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Abstract

Some lateritic soils collected and used for road construction in Ohafia Area, Southeastern Nigeria
are not suitable. The purpose of this paper was to evaluate the quality of lateritic soils derived
from various geologic formations in Ohafia, Area, as road construction materials using their
geotechnical properties (Atterberg limits, grain-size distribution and CBR). Eight representative
samples derived from various geologic formations in the study area (including 2 from Mamu
Formation (Asaga and Akanu); 3 from Nsukka Formation (Ebem, Ozu Abam and Ndi Uduma); 1
from Nkporo Formations (Ndiorioko); 1 from Ajali Formations (Ndi Uduma Ukwu); and 1 from
Imo Shale (Amagbu), was used in the study. Results of the laboratory tests indicate that the liquid
limits range from 26.0 to 33.0%, while the plasticity indices range from 2.8 to 10.0%. The % fines
range from 18.6 to 64.9%. The CBR (Soaked) range from 17.0 to 39.0%, while CBR (unsoaked)
range from 35 to 79%. On the basis of Federal Ministry of Works Specifications for highway
pavement materials, only soils derived Ajali Formations, Nsukka Formation and Nkporo
Formation are fairly suitable materials. They satisfy the specification in all areas LL<36%, P1 <
12% and % fines < 30%), though they have low CBR values (soaked and unsoaked). Soils derived
from Mamu Formations and Imo Shale are not good because of their particularly very high %
fines. Treatment of any of or all the soils with either cement or lime will improve the poor quality
aspect (low CBR and high % fines) and hence make the soils suitable to be used as road
construction materials.
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1.0 Introduction

Geotechnique is vital areas of study in the field of geosciences. By definition, lateritic soils are
formed from the weathering of rocks and practically remain at the location of origin with little or
no movement of individual soil particles. Lateritic means that it formed in place or in-situ. Soils
that form directly over in situ bedrock are called residual soils. Alternatively, soils may develop
from non-residual (i.e., transported) unconsolidated material, such as alluvial (water-laid), aeolian
(wind-laid), or glacial deposits. Furthermore, lateritic soil is defined as a soil material which is
derived from pre-existing rocks and had not undergone transportation, usually found in tropical

IIARD — International Institute of Academic Research and Development Page 84



http://www.iiardjournals.org/
mailto:writetojoe24@yahoo.com
mailto:ositachris12@gmail.com

IIARD International Journal of Geography & Environmental Management
Vol. 10 No. 10 2024 E-ISSN 2504-8821 P-ISSN 2695-1878 www.iiardjournals.org Online Version

climates with relatively high temperatures and rainfall (Ehujuo et al., 2017; Okeke et al., 2011;
Ogbuchukwu et al., 2019).

Soil mechanics entails soil behavior developed from the study of sedimentary or lateritic soils. In
fact, most of the early concepts emanate from the study of remoulded sedimentary soils and
involved investigating the influence of stress history on their behavior, in the belief that this was
simulating the influence of stresses which soils may be subject to during their formation processes.
Large areas of the earth (including large areas in the Ohafia regions and environs, Soil mechanics
entails soil behavior developed from the study of sedimentary or lateritic soils.

2.0 Location and Geology of the study Area

The study area Ohafia is located in Anambra Basin Southeastern Nigeria. The region is bounded
between latitude 5° 15N and longitude 7° 13E to 7 81E. In order to comprehend the geology of the
area, the physiography of the region which includes the drainage pattern, vegetation, topography,
and climate were investigated. The study area falls on the nose of the lower Benue trough and the
Anambra basin Southeastern Nigeria. Sediment deposition in the Southeastern Nigeria began in
the Campanian with a brief marine transgression followed by a regression. The Nkporo shale and
its lateral equivalents, the Enugu shale and Owelli Sandstone (Nkporo Group), comprised the basal
beds of the Campanian period. The broad shallow sea gradually became shallower because of
gradual subsidence, causing regressive phase during the Maastrichtian that deposited Deltaic fore-
sets and flood plain sediments of the Mamu Formation (Lower Coal Measures). The Mamu
Formation is overburdened by the continental beds of Ajali Sandstone (False bedded Sandstone),
followed by a return to partially paralic conditions and the deposition of the Nsukka Formation.
Figl. Show the Regional Geologic map of Southeastern Nigeria (Eldosouky et al., 2022).
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Fig. 1. Geologic Map of Southeastern Nigeria (Modified from Eldosouky et al., 2022)
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The Nsukka Formation marks the onset of the Sokoto transgression Murat, (1972) and documents
a return to paludal conditions. Sedimentation was mainly fluvial origin. The Imo shales reflect
shallow-marine shelf conditions in which foreshore and shoreface sands are occasionally preserved
Petters et al., (1981). The Imo formation consists of blue-grey clays and shales and black shales
with bands of calcareous sandstone, marl, and limestone (Reyment, 1965).

It is quite possible that the basal beds of the Ogwashi-Asaga Formation are partly Oligocene in
age, Kogbe, (1985). During the Miocene, the Niger Delta continued to build up and prograde
seawards. There was a lowering of sea level during the Pleistocene. The River Niger cut wide
valleys through its own delta. These troughs are being filled today as the sea level gradually rises.

The tectonic evolution of the Anambra Basin may be traced back to the late Jurrassic when
convention currents in the asthenosphere caused the break-up of the Gondwana Supercontinent.
The separation of the African and South American plates left the Benue Trough as an aulacogen,
a failed arm of an RRR Triple Junction, Burke, (1972); Olade, (1975). The Benue Trough is itself
a part of the very expansive west and central African rift system in which it opened as an extensive
sinistral wrench complex Emery et al., (1975); White (1982); Genik, (1993). A reconstruction by
Murat (1972) shows the southern part of the Benue Trough as longitudinally faulted, with its
Eastern half subsiding preferentially to become the Abakaliki depression. During the filling of the
Abakiliki-Benue sector of the Benue Trough in the Albian-Santonian times, the proto-Anambra
Basin was a platform that became only thinly sediment-drapeds, Nwajide and Reijers, (1997).
Basin subsidence in the Southern Benue Trough was spasmodic. It was at a high rate in pre Albian
time, low in lower Cenomanian, and very high in Turonian; the latter was an important phase of
platform subsidence, Ojoh, (1990). This is thought to be the actual time of initiation of the
Anambra Basin; a process that gained momentum in the Coniacian and climaxed during the
Santonian thermotectonic events (Nwajide, 2005).

The geology of Ohafia area falls within the Deltaic marine sediment of cretaceous to recent age.
Anambra basin of which the study area lies forms part of the regional extensive northeast-
southwest trending Benue trough, Ibeneme et al, (2013), Mode, (2004), and Nwajide, (2005). The
marine deposited Imo shale of Paleocene age overlies the Nsukka Formation, it comprises of shale,
Sandstone, and limestone members. The Eocene-Oligocene Ameke Formation Overlies the Imo
Shale consisting of medium to coarse grained white sandstone and mottled clay, Reyment, (1965),
Hogue, (1977); Kogbe, (1988), Ibe, (1998).

Fig 2 shows the local geology map of Ohafia area (Mode 2004; Okoro et al., 2019)

IIARD — International Institute of Academic Research and Development Page 86



http://www.iiardjournals.org/

IIARD International Journal of Geography & Environmental Management

Vol. 10 No. 10 2024 E-ISSN 2504-8821 P-ISSN 2695-1878 www.iiardjournals.org Online Version

7' 38"

)@ Ndi-Amaogbu.

7° 38" LEGEND Road I--.7-.{ Nsukka Formation L
e 5 25 0
@ |Road @ River Ajali Formation =1 Nkporo Formation (Black Carboneous)
= =
@ |Town | — — Imo Shale Mamu Formation [~ - ".| Nkporo Formation (Sandstone-Shale Unit

Fig 2: Geology map of Ohafia area (Mode 2004; Okoro et al., 2019)

Table 1: Generalized regional stratigraphy of Southeastern Nigeria (Modified from
Reyment, 1965 and Offodile,

[ae  Tromaten —  Tomoory |

1975)

Recant Recent Sedimeants AlluviumDdtaic Plans
Miocane- Banin Formation Unconsdlidated sandstone with lanses of
|| Recent day
.=
T || oligocens- Ogwashi-Asaba Formation Unconsdliddated sandstones, mudstone,
= || Miocane day and lignite seams.
Eocene Ameki Formation Greyto green argillacecus sandstone, shale
andlimestone urits
Paleocene Imo Formation Blue to dark grey shales and subcrdinate
sandstone mambars (Unmma and Ebencbe)
Mamstritchian | Nsukka Formation Altemating sequence of shale. sandstone
" ad codl seamns
El
b Ajali Formation Friable sandstane with iron stains
2
o Marm Formation Sandstone. shdle, siltstene with coal seams
w
2 || Campanian Nkporo FormationEnugu Shale | Mudstone and shale with thin beds of
= sandstone
Santorian AwguFormation (Awgu Shale) | Shale with intercalations of sandstones and
Comiadan shaly limestanes
Twronian Ezeaku Formation (Ezeaku Siltstone and shale with sandstone lenses
Shale)
Cenomanian Odukpani Formation Altemating sequence of sandstane, shale
4 and limestone
L4
g &l| Amian AsuRiver Group, Abakaliki Sandy shales, sandstone and sandy
3 Shale and Awi Fozmation limestone lenses
“ | Precambrian Basement Conplex Older granites and gneisses

Table 2 shows the stratigraphic sequence in Southeastern Nigeria in relation to Niger Delta
Basin and Anambra Basin (Nwajide, 2005).
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Tablel. Stratigraphic Sequence of Niger Delta and Anambra
Basin (Modified from Nwajide, 2005).

Age Basin Stratigraphic Units
Oligocene- A .
Recert Ogwashi-Asaba Fm
Eocene Ni Ameki/Nanka Fm/Nsugbe
i Sandstone (Ameki Group)
Delta P!
Thanetian Imo Formation
Danian
Nsukka Formation
::::h. Ajali Formation
Maastrichtian
Mamu Formation
Nkporo Nkporo Enugu [Owelli | Afikpo | Otobi | Lafia
Fm ale Fm 5s Ss Ss Ss
B4G 0ME1131 14363 1P

The Mamu Formation is the coal bearing stratigraphic unit of the Anambra Basin. The Formation
comprises a heterolithic succession of wave ripple laminated and fine grained sandstone,
alternating with thin beds of shale, mud laminated sandstone, mudstone and coal beds. The
Maastrichtian Mamu Formation is an intracratonic Formation within the Anambra Basin and is
one of the three upper cretaceous coal measures.

In the distal basinal area of awgu, the Mamu Formation occurs as M-scale cycles of carbonaceous
Fissile shale-oncolitic mudstones-oolitic sandstone deposited in shallow shelf to shoreface
environment, Obi, (2000); Obi and Okogbue, (2004). Succeeding the mamu Formation is the Ajali
sandstone of Maastrichtian age Ladipo, (1986); Obi, (2000). The Nsukka Formation which is Late
Maastrichtian to early paleogene in age consists of carbonaceous mudstones and sandstone, similar
to those of Mamu Formation Reyment, (1965); Obi and Okogbue, 2004). Nwajide(2005) suggests
that the Anambra Basin fill terminated with Nsukka Formation.

Imo shale (Paleocene) overlies Nsukka Formation, Nwajide, (1990). It consist clayey shale with
occasional iron stone and thin sandstone in which carbonized plants remains may occur Kogbe,
(1989).

The Eocene stage was characterized by regressive phase that led to deposition of Ameki Group
Obi, (2000). The Imo shale Formation consists of blue-grey clays and black shales with bands of
calcareous sandstone, Marl, and limestone Reyment (1965). Ostracods and foraminifera
boistratigraphy (Reyment, 1965), microfauna recovered from the basal limestone unit Adegoke et
al; Arua, (1986); indicate a Paleocene age for the formation. The Imo Formation is the outcrop
lithosfacies equivalent of the Akata formation in the subsurface Niger Delta, Short and Stauble,
(1967), Avborbo, (1978).
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Figure 3 Stages of formation of lateritic soils adapted from McCarthy, (1982)

Laterization is a prolonged process of chemical weathering of rocks leading to the formation of
soils. Lateritic soils are formed directly from the physical and chemical weathering of the parent
material, normally rock of some sort. VVarious attempts have been made to group or classify lateritic
soils, but none are particularly useful. Some, such as that of the British Geological Society (1990)
make use of soil science classifications and are not very useful for engineering purposes. Terms
such as vertisols, andosols, etc are not normally meaningful to engineers, and the discrepancies in
properties within these groups is likely to be so large as to make the grouping of little relevance.
Focusing on the two factors discussed above, namely geochemical and geotechnical properties or
structure provides a basis for dividing lateritic soils into groups that can be expected to have fairly
similar engineering properties. Red clays may be referred to as lateritic soils or as latosols.

However, engineering construction such as highways, airports, and residential buildings has
necessitated for evaluation of good soil conditions for proper safety of the structures; Madurwar
etal., (2013). Hence, the agenda of this study is to ascertain the, geotechnical properties of lateritic
soil, its economic impacts and possible remedial measures for engineering construction.

3.0 Materials and Methods

Eight lateritic soil samples were collected from road outcrops in the study area from the various
geologic formations. The soil samples were kept in safe bags and were properly identified. The
location of the various samples derived included: Asaga, Ndiudma Ukwu, Akanu, Ebem,
Ndiorioeke, Ozu Abam, Ndi Uduma and Amaogbu. Their geotechnical investigations were carried
out to ascertain their engineering index properties. The California Bearing Ratio (CBR) test soaked
and unsoaked was conducted to evaluate the strength of soils used ie, airport runways and
taxiways, parking lots, and other pavements (Ogbuchukwu et al.)) 2019. CBR is the ratio
expressed in percentage of force per unit area required to penetrate a soil mass with a
standard circular plunger of 50 mm diameter at the rate of 1.25 mm/min to that required for
corresponding penetration in a standard material. The ratio is usually determined for penetration
of 2.5 and 5 mm. The california bearing ratio test is penetration test meant for the evaluation of
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subbase strength of and pavements. The results obtained by these tests were used with the
empirical curves to determine the thickness of pavement and its component layers. In tandem with
the specification for design by the state Departments of Transportation, the Federal Highway
Administration (FHWA), and Federal Aviation Administration (FAA). Approximately 200g of the
samples were crushed and weighed to the nearest 0.1g in a vessel. The samples were dried in an
oven for 24 hours and the dried weight was recorded. Their Atterberg limits which include plastic
and liquid limits and specific gravity were tested.

Table 3: Sampling points and their coordinates

S/n Location Name Parent rock / Coordinators
Formation
Latitudes Longitudes

1 Asaga Mamu Formation N5° 351 E7°52°
2 Ndiuduma Ukwu Ajali Formation N5° 35° E7°55°
3 Akanu Mamu Formation N5° 35° E7°51°
4 Ebem Nsukka Formation N 5°36° E7°0 42
5 Ndiorioko Nkporo Formation 5033 E7°53
6 Ozu Abam Nsukka Formation N5° 37° E70 47
7 Ndi Uduma Nsukka Formation N5°31° E7° 49’
8 Amaogbu Imo Shale N5° 35° E7°41°

4.0 Results and Discussion
4.1 Results

The results of the geotechnical tests carried out on the soil samples were summarized in Table 2,
and 3; which are important parameters in soil engineering calculation.

Table 4: Geotechnical properties of lateritic soils in Ohafia Area

Sample Location | LL(%) | PL(%) P1(%) Spec CB
site (Liqui | (Plasticit | (Plasticit | i (%) |ICB | R Maximu
d y Limit), |y Index) | fic Fin |R m  Dry
Limit), gra |e (Un | Density
vity (Soa | Soa | (Mg/m3)
(Gs) ked) | ked)
Asaga(Mamu) 26 30.8 4.50 2.87 |62.7 220 |43 1.65
Ndi Uduma- 33.0 22.0 10.0 2.76 |19.8 |25 75.0 | 2.04
Ukwu (Ajali)
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Akanu(Mamu) 27 31.9 3.00 2.09 |19.8|27.0 |42 1.71
Ebem(Nsukka) 26 32.3 6.30 257 |219]39.0 |51 |230
Ndiorioeke(Nkpo | 27 31.3 4.3 243 | 2931250 (41 |1.90
ro Sandtone)

Ozu Abam 26.8 29.0 2.20 2.61 |18.6|240 |39 |2.03
(Nsukka Fam)

Ndi Uduma 26.0 30.9 4.9 264 278|170 |34 |1.80
(Nsukka

sandstone)

Amaogbu 26.0 33.6 7.6 2.72 |64.8|18.0 |35 1.72
Junction(Imo

Shale)

Idima 27 34.0 33.1 264 (135|240 |37 |171
Abam(Nkporo

Sandstone)

FMW Standard <36 - <12 - <30 | >30 | >80 |>1.76
(1997)

4.2 Discussion

4.2.1 Grain Size Distribution and Atterberg’s Limits

The results of grain size distribution analysis are given in Table 2. The statistical summary of
obtained results are presented in Table 2 and represented graphically in Figure 2. The percentage
of fines (% passing sieve 80 um) has significant effect on the performance of the base sub-base
materials (Garg 2009). Too much fines will result in the reduction in the possible maximum density
and strength and increase the susceptibility to weakening from water infiltration or seepage (Garg
2009). The results show that the amount of fines in the weathering profile of soil samples is quite
similar (greater than 60%). Figure 3 show that the soil samples are well graded gravel and sandy
soils. The “well graded” curve soil samples represents a non-uniform soil with a wide range of
particle sizes that are evenly distributed (Figure 2). Densification of a well-graded soil causes the
smaller particles to move into the voids between the larger particles (Naresh and Nowatzki 2006).
As the voids in the soil are reduced in the soil samples, the density and strength of the soil may
increase. In contrast, poorly graded or uniform soils (vertical section of the soil samples) are
composed of a narrow range of particle sizes (Figure 3). During compaction of these soils,
inadequate distribution of particle sizes prevents reduction of volume of voids with infilling by
smaller particles. Thus, uniform soils are expected to have low mechanical properties. As clearly
shown in Figure 3, only samples from Ndiorioke area meet the limit of not more than 35% of fines
recommended by the CEBTP for sub-base materials (Table 2). None of the tested samples meet
the CEBTP specification of not more than 20% of fines for base materials. The Atterberg
consistency limit tests show that the UCL and MCL samples have in average a LL of 61% and
63%, PL of 31% and 33%, plasticity index (PI) of 29% and 30% while INL samples has in average
a LL of 56%, PL of 31% and Pl of 27% (Table 3). The results of Atterberg’s limit tests together
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with the grain size distribution results allowed the classification of UCL and MCL soil samples in
the A-7-5 group of American Association of State Highway and Transportation Officials
(AASHTO) classification scheme.

4.2.2 Californian Bearing Ratio (Cbr)

The overall soaked and unsoaked CBR results presented in Table 2 show both lateral and vertical
variation with the values range between 16 and 43%. The soil samples collected at the Asaga and
ebem area shows CBR values higher than those collected at the Abia Ukwu and Ndi Uduma
environs at unsoaked (Table 2). Along the vertical transect, the CBR values are generally higher
(with average of 35 + 22% unsoaked, and soaked) in the weathering profile of the samples and
lower (average of 17 + 27%) in profile samples (Table 1). However, the study of the vertical profile
of lateritic soils indicates that samples with higher proportions of fines (>80 um) have lower values
of MDD and CBR and vice versa. Thus, it can be deduced that the higher the fine components, Pl
and OMC, the lower the MDD and CBR values. This suggests that soil samples may be useful as
sub-base materials whereas the engineering properties of the soil samples are of standard quality
which allows their use as raw materials in road pavement. However, due to its relative high PI, LL
and swelling potential (Figure 3 and Tables 2), these soils require mechanical, physical and/or
chemical improvements with hydraulic binders such as quicklime, bitumen and or cement prior to
their uses as base materials for engineering construction..
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Figure 4: Sieve curves of soils samples from different layers of the weathering profiles in the
studied area; UCL: upper clayey layer, INL: intermediate nodular layer, MCL: bottom
mottled clayey layer. The continue gray curves represent the upper and lower bounds of
typical lateritic soils intended to be used in road construction according to the road pavement
standards for tropical countries (CEBTP, 1984)

Further, the plot in the Casagrande diagram (Figure 3) shows that all the samples are located
alongthe A-line on the limit of high plasticity clays and silts domains; according to Day (2000).
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Figure 5: Casagrande chart classification of lateritic soils in the study area
According to Djedid et al. (2001) and references therein, the lateritic soils that contain clay fraction
between 8 and 65% are considered as low, moderate and high swelling soils of s value range
between 0-1.5, 1.5-5, and 5-25, respectively. This indicates that the UCL and MCL samples could
be more susceptible to considerable change in volume in a changing clime.

5.0 Conclusion and Recommendation

5.1 Conclusion

Lateritic soils derived from Ohafia area, found in the Anambra Basin, South eastern Nigeria were
investigated for their, as well as their index and engineering property tests. Investigations on the
engineering properties of lateritic soils, have helped in deducing the following conclusions:

i. The results of geotechnical tests reveal that samples from upper clay layer (UCL)
and bottom mottled clay layer (MCL) are poorly graded soils with engineering
properties (fines of 61 and 63%, plasticity index of 30 and 31%, CBR at unsoaked
and soaked of 35 and 22%) which do not allow their use as raw materials in road
construction. INL samples are gravel and sand soils well graded having engineering
properties (fines of 26%, plasticity index of 26% and CBR of 35%) that meet
specifications require for sub-base materials for light traffic roads. However,
Atterberg’s consistency limit tests indicate that the samples are moderate to high
plastic soils with moderate swelling potential. Hence, their use as base and sub-
base construction materials for heavy traffic roads require pre-treatment with non-
plastic soils, bitumen, cement and or lime. The direct shear test results show that
the soils have high bearing capacity (cohesion of 62 kPa and 27.2° of angle of
internal friction) making them to be useful in slope stability and in shallow
foundation design.

ii. The comparison of the studied soils with some lateritic soils in South Eastern,
Nigeria; indicates that provenance and climatic conditions are potentials factors that
influence the engineering properties of lateritic soils. More so, the comparison also
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indicates that soils developed in semi-arid conditions exhibits the best engineering
characteristics.

5.2 Recommendation
Based on findings from the study, the following recommendations were hereby made:

i The soil samples investigated cannot be used as raw materials in road construction due
to their geotechnical results which reveal that samples from upper clay layer (UCL)
and bottom mottled clay layer (MCL) are poorly graded soils with engineering
properties of fines of 61 and 63%, plasticity index of 30 and 31%, CBR at soaked and
unsoaked of 22 and 35%) which made them unsuitable for road construction.

ii. Intermediate nodular layer (INL) samples are gravel and sand soils well graded
having engineering properties (fines of 26%, plasticity index of 26% and CBR of 35%)
that meet specifications require for sub-base materials for the construction of light
traffic roads.

iii. However, Atterberg’s consistency limit tests indicate that the samples are moderate to
high plastic soils with moderate swelling potential. Hence, their use as base and sub-
base construction materials for heavy traffic roads require pre-treatment with non-
plastic soils, bitumen, cement and or lime.

v, The natural moisture content of the analyzed soil samples from the study area indicates
a high water adsorption capability of the soil material. Hence, good drainage systems
should be provided in the area in order to prevent pore water pressures to develop below
pavement structures, which could result in significant loss of strength.
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