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COURSE CODE:CEE 303
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SERIES UNIT LOAD (2 Units E: LH 15; PH 45)

Series 1: Fundamentals of Rocks, Minerals, and Engineering Properties
Series 2: Geological Structures, Mapping, and Stratigraphy

Series 3: Fossils, Geological Time Scale, and Applications in Nigeria
Series 4: Introduction to the Geology of Nigeria

Series 5: Engineering Geology Applications in Water Supply and Construction Projects

Proposed Outline for Series 1:
e Part1.1: Rocks and Minerals
o 1.1.1 Definition and classification of rocks
o 1.1.2Types of rocks: igneous, sedimentary, metamorphic
o 1.1.3 Mineral composition and identification techniques
e Part1.2: Engineering Properties-of Rock and Soil Materials
o 1.2.1 Strength and durability of rocks
o 1.2.2 Permeability and porosity
o 1.2.3 Soil consistency and compaction characteristics
o Part 1.3: Relevance of Rocks and Minerals in Engineering Geology
o /1.3.1 Importance in construction materials
o 1.8.2 Rolein site investigations

o »1.3.3Case examples from Nigerian geology

Introduction

Every engineering project, whether it involves constructing a dam, designing a foundation, or
planning a water supply system, relies on a sound understanding of the materials beneath our feet.
Rocks and minerals form the very framework of the earth, and their properties determine how
structures perform and endure over time. By studying these materials, engineers gain the knowledge
needed to evaluate sites, select appropriate construction materials, and anticipate potential challenges.
This Series therefore sets the stage for appreciating the geological basis of engineering practice.
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The aim of this Series is to introduce you to the essential characteristics of rocks and minerals and to
equip you with the ability to evaluate their engineering properties for practical applications.

We shall commence this Series by exploring rocks and minerals, considering their definitions,
classifications, and methods of identification. Next, we will move on to the engineering propertiesof
rock and soil materials, examining aspects such as strength, durability, permeability, and compaction.
Finally, we will wrap up by discussing the relevance of rocks and minerals in engineering geology,
highlighting their importance in construction materials, site investigations, and case examples from
Nigeria. This progression will provide you with a comprehensive foundation for applying geological
knowledge in engineering contexts.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 1.1 define rocks and minerals and classify them into igneous, sedimentary, and
metamorphic groups,

e SLO 1.2 explain methods used to identify minerals based on their composition and physical
properties,

e SLO 1.3 analyse the engineering properties of rock and soil materials including strength,
durability, permeability, and compaction;

e SLO 1.4 evaluate the relevance of rocks and minerals'in engineering geology with reference
to construction materials and site.investigations, and

e SLO 1.5 apply case examples from Nigerian geology to illustrate the practical importance of
rocks and minerals in engineering practice.

This set of outcomes aligns/directly with the three Parts of the Series outline:
e Part 1.1 (Rocks and Minerals)~> SLO 1.1 and SLO 1.2
e Part1.2(Engineering Properties) > SLO 1.3

o Part 1.3 (Relevance in Engineering Geology) » SLO 1.4 and SLO 1.5

1.1 Rocks And Minerals
1.1.1 Definition and classification of rocks

Rocks are naturally occurring solid aggregates of one or more minerals, or mineraloids, that form
the Earth’s crust. A mineralis a naturally occurring inorganic substance with a definite chemical
composition and an ordered internal structure. Rocks are classified into three major groups:
igneous, sedimentary, and metamorphic, based on their origin and formation processes.

-
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Igneous rocks form from the cooling and solidification of molten magma or lava. Sedimentary rocks
result from the accumulation and compaction of sediments, while metamorphic rocks are
produced when existing rocks are altered by heat, pressure, or chemical processes.

Fillin the blank: Rocks are classified into main groups based on their origin.

[

Figure 1.1: The rock cycle and classification of rocks

MAGMA
\ IGENOUS
_/ ROCKS

IGENIOUS
ROCK
granite
I METEHORPIC
WEATHERING ROCKS
& EROSION
SEDIMENTARY
ROCKS
SEDIMENTS C@?ﬁéﬁ“‘“o& B !
TATION X -~
Sy
3 shale
SEDMENTARY HEAT &
PRESSURE

1.1.2 Types of rocks: igneous, sedimentary, metamorphic

Igneous rocks are further divided into intrusive (formed beneath the surface, e.g., granite) and
extrusive (formed on the surface, e.g., basalt). Their texture depends on the cooling rate of magma.
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Sedimentary rocks are classified into clastic (formed from fragments of other rocks, e.g.,
sandstone), chemical (precipitated from solutions, e.g., limestone), and organic (formed from
biological material, e.g., coal).

Metamorphic rocks are grouped into foliated (with layered structures, e.g., schist) and non-folia
(without layering, e.g., marble).

Fillin the blank: Sedimentary rocks formed from biological material such as plant remains are
called rocks.

1.1.3 Mineral composition and identification techniques
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Minerals are identified based on their physical properties, which include colour, streak, hardness,
cleavage, fracture, lustre, and specific gravity. For example, the Mohs hardness scale is commonly
used to compare mineral hardness, ranging from talc (softest) to diamond (hardest).

Fillin the blank: The hardness of minerals is commonly measured using the scale.

Table 1.1: Mohs hardness scale of minerals

Mineral Hardness

Talc
Gyysum

DN | W [N | =
B

Calcite

Fluorite 6
Arthclocl Quartz

Quartz 7

Topaz 8

Corumum 9

Diamond 10

Pilot questions 1.1
1. Which three main groups are rocks classified into?
2. Whatis the difference between intrusive and extrusive igneous rocks?

3. Name one example of a clastic sedimentary rock.

-
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4. What property is measured using the Mohs scale?

5. Distinguish between foliated and non-foliated metamorphic rocks.

1.2 Engineering Properties Of Rock And Soil Materials
1.2.1 Strength and durability of rocks

Strength refers to the ability of a rock to resist applied forces without failure. It is measured through
tests such as compressive strength, tensile strength, and shear strength. Durability is the capacity
of a rock to withstand weathering and environmental conditions over time. Strong and durable
rocks, such as granite, are often used in construction because they can support heavy.loads and
resist deterioration.

Fillin the blank: The ability of a rock to resist applied forces without failure is called
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Figure 1.2: Laboratory testing of rock strength
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1.2.2 Permeability.and porosity

Porosity is the percentage of void spaces within a rock or soil, while permeability is the ability of
those voids to allow fluids to pass through. High porosity does not always mean high permeability,
as the poresmust be interconnected for fluids to flow. These properties are critical in engineering
geology because they affect groundwater movement, stability of foundations, and suitability of
materials for construction.

Fillin the blank: The percentage of void spaces within a rock or soil is referred to as

-
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Table 1.2: Comparison of
porosity and permeballity in
common rocks

Rock Type Porosity | Permeballity
(%) (mD)

Sandstone 5-30 10-1,000

Shale 1-10 0.0001-0.1

Granite <1 <00001

1.2.3 Soil consistency and compaction characteristics

Soil'consistency describes the degree of firmness or cohesion of soil, which influences its
behaviour under stress. Compaction is the process of increasing soil density by reducing air voids,
usually through mechanical means. Proper compaction improves soil strength, reduces
settlement, and enhances stability for engineering structures such as roads and foundations.

Fillinthe blank: The process of increasing soil density by reducing air voids is known as

-
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Box 1.2: Key engineering tests for
soil compaction

Standard Proctor Test 2 | Field Density Test /¢

Sand-cone Excaated Hole

Device
Compaction
Mold
In-situ Soil

Hammer ]| Soil Sample

» Laboratory test * In-situ field test

* Determines Maximum Dry Density * Measures unit weight & water
(MDD)& Optimum Moisture content of compacted soil
Content OMC + Compares field density to lab

* Controlled energy compaction MDD

Pilot questions 1.2
1. Whatis the difference between strength and durability in rocks?
2. Define porosity and permeability.
3. Why does high porosity not always mean high permeability?
4. Whatis soil compaction and why is it important in engineering?

5. Name one laboratory test used to measure soil compaction.

1.3 Relevance Of Rocks And Minerals In Engineering Geology

-
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1.3.1 Importance in construction materials

Rocks and minerals are fundamental to construction because they provide the raw materials for
building. Granite, for example, is valued for its strength and durability, making it suitable for
foundations and bridges. Limestone is widely used in cement production, while sandstone and
shale are employed in bricks and tiles. The choice of material depends on its engineering
properties such as strength, porosity, and resistance to weathering.

Fillin the blank: is a rock commonly used in cement production.

Plate 1.3: Common construction materials derived from rocks

GRANITE BLOCKS LIMSTONE QUARRY SANDSTONE BRICKS

1.3.2 Role in site investigations

In engineering geology, site investigations assess the suitability of ground conditions for
construction. Rocks and minerals influence the stability of foundations, the permeability of soils,
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and the risk of geological hazards. For example, clay-rich soils may expand and contract with
moisture changes, while fractured rock formations may allow water seepage that weakens
structures. Engineers must evaluate these conditions before designing projects.

Fillin the blank: Site investigations help determine the of ground conditions for
construction.

Figure 1.3: Steps in engineering geological site
investigations

1. Desk Study
* Review existing maps, reports, photos
¢ Geological & historical data
* Prelimimary risk assessment

2. Fieldwork

¢ Geological mapping & walkover survey
* Borehoes, trial pits, soundings

¢ Sampling
<

3. Laboratory Testing
* Soil & rock mechanics tests
¢ Chemical analysis
* Mineralogy & petograpphy

2
4. Reporting
* Factual & interpetfite reports
* Geotherectick model
* Recommedations & design parameters

1.3:3.Case examples from Nigerian geology

Nigeria provides many examples of how rocks and minerals influence engineering projects. The
Benue Trough contains limestone deposits that support cement industries. The Jos Plateau is rich
in granite, used extensively in construction. In coastal regions, clay soils pose challenges for
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foundation stability, requiring careful engineering solutions. These examples highlight the practical
importance of geological knowledge in local engineering contexts.

Fillin the blank: The

Plateau in Nigeria is known for its rich granite deposits.

Box 1.3: Selected Nigerian geological
formations and their engineering relevance

Benue Trough
(Limestone)

* Sedidemary basin

* Source of
cement &
construction
aggrgate

* Prone to dissolution
& karst

topogaphy

Jos Plateau
(Granite)

» Crystiaine basement
rocks

* Source of aggrgates &
dimension stone

» Stable foundations,
but difficult excaation

Coastal Clay Soils
(Niger Delta)

Soft, compresible
marine clays

Poor bearing capacity

Require ground
improvement &
deep foundations

Pilot questions 1.3

1.

2.

3.

-

Name one rock commonly used in cement production.

Why are site investigations important in engineering geology?

Give an example of how fractured rock formations can affect construction.

Which Nigerian region is known for granite deposits?
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5. How do clay-rich soils affect foundation stability?

Series Summary

This Series has introduced you to the essential foundations of rocks, minerals, and their
engineering properties, highlighting theirimportance in construction and site investigations. By
exploring these materials, you have gained an appreciation of how geological knowledge underpins
engineering practice and supports informed decision-making in projects.

We began with the classification of rocks and minerals, examining igneous, sedimentary, and
metamorphic types alongside methods of mineral identification. We then moved onto the
engineering properties of rock and soil materials, focusing on strength, durability, poraosity,
permeability, and compaction. Finally, we considered the relevance of these materials in
engineering geology, with examples drawn from Nigerian contexts. In line with the Series Learning
Outcomes, you should now be able to define and classify rocks:and minerals, explain identification
techniques, analyse engineering properties, evaluate their relevance in construction and site
investigations, and apply case examples to illustrate their practical importance.

Glossary of Terms

e Clay: Afine-grained soil material that expands and contracts with changes in moisture,
often affecting foundation stability.

e Compaction: The process of increasing soil density by reducing air voids, usually through
mechanical means, to improve strength and stability.

e Durability: The ability of arock toresist weathering and environmental conditions over time
without significant deterioration.

e Foliated metamorphic rock: A metamorphic rock that shows a layered or banded structure
due to pressure and heat, such as schist.

e Granite: A strong and durable intrusive igneous rock commonly used in construction for
foundations and bridges.

¢ [ Igneous rock: A rock formed from the cooling and solidification of molten magma or lava,
classified as intrusive or extrusive.

e Limestone: A sedimentary rock composed mainly of calcium carbonate, widely used in
cement production.

e < Mineral: A naturally occurring inorganic substance with a definite chemical composition
and an ordered internal structure.

e Mohs hardness scale: A comparative scale that measures the hardness of minerals,
ranging from talc (softest) to diamond (hardest).

-
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o Porosity: The percentage of void spaces within a rock or soil that indicates its capacity to
hold fluids.

o Permeability: The ability of interconnected pores in a rock or soil to allow fluids to pass
through.

e Rock: A naturally occurring solid aggregate of one or more minerals or mineraloids that
forms the Earth’s crust.

¢ Sandstone: A clastic sedimentary rock composed of sand-sized particles, often used in
construction materials.

e Sedimentary rock: A rock formed from the accumulation and compaction of sediments,
classified as clastic, chemical, or organic.

e Site investigation: A study carried out to assess ground conditions before.construction,
including geological, geotechnical, and environmentalfactors.

e Soil consistency: The degree of firmness or cohesion of soil, which influences its behaviour
under stress.

e Strength: The ability of a rock to resist applied forces without failure, measured through
tests such as compressive strength.

e Metamorphic rock: A rock formed when existing rocks are altered by heat, pressure, or
chemical processes, producing foliated or non-foliated types.

Concept Check Questions 1

Objective Questions

1. Rocks are classified into main groups based on their origin. (Linked to SLO 1.1)
2. The hardness of minerals is commonly measured using the scale. (Linked to
SLO1.2)

3. WhichNigerianregion is known for its rich granite deposits? (Linked to SLO 1.5)

4. The process of increasing soil density by reducing air voids is called . (Linked to
SLO1.3)

5.  Sedimentary rocks formed from biological material such as plant remains are called
rocks. (Linked to SLO 1.1)

Short-Answer Questions

6. Define a mineral and explain how it differs from a rock. (Linked to SLO 1.1)

-
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10.

Give one example each of intrusive igneous rock, clastic sedimentary rock, and foliated
metamorphic rock. (Linked to SLO 1.1)

Explain why high porosity does not always mean high permeability. (Linked to SLO 1.3)

State one reason why site investigations are important in engineering geology. (Linked to
SLO 1.4)

Identify one Nigerian geological formation and describe its engineering relevance. (Linked
to SLO 1.5)

Long-Answer Questions

11.

12.

Analyse the engineering properties of rocks and soils, focusing on strength, durability,
porosity, and compaction. (Linked to SLO 1.3)

Evaluate the relevance of rocks and minerals in engineering geology, using examples from
Nigerian contexts. (Linked to SLO 1.4, SLO 1.5)

Answers to Concept Check Questions 1

Objective Questions

1.

2.

3.

4.

5.

Three

Mohs hardness scale
Jos Plateau
Compaction

Organic

Short-Answer Questions

6.

10.

A mineralis.a naturally occurring inorganic substance with a definite chemical composition
and internal structure. Arock is an aggregate of one or more minerals or mineraloids.

Intrusive igneous rock: granite; clastic sedimentary rock: sandstone; foliated metamorphic
rock: schist.

High porosity means many voids, but if the pores are not interconnected, permeability
remains low.

Site investigations determine the suitability of ground conditions for construction, ensuring
safety and stability.

Benue Trough: limestone deposits used in cement production.

Long-Answer Questions

-
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11.

12.

Basic response: Rocks and soils have properties such as strength (resistance to forces),
durability (resistance to weathering), porosity (percentage of void spaces), and compaction
(increasing density by reducing air voids). These properties influence construction material
selection and foundation stability. Value-added response: Beyond the basics, engineers
also consider how these properties interact under different environmental conditions. For
example, high porosity in sandstone may lead to water infiltration, while poor compaction
in clay soils can cause settlement. Laboratory tests such as compressive strength and
Proctor compaction tests provide measurable data for design decisions.

Basic response: Rocks and minerals are relevant in engineering geology because they
provide construction materials and influence site investigations. Nigerian examples include
granite from Jos Plateau and limestone from Benue Trough. Value-added response: In
addition to material supply, geological knowledge helps mitigate risks such as foundation
instability in clay-rich soils of coastal Nigeria. Engineers use stratigraphic.and mineralogical
data to design sustainable projects, ensuring long-term performance and reducing
maintenance costs.

Answers to Pilot Questions 1

Part 1.1: Rocks and Minerals

1.

2.

4.

5.

Igneous, sedimentary, and metamorphic

Intrusive igneous rocks form beneath the surface, while extrusive igheous rocks form on the
surface.

Sandstone
Mohs hardness scale

Foliated.rocks have a layered structure, while non-foliated rocks do not.

Part 1.2: Engineering Properties of Rock and Soil Materials

1.

-

Strengthis the ability to resist applied forces, while durability is the ability to withstand
weathering.

Porosity is the percentage of void spaces, while permeability is the ability of fluids to pass
through interconnected pores.

Because pores may not be interconnected, fluids cannot always flow despite high porosity.

Soil compaction increases density, reduces settlement, and improves stability for
engineering structures.

Proctor test
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Part 1.3: Relevance of Rocks and Minerals in Engineering Geology

1.

2.

3.

Limestone
They determine the suitability of ground conditions for construction.

Fractured rocks may allow water seepage, weakening foundations and structures. 4
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Illustrations and Figures
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Figure 1.1 Classification of rocks: Suggested OER search string “OER diagram igneous
sedimentary metamorphic rocks NPTEL MIT OCW?”. Attribution: Open Educational
Resources (NPTEL, MIT OCW).

Plate 1.1 Mineralidentification tools: Suggested OER search string “OER photo mineral
identification hand lens streak plate”. Attribution: Open Educational Resources.

Figure 1.2 Engineering properties of rocks and soils: Suggested OER search string “OER
diagram engineering properties rocks soils NPTEL MIT OCW?”. Attribution: Open Educational
Resources.

Plate 1.2 Soil compaction in the field: Suggested OER search string “OER photo soil
compaction field engineering geology”. Attribution: Open Educational Resources.

Plate 1.3 Common construction materials derived from rocks: Al-generated using prompt
“Generate realistic images of granite blocks, limestone quarry, and sandstone bricks side
by side” on Microsoft Copilot platform.

Figure 1.3 Steps in engineering geological site investigations: Al-generated using prompt
“Generate a flowchart showing stages of site investigation: desk study, fieldwork,
laboratory testing, reporting” on Microsoft Copilot platform.
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e Box 1.3 Selected Nigerian geological formations and their engineering relevance: Al-
generated using prompt “Generate a box summarising Benue Trough (limestone), Jos
Plateau (granite), and coastal clay soils” on Microsoft Copilot platform.

Open Educational Resources (OERs)
e NPTEL Engineering Geology modules were suggested for diagrams and figures.
e MIT OpenCourseWare was suggested for stratigraphy and mineral identification resources.

e Case studies and Nigerian geology references were drawn from Kogbe (1989) and Ajibade &
Woakes (1989).

Series 2: Geological Structures, Mapping, and Stratigraphy
Proposed Outline for Series 2:
e Part 2.1: Geological Structures
o 2.1.1 Definition and classification of geological structures
o 2.1.2Types of folds, faults, and joints
o 2.1.3 Engineering significance of geological structures
o Part2.2: Geological Mapping Techniques
o /[ 2.2.1 Principles of geological mapping
o 2:2.2Toolsand methods used in field mapping
o 2.2.3Interpretation of geological maps for engineering purposes
o Part 2.3: Stratigraphy and Time Scale
o 2.3.1 Definition of stratigraphy and its importance
o 2.3.2 Geological time scale and major divisions

o 2.3.3 Applications of stratigraphy in engineering geology

Introduction

-
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In the last Series, we explored the fundamental properties of rocks and minerals, as well as their
engineering relevance. Building on that foundation, we now turn our attention to the ways in which
these materials are organised and represented in the Earth’s crust. Understanding geological
structures, mapping techniques, and stratigraphy is essential for engineers, as these elements directly
influence site investigations, resource evaluation, and construction decisions.

The aim of this Series is to equip you with the knowledge and skills needed to identify geological
structures, interpret maps, and apply stratigraphic principles in engineering geology. By the end of
this Series, you should be able to analyse structural features, evaluate their engineering significance,
and connect stratigraphic information to practical applications.

We shall commence this Series by examining geological structures, focusing on folds, faults, and
joints, and considering their engineering implications. Next, we will move on to geological mapping
techniques, where you will learn the principles, tools, and methods used to represent geological
features and interpret them for engineering purposes. Finally, we will conclude with stratigraphy and
the geological time scale, highlighting its importance and applications in engineering geology.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 2.1 define the major types of geological structures including folds, faults, and joints,

e SLO 2.2 explain the engineering significance of geological structures in site investigations
and construction projects,

e SLO 2.3 demonstrate the principles.and techniques of geological mapping using
appropriate tools and methods,

e SLO 2.4 interpret geological maps to evaluate subsurface conditions for engineering
purposes,

e SLO 2.5 describe the conceptof stratigraphy and its role in engineering geology,
e SLO 2.6.0utline the geological time scale and its major divisions, and

e SLO 2.7 apply stratigraphic information to practical engineering problems such as resource
evaluation and site characterisation.

2.1 Geological Structures

Geological structures are the physical arrangements and features formed within the Earth’s crust
due to'various geological processes. These structures provide critical information about the history
of rock deformation and are highly significant in engineering geology because they influence the
stability of foundations, slopes, tunnels, and other civil engineering projects.

2.1.1 Definition and classification of geological structures

-
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A geological structure is defined as the arrangement of rocks in the Earth’s crust resulting from
natural processes such as folding, faulting, and jointing. These structures are classified into
primary structures, which form during rock deposition (such as bedding planes), and secondary
structures, which develop later due to tectonic forces (such as folds and faults).

When studying geological structures, it is important to distinguish between those formed during
rock formation and those formed afterwards. Fill in the blank: Geological structures formed during
rock deposition are called structures.

Figure 2.1 Classification of geological structures

PRIMARY GEOLOGICAL
STRUCTURES

Formed during rock deposition

Bedding Planes

SECONARY GEOLOGICAL
STRUCTURES

Formed after rock deposition due deformation

— Folds

Bedding Planes Anticline

Syncline

DEFORMATION

Syncline
Faults —»

Strata

o

Fault Plane
>

Bedding/Stratification

Cross-Bedding \

Normal Fault

\ — Faults
Current Direction Joints Joint Set

2.1.2 Types of folds, faults, and joints

Afold is a bend in rock layers caused by compressional forces. Folds can be classified as
anticlines (upward arching folds) and synclines (downward trough-like folds).
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Afaultis a fracture in the Earth’s crust along which movement has occurred. Faults are classified
into normal faults, reverse faults, and strike-slip faults depending on the direction of displacement.

Ajoint is a fracture in rock where there has been no significant movement. Joints often occurin
sets and can influence the permeability and strength of rock masses.

Fillin the blank: A fracture in rock with displacement along the plane is called a

Figure 2.2 Common types of folds and faults
FOLDS

Normal Fault

%\\k :

Reverse Fault

Torcre
Hinge Limbs
: =
|

Compressive

Limbs
FAULTS

Syncline

Strike-Slip Fault

2.1.3 Engineering significance of geological structures

Geological structures play a vital role in engineering projects. For example, folds can influence the
orientation of rock layers, faults can create zones of weakness, and joints can affect groundwater
movement. Engineers must carefully analyse these structures during site investigations to ensure
safety and stability.
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For instance, the presence of faults may increase the risk of landslides or subsidence, while joints
can provide pathways for water infiltration, affecting dam foundations.

Fillin the blank: The presence of in rock masses often increases permeability and can affect
groundwater flow.

Box 2.1 Engineering implications of geological
structures

Folds Faults Joints

* Can create unstable Potential for * Reduce rock mass
Affect tunnel & seismic activity strength
dam alignment

* Trap hydrcobons Weak zones for  |e Increase permabiliity
& grandwaer foundations & water seepage

* Varying rock strength| « Preferertinal pl Affect

across structure foundation » Causct blasting

Pround dispalemen wedge failures

for fluid flow

Ground
& instabilty

2.2 Geological Mapping Techniques

Geological mapping is the process of systematically recording and representing the distribution of
rocks, structures, and other geological features on the Earth’s surface. It is a fundamental tool in
engineering geology because it provides a visual framework for understanding subsurface
conditions, which in turn guides design and construction decisions.
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2.2.1 Principles of geological mapping

The principles of geological mapping involve observing, measuring, and recording geological
features in the field. These include rock types, structural orientations such as strike and dip, and
relationships between different formations. A geological map is essentially a two-dimensional
representation of three-dimensional geological reality.

When preparing a geological map, accuracy and clarity are essential. Fill in the blank: The
orientation of rock layers is described using two measurements, and dip.

Figure 2.3 Principles of gelogical mapping: strike and dip

Inclined Bedding Planes

Dip Direction

Dip Angle

2.2.2 Tools and methods used in field mapping
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Geological mapping requires specific tools such as a compass clinometer, which measures strike
and dip, a geological hammer for examining rock samples, and a field notebook for recording
observations. Modern methods also include GPS devices and digital mapping software.

Field mapping involves traversing an area systematically, noting rock types, structures, and
boundaries, and plotting them on a base map. Fill in the blank: A clinometer is used to
measure the strike and dip of rock layers.

P Ly 1 1y Wy, e “i“

2.2.3 Interpretation of geologicél maps for engineering purposeé

Interpreting geological maps involves analysing the distribution of rock types and structures to
predict subsurface conditions. Engineers use these maps to identify potential hazards such as
fault zones, unstable slopes, or areas with poor foundation materials.
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For example, a map showing closely spaced faults may indicate a zone of weakness unsuitable for
dam construction. Similarly, identifying permeable formations can guide groundwater exploration.

Fillin the blank: Closely spaced on a geological map may indicate zones of weakness
unsuitable for construction.

Box 2.2 Engineering uses of
geological maps

Site investigation and planning

Foundation design and material sourcing
Geahaz.rd assesment (e.p., landsdes, faults)
Grourdwaert exploration on management
Route selection for roads & tunnels
Identifitation of construction materials
Environnental impact assissment

2.3 Stratigraphy and Time Scale

Stratigraphy is the branch of geology concerned with the study of rock layers and their arrangement
in time and space. It provides a framework for understanding the chronological order of geological
events and is essential in engineering geology because it helps predict subsurface conditions and
guides construction planning.

-
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2.3.1 Definition of stratigraphy and its importance

Stratigraphy is defined as the study of layered sedimentary rocks and their relationships. It
involves examining the sequence, thickness, and composition of strata to reconstruct the
geological history of an area. Stratigraphy is important in engineering geology because it allows
engineers to identify the age and characteristics of rock formations, which influence foundation
stability and resource availability.

Fillin the blank: The study of layered sedimentary rocks and their relationships is called

Figure 2.4 Stratified rock layers in a
geological section

Bedding Planes

Stratified Rock
Layers

Strata A
(Sandstone)

Strata C. Shale
(Conglomgerate)

Sratifcation

Strata D.
(Limestoin)

Strata E. Lillestone
Silttsone

2.3.2 Geological time scale and major divisions

The geological time scale is a system of chronological measurement that relates stratigraphy to
time. It divides Earth’s history into eons, eras, periods, and epochs. For example, the Mesozoic Era
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is known for the dominance of dinosaurs, while the Cenozoic Era is marked by the rise of
mammals.

In engineering geology, the time scale helps in correlating rock formations across regions and
understanding their depositional environments.

Fillin the blank: The largest unit of the geological time scale is called an

Table 2.1 Major divisions of the geolegical time scale

Eon Period Epoch Major Events /
Life Forms
Ceenozoic Quatranay Holocene Rise of manmals,
Pliestetine humans
Mesozoic Plioene Oligene
Plieicerne Paleacene
Paleozoic Creatouus Jursastic
Paleozoio Jursasic Triastic
Carbiorotic OrHoveian Dinosars, flowering
plants
Neoarcheean Neoporortean | First complex | First complex
Mesorchean Mesoporhious | cells, oxygents | oxgenation
Mesorcheean Siliuvcian Siliuian Early life (bacteria),
Eosarchian Ordovovcian | continents form | form
Hadean Formation of
Earth & Moon

2.3.3 Applications of stratigraphy in engineering geology

Stratigraphy has several applications in engineering geology. It is used to identify suitable sites for
dams, tunnels, and foundations by correlating rock layers. It also aids in resource evaluation, such
as locating groundwater aquifers or mineral deposits. In Nigeria, stratigraphic studies are
particularly important for petroleum exploration and civil engineering projects.
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Fillin the blank: Stratigraphy is often applied in Nigeria for exploration.

Box 2.3
Applications of stratigathy in stratigraphy in
engineering gealogy

* Site investigation and charactiezation

* Foundation design and stability analysis

* Resource evaluation (e.g, agregates, industrial
minerals)

* Petroleum and grauddwate exploration

e Geahazard assesment (e.., landdies, subssence)

* Environmental studies (contamiant transport)

* Engineering geological mapping

Series Summary

This Series has focused on the importance of geological structures, mapping, and stratigraphy in
engineering geology. Its purpose has been to show how these elements provide essential insights
into subsurface conditions, which directly affect the safety and success of engineering projects
such as dams, tunnels, and foundations.

We began by examining geological structures, including folds, faults, and joints, and considered
their engineering significance. We then moved on to geological mapping techniques, where you
explored the principles, tools, and methods used in the field, as well as how to interpret maps for
engineering purposes. Finally, we studied stratigraphy and the geological time scale, highlighting

-
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their role in correlating rock layers and applying them to practical engineering problems. By
completing this Series, you should now be able to define and explain key geological structures,
demonstrate mapping techniques, interpret geological maps, describe stratigraphy and the
geological time scale, and apply this knowledge to engineering investigations, thereby achieving
the Series Learning Outcomes.

Glossary of Terms

¢ Anticline: An upward arching fold in rock layers, with the oldest rocks typically found at the
core.

e Fault: Afracture in the Earth’s crust along which movement has occurred, often creating
zones of weakness.

e Fold: Abend inrock layers caused by compressional forces, which can form structures
such as anticlines and synclines.

o Geological map: A two-dimensional representation of the distribution of rocks, structures,
and other geological features on the Earth’s surface.

e Geological structure: The arrangement of rocks in the Earth’s crust resulting from natural
processes such as folding, faulting, and jointing.

e Geological time scale: A chronological system that divides Earth’s history into eons, eras,
periods, and epochs.

e Joint: Afracture in rock where there has beenno significant movement, often occurring in
sets that influence permeability.

e Stratigraphy: The study of layered sedimentary rocks and their relationships, used to
reconstructgeological history'and correlate formations.

e Strike: The compass direction of a horizontal line on an inclined rock surface, used to
describe rock orientation.

¢ Syncline: A downward trough-like fold in rock layers, with the youngest rocks typically
found atthe core.

e Dip: The angle at which rock layers are inclined from the horizontal, measured
perpendicular to the strike.

Concept Check Questions 2
Objective Questions

1. Identify the type of fold that forms an upward arch in rock layers. (Linked to SLO 2.1)

-
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2. Select the instrument used to measure strike and dip in geological mapping. (Linked to SLO
2.3)

3. State the largest unit of the geological time scale. (Linked to SLO 2.6)

4. Choose the fracture type in rock where no significant displacement has occurred. (Linked
to SLO 2.1)

5. Match the following:
o Normalfault >
o Reversefault~>
o Strike-slipfault>___ (Linked to SLO 2.1)

Short-Answer Questions

1. Explain why faults are considered zones of weakness in engineeringgeology. (Linked to SLO
2.2)

2. Describe the difference between strike and dip measurements in geological mapping.
(Linked to SLO 2.3)

3. Outline one practical application of stratigraphy in-engineering geology. (Linked to SLO 2.7)
4. Define stratigraphy and explaindits.importance in site investigations. (Linked to SLO 2.5)
5. Listtwo engineering uses of geological maps. (Linked to SLO 2.4)

Long-Answer Questions

1. Analyse the.engineering significance of folds, faults, and joints, providing examples of how
each can affect construction projects. (Linked to SLO 2.2)

o _Basic response: Describe folds, faults, and joints, and explain their general impact
on engineering projects.

o Value-added response: Provide detailed examples such as dam foundations
affected by faults, tunnels influenced by folds, and groundwater movement through
joints, linking these to Nigerian case studies where possible.

2. Evaluate the role of geological mapping in site investigations, discussing both traditional
field methods and modern digital techniques. (Linked to SLO 2.3, SLO 2.4)

o Basic response: Explain the principles of geological mapping, tools used, and how
maps are interpreted for engineering purposes.

o Value-added response: Compare traditional methods with modern approaches
such as GIS and remote sensing, highlighting advantages and limitations, and
suggest how integrated techniques improve engineering outcomes.

-
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3. Discuss the geological time scale and its relevance to engineering geology, with emphasis
on stratigraphic applications in Nigeria. (Linked to SLO 2.6, SLO 2.7)

o Basic response: Outline the divisions of the geological time scale and explain how
stratigraphy helps correlate rock layers.

o Value-added response: Provide examples of how stratigraphic studies support
petroleum exploration and civil engineering projects in Nigeria, linking geological
history to practical engineering applications.

Answers to Concept Check Questions 2
Objective Questions

1. Anticline

2. Compass clinometer

3. Eon

4. Joint

5. Normal fault > tension; Reverse fault > compression; Strike-slip fault - lateral shear
Short-Answer Questions

1. Faults are zones of weakness because displacement disrupts rock continuity, creating
instability and increasing the risk of landslides or subsidence.

2. Strike is the compass direction of a horizontal line on an inclined rock surface, while dip is
the angle of inclination measured perpendicular to the strike.

3. Stratigraphy can be applied to identify aquifers for groundwater supply.

4. Stratigraphy is the study of layered sedimentary rocks and their relationships. Itis
important in site investigations because it helps determine the age, composition, and
suitability of formations for engineering projects.

5./ Geological maps are used for hazard assessment and for evaluating subsurface conditions
during site investigations.

Long-Answer Questions

1." Basic response: Folds change the orientation of rock layers, faults create zones of
weakness, and joints increase permeability. Each can affect construction stability. Value-
added response: For example, faults can compromise dam foundations, folds can
complicate tunnel alighment, and joints can allow water infiltration in bridge foundations.
In Nigeria, fault zones have influenced dam site selection, while stratified joints affect
groundwater flow.

-
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2. Basic response: Geological mapping involves recording rock types and structures using
tools like compass clinometers and interpreting maps for engineering purposes. Value-
added response: Modern techniques such as GIS and remote sensing enhance accuracy
and efficiency. Combining traditional fieldwork with digital mapping provides a more
comprehensive understanding of subsurface conditions, improving engineering design and
risk management.

3. Basic response: The geological time scale divides Earth’s history into eons, eras, periods,
and epochs. Stratigraphy helps correlate rock layers across regions. Value-added
response: In Nigeria, stratigraphic studies are crucial for petroleum exploration and civil
engineering projects. For example, identifying Cretaceous formations

Answers to Pilot Questions 2

Part 2.1: Geological Structures

1. Anticline
2. Faults
3. Joints
4. Syncline

5. Zones of weakness
Part 2.2: Geological Mapping Techniques

1. Periods

2. Compass clinometer

3. Faults

4. Strike'and dip

5./ Hazard assessment, groundwater exploration
Part 2.3: Stratigraphy and Time Scale

1. Stratigraphy

2. Eon

3. Petroleum exploration

4. Correlation of rock layers

5. Site investigation, resource evaluation
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the field.” Tool — Microsoft Copilot image generation.

o Figure 2.4 Stratified rock layers in a geological section Attribution: Suggested OER source
from MIT OCW and BGS. Al-generated option: Prompt used — “Generate a diagram showing
stratified rock layers with labels indicating different strata.” Tool — Microsoft Copilot image
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Microsoft Copilot text generation.

e Box 2.2 Engineering uses of geological maps Attribution: Suggested OER source from case
studies in engineering geology (NPTEL). Al-generated option: Prompt used — “Create a text
box listing engineering uses of geological maps such as site investigation, hazard
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Notes on Attribution

e Where Open Educational Resources (OERs) were suggested, learners are encouraged to
consult NPTEL, MIT OCW, and BGS repositories for authentic illustrations and case studies.

e Al-generated figures, plates, tables, and boxes were created using Microsoft Copilot
prompts as specified above. These are supplementary to OER sources and intended for
instructional clarity.

Series 3: Fossils, Geological Time Scale, and Applications in'Nigeria
Proposed Outline for Series 3:
e Part 3.1: Fossils and Their Importance
o 3.1.1 Definition of fossils.and fossilisation processes
o 3.1.2Types of fossils and methods of identification
o 3.1.3 Engineering and geological significance of fossils
e Part 3.2: Geological Time Scale
o 3.2.1 Concept and divisions of the geological time scale
o 3.2.2 Major eras and periods relevant to Nigeria
o 3.2.3 Applications of the time scale in stratigraphy and engineering geology
o Part 3:3: Applications in Nigeria
o 3:3.1 Fossils in Nigerian stratigraphy and resource exploration
o 3.3.2 Case studies of fossil-bearing formations in Nigeria

o 3.3.3 Engineering implications of fossil and stratigraphic studies in Nigerian
projects

Introduction

In the last Series, we examined geological structures and mapping techniques, which provided us
with the tools to interpret the arrangement of rocks and layers in the Earth’s crust. To build on that
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knowledge, we now turn to fossils and the geological time scale. Fossils are more than remnants of
ancient life, they are vital markers that help geologists reconstruct Earth’s history and establish the
relative ages of rock formations. In Nigeria, the study of fossils and stratigraphy has particular
importance in resource exploration and engineering geology.

The aim of this Series is to introduce you to the concept of fossils and the geological time scale,
and to demonstrate how these are applied in Nigerian geology for both academic and engineering
purposes.

We shall commence this Series by exploring fossils, considering their definition, types, and
significance in geological and engineering contexts. Next, we will move on to the geological time
scale, examining its divisions and how it is applied in stratigraphy. Finally, we will wrap up by
focusing on applications in Nigeria, highlighting case studies of fossil-bearing formations-and their
engineering implications. This progression will provide you with a clear understanding of how
fossils and stratigraphy support engineering geology in practice.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 3.1 define fossils and explain the processes of fossilisation,
e SLO 3.2 classify different types of fossils using established identification methods,
e SLO 3.3 analyse the geological and engineering significance of fossils,
e SLO 3.4 describe the concept and divisions of the geological time scale,
e SLO 3.5 explain the major eras and periods relevant to Nigerian geology,
e SLO 3.6 apply stratigraphic principles and the geological time scale to engineering geology,
e SLO 3.7 evaluate the role of fossils in Nigerian stratigraphy and resource exploration, and

o SLO 3.8 demonstrate how fossil and stratigraphic studies inform engineering projects in
Nigeria.

3.1 Fossils And Their Importance
3.1.1 Definition of fossils and fossilisation processes

Afossilis the preserved remains, impression, or trace of a once-living organism that has been
embedded in rocks. Fossils provide evidence of past life and are crucial in reconstructing Earth’s
history. The process of fossilisation refers to the natural mechanisms through which organic
material is preserved, such as permineralisation, carbonisation, or preservation in amber.

-
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Fossils are important because they help geologists establish the relative ages of rock layers and
provide clues about past environments. Without fossils, it would be difficult to piece together the
geological time scale.

Fillin the blank: Fossils are the preserved of organisms that lived in the past.

Figure 3.1 Fossilisation processes

o Amber
& Permineralisation @ Carbonisation @ Preservation

Original Bone
Tree Resin

(Sap)
~

Heat & Pressure

Groundwater

Sediment with Minerals

Sediemat Heat &

\ Pressure
Gl

Permineraised
Fossil Carbon Film Fossil Amber Fossil

3.1.2 Types of fossils and methods of identification

Fossils can be broadly classified into body fossils and trace fossils. Body fossils are the
preserved remains of the actual organism, such as bones, shells, or leaves. Trace fossils are
indirect evidence of life, such as footprints, burrows, or coprolites (fossilised faeces).

Identification of fossils involves careful observation of physical features, comparison with known
specimens, and sometimes laboratory techniques such as thin-section analysis or chemical
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testing. Fossils are often identified by their morphology, texture, and association with specific rock
layers.

Fillin the blank: Fossils that record activities such as footprints or burrows are called
fossils.

Plate 3.1 Examples of body and trace fossils

BODY FOSSILS TRACE FOSSILS

Fossil Shells

Fossil Bone Worm Burrows

3.1.3 Engineering and geological significance of fossils

Fossils are not only important for understanding Earth’s history but also have practical applications
inengineering geology. They are used in biostratigraphy, which is the correlation and dating of rock
layers based on fossil content. This helps engineers and geologists determine the age and
sequence of strata during site investigations.
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In Nigeria, fossils have been used to identify petroleum-bearing formations and to guide
construction projects by providing information about the geological environment. Fossils also help
in predicting the stability of rock formations, which is critical for infrastructure such as dams,
tunnels, and foundations.

Fillin the blank: The use of fossils to correlate and date rock layers is known as

Box 3.1 Selected engineering applications
of fossiles

* Bisortatigaphy: Dating & corrolation of rock layers; gelogical mapping
* Petroleum & mineral exploration: Identififing source rocks

* Site investigations: Undrstnding source rocks, reservoir potential

* Site investigations: Understanding ground conditions, soil/rock behavior

* Paleclimate & paleoenvironmental reconstuction: Assesing past conditions
* Foundation design

* Foundation design: Predicting settlement & stability of structures

* Geahazrd assesment: Identiffing areas prone of landsides/subsdience

* Forensic geology: Analysis of gelogical materials in investigations

3.2 Geological Time Scale
3.2.1 Concept and divisions of the geological time scale

The geological time scale is a system of chronological measurement that relates stratigraphy to
time. It provides a framework for understanding Earth’s history by dividing it into eons, eras,
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periods, epochs, and ages. Each division represents significant events such as the appearance or
extinction of species, major climatic changes, or tectonic activities.

Geologists use fossils and radiometric dating to establish these divisions. Fossils act as markers
that help correlate rock layers across different regions, while radiometric dating provides absolute

ages.

Fillin the blank: The geological time scale is divided into eons, eras, , epochs, andages.

Figure 3.2 Geolegical time scale divisions
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3.2.2 Major eras and periods relevant to Nigeria

Nigeria’s geology is marked by formations that belong to different eras and periods. For example,
the Cretaceous period is significant because it contains fossil-bearing sedimentary rocks that
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have been linked to petroleum exploration. The Palaeozoic era is represented in some basement
rocks, while the Mesozoic era is important for stratigraphic studies in sedimentary basins.

These eras and periods provide context for understanding the distribution of resources and the
geological evolution of the region.

Fillin the blank: The Cretaceous period in Nigeria is particularly important for exploration.
% T
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Basin Niger %
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3 LEGEND
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3.2.3 Applications of the time scale in stratigraphy and engineering geology

The geological time scale is applied in stratigraphy, which is the study of rock layers and layering.
By using fossils and time divisions, geologists can correlate strata across different regions. This is
particularly usefulin engineering geology, where understanding the age and sequence of rock
formations helps in site investigations and construction planning.
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For example, engineers may need to know whether a rock formation is stable enough to support a
dam or whether it contains fossil evidence that indicates potential resource deposits.

Fillin the blank: The study of rock layers and layering is known as

Box 3.2 Applications of the
the geological time scale in
engineering geology

 Stratstigation corrloation: Dating & matching rock layers
across regiors regions for mapping & site
charactiezatien

» Resource exploration: Targeting specifffic tiars arross geological
petoleum & mineral deposits

* Sijte investigations: Understanding sequence of geological events, soil/--
formations for petoleum & rick and soil layers for foundation design

* Site investigations: Understanding ground events, age soil rocks soil
rocks, and soil soil resinss reercal events like eatrquakes & lansddises

* Paleclimatic & paleustic paleenvirormental rescrnecution: Infering in
past conditions to predrens to predit future envinontuture
environmental changes

* Fogineerion design: Enalysis of gelogical lents materials into models

» Forensic geology: Using fossil and age daa to consruction failures or environentaj
contatanation cases

3:3 Applications In Nigeria
3.3.1 Fossils in Nigerian stratigraphy and resource exploration

In Nigeria, fossils play a central role in stratigraphy, which is the study of rock layers and their
sequence. Fossils are used to correlate rock formations across different regions, helping
geologists establish the relative ages of strata. This is particularly important in petroleum
exploration, where fossil evidence guides the identification of hydrocarbon-bearing formations. For
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example, microfossils such as foraminifera and palynomorphs are widely used to date sedimentary
basins and locate oil and gas reserves.

Fillin the blank: Microfossils such as are commonly used in Nigeria to date sedimentary
basins.

Figure 3.3 Fossil correlation in Nigerian stratigrapy
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3.3.2 Case studies of fossil-bearing formations in Nigeria

Several Nigerian formations are rich in fossils and provide valuable information for both geology
and engineering. The Benue Trough, for instance, contains abundant marine fossils that have been
used to reconstruct depositional environments and guide exploration. Similarly, the Niger Delta
Basin is renowned for its fossil assemblages that support petroleum geology. These case studies
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demonstrate how fossils are not only academic markers but also practical tools for resource
development.

Fillin the blank: The Benue Trough in Nigeria is known for its abundant fossils.

Plate 3.3 Fossil-baring formations in Nigeria
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3.3.3 Engineering implications of fossil and stratigraphic studies in Nigerian projects

Fossil.and stratigraphic studies have direct implications for engineering projects in Nigeria. By
identifying the age and composition of rock formations, engineers can assess their suitability for
construction. For example, fossil evidence may indicate whether a formation is stable enough to
support infrastructure such as dams, bridges, or tunnels. Stratigraphic studies also help in
groundwater exploration and in predicting subsurface conditions that affect foundation design.
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Fillin the blank: Fossil evidence can help engineers assess whether a rock formation is

enough to support infrastructure.

Box 3.3 Engineering implications of
fossil studies in Nigeria

Site Stability &
Gehazards

Identifing areas proneto *

to landsiles/subscience

* Assesing seismic risk based

gologigal history

Resource Exploration

Targeting oil & gas
reservovs

Locating grondward
aqufires

Identifing construction
materials

Foundation Design

Determning age &
type of bedrock

Estimating soil & rock &
rock strength

Predicting settlement &
stabiity of structures

Series Summary

This Series has focused on fossils and the geological time scale, highlighting their importance in
both academic geology and practical engineering applications in Nigeria. Fossils were introduced
as preserved evidence of past life, with attention given to their types, processes of fossilisation,
and their role in stratigraphy. We then examined the geological time scale, considering its divisions,
major eras and periods relevant to Nigeria, and its application in stratigraphic correlation. Finally,
we explored Nigerian case studies, showing how fossil-bearing formations such as the Benue
Trough and Niger Delta Basin support resource exploration and influence engineering decisions.
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By completing this Series, you should now be able to define fossils and explain fossilisation
processes, classify and analyse their significance, describe and apply the geological time scale,
and evaluate how fossil and stratigraphic studies inform engineering projects in Nigeria. These
abilities directly align with the Series Learning Outcomes, ensuring that you can connect
theoretical knowledge of fossils and stratigraphy with practical engineering geology applications.

Glossary of Terms

o Biostratigraphy: The use of fossils to correlate and date rock layers, helping geologists
establish the relative ages of strata.

o Bodyfossils: Preserved remains of the actual organism, such as bones, shells, or leaves.

e Fossil: The preserved remains, impression, or trace of a once-living organism embedded in
rocks.

e Fossilisation: The natural processes through which organic material'is preserved, such as
permineralisation, carbonisation, or preservation.in amber.

e Geological time scale: A chronological framework that divides Earth’s history into eons,
eras, periods, epochs, and ages.

e Microfossils: Very small fossils, often studied.under a microscope, such as foraminifera
and palynomorphs, which are used to date sedimentary basins.

e Stratigraphy: The study of rock layers and layering, often used to interpret the sequence
and age of geological formations.

e Trace fossils: Indirect evidence of past life, such as footprints, burrows, or coprolites
(fossilised faeces).

Concept Check Questions 3
Objective Questions

1. Fossils that record activities such as footprints or burrows are called fossils.
(Linked to' SLO 3.1)

2. The preserved remains of the actual organism, such as bones or shells, are classified as
fossils. (Linked to SLO 3.1)

3. The geological time scale is divided into eons, eras, periods, epochs, and . (Linked
to SLO 3.2)
4. Microfossils such as foraminifera are widely used in Nigeria for exploration.

(Linked to SLO 3.3)

-
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5. The Benue Trough in Nigeria is known for its abundant fossils. (Linked to SLO 3.3)
Short-Answer Questions

6. Define fossilisation and name one process through which it occurs. (Linked to SLO 3.1)

7. Explain why high-quality fossils are important in stratigraphy. (Linked to SLO 3.2)

8. State one major era in the geological time scale and describe its significance. (Linked to
SLO 3.2)

9. Identify one Nigerian basin where fossils have been used in petroleum exploration. (Linked
to SLO 3.3)

10. Describe one engineering implication of fossil studies in Nigeria. (Linked to SLO 3.3)
Long-Answer Questions

11. Analyse the types of fossils and explain their importance in geological studies. (Linked to
SLO 3.1)

o Basic response: Describe body fossils and trace fossils, and explain their general
significance.

o Value-added response: Provide examples of fossil types, link them to stratigraphic
correlation, and discuss their role in reconstructing past environments.

12. Evaluate the geological time scale as a tool for stratigraphy and engineering geology.
(Linked to SLO 3.2)

e Basic response: Outline the divisions of the geological time scale and explain how they
help correlate rock layers.

e Value-added response: Discuss how the time scale supports petroleum exploration and
engineering projects in Nigeria, linking geological history to practical applications.

13. Discuss the applications of fossil and stratigraphic studies in Nigeria, highlighting their
relevance to engineering geology. (Linked to SLO 3.3)

e Basic response: Identify Nigerian formations such as the Benue Trough and Niger Delta
Basin and explain their fossil content.

e Value-added response: Analyse how fossil studies guide petroleum exploration,
groundwater assessment, and infrastructure stability, providing specific Nigerian case
examples.

Answers to Concept Check Questions 3
Objective Questions
1. Trace

-
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2. Body

3. Ages

4. Petroleum

5. Marine
Short-Answer Questions

6. Fossilisation is the process through which organic material is preserved. One example is
permineralisation, where minerals fill cellular spaces.

7. High-quality fossils are important because they allow precise correlation of rock layers and
accurate dating.

8. The Mesozoic Era is significant for the dominance of dinosaurs and the deposition of fossil-
rich sedimentary basins.

9. The Niger Delta Basin is a key Nigerian basin where fossils' have been used in petroleum
exploration.

10. Fossil studies can indicate whether rock formations are stable enough to support
infrastructure such as dams or bridges.

Long-Answer Questions

11. Basic response: Fossils are classified into body fossils (actual remains) and trace fossils
(evidence of activity). They are important for understanding past life and environments.
Value-added response: Examples.include shells, bones, footprints, and burrows. These
fossils help correlate strata across regions, reconstruct palaeoenvironments, and guide
exploration of natural resources.

12. Basic response: The geological time scale divides Earth’s history into eons, eras, periods,
epochs, and ages, helping geologists correlate rock layers. Value-added response: In
Nigeria, thetime scale supports petroleum exploration by dating sedimentary basins. It
also informs engineering geology by identifying the age and stability of formations used in
construction.

13. Basic response: Nigerian formations such as the Benue Trough and Niger Delta Basin
contain fossil assemblages that support geological studies. Value-added response: Fossil
and stratigraphic studies guide petroleum exploration, groundwater assessment, and
infrastructure stability. For example, marine fossils in the Benue Trough have been used to
reconstruct depositional environments, while Niger Delta fossils support oil exploration
and engineering site investigations.

Answers to Pilot Questions 3

-
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Part 3.1: Fossils and Fossilisation
1. Fossils are preserved remains, impressions, or traces of past life.
2. Body fossils and trace fossils.
3. Permineralisation.
4. Trace fossils.
5. They helpin dating and correlating rock layers.
Part 3.2: Geological Time Scale
1. Geological time scale.
2. Eon.
3. Mesozoic Era.
4. Cenozoic Era.
5. Stratigraphy.
Part 3.3: Applications in Nigeria
1. Foraminifera.
2. Marine.
3. Niger Delta Basin.
4. Benue Trough.

5. Stable.

References and Attributions 3
Textual References

e Kogbe, C. A. (1989). Geology of Nigeria. Rock View (Nigeria) Ltd.

o Ajibade, A. C., & Woakes, M. (1989). Proterozoic crustal development in the Pan-African
regime of Nigeria. In Kogbe, C. A. (Ed.), Geology of Nigeria (pp. 57-69). Rock View (Nigeria)
Ltd.

e NPTEL. (n.d.). Engineering Geology. National Programme on Technology Enhanced
Learning. Retrieved from https://nptel.ac.in

e MIT OpenCourseWare. (n.d.). Geology and Geophysics Resources. Massachusetts Institute
of Technology. Retrieved from https://ocw.mit.edu
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Illustrations and Figures

Figure 3.1 Fossil types: Suggested OER search string “OER diagram body fossils trace
fossils NPTEL MIT OCW?”. Attribution: Open Educational Resources (NPTEL, MIT OCW).

Plate 3.1 Fossil specimens: Suggested OER search string “OER photo fossil specimens
geology teaching resources”. Attribution: Open Educational Resources.

Box 3.1 Fossilisation processes: Al-generated using prompt “Create a text box listing
fossilisation processes such as permineralisation, carbonisation, and amber preservation”
on Microsoft Copilot platform.

Figure 3.2 Geological time scale divisions: Suggested OER search string “OER diagram
geological time scale eons eras periods epochs MIT OCW NPTEL”. Attribution: Open
Educational Resources.

Table 3.1 Major divisions of the geological time scale: Al-generated using prompt “Create a
table summarising the major divisions of the geological time scale with examples” on
Microsoft Copilot platform.

Box 3.2 Applications of geological time scale: Al-generated using prompt “Create a text box
listing applications of geological time scale in stratigraphy and engineering geology” on
Microsoft Copilot platform.

Figure 3.3 Fossil correlation in Nigerian stratigraphy: Al-generated using prompt “Generate
a diagram showing fossil correlation across Nigerian sedimentary basins, highlighting
petroleum exploration zones” on Microsoft Copilot platform.

Plate 3.3 Fossil-bearing formations in Nigeria: Al-generated using prompt “Generate an
image showing fossil-bearing formations in Nigeria, highlighting the Benue Trough and Niger
Delta Basin” on Microsoft Copilot platform.

Box 3.3 Engineering.implications of fossil studies in Nigeria: Al-generated using prompt
“Create a text box summarising engineering implications of fossil and stratigraphic studies
in Nigerian projects” on Microsoft Copilot platform.

Open Educational Resources (OERs)

-

NPTEL Engineering Geology modules were suggested for diagrams and figures.
MIT OpenCourseWare was suggested for stratigraphy and fossil resources.

Case studies and Nigerian geology references were drawn from Kogbe (1989) and Ajibade &
Woakes (1989).
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Series 4: Introduction to the Geology of Nigeria

e Part4.1: Groundwater in Engineering Geology
o Definition and importance of groundwater
o Occurrence and movement of groundwater
o Aquifers and aquicludes

e Part4.2: Hydrogeological Investigations
o Methods of groundwater exploration
o Pumping tests and permeability studies
o Applicationsin engineering projects

e Part 4.3: Groundwater Issues in Nigeria
o Case studies of groundwater use and challenges
o Implications for construction and water resource management

o Engineering solutions to groundwater problems

Introduction

Water is one of the most influential agents in shaping the Earth’s surface and in determining the
success or failure of engineering projects. From the stability of foundations to the availability of
drinking water, groundwater plays a critical role in both natural systems and human development.
Understanding how groundwater occurs, moves, and interacts with geological formations is
therefore essential for engineers and geologists working in diverse environments, including Nigeria.

The aim of this Series is to introduce you to the principles of groundwater and hydrogeology,
equipping you with the knowledge and skills to recognise its significance, investigate its behaviour,
and evaluate its implications for engineering geology.

We shall commence this Series by exploring the fundamentals of groundwater in engineering
geology, including its occurrence, movement, and the distinction between aquifers and
aquicludes. Next, we will move on to hydrogeological investigations, where you will learn about
methods of groundwater exploration, pumping tests, and permeability studies, as well as their
applications in engineering projects. Finally, we will wrap up by examining groundwater issues in

-
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Nigeria, considering case studies of use and challenges, and discussing engineering solutions that
address these problems.

Series Learning Outcomes
Upon completing this Series, you should be able to:

SLO 4.1 define groundwater and explain its significance in engineering geology, SLO 4.2 describe
the occurrence and movement of groundwater within the unsaturated and saturated zones, SLO
4.3 distinguish between aquifers and aquicludes in terms of their properties and functions, SLO 4.4
demonstrate methods of hydrogeological investigation such as geophysical surveys, drilling, and
borehole logging, SLO 4.5 analyse the results of pumping tests and permeability studies to assess
aquifer characteristics, SLO 4.6 evaluate the role of hydrogeological investigationsinengineering
projects including foundations, tunnels, and dams, SLO 4.7 identify major groundwater challenges
in Nigeria such as contamination, over-extraction, and saline intrusion, and SLO 4.8 apply
engineering solutions to mitigate groundwater problems in Nigerian contexts.

This set of outcomes aligns directly with the three Parts of Series 4:
e Part4.1>SLOs4.1t04.3
e Part4.2->SLOs4.4t04.6

e Part4.3>SL0s4.7t04.8

Part 4.1: Groundwater in Engineering Geology
Instructional Content

Definition and Importance of Groundwater Groundwater refers to water that is stored beneath
the Earth’s surface'in pores and fractures of soil and rock. It is a vital resource for drinking water,
agriculture, and industry, and it alsoplays a critical role in engineering geology. For engineers,
groundwater conditions influence foundation stability, slope behaviour, and the design of
structures such as dams and tunnels.

Occurrence and Movement of Groundwater Groundwater occurs in two main zones: the
unsaturated zone, where pores contain both air and water, and the saturated zone, where all
pores are filled with water. The upper surface of the saturated zone is called the water table.
Groundwater movement is controlled by permeability and hydraulic gradients, meaning it flows
fromareas of high pressure to low pressure.

Aquifers and Aquicludes

e Aquifers are permeable rock formations that store and transmit groundwater, making them
important sources of water supply.

-
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¢ Aquicludes are impermeable formations that restrict water movement, often acting as
barriers. Understanding the distribution of aquifers and aquicludes is essential for site
investigations, as they determine water availability and influence construction safety.

Figure Placeholder
Figure 4.1 Groundwater zones and movement

e Shortdescription: Diagram showing unsaturated zone, saturated zone, water table, and
arrows indicating groundwater flow.

e Sample Al prompt: “Generate a diagram showing groundwater zones, including
unsaturated zone, saturated zone, water table, and flow direction.”

e Search string: “groundwater zones aquifers aquicludes diagram OER geology”
Pilot Questions 4.1
Objective

1. The upper surface of the saturated zone is called the

2. Aquifers are rock formations that are and transmit groundwater.

3. Aquicludes are formations that restrict water movement.
Short-Answer

4. Define groundwater and explain whyitis important in engineering geology.

5. Distinguish between the unsaturated zone and the saturated zone.
Long-Answer

6. Analyse the occurrence and movement of groundwater, explaining how aquifers and
aquicludes influence engineering projects.

Part 4.2: Hydrogeological Investigations
Instructional Content

Methods of Groundwater Exploration Groundwater exploration involves identifying aquifers and
assessing their potential for water supply and engineering projects. Common methods include:

e . Geophysical surveys such as electrical resistivity and seismic methods, which help locate
aquifers.

o Drilling and borehole logging, which provide direct information about subsurface
formations.

o Remote sensing and GIS, which are increasingly used to map groundwater resources.

-
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Pumping Tests and Permeability Studies Once an aquifer is located, engineers conduct tests to
determine its properties:

¢ Pumping tests measure how water levels respond to extraction, providing data on aquifer
capacity and recharge.

¢ Permeability studies assess how easily water flows through rock or soil, which is critical
for predicting groundwater movement and availability.

Applications in Engineering Projects Hydrogeological investigations are essentialiin:
e Designing foundations for dams, bridges, and tunnels.
o Assessing groundwater availability for urban water supply.
o FEvaluating risks such as flooding, seepage, or subsidence.
e Supporting environmental management and sustainable resource use.
Figure Placeholder
Figure 4.2 Hydrogeological investigation methods

e Shortdescription: Diagram showing geophysical survey, drilling, pumping test, and
permeability study.

e Sample Al prompt: “Generate a diagram illustrating hydrogeological investigation methods
including geophysical survey, drilling, pumping test, and permeability study.”

e Search string: “hydrogeologicaliinvestigation methods diagram OER geology engineering”
Pilot Questions 4.2
Objective

1. The method that measures aquifer response to water extraction is called a test.

2. Electricalresistivity surveys are used to locate

3. ~Permeability studies assess how easily flows through rock or soil.
Short-Answer

4. Explain why pumping tests are important in hydrogeological investigations.

5. | State one advantage of using geophysical surveys in groundwater exploration.
Long-Answer

6. Evaluate the role of hydrogeological investigations in engineering projects, highlighting
methods and their applications.

-
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Part 4.3: Groundwater Issues in Nigeria
Instructional Content

Case Studies of Groundwater Use and Challenges Nigeria relies heavily on groundwater for
domestic, agricultural, and industrial purposes. In regions such as the Niger Delta Basin,
groundwater is abundant but often contaminated by oil exploration activities. In contrast, the
northern states face challenges of over-extraction and declining water tables due to arid
conditions. Urban centres like Lagos also struggle with groundwater pollution from industrial waste
and poor sanitation.

Implications for Construction and Water Resource Management Groundwater conditions
directly affect engineering projects. High water tables can weaken foundations, cause flooding in
basements, and increase the risk of subsidence. In areas with saline intrusion, groundwater can
corrode building materials. Effective water resource management requires balancing extraction
with recharge, protecting aquifers from contamination, and integrating hydrogeological data into
construction planning.

Engineering Solutions to Groundwater Problems Engineers'and geologists apply several
solutions to mitigate groundwater issues:

e Artificial recharge techniques, such as infiltration ponds, to replenish aquifers.
o Water treatment systems to address contamination.
o Proper site investigations to anticipate groundwater challenges before construction.
¢ Regulation and monitoring to prevent over-extraction and ensure sustainable use.
Figure Placeholder
Figure 4.3 Groundwater challenges in Nigeria

e Shortdescription: Map highlighting regions with groundwater abundance, scarcity, and
contamination.

e Sample Al prompt: “Generate a map of Nigeria showing groundwater challenges: Niger
Delta contamination, northern scarcity, Lagos pollution.”

e Search string: “Nigeria groundwater challenges map OER geology hydrogeology”
Pilot Questions 4.3
Objective

1< The Niger Delta Basin faces groundwater contamination primarily due to

2. Over-extraction of groundwater is a major issue in Nigeria.

3. Saline intrusion in groundwater can cause of building materials.
Short-Answer

-
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4. Explain one way groundwater conditions can affect construction projects in Nigeria.
5. State one engineering solution to groundwater contamination.

Long-Answer

6. Discuss groundwater issues in Nigeria, highlighting case studies, implications for
engineering, and possible solutions.

Series Summary

This Series has examined the role of groundwater and hydrogeology in engineering geology,
emphasising their importance for water supply, construction safety, and sustainable resource
management. Starting with the fundamentals, we explored groundwater occurrence, movement,
and the distinction between aquifers and aquicludes. We then moved on to hydrogeological
investigations, considering methods such as geophysical surveys, drilling, pumping tests, and
permeability studies, and highlighted their applications in engineering projects. Finally, we focused
on groundwater issues in Nigeria, discussing challenges.such as contamination, over-extraction,
and saline intrusion, alongside engineering solutions to address them.

In line with the Series Learning Outcomes, you should now be able to define groundwater and
explain its significance, describe its occurrence and movement, distinguish aquifers from
aquicludes, demonstrate methods of hydrogeological investigation, analyse pumping test and
permeability results, evaluate the role.of hydrogeological studies in engineering projects, identify
groundwater challenges in Nigeria, and apply engineering solutions to mitigate these problems.

Glossary of Terms

Aquiclude Arock or soil layer that does not allow water to pass through easily, acting as a barrier
to groundwater movement.

Aquifer A rock or soil formation that can store and transmit groundwater in usable quantities, often
serving as a source of water supply.

Groundwater Water found beneath the Earth’s surface in the pores and fractures of soil and rock,
forminganimportant resource for drinking, agriculture, and engineering projects.

Permeability The ability of a rock or soil to allow water to flow through it. High permeability means
water can move easily, while low permeability restricts flow.

Pumping Test A method used to measure how an aquifer responds when water is extracted,
providinginformation about its capacity and recharge rate.

Saturated Zone The underground area where all the spaces between soil and rock particles are
completely filled with water.

Unsaturated Zone The layer above the saturated zone where soil and rock contain both air and
water in their pores.

-
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Water Table The upper surface of the saturated zone, marking the boundary between the
unsaturated and saturated zones.

Concept Check Questions 4

Objective Questions

1. The upper surface of the saturated zone is called the . (Linked to SLO 4.2)

2. Aquifers are rock formations that are and transmit groundwater. (Linked to SLO
4.3)

3. The method that measures aquifer response to water extraction is called a test.

(Linked to SLO 4.5)

4. Saline intrusion in groundwater can cause of building materials. (Linked to SLO
4.7)

Short-Answer Questions
5. Define groundwater and explain its significancein engineering geology. (Linked to SLO 4.1)

6. Distinguish between aquifers and aquicludes in terms of their properties. (Linked to SLO
4.3)

7. State one advantage of using geophysical surveys in groundwater exploration. (Linked to
SLO 4.4)

8. Explain one way groundwater conditions.can affect construction projects in Nigeria. (Linked
to SLO 4.7)

Long-Answer Questions

9. Analyse the occurrence and. movement of groundwater, explaining how aquifers and
aquicludes influence engineering projects. (Linked to SLO 4.2, SLO 4.3)

10. Evaluate the'role of hydrogeological investigations in engineering projects, highlighting
methods'and their applications. (Linked to SLO 4.4, SLO 4.6)

11. Discuss groundwater issues in Nigeria, highlighting case studies, implications for
engineering, and possible solutions. (Linked to SLO 4.7, SLO 4.8)

Answers to Concept Check Questions 4
Objective Answers

1. Watertable
2. Permeable

3. Pumping test
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4. Corrosion
Short-Answer Answers

5. Groundwater is water stored beneath the Earth’s surface in pores and fractures of soil and
rock. Itis significant in engineering geology because it influences foundation stability, slope
behaviour, and water supply.

6. Aquifers are permeable formations that store and transmit water, while aquicludes are
impermeable layers that restrict water movement.

7. Geophysical surveys allow aquifers to be located without extensive drilling, saving time and
cost.

8. High water tables can weaken foundations, cause flooding in basements, or/lead to
subsidence.

Long-Answer Answers

Q9 Basic Response: Groundwater occurs in the unsaturated and saturated zones, moving under
hydraulic gradients. Aquifers transmit water, while aquicludes restrict flow, influencing
construction safety and water supply. Q9 Value-Added Response: Outstanding learners may add
that aquifer properties such as porosity and permeability determine yield, and aquicludes can
create confined aquifers under pressure, which are important for borehole design.

Q10 Basic Response: Hydrogeologicalinvestigations involve geophysical surveys, drilling, pumping
tests, and permeability studies. These methods provide data for engineering projects such as dams
and tunnels. Q70 Value-Added Response: Outstanding learners may expand by noting that
hydrogeological investigations also support environmental management, groundwater modelling,
and sustainable resource planning.

Q11 Basic Response:Nigeria faces groundwater challenges such as contamination in the Niger
Delta, over-extraction in the north, and pollution in Lagos. These issues affect construction and
water supply. Q117 Value-Added Response: Outstanding learners may add that solutions include
artificial recharge, improved regulation, and integrating hydrogeological data into urban planning,
ensuring long-term sustainability.

Answers to Pilot Questions 4
Part 4.1

1. Water table

2./ Permeable

3. Impermeable

4. Groundwater is water stored beneath the Earth’s surface in pores and fractures of soil and
rock. It is important in engineering geology because it influences foundation stability, slope
behaviour, and water supply.

-
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5. Theunsaturated zone contains both air and water in pores, while the saturated zone has
pores completely filled with water.

6. Groundwater occurs in unsaturated and saturated zones, moving under hydraulic
gradients. Aquifers transmit water, while aquicludes restrict flow, influencing construction
safety and water supply.

Part4.2
1. Pumping test
2. Aquifers
3. Water

4. Pumping tests are important because they measure aquifer capacity and recharge, helping
determine sustainable water extraction.

5. Geophysical surveys can locate aquifers without extensive drilling, saving time and cost.

6. Hydrogeological investigations provide data on aquifer properties and groundwater
behaviour, supporting engineering projects such as dams, tunnels, and foundations.

Part4.3
1. Oilexploration
2. Northern
3. Corrosion

4. High water tables can weaken foundations, cause flooding in basements, or lead to
subsidence.

5. One solution is water treatment systems to address contamination.

6. Nigeriafaces groundwater challenges such as contamination in the Niger Delta, over-
extraction in the north, and pollution in Lagos. These issues affect construction and water
supply, and solutions include artificial recharge, regulation, and site investigations.

References and Attributions 4
Textual References
o | Fetter, C. W. (2001). Applied Hydrogeology (4th ed.). Prentice Hall.
e Todd, D.K., &Mays, L. W. (2005). Groundwater Hydrology (3rd ed.). Wiley.

e Offodile, M. E. (2002). Groundwater Study and Development in Nigeria. Mecon Geology and
Engineering Services Ltd.
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e British Geological Survey (BGS). (n.d.). Groundwater Science. Retrieved from
https://www.bgs.ac.uk

¢ United Nations Educational, Scientific and Cultural Organisation (UNESCO). (2010).
Groundwater Resources Sustainability Indicators. Paris: UNESCO.

Illustrations

e Figure 4.1 Groundwater zones and movement: Al-generated using Copilot graphic tool.
Prompt: “Generate a diagram showing groundwater zones, including unsaturated zone,
saturated zone, water table, and flow direction.”

e Figure 4.2 Hydrogeological investigation methods: Al-generated using Copilot graphic tool.
Prompt: “Generate a diagram illustrating hydrogeological investigation methods including
geophysical survey, drilling, pumping test, and permeability study.”

o Figure 4.3 Groundwater challenges in Nigeria: Al-generated using Copilot graphic tool.
Prompt: “Generate a map of Nigeria showing groundwater challenges: Niger Delta
contamination, northern scarcity, Lagos pollution.”

Open Educational Resources (OERs)
e Open University. (n.d.). Hydrology and Groundwater. Retrieved from https://www.open.edu

e US Geological Survey (USGS). (n.d.). Groundwater Information. Retrieved from
https://www.usgs.gov

e International Association of Hydrogeolaogists (IAH). (n.d.). Educational Resources on
Hydrogeology. Retrieved from https://iah.org

Series 5: Engineering Geology Applications in Water Supply and Construction Projects
e Part5.1Engineering Geology in Water Supply
o> 5.1.1 Groundwater occurrence and aquifers
o 5.1.2 Geological factors influencing borehole siting
o 5.1.3 Case examples of water supply projects in Nigeria
e Part5.2 Engineering Geology in Construction Projects
o 5.2.1 Geological considerations in dam construction
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o 5.2.2 Geological factors in tunnels and road projects
o 5.2.3 Foundation stability and soil-rock interactions
Part 5.3 Site Investigation and Project Planning
o 5.3.1 Principles of geological site investigation
o 5.3.2Techniques for assessing subsurface conditions
o b5.3.3 Riskassessment and mitigation strategies
Part 5.4 Case Studies and Nigerian Applications
o 5.4.1 Water supply challenges in Nigerian geology
o 5.4.2 Construction projects influenced by geological conditions

o b5.4.3 Lessons for sustainable engineering practice

Introduction

Water supply and construction projects are among the most critical undertakings in engineering, yet
they are also the most vulnerable to geological'conditions. A poorly sited borehole may fail to yield
sufficient water, while a dam built on unstable foundations can pose serious risks to communities.
Understanding the geological factors that influence these projects is therefore essential for safe,
sustainable, and cost-effective development. This Series will guide you through the practical
applications of engineering geology in these contexts, building on the knowledge gained in earlier
Series.

The aim of this Series is to equip you with the ability to apply geological principles to water supply
and construction projects, enabling you to evaluate site conditions, anticipate hazards, and propose
suitable engineering solutions.

We shall commence this Series by exploring how engineering geology supports water supply,
focusing on groundwater occurrence, aquifers, and borehole siting. Next, we will examine
construction projects, considering geological factors in dams, tunnels, roads, and foundation stability.
Following that, we will study site investigation and project planning, looking at techniques for
assessing subsurface conditions and managing risks. Finally, we will wrap up with case studies from
Nigeria, highlighting how geological knowledge has been applied to address challenges in water
supply and construction, and drawing lessons for sustainable engineering practice.

Series Learning Outcomes 5

Engineering Geology Applications in Water Supply and Construction Projects

Upon completing this Series, you should be able to:

-

SLO 5.1 define groundwater occurrence and classify different types of aquifers,

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



e SLO 5.2 explain the geological factors that influence borehole siting and water supply
projects,

e SLO 5.3 analyse geological considerations in dam, tunnel, and road construction,
e SLO 5.4 evaluate foundation stability in relation to soil-rock interactions,

e SLO 5.5 demonstrate techniques used in geological site investigation and subsurface
assessment,

e SLO 5.6 apply risk assessment methods to identify and mitigate geological hazards.in
projects, and

e SLO 5.7 assess Nigerian case studies to illustrate how geological knowledge supports
water supply and construction projects.

Part 5.1 Engineering Geology in Water Supply

Background and Context Water supply is a fundamental need for communities and industries, yet
its success depends heavily on geological conditions. Groundwater, which is the most reliable
source of fresh water in many regions, occurs within aquifers that vary in quality and accessibility
depending on the rock and soil types present. Engineering geology provides the tools to identify,
evaluate, and manage these resources, ensuring that boreholes, wells, and reservoirs are sited and
constructed effectively.

5.1.1 Groundwater Occurrence and Aquifers Groundwater is stored in the pores and fractures of
rocks and soils. Aquifers are geological formations that can store and transmit water in sufficient
quantities for human use.

e Types ofaquifers:
o | Unconfined aquifers: water is directly recharged from the surface.

o. Confined aquifers: water is trapped between impermeable layers, often under
pressure.

o Perched aquifers: small, localised water bodies above impermeable layers.

o  Geological controls: Porosity and permeability of rocks determine how much water can be
stored and how easily it flows. Sandstones and fractured limestones often form good
aquifers, while clays and shales act as aquitards.

5.1.2 Geological Factors Influencing Borehole Siting The success of a borehole depends on
careful geological assessment.

o Rocktype: Permeable rocks such as sandstone yield more water than impermeable rocks.

-
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e Structural features: Faults and joints can enhance groundwater flow, while folds may
complicate aquifer geometry.

o Depth to water table: Determines drilling depth and pumping requirements.

¢ Quality of water: Influenced by mineral content of host rocks; for example, groundwater in
limestone may be hard due to dissolved calcium carbonate.

5.1.3 Case Examples of Water Supply Projects in Nigeria Nigeria provides practical illustrations
of how geology influences water supply.

o Inthe Benue Trough, fractured sandstones serve as productive aquifers for rural
communities.

¢ Inthe Niger Delta, clay-rich soils limit groundwater availability, requiring careful borehole
siting.
o |Inthe Jos Plateau, crystalline rocks yield water mainly through fractures, making structural

mapping essential for successful drilling.

Summary of Part 5.1 This Part has shown how groundwater occurrence is controlled by geological
formations, how aquifers function, and why geological factors must be considered in borehole
siting. By studying Nigerian case examples, you'can see how engineering geology directly supports
water supply projects.

Part 5.2 Engineering Geology in Construction Projects

Background and Context Construction projects such as dams, tunnels, bridges, and roads
depend on stable geological foundations. The success or failure of these projects often hinges on
how well engineers understand the subsurface conditions. Engineering geology provides the
framework for assessing rock and soil behaviour, identifying hazards, and ensuring that structures
are designed to withstand environmental stresses.

5.2.1 Geological Considerations in Dam Construction

e Foundation stability: Dams require strong, impermeable foundations. Rocks such as
granite and basalt are suitable, while fractured or porous rocks may allow seepage.

o Seepage control: Faults, joints, and permeable layers must be identified and sealed to
prevent water leakage.

o | Slope stability: Reservoir banks must be assessed for landslide risks, as water saturation
can destabilise slopes.

o Case example: In Nigeria, dam projects in the Benue region have required careful
geological surveys to avoid seepage through fractured sandstones.

5.2.2 Geological Factors in Tunnels and Road Projects
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o Tunnels: Rock type and structure determine excavation methods. Hard rocks like granite
require blasting, while softer rocks may collapse without support. Fault zones and water-
bearing strata pose risks of flooding and instability.

¢ Roads: Soil type influences roadbed stability. Clay-rich soils expand and contract with
moisture, leading to cracks and subsidence. Gravel and sand provide better drainage but
may require compaction.

e Case example: Road construction in the Niger Delta faces challenges due to.clay-rich
soils, requiring stabilisation techniques such as soil replacement or chemical treatment.

5.2.3 Foundation Stability and Soil-Rock Interactions

o Load-bearing capacity: Foundations must be placed on rocks or soils with sufficient
strength to support structures.

+ Differential settlement: Occurs when foundations rest on materials of varying
compressibility, leading to uneven structural movement.

¢ Soil-rock interactions: Weathering of rocks can weaken foundations over time. Engineers
must account for long-term changes in geological materials.

o Case example: In Lagos, coastal construction projects must address the compressibility
of alluvial soils to prevent settlement of high-rise buildings.

Summary of Part 5.2 This Part has demonstrated how geological conditions influence
construction projects, from dam foundations to tunnel stability and roadbed design. By examining
Nigerian case studies, you can appreciate the importance of thorough geological assessment in
ensuring safe and sustainable infrastructure.

Part 5.3 Site Investigation and Project Planning

Background and Context Every engineering project begins with a thorough understanding of the
ground conditions. Site investigation is the process of gathering geological, geotechnical, and
environmental information to ensure that projects are designed safely and sustainably. Without
proper investigation, construction risks such as foundation failure, slope instability, or
groundwater problemscan arise. Engineering geology provides the framework for assessing these
risks and planning accordingly.

5.3.1 Principles of Geological Site Investigation
o Purpose: To determine the suitability of a site for construction or water supply projects.
e Stages:
o Desk study: reviewing maps, reports, and aerial photographs.
o Field reconnaissance: visual inspection of the site.
o Subsurface exploration: drilling boreholes, sampling soils and rocks.
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o Laboratory testing: analysing strength, permeability, and durability.
e Outcome: A comprehensive report that guides design and construction decisions.
5.3.2 Techniques for Assessing Subsurface Conditions
¢ Dirilling and sampling: Provides direct information about soil and rock properties.

¢ Geophysical methods: Techniques such as seismic refraction and electrical resistivity
help identify subsurface structures without excavation.

¢ Groundwater monitoring: Observation wells measure water table levels'and seasonal
fluctuations.

o Mapping: Geological maps and cross-sections illustrate rock types, structures, and
stratigraphy.

5.3.3 Risk Assessment and Mitigation Strategies
e Hazard identification: Recognising risks such as landslides, flooding, or subsidence.
o Risk evaluation: Assessing the likelihood and impact of hazards on the project.
¢ Mitigation measures:
o Drainage systems to control groundwater.
o Slope stabilisation using retaining walls or vegetation.
o Foundation reinforcement through piling or soil stabilisation.

e Case example: In Nigeria, site investigations for bridge construction across the Niger River
have included geophysical surveys to assess subsurface conditions and mitigate risks of
settlement.

Summary of Part 5.3 This Part has shown how site investigation forms the backbone of project
planning, combining desk studies, fieldwork, and laboratory testing with risk assessment. By
applying these techniques, engineers can anticipate hazards and design effective mitigation
strategies, ensuring safe and sustainable projects.

Series Summary

This Series has focused on the practical applications of engineering geology in water supply and
construction projects, highlighting how geological knowledge underpins safe, sustainable, and
effective infrastructure development. By examining groundwater occurrence, aquifers, and
borehole siting, you have seen how geology directly influences the success of water supply
initiatives. Moving on to construction projects, we explored geological considerations in dams,
tunnels, roads, and foundations, showing how soil-rock interactions and stability assessments are
critical to long-term performance.
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We then studied site investigation and project planning, emphasising techniques for subsurface
assessment, hazard identification, and risk mitigation. Finally, Nigerian case studies illustrated
how geological principles are applied in real-world contexts, reinforcing the importance of local
conditions in engineering practice. In line with the Series Learning Outcomes, you should now be
able to define groundwater occurrence and aquifers, explain geological factors in water supply,
analyse construction challenges, evaluate foundation stability, demonstrate site investigation
techniques, apply risk assessment methods, and assess case studies that connect geology to
engineering solutions.

Glossary of Terms
Aquifer A rock or soil formation that can store and transmit groundwater in usable quantities.

Aquiclude A rock or soil layer that does not allow water to pass through easily, acting as a barrier
to groundwater flow.

Borehole A deep, narrow hole drilled into the ground to access-groundwater for supply or
investigation.

Foundation Stability The ability of soil or rock beneath.a structure to support its weight without
excessive movement or failure.

Groundwater Water found beneath the Earth’s. surface in the pores and fractures of soil and rock.
Permeability A measure of how easily water can flow through a rock or soil.

Pumping Test A method of assessingan aquifer’s capacity by measuring how water levels respond
to controlled extraction.

Risk Assessment The processof.identifying potential hazards in a project, evaluating their impact,
and planning ways to reduce them.

Site Investigation A study carried out before construction to gather information about the ground
conditions, including soil, rock, and groundwater.

Soil-Rock Interaction The way soils and rocks behave together under load, which affects the
stability of foundations and structures.

Water Table The uppersurface of the saturated zone where all pores in soil or rock are filled with
water.

Concept Check Questions 5
Objective Questions

1. The rock or soil formation that stores and transmits groundwater is called a(n)
(Linked to SLO 5.1)

2. Which geological factor most directly influences the siting of boreholes? a. Colour of the
rock b. Permeability of the rock c. Shape of the land surface d. Presence of vegetation
(Linked to SLO 5.2)
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3. Apumpingtestis primarily used to assess the of an aquifer. (Linked to SLO 5.5)
4. Differential settlement in foundations occurs when . (Linked to SLO 5.4)
Short-Answer Questions

5. Define groundwater and explain why it is important in water supply projects. (Linked.to.SLO
5.1)

6. State one geological consideration that must be addressed in dam construction. (Linked to
SLO 5.3)

7. Describe one technique used in site investigation to assess subsurface conditions. (Linked
to SLO 5.5)

8. ldentify one geological hazard that can affect construction projects and suggest a
mitigation measure. (Linked to SLO 5.6)

Long-Answer Questions

9. Analyse the geological factors that influence borehole siting and explain theirimpact on
water supply projects. (Linked to SLO 5.2)

10. Evaluate the role of engineering geology in construction projects such as dams, tunnels,
and roads, using Nigerian examples. (Linked to SLO 5:3 and SLO 5.7)

11. Discuss the importance of site investigation.in project planning and explain how risk
assessment contributes to‘safe construction. (Linked to SLO 5.5 and SLO 5.6)

Answers to Concept Check Questions 5
Objective Answers

1. Aquifer

2. b. Permeability of the rock

3. Capacity (oryield)of the aquifer

4., When foundations rest on materials of varying compressibility
Short-Answer Answers

5. Groundwater is water stored beneath the Earth’s surface in pores and fractures of soil and
rock. It is important in water supply projects because it provides a reliable source of fresh
water.

6. Foundation stability must be addressed, as dams require strong, impermeable foundations
to prevent seepage.
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7. Drilling and sampling is a technique that provides direct information about soil and rock
properties.

8. Landslides can affect construction projects; a mitigation measure is slope stabilisation
using retaining walls.

Long-Answer Answers

Q9 Basic Response: Borehole siting depends on rock type, permeability, structural features, and
depth to the water table. These factors determine water yield and quality. Q9 Value-Added
Response: Outstanding learners may also discuss how borehole siting integrates hydrogeological
mapping, geophysical surveys, and socio-economic considerations, ensuring sustainable water

supply.

Q170 Basic Response: Engineering geology ensures dam foundations are stable, tunnels are
excavated safely, and roads are built on suitable soils. Nigerian examples include dam projects in
the Benue region and road construction in the Niger Delta. Q70 Value-Added Response: Learners
may extend this by evaluating how geological hazards such as flooding, subsidence, and erosion
are managed, and how local geology influences construction costs and sustainability.

Q11 Basic Response: Site investigation provides information about subsurface conditions, while
risk assessment identifies hazards and guides mitigation strategies. Together, they ensure safe
project planning. Q77 Value-Added Response: Learners may expand by linking site investigation to
modern techniques such as GIS and remote sensing, and by discussing how risk assessment
supports sustainable development goals:in Nigeria.

Answers to Pilot Questions 5

Part 5.1 Engineering Geology in Water Supply
1. Watertable
2. Permeable and transmit groundwater
3. Impermeable

4. Groundwater is water stored beneath the Earth’s surface in pores and fractures of soil and
rock: It isimportant in engineering geology because it influences water supply, foundation
stability, and construction safety.

5. The unsaturated zone contains both air and water in pores, while the saturated zone has
pores completely filled with water.

6. Aquifers allow storage and transmission of groundwater, while aquicludes restrict water
movement and act as barriers.

Part 5.2 Engineering Geology in Construction Projects

1. Strong, impermeable foundations are required for dam construction.
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2. Faults, joints, and permeable layers must be identified and sealed to prevent seepage.

3. Hardrocks such as granite require blasting for tunnel excavation, while softer rocks may
collapse without support.

4. Clay-rich soils expand and contract with moisture, leading to cracks and subsidence in
roads.

5. Foundation stability depends on the load-bearing capacity of soil or rock.

6. Differential settlement occurs when foundations rest on materials of varying
compressibility.

Part 5.3 Site Investigation and Project Planning
1. Desk study, field reconnaissance, subsurface exploration, and laboratory testing.
2. Dirilling and sampling provide direct information aboutsubsurface conditions.

3. Geophysical methods such as seismic refraction and electrical resistivity identify
subsurface structures.

4. Groundwater monitoring involves observation wells to measure water table levels.

5. Hazard identification, risk evaluation; and mitigation measures such as drainage systems
or slope stabilisation.

6. Case example: Bridge construction across the Niger River required geophysical surveys to
assess subsurface conditions.

Part 5.4 Case Studies and Nigerian Applications
1. Inthe Benue Trough, fractured sandstones serve as productive aquifers.

2. Inthe Niger Delta, clay-rich soils limit groundwater availability, requiring careful borehole
siting.

3. Inthe JosPlateau, crystalline rocks yield water mainly through fractures.

4., Dam projectsin the Benue region required geological surveys to avoid seepage through
fractured sandstones.

5. Roadconstruction in the Niger Delta faces challenges due to clay-rich soils, requiring
stabilisation techniques.

6. Coastal construction projects in Lagos must address the compressibility of alluvial soils to
prevent settlement.
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Figures, Plates, Tables, and Boxes

Figure 5.1 Groundwater occurrence and aquifers Attribution: Suggested OER source from
MIT OCW and NPTEL. Al-generated option: Prompt used — “Generate a diagram showing
groundwater occurrence, aquifers, and water table zones.” Tool - Microsoft Copilot image
generation.

Plate 5.1 Borehole siting in fractured sandstone Attribution: Suggested OER source from
Nigerian case studies (BGS, NPTEL). Al-generated option: Prompt used — “Generate an
image of a borehole drilled in fractured sandstone aquifer.” Tool—Microsoft Copilot image
generation.

Figure 5.2 Geological considerations in dam construction Attribution: Suggested OER
source from MIT OCW and BGS. Al-generated option: Prompt used — “Generate a diagram
showing dam foundation stability and seepage control measures.” Tool — Microsoft Copilot
image generation.

Figure 5.3 Tunnel excavation in different rock types Attribution: Suggested OER source from
NPTEL and MIT OCW.Al-generated option: Prompt used — “Generate a diagram comparing
tunnel excavation in granite and clay-rich soils.” Tool — Microsoft Copilot image generation.

Table 5.1 Techniques for site investigation Attribution: Suggested OER source from MIT
OCW and NPTEL. Al-generated option: Prompt used - “Create a table listing site
investigation techniques such as drilling, geophysical methods, and groundwater
monitoring:” Tool — Microsoft Copilot text generation.

Box 5.1 Riskassessment and mitigation strategies Attribution: Suggested OER source from
engineering geology case studies (BGS, NPTEL). Al-generated option: Prompt used -
“Create a text box summarising risk assessment steps and mitigation strategies in
construction projects.” Tool — Microsoft Copilot text generation.

Box 5.2 Nigerian case studies in water supply and construction Attribution: Suggested OER
source from BGS and NPTEL. Al-generated option: Prompt used — “Create a text box
highlighting Nigerian case studies in water supply and construction projects.” Tool -
Microsoft Copilot text generation.
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¢ Open Educational Resources (OERs) from NPTEL, MIT OCW, and BGS were suggested for
authentic illustrations and case studies.

e Al-generated figures, plates, tables, and boxes were created using Microsoft Copilot
prompts as specified above. These are supplementary to OER sources and intended to
enhance instructional clarity.
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