
potential (Fig. 3). Samples AHK 1S and GER 1D are
interpreted to be of high compressibility based on their
liquid limit which is above 55% (Seed and Woodward,
1964; Mills et al., 1980; Hick, 2007). These values together
with the shrinkage limits exhibited by the samples
suggest they are not expansive claystones and therefore
of low failure risk when used as subgrade material in road
construction (Madedor, 1983). Samples AHK 1S and GER
1D are however exception to this (Fig. 2). All the
investigated samples from the study areas fall above the
A-line of the Casagrande chart (Fig. 4) in the zone of
medium (CI) to high plasticity clays (CH) and this
suggests inorganic clay of medium plasticity. The A-line
is an empirical boundary that separates inorganic clays
from inorganic silts and organic soils. It has a slope
expressed by the following (Eq.3):

Plasticity index (Ip) =0.73 (liquid limit-20) (3)

According to the Engineering use chart (Wagner, 1957),
the samples are classified as impervious inorganic clays
and therefore can be used in engineering construction,
particularly landfills. They can also be used as a
homogenous embarkment in rolled earth dams because of
their good to fair workability as road construction
subgrade materials. The plastic limit of the samples which
is less than 40% shows the samples are kaolinite rich. Bain
(1971) suggested that kaolinite mineral group typically
has less than 40% plastic limit while Mitchell et al. (2005)
proposed a range of 25 to 40% plastic limit for kaolinitic
clay minerals. The samples therefore lack significant
amount of expansive clay minerals like montmorillonite
and illite. The plastic limits obtained from the samples
and interpretations are consistent with the mineralogical
composition determined from the XRD analysis. The
medium to high plasticity as indicated by the plasticity
index also suggest low permeability. According to Lambe
and Whitman (1979), an increase in plasticity of soil leads
to decrease in its permeability.

Table 3. Results of the Atterberg Limits and some other
Geotechnical Properties
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Table 4. Shrinkage limit and degree of expansion after Holtz
and Gibbs (1956) and Seed and Woodward (1962)

Degree of expansion Shrinkage limit (%)
Low =13
NMedium g-18
High 6-12
Wery high =10
ntermediatd  HIEN Very
Low Plasticity plasticty | Plasticity High Extremely High Plasticity

@

@
=]

g CD A-Line
2
g (me)
&
G P 3
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Qi
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p R
ab A
0
o 40 a0 120
Liquid Limit (%)
R0 AHIC2 @ DD @ GER1 %

Fig. 4. Plasticity chart for the classification of clay bodies after
Casagrande (1948) showing the position of the studied samples.
NB: CL=low plasticity clay; OH=high plasticity organic soil; MH=high
plasticity silt; ML=low plasticity silt; CH=high plasticity clay; Cl=
medium plasticity clay; A-Line= boundary separating inorganic clays
from inorganic silts and organic soils; = limit of each plasticity field.

3.4 AcTivity

The activity (A) of a given soil is the ratio of plasticity
index (PI) to the weight percentage of clay sized particles
determined from grain size analysis and it is used as
another parameter for the geotechnical characterization of
the shale and claystone samples in the study area.
Mathematically, it can be expressed as (Eq. 4):

Activity, A= Plasticity Index/Percentage by mass finer than
0.002mm (4)

Values of activity are used as indicator of the dominant
clay type. High activity connotes large volume change
when wet and large shrinkage when dry (Mitchell, 1993;
John, 2000). Moreover, soils with high activity are very
reactive chemically. The activity of normal clay is between
0.75 and 1.25. When A is less than 0.75, it is inactive and
considered active when A is more than 1.25 in value. The
activity of the shale and claystone samples (0.25-8.75) is

Location | Lihology | Suple | Plasticity | Plastic | Liquid | Activity(d) and Clay | Shrinknge | Specific shown inFig.5 and Table 3.
i No indexIP | limit limit Type of based limit gravity
Ahcko Shale | AHKI1A 25 28 53 1.04 - normal clay 108 2.55
Acko [ Shale [AHKIG| 31 15 [ 50 125 -active 137 [ 230 It is important to note that most samples from the
Ahcko Shale AHKIL 16 25 41 0.73 - inactive clay 126 2.58 . . d . . . inall .
Ahdko Shale | AHK1Q T 2 7 | 3.10-actvedlay 30 2.60 Iinvestigated sites are inactive to marginally active
Ahcko shale | AHKIS 32 4 56 1.45 - active clay 162 2.65 however two are active (AHKlQ and IDlD) The
Ahcko | Shale | ABKIV | XD | ND | ND D 43 258 . . .
Mok | Claysone | ARKIY |31 15 | 50 | 070 mactvedy | 101 0 chemically active samples could swell appreciably when
Ahoko | Claystone | AHRIE ] 27 | 27 | %4 | 040 imacivechy | 141 | 26) wet and shrink adversely when dry and this may not be
Gerinya | Claystone | GER IC 34 17 51 0.40 - inactive clay 129 2.67 . . . .
Geninya | Claystone | GER 1D 269 291 56 ND 133 2.66 approprlate for engineering construction work (Das,
Gerinya | Claystone | GER 1] 232 238 47 | 0.29 =mactive clay 143 2.69 5 3 5
Gernya | Claystone | GER IL 202 258 46 0.25 - Inactive clay 15.1 2.53 2006) The C_luantl'ty and type O'f Clay mlneljal fraction
Gerinya | Claystone | GER1Q | 364 | 186 | 55 | 0.3 imacivecly | 126 265 (<2um) in a fine soil always affect its state, particularly the
Gerinya | Claystone | GER 18 33 21 54 0.45 - inactive clay 126 21 . : :
o T Sl T DD 5 TS | 5 seiveds 50 28 swell and shrink property when wet. However, in this
Average 287 | 2268 | 5136 ] 185 [ 280 present study, the cross plots of activity versus % clay <2
Mini 16 17 41 0.25 4.30 240 t (7 d Att b 1 t 1 <2 tcy
Maximum 362 | 291 | 56 87 162 | 20 pm (wt.%) an: erberg limits versus clay <2 pm (wt.%)
St. dev. 5o [ sm [ 4% 231 21 | 008 do not show the effect of clay size (Figs. 6 and 7). This may
be due to the presence of some non-clay mineral like
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quartz and microcline in the samples (Velde; 1995). The
non-clay minerals have their own plasticity index which
may influence the plasticity of the samples (Dumbleton
and West, 1966). It is also probable that certain error might
have been introduced in the process of sample
preparation and grain size analysis.
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Fig. 5: Distribution chart of the Activity of the investigated samples
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Fig. 6a: Cross plot of Activity versus clay grain size of <2 microns
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Fig. 7a. Cross plot of Plastic Limit versus clay grain size <2 microns
(wt.%)
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Fig. 7b: Cross plot of Liquid Limit versus clay grain size <2 microns
(Wt.%)

3.5 THE SHRINKAGE LIMITS

The Shrinkage limit determined by DIN 18123 technique
is the water content where further loss of moisture will
not result in any more volume reduction. A high
shrinkage indicates a large potential shrinkage of the soil
mass on drying and this makes it problematic on the use
of the soil as foundation for small buildings (Mills et al,
1980; Hick, 2007). The shrinkage limit of the studied
samples ranges from 4.30 to 16.20% with an average of
12.9% (Table 3). The expansive rating of the soil based on
shrinkage limit values which range from low to medium
(Table 4) (Holtz and Gibbs, 1956; Seed et al. 1962).
According to Mills et al. (1980) and Hick (2007) this
implies from non-critical to marginal. In a humid climate,
as it is in the present study area, the linear shrinkage
potential is medium (Holland, 1981).

3.6 SPECIFIC GRAVITY

The values of the specific gravity of samples range from
2.40 to 2.71 with an average of 2.61. According to Day
(2001), Bowles (1986), and Lambe and Whiteman (1979),
soil types having specific gravity values within the range
of 2.40 to 2.71 can be classified as inorganic clays. The
values obtained are comparable to those obtained from
claystones from Agbaja and Share, Bida Basin,
respectively (Ojo et al., 2011).

3.7 MINERALOGY

The mineralogical composition of the selected samples is
presented in table 5. The dominant clay mineral is
kaolinite (Fig. 8), which is interpreted to be a product of
chemical weathering of feldspar rich rocks in humid
climatic settings (Nton, 1991). The kaolinite minerals were
probably derived from the older granites (Humad, 1987)
in the adjoining flanks of the basin. Trace amount of
montmorillonite occurred only in one of the Ahoko shales
and the low amount presumably contributed to the low
to medium expansive nature of the clays as suggested by
Mokhtari and Dehghani (2012). Quartz is also abundant
and some of the other non-clay minerals include
microcline and rutile. Calcite is present in sample AHKIL
at Ahoko Quarry and this may be attributed to the
presence of calcareous nodules or shelly fragments in the
shale due to marine water influence (Ojo and Akande,
2009). The absence of smectite and in the sediment is
significant because it is probably an indication that the
samples have medium swell-shrink tendency (Tripathy
and Subba, 2009).
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Table 5. Mineralogical composition of the analyzed samples (Wt %)

Sample No. | Kaofinte | Quartz | Microcline | Muscovite | Anatase | Rutile | Zircon | Cakite | Montmorilonite

DIy | 7761 | 89 647 §60 | 04
AHKIE | BI0 [ 28 | 19 163 ] —] —] —
AHKIY | 3030 | 3203 419 R

AHKIS | 3608 | 3030 [ 431 4N M ] -
ABKIV | 1360 | 3% | iF 176 1§ | —

ABKIQ | BT | 3| 61 ]
AHKIL | 4603 [ 400 3% [ s — 014

AHKIG | 48 | D& | 34l 130 T80 056 |
ARKIA | 330 [ 407 ] M i A [0 ] e iN
GERII | 6761 | 2013 — | 1f0 00| | -

GERIS | 23 | 6485 | 31 16 B
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Fig. 8: X-ray diffractogram for samples (a) GER-1S (Clay at
Gerinya) and (b) AHK-1A (Shale at Ahoko) showing mineralogical
constituents as follows; Mv=Muscovite, A=Anatase, K=Kaolinite,
R=Rutile. Mo= Montmorillonite

4 CONCLUSIONS

Particle size distribution data indicate high proportion of
fines (clays and silts) in the investigated samples;
however, the size of the clays does not appear to have
significant effects on the geotechnical properties of the
materials. This may be due to presence of some non-clay
minerals in the samples. The claystones and shales in the
study area are well graded. At Ahoko and Gerinya sites,
horizons AHK2E, AH1Y, AHKI1L, AH1A and GERIS,
GERIL, GER1], GERI1C respectively are best suited for
engineering construction purposes based on their
acceptable values of activity, shrinkage limit (medium
shrinkage/swell potential), and marginal plasticity index.
Horizons GER1Q, AHK1S, AHK1Q, AHKI1G and ID1D
from the investigated sites are not suitable.

The plasticity index is moderate for most of the samples
and they fall within the region of inorganic clay and low
permeability. The clay minerals are dominated by
kaolinite while smectite is rare to absent. Data obtained
from the mineralogical and geotechnical analyses of the
claystones and shales from the study area suggest they
are suitable for use as road subgrade and embarkment in
dams.
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