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Introduction

Nigeria possesses arich and diverse geological framework that has shaped its landscapes,
resources, and scientific importance. The study of geologic sequences provides a
foundation for understanding how different rock layers and formations are distributed
across the country, and why they matter for both academic knowledge and practical
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applications such as mining and exploration. By examining these sequences, learners gain
insight into the broader geological history of Nigeria and its significance within the African
continent.

The aim of this Series is to equip you with the ability to identify, describe, and analyse the
major geologic sequences in Nigeria, while also appreciating their relevance to the
basement complex and sedimentary domains.

We shall commence this Series by providing an overview of geologic sequences in Nigeria,
focusing on their definition, significance, and distribution. Next, we will move on to
examine the major sedimentary sequences, highlighting their characteristics and
examples of key basins. Following that, we will explore the basement.complex sequences,
considering their features and relationship with sedimentary domains. Finally, we will
conclude by discussing how these sequences can be recognized in the field, with practical
examples drawn from Nigerian geology.

Series Learning Outcomes

Upon completing this Series, you should.be able to:

SLO 1.1 define geologic sequences andexplain their significance within the Nigerian
context,

SLO 1.2 describe the characteristics and distribution of major sedimentary sequences
in Nigeria,
SLO 1.3 analyse the features of basement complex sequences and evaluate their

relationship with sedimentary domains, and

SLO 1.4 demaonstrate techniques for recognising and identifying geologic sequences
during fieldwork in Nigeria.

1.1 Overview of Geologic Sequences In Nigeria

1.1 Definition and significance of geologic sequences

A geologic sequence is a succession of rock layers that represents a continuous record of
deposition over time. Each sequence reflects changes in environmental conditions,
tectonic activity, and sediment supply. In Nigeria, geologic sequences are important
because they provide evidence of the country’s geological history, help in locating natural
resources, and guide exploration activities such as mining and petroleum prospecting.

Geologic sequences also serve as a framework for understanding how different rock units
are related to one another. They allow geologists to reconstruct past environments and
evaluate the processes that shaped the Nigerian landscape.
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Fillin the blank: A geologic sequence is a succession of that represents a
continuous record of deposition.
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Figure 1.1: Simplified stratigraphic column of Nigerian rock sequences

1.1.2 General distribution of sequences across Nigeria

Nigeria’s geologyis broadly divided into two domains: the basement complex and the
sedimentary basins. The basement complex consists mainly of Precambrian rocks,
including granites and schists, while the sedimentary basins contain younger sequences
deposited during the Cretaceous and Tertiary periods.

The basement complexis found largely in the western, northern, and central parts of
Nigeria, whereas the sedimentary basins dominate the eastern and southern regions. This
distribution is significant because it influences the location of mineral deposits, petroleum
reserves, and groundwater resources.

Fillin the blank: Nigeria’s geology is broadly divided into the complex and the
sedimentary basins.

-

S| A-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



GEOLOGICAL MAP OF NIGERIA

N I LEGEND
. %%E SIESTANT BASIN
(Createouus - Teretiry)

SOKOTO BASIN

BASEMENT COMPLEX
(Preccabban Igunous &
Methapropic Rocks)

SEDIMENTARY BASINS
(Creat:euus - Teretiry)

Plate 1.1: Distribution of basement complex and sedimentary basins in Nigeria

Pilot Questions 1.1
Which term refers to a succession of rock layers representing continuous deposition?
Why are geologic sequences important in Nigeria?
Name the two major geological domains of Nigeria.
In‘'which regions of Nigeria is the basement complex predominantly found?

What is the significance of the distribution of geologic sequences in Nigeria?

1.2 Major Sedimentary Sequences

1.2.1 Characteristics of sedimentary sequences

Sedimentary sequences are layers of rocks formed from the accumulation and
compaction of sediments such as sand, clay, and organic matter. These sequences often
preserve fossils and other evidence of past environments, making them valuable for
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reconstructing Earth’s history. In Nigeria, sedimentary sequences are particularly
important because they host petroleum reserves, coal deposits, and groundwater
aquifers.

Sedimentary rocks are typically arranged in horizontal layers, known as strata, which
reflect successive periods of deposition. The thickness, composition, and fossil content of
these strata provide clues about the conditions under which they were formed.

Fillin the blank: Sedimentary sequences are layers of rocks formed from the accumulation
and compaction of
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Figure 1.2: Typical arrangement of sedimentary strata

1.2:2 Examples of key sedimentary basins

Nigeria contains several major sedimentary basins, which are large depressions filled
with sedimentary rocks. The most prominent include the Niger Delta Basin, the Benue
Trough, and the Sokoto Basin. Each basin has unique characteristics and economic
importance.

The Niger Delta Basin is renowned for its petroleum reserves, making it the centre of
Nigeria’s oil industry.

The Benue Trough is notable for its complex geology and mineral deposits, including
lead and zinc.
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The Sokoto Basin contains significant limestone deposits, which are used in cement
production.

These basins illustrate how sedimentary sequences contribute to Nigeria’s economy and
development.

Fillin the blank: The Niger Delta Basin is renowned for its reserves.
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Plate 1.2: Major sedimentary basins inNigeria

Pilot questions 1.2
What are/sedimentary sequences, and how are they formed?
Why are sedimentary sequences important in Nigeria?
What term refers to horizontal layers of sedimentary rocks?
Name three major sedimentary basins in Nigeria.

Which basin is the centre of Nigeria’s oil industry?

1.3 Basement Complex Sequences

1.3.1 Features of basement complex rocks

The basement complex refers to the oldest group of rocks in Nigeria, formed during the
Precambrian era. These rocks include granites, gneisses, and schists, which are typically
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hard, crystalline, and resistant to weathering. Because of their age and stability, basement
complex rocks form the foundation upon which younger sedimentary sequences were later
deposited.

These rocks are significant because they provide evidence of ancient geological processes
such as metamorphism and magmatism. They also host important mineral deposits,
including gold, tin, and gemstones, which have contributed to Nigeria’s mining history.

Fillin the blank: The basement complex refers to the oldest group of rocks in Nigeria,
formed during the era.
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Figure 1.3: Typical crystalline basement rocks of Nigeria

1.3.2 Relationship between basement complex and sedimentary domains

The basement complex and sedimentary domains are closely related. The basement
complex forms the underlying bedrock, while sedimentary basins developed on top of it
during later geological periods. This relationship explains why Nigeria’s geology is often
described as'a combination of ancient crystalline rocks and younger sedimentary
deposits.

In many areas, the contact between basement rocks and sedimentary sequences is
marked by unconformities, which represent gaps in the geological record. These
unconformities are important because they indicate periods of erosion or non-deposition
before new sediments were laid down.

Fillinthe blank: The contact between basement rocks and sedimentary sequences is often
marked by , which represent gaps in the geological record.

[Insert Plate here]

Cross-section diagram showing basement complex rocks overlain by sedimentary
sequences.
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Plate 1.3: Relationship between basement complex and sedimentary domains in Nigeria

Pilot questions 1.3
What types ofrocks are found in Nigeria’s basement complex?
During which geological era were basement complex rocks formed?
Why are basement complex rocks significant in Nigeria’s geology?

What term describes the gaps in the geological record between basement rocks and
sedimentary sequences?

How do basement complex rocks relate to sedimentary domains in Nigeria?

1.4 Field Identification of Sequences

1.4.1 Techniques for recognizing sequences in the field

Fieldwork is an essential aspect of geology, as it allows geologists to directly observe and
record the characteristics of rock formations. Identifying geologic sequences in the field
involves recognizing features such as rock type, layering, color variations, and fossil
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content. Tools such as geological hammers, compasses, and field notebooks are used to
collect data systematically.

One important technique is stratigraphic logging, which involves recording the vertical
succession of rock layers in detail. This helps geologists to reconstruct depositional
environments and correlate sequences across different regions. Another technique is
structural mapping, which focuses on identifying folds, faults, and contacts between
different rock units.

Fillin the blank: Recording the vertical succession of rock layers in detail isknown.as
logging.

Figure 1.4: Stratigraphic logging during fieldwork

1.4.2 Practical examples from Nigerian geology

In Nigeria, field identification of sequences is commonly carried out in regions such as the
Benue Trough, the Niger Delta, and the basement complex areas of Jos Plateau. For
example, inthe Benue Trough, geologists can observe alternating layers of sandstone,
shale, and limestone, which reflect changes in depositional environments. In the
basement complex, crystalline rocks such as granite and schist are easily recognized by
their texture and mineral composition.

Field excursions often involve visiting quarries, road cuts, and river valleys where rock
exposures are visible. These exposures provide opportunities to study contacts between
rock units, measure bedding orientations, and collect samples for laboratory analysis.
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Fillin the blank: In the Benue Trough, alternating layers of sandstone, shale, and
can be observed.

Plate 1.4: Rock exposure in a Nigerian quarry

Pilot questions 1.4
What tools-are. commonly.used in geological fieldwork?
What is stratigraphic logging, and why is it important?
Which technique focuses on identifying folds, faults, and contacts between rock units?

Name two Nigerian regions where field identification of sequences is commonly carried
out.

What types of rock layers can be observed in the Benue Trough?

Series Summary

This Series has introduced you to the concept of geologic sequences in Nigeria,
highlighting their importance in understanding the country’s geological framework and
resource potential. We began with an overview of geologic sequences, defining them and
explaining their significance, before moving on to examine the characteristics and
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distribution of major sedimentary sequences. We then explored the basement complex,
focusing on its features and its relationship with sedimentary domains. Finally, we
considered how geologic sequences can be recognized in the field, with practical
examples drawn from Nigerian geology.

By working through these Parts, you should now be able to define geologic sequences and
explain their relevance (SLO 1.1), describe the characteristics and distribution of
sedimentary sequences (SLO 1.2), analyze the features of basement complex rocks and
evaluate their relationship with sedimentary domains (SLO 1.3), and demonstrate
techniques for recognizing sequences during fieldwork (SLO 1.4). This progression ensures
that you have both a conceptual understanding and practical skills, equipping you to
engage confidently with Nigeria’s diverse geological framework.

Glossary of Terms

Basement complex: The oldest group of rocks in Nigeria, formed during the
Precambrian era, consisting mainly of granites, gneisses, and schists.

Fossil: Preserved remains or traces of ancient plants.and animals found within
sedimentary rocks, used to reconstruct past environments.

Geologic sequence: A succession of rock layers that represents a continuous record
of deposition over time, reflecting changes in environment and geological
processes.

Granite: A coarse-grained igneous rock composed mainly of quartz and feldspar,
commonly found in Nigeria’s basement complex.

Schist: A metamorphic rock characterized by its foliated texture, formed under high
pressure andtemperature conditions in the basement complex.

Sedimentary basin: A large depression in the Earth’s crust filled with sedimentary
rocks; such as the Niger Delta Basin, Benue Trough, and Sokoto Basin in Nigeria.

Sedimentary sequence: Layers of sedimentary rocks formed from the accumulation
and compaction of sediments like sand, clay, and organic matter.

Strata: Horizontal layers of sedimentary rocks that represent successive periods of
deposition.

Stratigraphic logging: A field technique used to record the vertical succession of rock
layers in detail, helping geologists reconstruct depositional environments.

Unconformity: A gap in the geological record that marks a period of erosion or non-
deposition between older basement rocks and younger sedimentary sequences.

Concept Check Questions
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Objective questions

A succession of rock layers representing continuous deposition is called a
(Linked to SLO 1.1)

Which Nigerian basin is most renowned for petroleum reserves? (Linked to SLO 1.2)

The basement complex rocks of Nigeria were formed during which geological era?
(Linked to SLO 1.3)

Recording the vertical succession of rock layers in detail is known as logging.
(Linked to SLO 1.4)

Short-answer questions

Define the term geologic sequence and explain its significance in Nigeria. (Linked to SLO
1.1)

Describe two characteristics of sedimentary sequences. (Linked to SLO 1.2)
What is an unconformity, and why is it important in Nigerian geology? (Linked to SLO 1.3)

List two tools commonly used in geological fieldwork for identifying sequences. (Linked to
SLO 1.4)

Long-answer questions

Analyze the relationship between Nigeria’s basement complex and sedimentary domains,
highlighting how they interact and why this relationship is significant. (Linked to SLO 1.3)

Demonstrate how geologists.identify geologic sequences in the field, using Nigerian
examples to illustrate your explanation. (Linked to SLO 1.4)

Answers toConcept Check Questions

Objective questions
Geologic sequence.
Niger Delta Basin.
Precambrian era.
Stratigraphic logging.

Short-answer questions

A geologic sequence is a succession of rock layers representing continuous deposition. In
Nigeria, it is significant because it reveals geological history, guides exploration, and helps
locate resources.

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Sedimentary sequences are formed from accumulated sediments, arranged in horizontal
strata, and often contain fossils.

An unconformity is a gap in the geological record caused by erosion or non-deposition. Itis
important because it marks transitions between basement rocks and younger sedimentary
sequences.

Geological hammer and compass are commonly used tools, along with field notebooks.
Long-answer questions

Basic response: The basement complex forms the ancient crystalline foundation of
Nigeria, while sedimentary domains developed on top of it during later periods. Their
relationship is marked by unconformities, showing gaps in deposition.

Value-added response: Beyond this, the interaction between basement and'sedimentary
domains influences resource distribution. For example, mineral deposits.are often found
in basement rocks, while petroleum reserves occur in sedimentary basins. Understanding
this relationship is crucial for exploration and economic/development.

Basic response: Geologists identify sequences by observing rock'type, layering, color, and
fossils. Techniques such as stratigraphic.logging and structural mapping are used.
Value-added response: In Nigeria, practical examples include studying alternating
sandstone, shale, and limestone in the Benue Trough; or crystalline rocks in the Jos
Plateau. Field excursions to quarries and road cuts allow geologists to measure bedding
orientations and collect samples, making identification more accurate and applied.

Answers to Pilot Questions

Answers to Pilot Questions 1.1
Geologic sequence.

They provide evidence of Nigeria’s geological history, guide exploration, and help locate
resources.

Basement complex and sedimentary basins.
Western, northern, and central regions of Nigeria.

It influences the location of mineral deposits, petroleum reserves, and groundwater
resources.

Answers to Pilot Questions 1.2

Sedimentary sequences are layers of rocks formed from accumulated and compacted
sediments.

They host petroleum reserves, coal deposits, and groundwater aquifers.

Strata.
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Niger Delta Basin, Benue Trough, and Sokoto Basin.
Petroleum reserves.
Answers to Pilot Questions 1.3
Granites, gneisses, and schists.
Precambrian era.
They provide evidence of ancient geological processes and host mineral.deposits.
Unconformities.

The basement complex forms the bedrock, while sedimentary domains developed on
top of it.

Answers to Pilot Questions 1.4
Geological hammer, compass, and field notebook.
Stratigraphic logging, which records the verticalsuccession of rock layers.
Structural mapping.
Benue Trough and Jos Plateau (also Niger Delta).

Sandstone, shale, and limestone.

References and Attributions

Figure 1.1: Simplified stratigraphic column of Nigerian rock sequences

Al-generated placeholder. Prompt: “Generate a simplified stratigraphic column diagram
showing layered rock sequences in Nigeria with labels for sedimentary and basement
rocks.”

Suggested OER search string: Nigeria stratigraphic column geology OER diagram.

Plate 1.1: Distribution.of basement complex and sedimentary basins in Nigeria
Al-generated placeholder. Prompt: “Generate a map of Nigeria highlighting basement
complex regions and sedimentary basins with clear colour coding.”

Suggested OER search string: Nigeria geology map basement complex sedimentary basins
OER.

Figure 1.2: Typical arrangement of sedimentary strata

Al-generated placeholder. Prompt: “Generate a diagram showing horizontal sedimentary
rock layers with labels for strata and fossils.”

Suggested OER search string: sedimentary strata diagram geology OER.

Plate 1.2: Major sedimentary basins in Nigeria
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Basin, Benue Trough, and Sokoto Basin with clear labels.”
Suggested OER search string: Nigeria sedimentary basins map OER geology.

Figure 1.3: Typical crystalline basement rocks of Nigeria

Al-generated placeholder. Prompt: “Generate a diagram showing crystalline basement
rocks labelled granite, gneiss, and schist.”

Suggested OER search string: Nigeria basement complex rocks diagram OER geology.

Plate 1.3: Relationship between basement complex and sedimentary domains in
Nigeria

Al-generated placeholder. Prompt: “Generate a cross-section diagram showing basement
complex rocks overlain by sedimentary basins with unconformity lines.”

Suggested OER search string: Nigeria basement complex sedimentary basins cross-
section OER geology.

Figure 1.4: Stratigraphic logging during fieldwork

Al-generated placeholder. Prompt: “Generate a diagram/of a geologistrecording rock
layers in a stratigraphic log with labelled notebook and rock strata.”

Suggested OER search string: stratigraphic logging geology fieldwork OER diagram.

Plate 1.4: Rock exposure in a Nigerian'quarry

Al-generated placeholder. Prompt: “Generate a photograph-style image of a Nigerian
quarry showing visible rock layers with sandstone and shale.”

Suggested OER search string: Nigeria quarry.rock exposure geology OER image.
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Nigerian geological survey materials (open educational resources).
Stratigraphic and:sedimentary geology texts available through OER repositories.
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Introduction

The Cretaceous and Tertiary periods represent two of the most significant chapters in
Nigeria’s geological history. These formations are not only vital for understanding the
evolution of the country’s sedimentary basins but also for appreciating their economic
importance, particularly in relation to petroleum, coal, and mineral resources. By studying
these formations, learners gain insight into how Nigeria’s geology developed during the
later stages of Earth’s history and how these processes continue to shape its natural
wealth today.

The aim of this Series is to provide you with a clear understanding of the distribution,
stratigraphy, lithologies, fossil records, and economic significance of Nigeria’s Cretaceous
and Tertiary formations, while also equipping you with the ability to compare and identify
them in the field.
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We shall commence this Series by introducing the Cretaceous and Tertiary formations,
defining them and explaining their geological significance both globally and within Nigeria.
Next, we will explore the Cretaceous formations in detail, focusing on their distribution,
stratigraphy, lithologies, fossil content, and economic importance. Following that, we will
examine the Tertiary formations, considering similar aspects of distribution, lithologies;
and resources. Finally, we will wrap up by comparing the two sets of formations,
highlighting their differences and similarities, and discussing techniques for field
identification with Nigerian case studies.

Series Learning Outcomes

Upon completing this Series, you should be able to:

SLO 2.1 define Cretaceous and Tertiary formations and explain their geological
significance in Nigeria,

SLO 2.2 describe the distribution, stratigraphy, lithologies, and fossil records of
Nigeria’s Cretaceous formations,

SLO 2.3 analyse the distribution, stratigraphy, lithologies, and fossil records of
Nigeria’s Tertiary formations,

SLO 2.4 evaluate the economic importance of both Cretaceous and Tertiary formations
in Nigeria, and

SLO 2.5 demonstrate comparative analysis and field identification techniques for
distinguishing between Cretaceous and Tertiary formations.

2.1 Introduction to Cretaceous and Tertiary Formations
2.1.1 Definition and geological significance

The Cretaceous period refers to a geological era that lasted from about 145 to 66 million
years ago, whilethe Tertiary period extended from about 66 to 2.6 million years ago. These
periods are significant because they represent major phases in Earth’s history when
important sedimentary deposits were formed. In Nigeria, the Cretaceous and Tertiary
formations are especially important as they host petroleum reserves, coal deposits, and
diverse fossil records that help reconstruct past environments.

These formations also provide insights into tectonic movements, climatic changes, and
depositional environments that shaped Nigeria’s sedimentary basins. By studying them,
geologists can better understand the processes that influenced the country’s natural
resource distribution.

Fillin the blank: The Cretaceous period lasted from about to 66 million years ago.
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GEOLOGICAL TIME SCALE: HIGHLLITING CRETACEOUS & TERITARY PERIODS
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Figure 2.1: Geological time scale highlighting Cretaceous and Tertiary periods

2.1.2 Global context and Nigerian relevance

Globally, the Cretaceous period is known forthe dominance of dinosaurs and the
formation of extensive chalk deposits, while the Tertiary period is marked by the rise of
mammals and significant climatic changes. These periods witnessed major evolutionary
and geological events that shaped the Earth’s surface.

In Nigeria, the relevance of these formations lies in their economic and scientific
importance. The Cretaceous formations, such as those in the Benue Trough, contain coal
and mineral deposits, while the Tertiary formations, particularly in the Niger Delta, are the
source of Nigeria’s petroleum wealth. Together, they form a crucial part of the country’s
geological framework and resource base.

Fill in the blank: The Tertiary formations in Nigeria, particularly in the Delta, are the
source ofthe country’s petroleum wealth.
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GELOGICAL MAP OF NIGERIA: CRETACIOUS & TERTARY FORMATIONS
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Plate 2.1: Distribution of Cretaceous and Tertiary formations in.Nigeria

Pilot questions 2.1
During which geological era didthe Cretaceous period occur?
What is the time range of the Tertiary period?
Why are Cretaceous and Tertiary formations significant in Nigeria?
Name one global characteristic of the Cretaceous period.

Which Nigerian basin is most associated with petroleum reserves from the Tertiary
formations?

2.2 Cretaceous Formations in Nigeria

2.2.1 Distribution and stratigraphy of Cretaceous basins

The Cretaceous formations in Nigeria are mainly found within the Benue Trough, a large
structural depression that extends northeast—southwest across the country. These
formations are also present in adjoining basins such as the Gongola Basin and the
Anambra Basin. The stratigraphy of these basins reveals alternating layers of sandstone,
shale, and limestone, deposited during different phases of marine transgression and
regression.

The Benue Trough is particularly important because it records the opening of the South
Atlantic Ocean and provides evidence of tectonic activity during the Cretaceous period.
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Stratigraphic studies of these formations help geologists reconstruct depositional
environments and correlate sequences across Nigeria.

Fillin the blank: The Cretaceous formations in Nigeria are mainly found within the
Trough.
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Figure 2.2: Stratigraphic succession of Cretaceous formations in the Benue Trough

2.2.2 Key lithologies and fossil records

The lithologies of Nigeria’s Cretaceous formations include sandstones, which indicate
fluvial and deltaic environments, shales, which reflect deeper marine conditions, and
limestones, which suggest shallow marine deposition. These rocks often contain fossils
such as ammonites, molluscs, and plant remains, which provide valuable evidence of the
environments.in which they were deposited.

Fossil records from the Cretaceous formations are crucial for biostratigraphy, allowing
geologists to date rock layers and correlate them with global geological events. They also
highlight the diversity of life during the Cretaceous period.

Fillin the blank: Fossils such as ammonites and molluscs are commonly found in Nigeria’s
formations.

-
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Plate 2.2: Outcrops of Cretaceous sandstone and shale in Nigeria

2.2.3 Economic importance of Cretaceous formations

Nigeria’s Cretaceous formations are. economically significant. The coal deposits of the
Anambra Basin, for example, are derived from Cretaceous sediments. Lead and zinc
mineralisation is also associated with the Benue Trough, making these formations
important for mining:

In addition, the Cretaceous basins contain hydrocarbon potential, although they are less
productive compared to the Tertiary Niger Delta Basin. Nevertheless, they remain
important for exploration and resource development.

Fillin the blank: Coaldeposits in Nigeria are derived from Cretaceous sediments in the
Basin.

[Insert Box here]

Economic resources associated with Nigeria’s Cretaceous formations.

Box 2.1: Economic resources of Cretaceous formations in Nigeria

Al prompt suggestion: “Generate a table listing coal, lead, zinc, and hydrocarbons as
resources of Nigeria’s Cretaceous formations.”

Search string: “Nigeria Cretaceous formations economic resources OER geology”

Pilot questions 2.2

-
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In which Nigerian structural depression are Cretaceous formations mainly found?
What are the three main lithologies of Nigeria’s Cretaceous formations?

Name two types of fossils commonly found in Cretaceous formations.

Which Nigerian basin contains coal deposits derived from Cretaceous sediments?

Why is the Benue Trough significant in Nigeria’s geological history?

2.3 Tertiary Formations in Nigeria
2.3.1 Distribution and stratigraphy of Tertiary basins

The Tertiary formations in Nigeria are most prominently developed in the Niger Delta
Basin, which is globally recognized as one of the richest petroleum provinces. These
formations also occur in smaller basins such as the Chad Basin and parts of the Benue
Trough. Stratigraphically, the Tertiary formations consist of thick sequences of
sandstones, shales, and deltaic deposits, reflecting the dynamic interplay of fluvial,
marine, and deltaic environments.

The Niger Delta Basin records continuous sedimentation during the Tertiary period, with
alternating layers of reservoir rocks (sandstones) and source rocks (shales). This
stratigraphy explains why the basin is so productive in terms of hydrocarbon reserves.

Fillin the blank: The Tertiary formations in Nigeria are most prominently developed in the
Delta Basin.

STRATIG APHIC COLUMN: NIGER DELTA BASIN, NIGERIA
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Figure 2.3: Stratigraphic succession of Tertiary formations in the Niger Delta Basin

2.3.2 Key lithologies and fossil records

The lithologies of Nigeria’s Tertiary formations include sandstones, which act as reservoirs
for hydrocarbons, shales, which serve as source rocks, and clays, which function as seals
or cap rocks. These lithologies are often interbedded, creating the conditions necessary for
petroleum accumulation.

Fossil records from the Tertiary formations include microfossils such as foraminifera and
pollen grains. These fossils are used in biostratigraphy to date rock layers and to
reconstruct palaeoenvironments, especially the climatic conditionsthat prevailed during
the Tertiary period.

Fillin the blank: Microfossils such as are commonly used to date Tertiary
formations in Nigeria.

Plate 2.3: Core samples of Tertiary formations in the Niger Delta Basin

2.3.3 Economic importance of Tertiary formations
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The economic importance of Nigeria’s Tertiary formations cannot be overstated. The Niger
Delta Basin is the backbone of Nigeria’s oil and gas industry, providing the majority of the
country’s petroleum reserves. The stratigraphic arrangement of reservoir, source, and seal
rocks makes the basin highly productive.

Beyond hydrocarbons, the Tertiary formations also contain groundwater aquifers and clay
deposits used in industrial applications. Their economic relevance extends to energy,
manufacturing, and water supply, making them vital to Nigeria’s development.

Fillin the blank: The backbone of Nigeria’s oil and gas industry is the Basin.

Primary

Resource Type Geological Context/Significance Formations/Examples

Essential for the national economy;
Petroleum sourced primarily from marine shales
and trapped in sandstone reservoirs.

Agbada Formation (Niger
Delta Basin)

Vital for domestic, agricultural, and

Groundwater A . . Benin Formation, Ogwashi-
. industrial water supply; generally high- .
Aquifers C . Asaba Formation
yield in sandy units.
. - . \Various occurrences across
Clay Deposits Used indrilling mud (bentonite), the Niger Delta and inland

ceramics, and construction materials. .
basins

Box 2.2: Economic resources of Tertiary formations in Nigeria

Pilot questions 2.3
In'which Nigerian basin are Tertiary formations most prominently developed?
What are the three main lithologies of Nigeria’s Tertiary formations?
Name two types of microfossils found in Tertiary formations.
Why is the Niger Delta Basin economically important?

Apart from hydrocarbons, mention one other resource found in Tertiary formations.
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2.4 Comparative Analysis and Field Relevance

2.4.1 Differences and similarities between Cretaceous and Tertiary formations

The Cretaceous formations and Tertiary formations in Nigeria share similarities in their
lithologies, as both contain sandstones and shales deposited in fluvial and'marine
environments. However, they differ in age, fossil content, and economic importance. The
Cretaceous formations, found mainly in the Benue Trough and Anambra Basin, are older
and often associated with coal and mineral deposits. In contrast, the Tertiary formations,
particularly in the Niger Delta Basin, are younger and form the backbone of Nigeria’s
petroleum industry.

Another key difference lies in their fossil records. Cretaceous formations contain larger
fossils such as ammonites and molluscs, while Tertiary formations.are characterised by
microfossils like foraminifera and pollen grains. These differences are crucial for
biostratigraphy and for distinguishing between the two sets of formations in the field.

Fillin the blank: The Cretaceous formations are older and often associated with coal, while
the formations are younger and form the backbone of Nigeria’s petroleum industry.

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



COMPARATIVE GEOLOGY OF NIGERIA:
CRETACEOUS VS. TERTIARY FORMATIONS

CRETACEOUS FORMATIONS TERITIARY FORMATIONS
et 145 - 66 Ma — 66 -2.,6 Ma
(Lower to Upper Cresceous) (Palegene to Neogene
LITHOLOGIES LITHOLOGIES
Mainly shales, sandstones, limostones, and minor Thick sequences of sandstones, and mudrocks;
coals; often marine to fluvio-delatic. often delatic to shallow marine
FOSSILS FOSSILS
FOSSILS FOSSILS
Ammonites, planktonic foraminifera, Bivalves, gastiois, modern
dinosaur remains, early flowering planktic foraminifera,
plant leaves. plant macrofoslis,
vertebates
ECONOMIC IMPORTANCE ECONOMIC IMPORTANCE
Lead-Zinc Ores, MAJOR PETROLEUM (Niger Delta), =T
% Coal (Benue Trough) Clays, Extensive Groudrwater Aquifers, g
Minor Hydrobrarbons (rare). Industrial Clays (bentonite, kaolin). 7\
OER Diagram

Figure 2.4: Comparative features of Cretaceous and Tertiary formations in Nigeria

2.4.2 Field identification techniques and case studies from Nigeria

In the field, geologists distinguish between Cretaceous and Tertiary formations by
examining lithologies, fossil content, and stratigraphic context. For example, the presence
of ammonites in sandstone layers suggests a Cretaceous age, while microfossils in shale
layers often indicate Tertiary deposits. Stratigraphic logging and fossil sampling are
essential techniquesfor accurate identification.

Case studies from Nigeria highlight these distinctions. In the Benue Trough, alternating
sandstone, shale, and limestone layers with large marine fossils point to Cretaceous
deposition. In the Niger Delta Basin, thick sequences of sandstones and shales
interbedded with microfossils confirm Tertiary sedimentation. These examples show how
fieldwork provides practical evidence to support classroom learning.

Fill in the blank: The presence of microfossils such as foraminifera in shale layers often
indicates deposits.

-
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CRETACEOUS FORMATION

Plate 2.4: Field identification of Cretaceous and Tertiary formations in Nigeria

Pilot questions 2.4
What are two similarities between Cretaceous and Tertiary formations in Nigeria?
Name one key difference in fossil content between the two formations.

Which Nigerian basin is mostassociated with coal deposits from the Cretaceous
period?

Which Nigerian basin is most associated with petroleum reserves from the Tertiary
period?

What field techniques are used to distinguish between Cretaceous and Tertiary
formations?

Series Summary

This Series has guided you through the study of Nigeria’s Cretaceous and Tertiary
formations, emphasizing their geological significance and economic importance. We
began with an introduction that defined these periods and explained their global and
Nigerian relevance. We then examined the Cretaceous formations, focusing on their
distribution in the Benue Trough and Anambra Basin, their stratigraphy, lithologies, fossil
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records, and associated resources such as coal and minerals. Following that, we explored
the Tertiary formations, particularly in the Niger Delta Basin, highlighting their stratigraphy,
lithologies, fossil content, and their role as the backbone of Nigeria’s petroleum industry.
Finally, we compared the two sets of formations, noting their similarities and differences,
and discussed field identification techniques supported by Nigerian case studies.

By completing this Series, you should now be able to define and explain the significance of
Cretaceous and Tertiary formations (SLO 2.1), describe the distribution and characteristics
of Cretaceous formations (SLO 2.2), analyze the features of Tertiary formations(SLO 2.3),
evaluate their economic importance (SLO 2.4), and demonstrate comparative analysis and
field identification techniques (SLO 2.5). These outcomes ensure that you have both
theoretical knowledge and practical skills to interpret Nigeria’s later'geological history and
its resource potential.

Glossary of Terms

Ammonite: A type of extinct marine mollusc with a spiral shell,,commonly found as a
fossilin Cretaceous formations.

Anambra Basin: A sedimentary basin in southeastern Nigeria, notable for its
Cretaceous coal deposits.

Benue Trough: A major structural depressionin Nigeria that contains extensive
Cretaceous formations, including sandstones, shales, and limestones.

Biostratigraphy: A method of dating and correlating rock layers using fossils,
especially useful in distinguishing between Cretaceous and Tertiary formations.

Cretaceous period: A geological eralasting from about 145 to 66 million years ago,
marked by the deposition of coal and mineral-rich formations in Nigeria.

Foraminifera: Microscopic marine organisms whose fossilised shells are used to date
and interpret Tertiary formations.

Lithology: The physical characteristics of a rock, such as texture, composition, and
colour, used.to identify formations in the field.

Microfossils: Tiny fossil remains, such as pollen grains and foraminifera, often found in
Tertiary formations and used for dating and environmental reconstruction.

Niger Delta Basin: Nigeria’s most prominent Tertiary basin, globally recognised for its
petroleum reserves.

Sandstone: A sedimentary rock composed mainly of sand-sized particles, serving as a
reservoir rock in both Cretaceous and Tertiary formations.

Shale: Afine-grained sedimentary rock formed from compacted clay, often acting as a
source rock for hydrocarbons.
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Stratigraphy: The study of rock layers and their succession, used to understand
depositional environments and geological history.

Tertiary period: A geological era lasting from about 66 to 2.6 million years ago, marked
in Nigeria by petroleum-rich formations in the Niger Delta Basin.

Unconformity: A gap in the geological record caused by erosion or non-deposition,
often marking boundaries between older Cretaceous rocks and younger Tertiary
deposits.

Concept Check Questions
Objective questions

The Cretaceous period lasted from about to 66 million years ago:(Linked to SLO
2.1)

Which Nigerian basin is most prominently associated with Tertiary petroleum reserves?
(Linked to SLO 2.3)

Fossils such as ammonites and molluscs are characteristic of which geological period?
(Linked to SLO 2.2)

Microfossils such as foraminifera are commonly used to date formations.
(Linked to SLO 2.3)

Short-answer questions

Define the term Cretaceous formations and explain their significance in Nigeria. (Linked
to SLO 2.1)

Describe two lithologies commonly found in Nigeria’s Cretaceous formations. (Linked to
SLO 2.2)

What is the economic importance of the Niger Delta Basin? (Linked to SLO 2.4)

List two field techniques used to distinguish between Cretaceous and Tertiary formations.
(Linked to SLO 2.5)

Long-answer questions

Analyze the distribution and stratigraphy of Nigeria’s Cretaceous formations, highlighting
their depositional environments and fossil content. (Linked to SLO 2.2)

Demonstrate how geologists compare Cretaceous and Tertiary formations in Nigeria, using
case studies to illustrate differences in lithologies, fossils, and economic resources.
(Linked to SLO 2.5)

Answers to Concept Check Questions
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Objective questions
145 million years ago.
Niger Delta Basin.
Cretaceous period.
Tertiary formations.

Short-answer questions

Cretaceous formations are sedimentary deposits laid down between 145 and 66 million
years ago. In Nigeria, they are significant because they contain coal,. minerals, and fossil
records that help reconstruct past environments.

Sandstones and shales are common lithologies, with limestones also presentin some
basins.

The Niger Delta Basin is economically important because it provides the majority of
Nigeria’s petroleum reserves, making it the backbone of the oil and gas industry.

Stratigraphic logging and fossil samplingare two key techniques used in field
identification.

Long-answer questions

Basic response: Nigeria’s Cretaceous formations are mainly distributed in the Benue
Trough and Anambra Basin. Their stratigraphy includes alternating sandstone, shale, and
limestone layers, deposited in fluvial and marine environments. Fossils such as
ammonites and molluscs are common.

Value-added response: In addition to these features, the Cretaceous formations record
tectonic events linked to the opening of the South Atlantic Ocean. Their fossil diversity
provides evidenceof global biostratigraphic correlations, and their coal and mineral
deposits highlight theireconomic importance.

Basic response: Geologists compare formations by examining lithologies, fossil content,
and stratigraphic context. Cretaceous formations contain larger fossils like ammonites,
while/Tertiary formations are rich in microfossils such as foraminifera.

Value-added response: Case studies show that the Benue Trough’s Cretaceous
formations are associated with coal and mineral deposits, whereas the Niger Delta’s
Tertiary formations underpin Nigeria’s petroleum industry. Field techniques such as
stratigraphic logging and fossil analysis allow geologists to distinguish between them,
linking geological history to resource exploration.

Answers to Pilot Questions

Answers to Pilot Questions 2.1
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Mesozoic era.
66 to 2.6 million years ago.

They are significant because they host petroleum reserves, coal deposits, and fossils
that help reconstruct Nigeria’s geological history.

Extensive chalk deposits and dominance of dinosaurs.

Niger Delta Basin.
Answers to Pilot Questions 2.2

Benue Trough.

Sandstone, shale, and limestone.

Ammonites and molluscs.

Anambra Basin.

It records tectonic activity linked to the opening.of the South Atlantic Ocean.
Answers to Pilot Questions 2.3

Niger Delta Basin.

Sandstone, shale, and clay.

Foraminifera and pollen grains.

It provides the majority of Nigeria’s petroleum reserves.

Groundwater aquifers.

Answers to Pilot Questions 2.4

Both contain sandstones and shales, and both were deposited in fluvial and marine
environments.

Cretaceousformations contain larger fossils such as ammonites, while Tertiary
formations contain microfossils like foraminifera.

Anambra Basin.
Niger Delta Basin.

Stratigraphic logging and fossil sampling.

References and Attributions

Figure 2.1: Geological time scale highlighting Cretaceous and Tertiary periods
Al-generated placeholder. Prompt: “Generate a geological time scale diagram highlighting
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the Cretaceous and Tertiary periods with clear colour coding.”
Suggested OER search string: geological time scale Cretaceous Tertiary OER diagram.

Plate 2.1: Distribution of Cretaceous and Tertiary formations in Nigeria
Al-generated placeholder. Prompt: “Generate a map of Nigeria highlighting Cretaceous
formations in the Benue Trough and Tertiary formations in the Niger Delta.”
Suggested OER search string: Nigeria Cretaceous Tertiary formations map OER geology.

Figure 2.2: Stratigraphic succession of Cretaceous formations in the Benue Trough
Al-generated placeholder. Prompt: “Generate a stratigraphic column diagram showing
sandstone, shale, and limestone layers of the Benue Trough.”

Suggested OER search string: Benue Trough stratigraphy Nigeria OER-diagram.

Plate 2.2: Outcrops of Cretaceous sandstone and shale in Nigeria

Al-generated placeholder. Prompt: “Generate a photograph-style image of sandstone and
shale outcrops typical of Nigeria’s Cretaceous formations.” Suggested OER search string:
Nigeria Cretaceous sandstone shale outcrop OER image.

Box 2.1: Economic resources of Cretaceous formations in Nigeria

Al-generated placeholder. Prompt: “Generate a table listing coal, lead, zinc, and
hydrocarbons as resources of Nigeria’s Cretaceous formations.”

Suggested OER search string: Nigeria Cretaceous formations economic resources OER

geology.

Figure 2.3: Stratigraphic succession of Tertiary formations in the Niger Delta Basin
Al-generated placeholder. Prompt: “Generate a stratigraphic column diagram showing
alternating sandstone and shale layers of the Niger Delta Basin.”

Suggested OER search string: Niger Delta Basin stratigraphy Nigeria OER diagram.

Plate 2.3: Core samples of Tertiary formations in the Niger Delta Basin

Al-generated placeholder. Prompt: “Generate a photograph-style image of core samples
showing alternating sandstone and shale layers typical of the Niger Delta Basin.”
Suggested OER search string: Niger Delta Basin core samples sandstone shale OER image.

Box 2.2: Economic resources of Tertiary formations in Nigeria

Al-generated placeholder. Prompt: “Generate a table listing petroleum, groundwater
aquifers, and clay deposits as resources of Nigeria’s Tertiary formations.”
Suggested OER search string: Nigeria Tertiary formations economic resources OER

geology.

Figure 2.4: Comparative features of Cretaceous and Tertiary formations in Nigeria
Al-generated placeholder. Prompt: “Generate a comparative diagram showing differences
in‘age, lithologies, fossils, and economic importance between Cretaceous and Tertiary
formations in Nigeria.”

Suggested OER search string: Nigeria Cretaceous vs Tertiary formations comparison OER
diagram.
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Plate 2.4: Field identification of Cretaceous and Tertiary formations in Nigeria
Al-generated placeholder. Prompt: “Generate a photograph-style image of geologists
examining rock exposures in Nigeria, with labels for Cretaceous and Tertiary formations.’
Suggested OER search string: Nigeria geology fieldwork Cretaceous Tertiary formations
OER image.

2

General references consulted for Series 2 content:

Nigerian Geological Survey Agency (NGSA) open educational resources.
Stratigraphic and sedimentary geology texts available through OER repositories.
Maps and diagrams of Nigerian basins from educational and research sources.

All Al-generated placeholders are based on prompts designed for educational illustration.
Suggested search strings are provided to locate open educational resource (OER) versions
suitable for teaching and learning.

COURSE CODE: GEY 415
COURSE TITLE: GEOLOGY OF NIGERIA
UNIT: 2 UNITS

List of Series
Strategic Geologic Sequences of Nigeria
Cretaceous and Tertiary Formations
Precambrian Rock Belts and Provinces
Mineralized Zones, Mines, and Quarries

Field Characteristics of Geological Exposures

3.1 Introduction to Precambrian Rock Belts and Provinces
3.1.1 Definition and geological significance of Precambrian rocks
3.1.2 Global context and Nigerian relevance

3.2 Major Precambrian Rock Belts in Nigeria

3.2.1 Distribution and characteristics of granite-gneiss complexes
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3.2.2 Schist belts and their lithologies
3.2.3 Fossil absence and implications for geological history
3.3 Precambrian Provinces and Their Economic Importance
3.3.1 Mineral resources associated with Precambrian provinces
3.3.2 Case studies of mining regions in Nigeria
3.3.3 Role of Precambrian provinces in Nigeria’s development
3.4 Comparative Analysis and Field Identification
3.4.1 Differences between Precambrian belts and younger formations
3.4.2 Techniques for field identification of Precambrian rocks

3.4.3 Nigerian field examples and applications

Introduction

Nigeria’s Precambrian rock belts and provincesform the ancient foundation of the country’s
geology. These rocks, which date back billions of years, are among the oldest on Earth and
provide vital clues about the early history of the planet. In Nigeria, they are particularly
important because they host significant mineral deposits and form the crystalline basement
upon which younger sedimentary formations were later deposited. By studying these belts
and provinces, learners gain insight into the origins of Nigeria’s geological framework and its
resource potential.

The aim of this Series is to introduce you to the distribution, characteristics, and economic
importance of Nigeria’s Precambrian rock belts and provinces, while also equipping you
with the skills to distinguish them from younger formations during fieldwork.

We shall commence this-Series by defining Precambrian rocks and explaining their
geological significance both globally and within Nigeria. Next, we will explore the major
Precambrian rock belts in Nigeria, focusing on granite-gneiss complexes and schist belts.
Following that, we will examine the Precambrian provinces and their economic importance,
with case studies of mineral-rich regions. Finally, we willwrap up by comparing Precambrian
belts with younger formations and discussing techniques for field identification, supported
by Nigerian examples.

Series Learning Outcomes

Upon completing this Series, you should be able to:

SLO 3.1 define Precambrian rocks and explain their geological significance in Nigeria,
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SLO 3.2 describe the distribution and characteristics of Nigeria’s major Precambrian
rock belts, including granite-gneiss complexes and schist belts,

SLO 3.3 analyze the mineral resources associated with Precambrian provinces and
evaluate their economic importance,

SLO 3.4 distinguish Precambrian belts from younger formations through comparative
analysis, and

SLO 3.5 demonstrate field identification techniques for Precambrian rocks using
Nigerian case studies.

3.1 Introduction to Precambrian Rock Beltsand Provinces

3.1.1 Definition and geological significance of Precambrian rocks

The Precambrian refers to the earliest part of Earth’s history, spanning from the planet’s
formation about 4.6 billion years ago to 541 million years/ago. Rocks foarmed during this time
are called Precambrian rocks, and they are typically crystalline, including granites,
gneisses, and schists. These rocks are significant because they.represent the foundation
upon which younger sedimentary basins.were later deposited.

In Nigeria, Precambrian rocks form the basement complex, which underlies much of the
country. They are vital for understanding the geological evolution of West Africa and provide
important clues about tectonic processes, metamorphism, and mineralization.

Fill in the blank: Precambrian rocks span from the Earth’s formation about billion
years ago to 541 million years ago.
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Figure 3.1: Geological time scale highlighting the Precambrian

3.1.2 Global context and Nigerian relevance

Globally, Precambrian rocks.are found on all continents and form the cores of ancient
shields and cratons. They‘are often associated with valuable mineral deposits such as gold,
iron, and uranium. Their study helps geologists reconstruct the earliest tectonic and
biological history of the Earth.

In Nigeria, Precambrian rocks are widespread, particularly in the southwest and north-
central regions. They include granite-gneiss complexes and schist belts, which host
important mineral resources such as gold, tin, and iron ore. These rocks are not only
economically significant but also serve as the basement upon which younger formations
like the Cretaceous and Tertiary basins were deposited.

Fill in the blank: In Nigeria, Precambrian rocks are widespread in the and north-
central regions.
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Plate 3.1: Distribution of Precambrian basement complex in Nigeria

Pilot Questions 3.1
What is the time range of the Precambrian era?
What types of rocks are typically found.in Precambrian formations?
Why are Precambrian rocks significant in'Nigeria’s geology?
Name two mineral resources associated with Precambrian rocks globally.

In which regions of Nigeria are Precambrian rocks most widespread?

3.2 Major Precambrian Rock Belts in Nigeria

3.2.1 Distribution and characteristics of granite-gneiss complexes

The granite-gneiss complex is a major component of Nigeria’s Precambrian basement.
These rocks are widely distributed across the southwest and north-central regions of the
country. Granite is a coarse-grained igneous rock composed mainly of quartz and feldspar,
while gneiss is a metamorphic rock characterized by alternating light and dark mineral
bands. Together, they form the crystalline foundation of Nigeria’s geology.

These complexes are significant because they record ancient tectonic and metamorphic
events, providing evidence of the Earth’s earliest crustal development. They also host
mineral deposits such as tin and columbite, which have historically been mined in Nigeria.

-
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Fill in the blank: The granite-gneiss complex is widely distributed across the and
north-central regions of Nigeria.

igs. OER GEOLOGY S

Plate 3.2: Granite-gneiss outcrops in Nigeria’s Precambrian basement
3.2.2 Schist belts and their lithologies

The schist belts are narrow zones of metamorphic rocks found mainly in western and
northwestern Nigeria. Schistis a metamorphic rock with a foliated texture, meaning it has
layers or sheets formed by the alignment of minerals such as mica. These belts are
important because they contain diverse lithologies, including quartzites, marbles, and
phyllites, which indicate varied depositional and metamorphic histories.

Schist belts are-also economically significant, as they host gold and other mineral deposits.
Their study helps.geologists understand the tectonic processes that shaped Nigeria’s
Precambrian provinces.

Fillinthe blank: Schist belts in Nigeria are narrow zones of metamorphic rocks found mainly
in the and northwestern regions.

S| A-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Nigera ‘.? et
Sedinentary Basins
(Post-Precalbran)

Chad Basin ™%

H schist Belts
-m

0 100

“ km | Sokecut Delta
Basin

GEOLOGICAL MAP OF NIGERIA:
NEOPORTOROZOTIC CHIST BELTS SOURCE: OER GEOLOGY @

Figure 3.2: Distribution of schist belts in‘Nigeria

3.2.3 Fossil absence and implications for geological history

Unlike younger formations such as the Cretaceous and Tertiary, Precambrian rocks in
Nigeria do not contain fossils. This absence is due to the fact that life forms during the
Precambrian were microscopic and rarely preserved in the rock record.

The lack of fossils means that geologists rely on radiometric dating and structural analysis
to determine the.age and history of Precambrian rocks. This makes them more challenging
to study but also highlights theirimportance in reconstructing Earth’s earliest geological
events.

Fillin the blank: Geologistsrely on dating to determine the age of Precambrian rocks.

Challenge Impact on Geological Study

The relative scarcity of fossils, particularly in older Precambrian
Fossil Absence rocks, makes biostratigraphic correlation and precise age-dating
based on life forms nearly impossible.

-

S| A-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Challenge Impact on Geological Study

Because index fossils are largely absent, geologists must rely heavily|
on precise isotopic analysis of minerals to constrain the timing of
formation and tectonic events.

Reliance on
Radiometric Dating

Complex Multiple orogenic (mountain-building) events often recrystallize and
Metamorphic deform original textures and minerals, making it difficult to
Histories reconstruct the original depositional environment.

Box 3.1: Challenges of Precambrian rock studies

Pilot questions 3.2
What are the main components of Nigeria’s granite-gneiss complex?
In which regions of Nigeria are schist belts found?
Name two lithologies commonly-associated with schist belts.
Why do Precambrian rocks lack fossils?

What methods do geologists use to determine the age of Precambrian rocks?

3.3 Precambrian. Provinces and Their Economic
Importance

3.3.1 Mineral resources associated with Precambrian provinces

Nigeria’s Precambrian provinces are rich in mineral resources due to the complex
geological processes that shaped them. These provinces host deposits of gold, tin,
columbite, and iron ore, among others. Gold is particularly associated with schist belts,
while tin and columbite are linked to the granite-gneiss complexes of the Jos Plateau.

The mineralization of these provinces is aresult of ancient tectonic and metamorphic events
that-concentrated valuable elements within the rocks. This makes the Precambrian
provinces not only scientifically important but also economically vital for Nigeria’s mining
industry.

Fillin the blank: Gold deposits in Nigeria are particularly associated with the belts.
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Figure 3.3: Mineral resources of Precambrian provinces in Nigeria
3.3.2 Case studies of mining regions in Nigeria

Severalregionsin Nigeriaillustrate the economic importance of Precambrian provinces. The
Jos Plateau is famous for its tin and columbite mining, which has historically contributed to
Nigeria’s economy. In the llesha schist belt, gold mining has been carried out for decades,
highlighting the resource potential of these rocks.

These case studies show how the geological characteristics of Precambrian provinces
directly influence the types of minerals found and exploited. They also demonstrate the link
between ancient geological processes and modern economic activities.

Fillin the blank: Tin and columbite mining in Nigeria is historically associated with the
Plateau.

-
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Plate 3.3: Tin and columbite mining in.the Jos Plateau

3.3.3 Role of Precambrian provinces in Nigeria’s development

Precambrian provinces have played a crucial role in Nigeria’s development by providing raw
materials for industry and export. Minerals such as tin and columbite were historically
exported, contributing to Nigeria’s foreign exchange earnings. Gold mining continues to
support local economies/and create employment opportunities.

Beyond mining, the Precambrian basement also influences groundwater distribution and
construction materials, making it important for infrastructure development. Thus, these
provinces are‘not only of geological interest but also central to Nigeria’s socio-economic
growth.

Fill in.the blank: Precambrian provinces have contributed to Nigeria’s development by
providing raw materials for and export.
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Economic

Contribution Role in Development

Provides essential raw materials such as gold, tin, columbite, iron
ore, marble, and gemstones, which are crucial for local
manufacturing and construction.

Mining & Resource
Supply

Historically a major exporter of tin and columbite; modern efforts

Foreign Exchange .. . .. .
g g focus on re-establishing these minerals as sighificant non-oil export

Earnings

earners.

Supports both large-scale industrial mining and extensive artisanal
Employment . . L . .

. and small-scale mining (ASM). operations, providing livelihoods in

Generation

many rural areas.

Mining projects often necessitate the development of access roads,
Infrastructure e . .

power supply;-and water facilities in remote regions, which can
Development

catalyze broader regional growth.

Box 3.2: Economic contributions of Precambrian provinces in Nigeria

Pilot questions 3.3
Name two mineral resources associated with Nigeria’s Precambrian provinces.
Which Nigerianregion is historically famous for tin and columbite mining?
Inwhich schist belt is gold mining carried outin Nigeria?
How do Precambrian provinces contribute to Nigeria’s economic development?

Apart from mining, mention one other way Precambrian provinces support Nigeria’s
growth.

3.4 Comparative Analysis and Field Identification

3.4.1 Differences between Precambrian belts and younger formations
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Precambrian belts differ from younger formations such as the Cretaceous and Tertiary in
several ways. Precambrian rocks are much older, dating back billions of years, and are
typically crystalline in nature, including granites, gneisses, and schists. Younger formations,
by contrast, are sedimentary, consisting of sandstones, shales, and limestones deposited
in fluvial and marine environments.

Another key difference is the presence of fossils. Precambrian rocks lack fossils due to the
microscopic nature of early life, while younger formations contain abundant fossil records
that aid in biostratigraphy. Economically, Precambrian belts are associated-with minerals
such as gold, tin, and iron, whereas younger formations are more closely linked to
hydrocarbons and coal.

Fill in the blank: Precambrian rocks are typically crystalline, while younger formations are
mainly in nature.

GEOLOGICAL FORMATIONS OF NIGERIA:
A COMPARISON

PRECABABAN BASEMENT FORMATIONS YOUNGER SEDMENTARY FORMATIONS

2.5 Billion to 540 Million
Years Ago Ago (Ma)

540 Million Years Ago
(Ma) to Present

Sandstone, Shale,
Limestone,
Siltstone

g Gneiss, Schit,

Granite, Quarizite
ROCK TYPES Marble

Rare Microsciopic Fossils Abundant Macrofossils (e..
FOSSIL Fossils (e.p. Stromatoris), FUS9) (eMollusks, Vertetrates, Plants),
CONTENT Generally Barren NTEN Indis, Index Fosils Common

Gold, Tin, Columbite-Tantalite, - CrudeOil, Natural Gas,
KEY ECONOMIC Tantalite, Iron Ore LS Coal, Liginn,
LRSS Gemstones, SUUERT |imestone,
Industrial Minerals Clay
| I Precinenbain Basement | SOURCE: OER GEOLOGY @

Figure 3.4: Comparison of Precambrian belts and younger formations in Nigeria

3.4.2 Techniques for field identification of Precambrian rocks

Field identification of Precambrian rocks relies on recognizing their crystalline textures,
mineral composition, and structural features. Geologists look for banding in gneisses,
foliation in schists, and coarse-grained crystals in granites. Unlike sedimentary rocks,
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Precambrian rocks often show evidence of metamorphism and deformation, such as folds
and faults.

Geologists also use tools such as hand lenses, geological hammers, and compasses to
examine rock samples and measure orientations. Radiometric dating is employed to
determine their age, since fossils are absent.

Fillin the blank: Geologists use dating to determine the age of Precambrian rocks.

Plate 3.4: Field identification of Precambrian rocks in Nigeria

3.4.3 Nigerian field examples and applications

In Nigeria, field studies of Precambrian rocks are carried out in regions such as the Jos
Plateau, llesha schist belt, and north-central granite-gneiss complexes. These studies
provide practical evidence of the geological features discussed in theory. For example, gold-
bearing schists in llesha illustrate the economic importance of schist belts, while tin-rich
granitesinJos highlight the mineral potential of granite-gneiss complexes.

Such fieldwork not only reinforces classroom learning but also equips geologists with the
skills to identify, sample, and interpret Precambrian rocks in real-world contexts.

Fill in the blank: Gold-bearing schists in illustrate the economic importance of
Nigeria’s schist belts.
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Application

Description of Impact

Mineral
Exploration

Provides critical ground-truthing to identify prospective zones for gold,
base metals, and industrial minerals, reducing risk for commercialmining
ventures.

Enables the creation of accurate geological maps that delineate rock

Resource . . - .
Mapping units and structural features, serving as a basis forland-use planning and
PP infrastructure development.
Geological Serves as an essential "open-air laboratory" for students and researchers
. to observe metamorphic processes, structural deformation, and rock-
Education

forming mineralogy firsthand.

Box 3.3: Applications of Precambrian field studies

Pilot questions 3.4

What are two differences between Precambrian belts and younger formations?

Why do Precambrian rocks lack fossils compared to younger formations?

What tools are commonly used in field identification of Precambrian rocks?

Which dating method is usedto determine the age of Precambrian rocks?

Name one Nigerian region where Precambrian field studies are carried out.

Series Summary

In this Series, we explored Nigeria’s Precambrian rock belts and provinces, which form the
ancient crystalline basement underlying much of the country. We began by introducing
Precambrian rocks, defining their geological significance, and situating them within both
global and Nigerian contexts. This provided the foundation for understanding their role in
shaping Nigeria’s geological framework.

We then examined the major Precambrian rock belts in Nigeria, focusing on the granite-
gneiss complexes and schist belts. Their distribution, lithologies, and the absence of fossils
were discussed, highlighting the challenges and methods of studying these ancient rocks.
Following that, we turned to the Precambrian provinces and their economic importance,
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with case studies of mineral-rich regions such as the Jos Plateau and llesha schist belt.
These examples illustrated how ancient geological processes continue to influence
Nigeria’s economy today.

Finally, we carried out a comparative analysis between Precambrian belts and younger
formations, noting differences in age, rock type, fossil content, and economic resources.
We concluded with techniques for field identification, supported by Nigerian examples, to
show how geologists apply classroom knowledge in real-world contexts. By completing this
Series, you should now be able to define Precambrian rocks and their significance (SLO 3.1),
describe the distribution and characteristics of Nigeria’s Precambrian/belts (SLO 3.2),
analyse their mineral resources and economic importance (SLO 3.3), distinguish them from
younger formations (SLO 3.4), and demonstrate field identification techniques (SLO 3.5).

Glossary of Terms [Series 3]

Basement complex: The ancient crystalline foundation of Nigeria’s geology, composed
mainly of Precambrian rocks such as granites, gneisses, and schists.

Foliation: A layered or sheet-like texture in metamorphic rocks, caused by the alignment
of minerals during metamorphism, commonly seen in schists.

Gneiss: A metamorphic rock characterised by alternating light and dark mineral bands,
formed under high temperature and pressure conditions.

Granite: A coarse-grained igneous rock composed mainly of quartz and feldspar,
forming part of Nigeria’s Precambrian basement complex.

Precambrian: The earliest geological era, spanning from Earth’s formation about 4.6
billion years ago to 541 million years ago, marked by the development of crystalline
rocks and the absence of fossils.

Provinces: Large geological regions within Nigeria’s Precambrian basement that host
mineral resources and record ancient tectonic events.

Quartzite: A hard metamorphic rock formed from sandstone, often found within
Nigeria’s schist belts.

Radiometric dating: A scientific method used to determine the age of rocks by
measuring the decay of radioactive isotopes, especially important for Precambrian
rocks that lack fossils.

Schist: A metamorphic rock with a foliated texture, rich in minerals such as mica, and
often associated with gold deposits in Nigeria.

Schist belts: Narrow zones of metamorphic rocks in Nigeria’s Precambrian basement,
containing lithologies such as schists, quartzites, and marbles, and hosting mineral
resources like gold.

Stratigraphy: The study of rock layers and their succession, used to interpret geological
history, though less applicable to Precambrian rocks due to their crystalline nature.
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Tin and columbite: Mineral resources historically mined in Nigeria’s Precambrian
provinces, particularly in the Jos Plateau.

Concept Check Questions

Objective questions

The Precambrian era lasted from about billion years ago to 541 million years ago.
(Linked to SLO 3.1)

Which Nigerian region is historically associated with tin and columbite mining? (Linked
to SLO 3.3)

Precambrian rocks are typically in nature, while younger formations are
sedimentary. (Linked to SLO 3.4)

Fossils are absentin Precambrian rocks because early life forms were . (Linked to
SLO 3.1)

Short-answer questions

Define Precambrian rocks and explain their geological significance in Nigeria. (Linked to SLO
3.1)

Describe two lithologies commonly found'in-Nigeria’s schist belts. (Linked to SLO 3.2)
What is the economic importance of the llesha schist belt? (Linked to SLO 3.3)

List two tools geologists use.in the field to identify Precambrian rocks. (Linked to SLO 3.5)
Long-answer questions

Analyze the distribution ‘and characteristics of Nigeria’s granite-gneiss complexes,
highlighting their geological and economic significance. (Linked to SLO 3.2)

Demonstrate how geologists distinguish Precambrian belts from younger formations, using
Nigerian case studies to illustrate differences in lithologies, fossils, and resources. (Linked
to SLO 3.4 & 3.5)

Answers to Concept Check Questions
Objective questions

4.6 billion years ago.

Jos Plateau.

Crystalline.

Microscopic.
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Short-answer questions

Precambrian rocks are ancient crystalline rocks formed between 4.6 billion and 541 million
years ago. In Nigeria, they form the basement complex and are significant for understanding
tectonic history and hosting mineral resources.

Quartzites and marbles are common lithologies in schist belts.

The Ilesha schist belt is economically important because it hosts gold deposits, supporting
mining activities and local economies.

Geological hammer and compass are commonly used tools, along with hand lenses.
Long-answer questions

Basic response: Granite-gneiss complexes are widely distributed in southwest and north-
central Nigeria. They consist of granites and gneisses, which are crystalline rocks formed
under high temperature and pressure. Economically, they host.tin and columbite deposits.
Value-added response: Beyond their basic features, granite-gneiss complexes record
ancient tectonic and metamorphic events, providing evidence of crustal evolution. Their
mineral wealth has historically supported Nigeria’s mining industry, particularly in the Jos
Plateau, and continues to be relevant for exploration.

Basic response: Geologists distinguish Precambrian belts from younger formations by
examining rock type, texture, and fossil content. Precambrian rocks are crystalline and lack
fossils, while younger formations are sedimentary and fossil-rich.
Value-added response: Case studies show that Precambrian schist belts in llesha contain
gold-bearing rocks, while younger formations in the Niger Delta host petroleum reserves.
Field techniques such as stratigraphic logging, radiometric dating, and structural mapping
allow geologists to differentiate between them and link geological features to resource
exploration.

Answers to Pilot Questions

Answers to Pilot Questions 3.1
From 4.6 billionyears ago to 541 million years ago.
Granites, gneisses, and schists.

They form Nigeria’s basement complex, record ancient tectonic events, and host
mineral resources.

Gold and iron.
Southwest and north-central regions.
Answers to Pilot Questions 3.2

Granites and gneisses.
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Western and northwestern Nigeria.
Quartzites and marbles.
Because early life forms were microscopic and rarely preserved.
Radiometric dating and structural analysis.
Answers to Pilot Questions 3.3
Gold and tin.
Jos Plateau.
Ilesha schist belt.
By providing mineral resources, foreign exchange earnings, and employment.
They support groundwater distribution and supply construction materials.
Answers to Pilot Questions 3.4

Precambrian rocks are crystalline and lack fossils, while’ younger formations are
sedimentary and fossil-rich.

Because early life forms were microscopic.and not preserved.
Geological hammer, compass, and hand lens.
Radiometric dating.

Jos Plateau, Ilesha schist belt, ornorth-central granite-gneiss complexes.

References and Attributions

Figure 3.1: Geological time scale highlighting the Precambrian
Al-generated/placeholder. Prompt: “Generate a geological time scale diagram highlighting
the Precambrian.era with clear colour coding.” Suggested OER search string: Precambrian
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Plate 3.1: Distribution of Precambrian basement complex in Nigeria Al-generated
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Suggested OER search string: Nigeria Precambrian basement complex map OER geology.

Plate 3.2: Granite-gneiss outcrops in Nigeria’s Precambrian basement Al-generated
placeholder. Prompt: “Generate a photograph-style image of granite-gneiss outcrops with
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gneiss complex OER geology image.
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Box 3.1: Challenges of Precambrian rock studies Al-generated placeholder. Prompt:
“Generate a table listing fossil absence, reliance on radiometric dating, and complex
metamorphic histories as challenges in studying Precambrian rocks.” Suggested OER
search string: Precambrian rocks study challenges OER geology.

Figure 3.3: Mineral resources of Precambrian provinces in Nigeria Al-generated
placeholder. Prompt: “Generate a diagram showing distribution of gold, tin, columbite, and
iron ore in Nigeria’s Precambrian provinces.” Suggested OER search string: Nigeria
Precambrian provinces mineral resources OER geology diagram.

Plate 3.3: Tin and columbite mining in the Jos Plateau
Al-generated placeholder. Prompt: “Generate a photograph-style image of mining activities
in the Jos Plateau showing tin and columbite extraction.” Suggested OER search string: Jos
Plateau tin columbite mining Nigeria OER image.

Box 3.2: Economic contributions of Precambrian provinces in Nigeria

Al-generated placeholder. Prompt:-“Generate a table listing mining, foreign exchange
earnings, employment, and infrastructure development as contributions of Precambrian
provinces.”

Suggested OER search string: Nigeria-Precambrian provinces economic contributions OER
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Figure 3.4: Comparison of Precambrian belts and younger formations in Nigeria
Al-generated placeholder: Prompt: “Generate a comparative diagram showing differences
in age, rock type, fossil content, and economic resources between Precambrian and
younger formations.”
Suggested OER search string: Nigeria Precambrian vs younger formations comparison OER
geology diagram.

Plate 3.4: Field identification of Precambrian rocks in Nigeria Al-generated placeholder.
Prompt:-“Generate aphotograph-style image of geologists examining Precambrian rock
outcrops with visible crystalline textures.” Suggested OER search string: Nigeria
Precambrian rock fieldwork OER geology image.

Box 3.3: Applications of Precambrian field studies Al-generated placeholder. Prompt:
“Generate a table listing mineral exploration, resource mapping, and geological education
as applications of Precambrian field studies in Nigeria.” Suggested OER search string:
Nigeria Precambrian field studies applications OER geology.
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Nigerian Geological Survey Agency (NGSA) open educational resources.
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4.4 Environmental and Socio-Economic Considerations
4.4.1 Environmental impacts of mining and quarrying
4.4.2 Socio-economic benefits and challenges

4.4.3 Sustainable practices and future outlook

Introduction

Mineralized zones, mines, and quarries form the practical side of Nigeria’s geology, where
ancient rock formations and geological processes translate into tangible resources. These
areas are where minerals are concentrated, extracted, and utilized, making them central to
both scientific study and national development. By examining them, learners can connect
geological theory with real-world applications in mining, industry, and environmental
management.

The aim of this Series is to introduce you to the distribution and characteristics of
mineralized zones in Nigeria, highlight the significance of major mines and quarries, and
evaluate their economic, environmental, and socio-economic impacts.

We shall commence this Series by defining mineralized zones and explaining their
geological significance, both globally and ‘within Nigeria. Next, we will explore Nigeria’s
major mines, tracing their historical development and economic contributions. Following
that, we will examine quarries and industrialminerals, focusing on their distribution and role
in construction and industry. Finally, we will. conclude with environmental and socio-
economic considerations, discussing impacts, benefits, and sustainable practices for the
future.

Series Learning Outcomes [Series 4]

Upon completing this Series, you should be able to:
SLO 4.1 defineimineralized zones and explain their geological significance in Nigeria,

SLO 4.2 describe/the historical development and current status of major mines in
Nigeria,

SLO 4.3 analyze the distribution and industrial importance of quarry sites and materials,
SLO 4.4 evaluate the environmental impacts of mining and quarrying activities, and

SLO 4.5 assess the socio-economic contributions and challenges associated with
Nigeria’s mines and quarries.
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4.1 Introduction to mineralized Zones

4.1.1 Definition and geological significance of mineralization

Mineralization refers to the natural process by which minerals are concentrated in specific
zones within the Earth’s crust. These zones often occur due to tectonic activity,
hydrothermal processes, or magmatic intrusions. In Nigeria, mineralized zones are
particularly important because they host valuable resources such as gold, tin, limestone,
and coal.

The geological significance of mineralization lies in its ability to reveal past geological
processes and provide resources essential for industrial and economic development.
Studying mineralized zones helps geologists identify areas of potential mining interest and
understand the broader tectonic history of the region.

Fillin the blank: Mineralization is the natural process by which are concentrated in
specific zones within the Earth’s crust.

Weatred
altered rocks

racture
Network

Ore Minerals (e.p),
(Quartz, Gold, Sulfides)
Seduenattiry Rock
[ Ignelous Intrusion

Heat Source

Magma

chamber / Addition of Heat & foin Fluids X
«— 4+ — — —— Deposition [ Metanopotic Rock

Hydrothiremal Mineralisation

Figure 4.1: Processes leading to mineralization in the Earth’s crust

4.1.2 Types of mineralized zones in Nigeria

Nigeria contains diverse mineralized zones, each associated with different geological
settings. The schist belts are known for gold deposits, while the granite-gneiss complexes
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host tin and columbite. Sedimentary basins such as the Niger Delta contain hydrocarbons,
while limestone and marble are found in quarry zones across the country.

These varied zones illustrate the richness of Nigeria’s geology and highlight the importance
of linking mineralization to specific rock types and tectonic environments.

Fillin the blank: Gold deposits in Nigeria are commonly associated with the belts.

‘ Geological Map of Nigeria: Mineralized Zones

B 4 {/ Granite-Gnejss
Schist Belt (e.g. Gold, Tin, Tantalum)

Tin), Tantalum)

Legend
[ Sedimentariy Complexes

=71 (e.g. Uraniun, Feldspar,
[ Mica
0 10 200 Atlantic Ocean [ (0il & Gas, Coal, Iron Ore)
Plate 4.1: Distribution of mineralized zones in Nigeria

4.1.3 Global context and Nigerian relevance

Globally, mineralized zones are the backbone of mining industries, providing resources
such as copper in Chile, gold in South Africa, and iron ore in Australia. Nigeria’s mineralised
zones, though less developed, hold similar potential. They are crucial for diversifying the
economy beyond oil and gas, offering opportunities in solid minerals and industrial raw
materials.

For Nigeria, the relevance of mineralized zones lies not only in their economic potential but
also in their role in regional development. Mining and quarrying activities create jobs,
support infrastructure, and contribute to industrial growth, making them central to national
development strategies.

Fillin the blank: Nigeria’s mineralized zones are crucial for diversifying the economy beyond
and gas.
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Country Primary Mineral Resources

Chile Copper

South Africa |Gold, Platinum, Chrome, Manganese

Australia Iron Ore, Gold, Bauxite, Lithium
Nigeria Tin, Gold, Limestone, Coal, Bitumen
Box 4.1: Selected global mineralised zones and their resources

Pilot questions 4.1
What is mineralization and why is it significant?
Name two types of mineralized zones in Nigeria and their associated minerals.
Which Nigerian geological setting is associated with gold deposits?
Give one exampleof a global mineralized zone and its resource.

Why are mineralized zones important for Nigeria’s economic diversification?

4.2 Major Mines in Nigeria
4.2.1 Historical development of mining in Nigeria

Mining in Nigeria dates back centuries, with early communities extracting gold and iron for
local'use. During the colonial period, mining became more organized, particularly with the
exploitation of tin and columbite in the Jos Plateau. These activities contributed significantly
to Nigeria’s economy in the early 20th century, making mining one of the country’s first
modern industries.

Although mining declined after the discovery of oil, the sector remains important for
diversification. Today, renewed interest in solid minerals is driving exploration and
investment in Nigeria’s mineral-rich regions.
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Fill in the blank: Mining in Nigeria became more organized during the period,
especially with tin and columbite exploitation.
NIGERIA MINING HISTORY
TRADITIONAL COLONIAL MINING POST-INDEPENDENCE MODERN
MINING (TIN & COLUMBITE) DECLINE REVIVAL
(Pre-1900s) (1900s-1960) (1960s-Early 2000s) Early 2000s-Present)
K® Government initiatives,
British control. Negelct, mansaagement, diverrization.
Iron ore, salt, tin, gold. Focus of tin reduced investment. Investment in solid minerals
Small-scale, artiensal tinand ¢ i i (gold, lead, zinc, otc).
methods. Jos Platau, Oil boom shavchows Licenses and regulation.
Large-scale explotation. mining
GEOLOGY
Figure 4.2: Historical development of mining in Nigeria

4.2.2 Case studies of major mines

Nigeria hosts several notable mines that illustrate the importance of mineralized zones. The
Jos Plateau is famous for tin and columbite mining, which supported Nigeria’s economy for
decades: The llesha schist belt is known for gold mining, with deposits that continue to
attract artisanal and small-scale miners. Other regions, such as Kogi State, are rich in iron
ore, supporting steel production.

These case studies highlight how different geological settings influence the types of
minerals extracted and their economic significance.

Filtin'the blank: The llesha schist belt is particularly known for mining.

-
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Plate 4.2: Gold mining activities. in the llesha  schist  belt

4.2.3 Economic contributions of mining

Mining has historically contributed to Nigeria’s foreign exchange earnings, employment, and
industrial development. Tin and columbite exports from the Jos Plateau were once a major
source of revenue. Gold‘mining continues to support local economies, while iron ore
deposits provide raw materials for steel industries.

Despite challenges such as illegal mining and environmental impacts, the mining sector
remains a key driver for economic diversification. Revitalizing mines and encouraging
sustainable practices can help Nigeria reduce its dependence on oil and gas.

Fillin the blank: Tin and'columbite exports from the Plateau were once a major source
of Nigeria’s revenue.

. Major . . .
Location . ) Economic Contributions
Minerals
Tin, Historical export revenue; foundation of the early mining|

Jos Plateau Columbite industry.
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Major
Location .ajo Economic Contributions
Minerals
Illesha (Osun Gold Artisanal and small-scale mining; supports® local
State) economies; attracts some formal investment.
. Supply to Ajaokuta Steel Mill otential); supports
Kogi State Iron Ore PPY . ) . (P ) PP
construction and manufacturing sectors.
Box 4.2: Economic contributions of major mines in Nigeria

Pilot questions 4.2
When did mining in Nigeria become more organized?
Which minerals were historically mined in the Jos Plateau?
What mineral is associated with the Ilesha schist belt?
Name one economic contribution of mining to Nigeria.

Why is revitalizing the mining sector important for Nigeria’s economy?

4.3 Quarries and Industrial Minerals

4.3.1 Distribution of quarry sites in Nigeria

Quarries are widespread across Nigeria, particularly in regions with abundant limestone,
granite, and marble deposits. Limestone quarries are concentrated in states such as Ogun,
Benue, and Sokoto, while granite quarries are common in the southwest. Marble quarries
are found in areas like Igbeti in Oyo State.

These quarry sites provide essential raw materials for construction, cement production, and
industrial applications. Their distribution reflects Nigeria’s diverse geology and the
importance of industrial minerals in everyday life.

Fillin the blank: Limestone quarries in Nigeria are concentrated in Ogun, Benue, and
states.
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GEOLOGICAL MAP OF NIGERIA:
LIMSTONE, GRANITE & MARBLE QUARRY SITES
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Plate 4.3: Distribution of quarry sites in Nigeria

4.3.2 Commonly quarried materials
The most commonly quarried materials in Nigeria include limestone, granite, and marble.
Limestone is a sedimentary rock used in cement production and as a building material.

Granite is an igneous rock valued for its strength and durability, widely used in
construction.

Marble is a metamorphic rock prized for its aesthetic qualities, used in flooring,
sculpture, and decorative works.

These materials are vital for infrastructure development and industrial growth, making
quarrying a key sector in Nigeria’s economy.

Fill in the blank: is a metamorphic rock prized for its aesthetic qualities and used in
flooring and sculpture.
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MAJOR QUARRIED MATERIALS
& THEIR USES IN NIGERIA

Source: OER Geology Nigeria

LIMESTONE GRANITE MARBLE
(CaCos) (Recrystlized CaCO03)
Primary Use: Primary Use: DECORATIVE &
CEMENT PRODUCTION CONSTRUCTION AGGREATE MONUMENTAL STONE
Other Uses: Others: Dimension Stone, Other ring, Countertops,
Steel Flux, Glass, Stone, Road Base Sculptures,
Agriculture Lime, Landsacing Cladding
Water Treatment Ballast
Figure 4.3: Commonly quarried materials and their applications

4.3.3 Role of quarries in construction and industry

Quarries play a central role in Nigeria’s construction and industrial sectors. Limestone
quarries supply raw materials for cement factories, granite quarries provide aggregates for
road building, and marble quarries contribute to decorative stone industries.

The availability of these materials supports infrastructure projects such as housing, roads,
and bridges, whilealso creating jobs and stimulating local economies. Quarrying thus links
geology directlyto national development.

Fillin'the blank: Limestone quarries supply raw materials for factories in Nigeria.

FW
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Primary Industrial

Material Use

Additional Applications

Flux in steel production, soil conditioning in agriculture,
. Cement . ) . . )
Limestone production of lime (CaO), and as an industrial filler
Manufacture . .
(paints, plastics).

Granite Road & Civil |Aggregates for concrete, building foundations, bridges,

Construction countertops, flooring, and architectural decoration.
) Cement and lime production, sculpture, floor tiles, stair
Decorative Stone . | . . .
Marble . treads, acid neutralization, and specialized industrial
Industries .
fillers.
Box 4.3: Industrial uses of quarried materials in Nigeria

Pilot questions 4.3
Name three states in Nigeriawhere limestone quarries are concentrated.
What are the three most commonly quarried materials in Nigeria?
Which quarried materialis used in cement production?
Why is granite valued in construction?

How do quarries contribute to Nigeria’s industrial and economic development?

4.4 Environmental and Socio-Economic Considerations
4.4.1 Environmental impacts of mining and quarrying

Mining and quarrying activities often leave significant environmental footprints. Common
impacts include deforestation, soil erosion, water pollution, and loss of biodiversity. Open-
pit mining and quarrying can alter landscapes permanently, while improper waste disposal
contaminates rivers and groundwater.
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In Nigeria, artisanal mining has been linked to mercury pollution in gold-mining areas, while
quarrying activities contribute to dust pollution affecting nearby communities.
Understanding these impacts is essential for promoting sustainable practices.

Fillin the blank: Artisanal gold mining in Nigeria has been linked to pollution.
ENVIRONMIENTAL IMPACTS OF
MINING & QUARTYING IN NIGERIA
Source: OER Geology Nigeria
DEFORESTATION & WATER POLLUTION &
HABITAT LOSS SEDIENTATION
AIRBORNE DUST BIOVDRISITY LOSS &
& PARTICUATES ECOYSTEM DAMAGE
Figure 4.4. Environmental impacts of mining and quarrying

4.4.2 Socio-economic benefits and challenges

Mining and quarrying provide socio-economic benefits such as employment, infrastructure
development, and contributions to local economies. For example, quarrying supports
construction industries, while mining generates foreign exchange earnings.

However, challenges .include illegal mining, poor regulation, and conflicts between
communities and mining companies. In some cases, benefits are unevenly distributed,
leading to social tensions. Balancing benefits with challenges is key to sustainable resource
management.

Fillin the blank: Quarrying supports Nigeria’s industries by providing raw materials
like limestone and granite.
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Category Factors Description
. Creates diverse job opportunities for skilled and unskilled
Benefits Employment .
labor in rural and urban areas.
Drives the development of access roads, transport
Infrastructure e L .
networks, and local facilities in mining regions.
Foreign Provides essential revenue through the export of minerals
Exchange and industrial raw materials.
Challenges |lllegal Mining Unregulated operations lead to revenue loss, safety

hazards;and environmental exploitation.

Poor Weak policy enforcement and inadequate institutional
Regulation oversight hinder sustainable industry growth.
. Often causes tension over land use, environmental
Social . . .
. damage, and unequal distribution of benefits with host
Conflicts

communities.

Box 4.4: Socio-economic benefits and challenges of mining and quarrying in Nigeria

4.4.3 Sustainable practices and future outlook

Sustainable, mining and quarrying involve reducing environmental damage, improving
regulation, and ensuring fair distribution of benefits. Practices such as land reclamation,
proper waste management, and community engagement are essential.

Nigeria’s future outlook depends on adopting modern technologies, strengthening policies,
and encouraging investmentin environmentally responsible mining. By doing so, the country
can harness its mineral wealth while protecting ecosystems and supporting communities.
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Fill in the blank: Sustainable mining practices include land reclamation, waste
management, and engagement.

Plate 4.4: Example of land reclamation after quarrying

Pilot questions 4.4
List two environmental impacts of mining and quarrying.
What type of pollution is linked to artisanal gold mining in Nigeria?
Name one socio-economic benefit of quarrying.
Mention one challenge associated with mining in Nigeria.

What are two sustainable practices that can improve mining and quarrying activities?

Series Summary

In this Series, we explored Nigeria’s mineralized zones, mines, and quarries, connecting
geological theory with practical applications in mining and industry.

We began with an introduction to mineralized zones, defining mineralization as the natural
concentration of minerals in specific geological settings. We examined the types of
mineralized zones in Nigeria, such as schist belts (gold), granite-gneiss complexes (tin and
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columbite), and sedimentary basins (hydrocarbons), while also situating Nigeria’s
resources within a global context.

Next, we studied major mines in Nigeria, tracing their historical development from
traditional mining through colonial exploitation to modern revival. Case studies of theJos
Plateau (tin and columbite), Ilesha schist belt (gold), and Kogi State (iron ore) illustrated how
geology shapes economic activity.

We then turned to quarries and industrial minerals, highlighting the distribution of quarry
sites across Nigeria and the importance of limestone, granite, and marble. These materials
were shown to be vital for cement production, construction, and decorative industries,
linking geology directly to infrastructure development.

Finally, we examined environmental and socio-economic considerations, discussing the
impacts of mining and quarrying (deforestation, pollution, biodiversity loss), alongside their
benefits (employment, infrastructure, foreign exchange). We concluded with sustainable
practices such as land reclamation, waste management, and community engagement,
emphasizing the need for responsible resource management.

By completing this Series, you should now be able to define:mineralized zones and their
significance (SLO 4.1), describe Nigeria’s major mines and their contributions (SLO 4.2),
analyze quarry distribution and industrial importance (SLO 4.3), evaluate environmental
impacts (SLO 4.4), and assess socio-economic benefits and challenges (SLO 4.5).

Glossary of Terms

Artisanal mining: Small-scale, often informal mining carried out by individuals or
communities using basic'tools and techniques.

Columbite: A mineral commonly found with tin in Nigeria’s granite-gneiss complexes,
historicallymined in the Jos Plateau.

Granite: /A coarse-grained igneous rock quarried in Nigeria for use in construction,
especiallyas aggregates for road building.

Industrial minerals: Non-metallic minerals such as limestone, granite, and marble,
quarried for use in construction and industry.

Jos Plateau: A region in central Nigeria historically famous for tin and columbite mining.

Limestone: A sedimentary rock quarried extensively in Nigeria, used as the primary raw
material for cement production.

Marble: A metamorphic rock formed from limestone, valued for its decorative qualities
and quarried in places like Igbeti, Oyo State.

mineralization: The natural process by which minerals are concentrated in specific
zones within the Earth’s crust.
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Quarrying: The process of extracting industrial minerals such as limestone, granite, and
marble from open pits or excavation sites.

Schist belt: A geological zone in Nigeria’s Precambrian basement complex, associated
with gold deposits, especially in Ilesha.

Sustainability in mining: Practices aimed at reducing environmental damage and
ensuring fair socio-economic benefits, such as land reclamation and community
engagement.

Tin: A metallic mineral historically mined in Nigeria, especially in the Jos Plateau, often
found with columbite.

Concept Check Questions

Objective questions

Mineralization is the natural process by which are.concentrated in specific zones
within the Earth’s crust. (Linked to SLO 4.1)

Tin and columbite were historically mined in the Plateau. (Linked to SLO 4.2)

The three most commonly quarried materials in Nigeria are limestone, granite, and
. (Linked to SLO 4.3)

Artisanal gold mining in Nigeria'has been linkedto__ pollution. (Linked to SLO 4.4)
Short-answer questions
Define mineralisation and explainits geological significance. (Linked to SLO 4.1)
Name two majormines in'Nigeria and the minerals they produce. (Linked to SLO 4.2)
What are the industrial uses of limestone quarried in Nigeria? (Linked to SLO 4.3)
List two socio-economic benefits of mining and quarrying in Nigeria. (Linked to SLO 4.5)
Long-answer questions

Analyse the historical development of mining in Nigeria, highlighting key phases and their
economic contributions. (Linked to SLO 4.2)

Evaluate the environmental impacts of mining and quarrying in Nigeria, and propose
sustainable practices to mitigate these impacts. (Linked to SLO 4.4 & 4.5)

Answers to Concept Check Questions [Series 4]

Objective questions

Minerals.
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Jos Plateau.

Marble.

Mercury.
Short-answer questions

Mineralization is the process by which minerals are naturally concentrated in specific zones
of the Earth’s crust. It is significant because it reveals past geological processes and
provides resources essential for industry and economic development.

Jos Plateau (tin and columbite) and Ilesha schist belt (gold).

Limestone is used in cement production, building materials, and as a raw material in
industrial processes.

Employment opportunities and contributions to infrastructure development.
Long-answer questions

Basic response: Mining in Nigeria began with traditional extraction, became organized
during the colonial period with tin and columbite exploitation in the Jos Plateau, declined
after oil discovery, and is now experiencing revival.
Value-added response: Each phase reflects Nigeria’s economic priorities. Colonial mining
provided foreign exchange and infrastructure, while modern revival aims to diversify the
economy beyond oil. The sector’s history shows both potential and challenges in resource
management.

Basic response: Mining and quarrying cause deforestation, water pollution, dust, and
biodiversity loss.
Value-added response: Sustainable practices such as land reclamation, proper waste
management, and community engagement can mitigate these impacts. Strengthening
regulation and adopting modern technologies will ensure Nigeria harnesses its mineral
wealth responsibly while protecting ecosystems and supporting communities.

Concept Check Questions [Series 4]

Objective questions

Mineralization is the natural process by which are concentrated in specific zones
within the Earth’s crust. (Linked to SLO 4.1)

Tin and columbite were historically mined in the Plateau. (Linked to SLO 4.2)

The three most commonly quarried materials in Nigeria are limestone, granite, and
. (Linked to SLO 4.3)

Artisanal gold mining in Nigeria has been linked to

pollution. (Linked to SLO 4.4)

R
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Short-answer questions

Define mineralization and explain its geological significance. (Linked to SLO 4.1)

Name two major mines in Nigeria and the minerals they produce. (Linked to SLO 4.2)
What are the industrial uses of limestone quarried in Nigeria? (Linked to SLO 4.3)

List two socio-economic benefits of mining and quarrying in Nigeria. (Linked to SLO 4.5)
Long-answer questions

Analyse the historical development of mining in Nigeria, highlighting key phases and their
economic contributions. (Linked to SLO 4.2)

Evaluate the environmental impacts of mining and quarrying in Nigeria,.and propose
sustainable practices to mitigate these impacts. (Linked to SLO 4.4 & 4.5)

Answers to Concept Check Questions [Series 4]

Objective questions
Minerals.
Jos Plateau.
Marble.
Mercury.
Short-answer questions

Mineralization is the process by which minerals are naturally concentrated in specific zones
of the Earth’s crust..It is significant because it reveals past geological processes and
provides resources essential for industry and economic development.

Jos Plateau (tin'and columbite) and Ilesha schist belt (gold).

Limestone is used in cement production, building materials, and as a raw material in
industrial. processes.

Employment opportunities and contributions to infrastructure development.
Long-answer questions

Basic response: Mining in Nigeria began with traditional extraction, became organized
during the colonial period with tin and columbite exploitation in the Jos Plateau, declined
after oil discovery, and is now experiencing revival.
Value-added response: Each phase reflects Nigeria’s economic priorities. Colonial mining
provided foreign exchange and infrastructure, while modern revival aims to diversify the
economy beyond oil. The sector’s history shows both potential and challenges in resource
management.
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Basic response: Mining and quarrying cause deforestation, water pollution, dust, and
biodiversity loss.
Value-added response: Sustainable practices such as land reclamation, proper waste
management, and community engagement can mitigate these impacts. Strengthening
regulation and adopting modern technologies will ensure Nigeria harnesses its mineral
wealth responsibly while protecting ecosystems and supporting communities.

Answers to Pilot Questions

Answers to Pilot Questions 4.1

Mineralization is the natural process by which minerals are concentrated in specific
zones of the Earth’s crust.

Schist belts (gold) and granite-gneiss complexes (tin and columbite).

Gold deposits are commonly associated with the schist belts.

South Africa (gold) or Chile (copper).

They are important for diversifying Nigeria’s economy beyond oil and gas.
Answers to Pilot Questions 4.2

During the colonial period.

Tin and columbite.

Gold.

Employment and foreign exchange earnings.

To diversify the economy and reduce dependence on oil.
Answers to Pilot Questions 4.3

Ogun, Benue,and Sokoto.

Limestone, granite, and marble.

Limestone.

Granite.is valued for its strength and durability in construction.

By supplying raw materials for cement, construction, and decorative industries,
supporting infrastructure and local economies.

Answers to Pilot Questions 4.4
Deforestation and water pollution (also dust and biodiversity loss).

Mercury pollution.
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Employment opportunities.
Illegal mining or poor regulation.

Land reclamation and community engagement (also proper waste management).

References and Attributions

Figure 4.1: Processes leading to mineralisation in the Earth’s crust
Al-generated placeholder. Prompt: “Generate a diagram showing hydrothermal fluids
depositing minerals in fractures and faults within rocks.”
Suggested OER search string: hydrothermal mineralisation process OER geology diagram.

Plate 4.1: Distribution of mineralised zones in Nigeria
Al-generated placeholder. Prompt: “Generate a map of Nigeria highlighting schist belts,
granite-gneiss complexes, and sedimentary basins with their associated minerals.”
Suggested OER search string: Nigeria mineralised zones map OER geology.

Figure 4.2: Historical development of mining in Nigeria
Al-generated placeholder. Prompt: “Generate a timeline diagram showing traditional
mining, colonial mining (tin and columbite), post-independence decline, and modern
revival.”

Suggested OER search string: Nigeria mining history timeline OER geology.

Plate 4.2: Gold mining activities in the Ilesha schist belt
Al-generated placeholder. Prompt: “Generate a photograph-style image of artisanal gold
mining activities in Nigeria’s Ilesha schist belt.”
Suggested OER search string: llesha schist belt gold mining Nigeria OER image.

Box 4.2: Economic contributions of major mines in Nigeria
Al-generated placeholder. Prompt: “Generate a table listing Jos Plateau (tin and columbite),
Illesha (gold), Kogi (iron ore), and their economic contributions.”

Suggested OER search string: Nigeria major mines economic contributions OER geology.

Plate 4.3: Distribution of quarry sites in Nigeria
Al-generated placeholder. Prompt: “Generate a map of Nigeria highlighting limestone,
granite, and marble quarry locations.”

Suggested OER search string: Nigeria quarry sites distribution OER geology map.

Figure 4.3: Commonly quarried materials and their applications
Al-generated placeholder. Prompt: “Generate a diagram showing limestone (cement),
granite (construction), marble (decorative uses).”

Suggested OER search string: Nigeria quarried materials uses OER geology diagram.

Box 4.3: Industrial uses of quarried materials in Nigeria
Al-generated placeholder. Prompt: “Generate a table listing limestone (cement), granite
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(road building), marble (decorative stone industries).”
Suggested OER search string: Nigeria industrial uses of quarried materials OER geology.

Figure 4.4: Environmental impacts of mining and quarrying
Al-generated placeholder. Prompt: “Generate a diagram showing deforestation, water
pollution, dust, and biodiversity loss as impacts of mining and quarrying.”
Suggested OER search string: Nigeria mining quarrying environmental impacts OER
diagram.

Box 4.4: Socio-economic benefits and challenges of mining and quarrying in Nigeria
Al-generated placeholder. Prompt: “Generate a table listing employment, infrastructure,
and foreign exchange as benefits, and illegal mining, poor regulation, and social conflicts as
challenges.”
Suggested OER search string: Nigeria mining quarrying socio-economic benefits challenges
OER geology.

Plate 4.4: Example of land reclamation after quarrying
Al-generated placeholder. Prompt: “Generate a photograph-style image of reclaimed quarry
land converted into agricultural use.”

Suggested OER search string: Nigeria quarry land reclamation OER geology image.

General references consulted for Series 4 content:

Nigerian Geological Survey Agency (NGSA) open educational resources.

Mining and quarrying case studies from Nigerian geology texts and OER repositories.
Global mineralisation and mining examples from educational and research sources.

All Al-generated placeholders are based on prompts designed for educational illustration.
Suggested search strings are provided to locate open educational resource (OER) versions
suitable for teaching and learning.

COURSE CODE: GEY 415
COURSE TITLE: GEOLOGY OF NIGERIA
UNIT: 2 UNITS

List of Series
Strategic Geologic Sequences of Nigeria

Cretaceous and Tertiary Formations
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Precambrian Rock Belts and Provinces
Mineralized Zones, Mines, and Quarries

Field Characteristics of Geological Exposures

5.1 Introduction to Geological Exposures
5.1.1 Definition of geological exposures
5.1.2 Importance of studying exposures in the field
5.1.3 Types of exposures (natural vs. artificial)
5.2 Field Characteristics of Rock Types
5.2.1 Igneous exposures (textures, structures, mineral composition)
5.2.2 Sedimentary exposures (stratification, fossils, bedding planes)
5.2.3 Metamorphic exposures (foliation, banding, mineral assemblages)
5.3 Tools and Techniques for Field Identification
5.3.1 Basic field tools (hammer, compass, hand lens, GPS)
5.3.2 Methods of recording observations (field notes, sketches, photographs)
5.3.3 Safety considerations in fieldwork
5.4 Applications of Field Studies
5.4.1 Resource exploration (minerals; groundwater, hydrocarbons)
5.4.2 Engineering geology and construction projects

5.4.3 Educational and research significance

Introduction

Geological exposures are the visible portions of rocks that appear at the Earth’s surface,
either naturally or through human activity. They provide direct evidence of the structure,
composition, and history of the Earth’s crust. Studying these exposures in the field is one
of the mostfundamental practices in geology, as it allows geologists to observe rocks in
their natural setting, record their characteristics, and interpret the processes that formed
them.

This Series focuses on the field characteristics of rock exposures, guiding learners
through the identification of igheous, sedimentary, and metamorphic rocks in the field. It
also introduces the tools and techniques used in geological fieldwork and highlights the
applications of these studies in resource exploration, engineering, and education.
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We begin by defining geological exposures and explaining their importance, distinguishing
between natural exposures (such as cliffs, outcrops, and riverbanks) and artificial
exposures (such as road cuts and quarries). Next, we examine the field characteristics of
different rock types, including textures, structures, and mineral assemblages. We then
explore the tools and techniques used for field identification, such as geological hammers,
compasses, and field notebooks, along with safety considerations. Finally, we conclude
with the applications of field studies, showing how they support mineral exploration,
construction projects, and geological education.

By the end of this Series, learners will be able to confidently recognize and'describe rock
exposures in the field, use basic tools to record observations, and appreciate the practical
importance of geological fieldwork.

Series Learning Outcomes

Upon completing this Series, you should be able to:
SLO 5.1 define geological exposures and explaintheirimportance in field studies.

SLO 5.2 distinguish between naturaland artificial exposures, giving examples from
Nigeria.

SLO 5.3 identify and describe field characteristics of igneous, sedimentary, and
metamorphic rocks.

SLO 5.4 demonstrate the use of basic field tools and techniques for recording
geological observations.

SLO 5.5 evaluate the applications of field studies in resource exploration, engineering
geology, and education.

5.1 Introduction to Geological Exposures

5.1.1 Definition of geological exposures

A geological exposure (or outcrop) is any part of the Earth’s surface where bedrock or
superficial deposits are visible. Exposures may occur naturally, such as cliffs, riverbanks,
and mountain slopes, or artificially, such as road cuts, tunnels, and quarries. They are the
primary sources of direct geological information, allowing geologists to study rocks in situ.

Fill in the blank: A geological exposure is any part of the Earth’s surface where are
visible.
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GEOLOGICAL EXPOSURES: NATURAL & ARTIFICIAL TYPES

NATURAL EXPOSURES
Sedementary Layers Cliff Face

Road Cut

Folded & Faulted Strata

River Highway
ARTIFICIAL EXPOSURES

Riverbank Allovial Doposites Quarry
——

Granite Body .

River Channel Excaation Levels

Figure 5.1: Types of geological exposures

5.1.2 Importance of studying exposures in the field

Studying exposures is fundamental to geology because it provides direct evidence of rock
types, structures, and geological processes: Exposures help geologists:

Identify rock composition and texture.

Observe structural features such as folds, faults, and joints.
Collect samples for. laboratory analysis.

Interpret the geological history of an area.

Fillin the blank:‘Geological exposures provide direct evidence of types, structures,
and processes.

Activity Primary Purpose / Interpretation

Determine rock type (e.g., sandstone, granite), texture, and

Rock Identification . ;
depositional environment.
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Activity Primary Purpose / Interpretation

Structural Analyze geological structures (e.g., folds, faults, bedding
Observation orientation) to reconstruct tectonic/deformation history.

Collect specimens for laboratory analysis, including radiometric

Sampling dating, geochemical analysis, and fossil identification.
Geological Synthesize observations to reconstruct regional geological history
Interpretation and identify natural resources or potential hazards.

Box 5.1: Importance of geological exposures in field studies

5.1.3 Types of exposures (natural vs. artificial)

Natural exposures: Formed by-natural processes such as erosion, weathering, or
tectonic uplift. Examples.include cliffs, riverbanks, and mountain slopes.

Artificial exposures: Created by human activities such as quarrying, road
construction, or tunneling. These exposures often provide fresh surfaces for study.

Both types are valuable, but artificial exposures may reveal deeper layers that are
otherwise hidden.

Fillin the blank: Road cuts.and quarries are examples of exposures.
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Plate 5.1: Artificial geological exposure in a road cut

Pilot questions 5.1
What is a geological exposure?
Give two examples of natural exposures.
Why are geological exposures.iimportant for geologists?
What is the difference between natural and artificial exposures?

Name one advantage of artificial exposures in geological studies.

5.2 Field Characteristics of Rock Types

5.2.1 Igneous exposures

Igneous rocks form from the cooling and solidification of magma or lava. In the field, their
exposures are recognized by:

Textures: coarse-grained (granite), fine-grained (basalt), or glassy (obsidian).
Structures: columnar jointing, vesicles (gas bubbles), or flow banding.

Mineral composition: quartz, feldspar, mica in granites; pyroxene and olivine in
basalts.

Fillin the blank: Granite is a coarse-grained igneous rock composed mainly of quartz,
feldspar, and .
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Plate 5.2: Igneous exposure — granite ou.op

5.2.2 Sedimentary exposures

Sedimentary rocks are formed f umulation and lithification of sediments. Their

exposures are characterized by:

Structures: ripple rks, cross-bedding, mud cracks.

Fillin the bl , which are layers formed

during depos

rocks often display visible
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Cross-Bedding

SEDIMENTARY STRUCTURES DIAGRAM - OER GEOLOGY

Figure 5.2: Sedimentary structures in field exposures

5.2.3 Metamorphic exposures

Metamorphic rocks are formed when existing rocks are altered by heat, pressure, or
chemical processes. Their exposures are recognized by:

Foliation: alignment of minerals into parallel layers (e.g., schist).
Banding: alternating light and dark mineral layers (e.g., gneiss).
Mineral assemblages: garnet; mica, and quartzcommonly present.

Fillin the blank: The alignment of minerals into parallel layers in metamorphic rocks is
called
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l 5. etamorphic exposure — gneiss outcrop

Pilot Questions 5.2
What are three field characteristics of igneous rocks?
Which minerals are commonly found in granite?
Name two structures typical of sedimentary exposures.
What is foliation in metamorphic rocks?

Give one example of a metamorphic rock with banding.

5.3 Tools and Techniques for Field Identification

5.3.1 Basic field tools

Geologists rely on simple but essential tools to study exposures in the field:
Geological hammer - for breaking rocks to observe fresh surfaces.
Compass-clinometer — for measuring strike and dip of rock layers.
Hand lens — for magnifying minerals and textures.
GPS device - for recording precise location of exposures.

Field notebook - for systematic recording of observations.
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Fillin the blank: A is used to measure the strike and dip of rock layers in the field.

Hand Lens

Geological Hammer

GPS Device

"4

Compass-Clin-bionter

Field Notebook / et Notebaok

GEOLOGICAL FILD TOOLS DIAGRAM - OER GEOLOGY

Figure 5.3: Essential tools for geological fieldwork

5.3.2 Methods of recording observations

Accurate recording is vitalin field geology. Common methods include:
Field notes — written descriptions of rock type, texture, and structures.
Sketches - drawings of outcrops, structures, or stratigraphic sequences.
Photographs —visual documentation of exposures and features.
Sample collection - carefully labelled specimens for laboratory analysis.

Fillin the blank:Field sketches are useful for recording features that may not be
capturedin photographs.
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Plate 5.4: Recording geological observations through sketches

5.3.3 Safety considerations in fieldwork
Safety is a critical aspect of geological field studies. Key considerations include:
Wearing protective gear (helmets, boots, gloves).
Avoiding unstable slopes and loose rock surfaces.
Working in teams for support and communication.
Carrying first aid kits and emergency supplies.
Being aware of environmental hazards (wildlife, weather, flooding).

Fillin the blank: Geologists should always carry a kit during fieldwork for
emergencies.
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GEOLOGICAL FIELDWORK
SAFETY CHECKLIST

CATEGORY SAFETY MEASURES

¢ High-Visability Vest

¢ Sturdy Footwear ¢ Emergency
Gloves e Plan

¢ TEAM WORK . Work iq Pairs / Grqup -
; ¢ Maintain Communication

"2 FIRST AID KIT * Fully Stocked Location
 Basic First Aid Knowledge

: ¢ HAZARD AWARENESS | ° Identify Rockfall Zones
¢ Weather Monitoring

« Wildlife Precautions
Route Planning

GEOLOGICAL FIELDFWWORK SAFETY - OER GEOLOGY DIAGRAM

Box 5.3: Safety considerations for geologists in the field

Pilot questions 5.3
Name three basictools used in geological fieldwork.
What instrument is used to measure strike and dip?
Why are sketches importantin recording field observations?
List two safety measures geologists should follow in the field.

Why is teamwork important during geological fieldwork?
Series Summary [Series 5]
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In this Series, we explored the field characteristics of rock exposures, focusing on how
geologists study rocks directly in their natural or artificial settings.

We began with an introduction to geological exposures, defining them as visible portions
of bedrock or deposits at the Earth’s surface. We distinguished between natural exposures
(cliffs, riverbanks, mountain slopes) and artificial exposures (road cuts, quarries), and
emphasized their importance for direct geological observation.

Next, we examined the field characteristics of rock types. Igneous exposures were
identified by textures (coarse, fine, glassy), structures (columnar jointing, vesicles), and
mineral composition. Sedimentary exposures were recognized by stratification, fossils,
and structures such as ripple marks and cross-bedding. Metamorphic exposures were
characterized by foliation, banding, and mineral assemblages like garnet and mica.

We then studied the tools and techniques for field identification, including essential
instruments such as geological hammers, compasses, hand lenses, GPS devices, and
notebooks. Methods of recording observations—notes, sketches, photographs, and
samples—were highlighted, alongside critical safety considerations like protective gear,
teamwork, and hazard awareness.

Finally, we explored the applications of field studies, showing how exposures support
resource exploration (minerals, groundwater; hydrocarbons), engineering geology
(foundations, slope stability, construction materials), and education/research (mapping,
stratigraphy, tectonic studies).

By completing this Series, learners should now be able to define geological exposures
(SLO 5.1), distinguish between natural and artificial exposures (SLO 5.2), identify field
characteristics of igneous, sedimentary, and metamorphic rocks (SLO 5.3), demonstrate
the use of basic field tools and techniques (SLO 5.4), and evaluate the applications of field
studies in geology (SLO 5.5).

Glossaryof Terms[Series 5]

Outcrop (Exposure): A visible portion of bedrock or superficial deposits at the Earth’s
surface, either naturally occurring or artificially created.

Natural exposure: Rock surfaces revealed by natural processes such as erosion,
weathering, or tectonic uplift (e.g., cliffs, riverbanks).

Artificial exposure: Rock surfaces revealed by human activity, such as road cuts,
quarries, or tunnels.

Texture: The size, shape, and arrangement of minerals within a rock, used to identify
igneous rocks in the field.

Stratification: The layering of sediments in sedimentary rocks, visible as bedding
planes.
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Fossil: Preserved remains or traces of ancient organisms found in sedimentary
exposures.

Foliation: The alignment of minerals into parallel layers in metamorphic rocks due to
pressure.

Banding: Alternating light and dark mineral layers in metamorphic rocks, typicalof
gneiss.

Strike and dip: Measurements of the orientation of rock layers; strike is the.ccompass
direction of a bedding plane, dip is the angle of inclination.

Compass-clinometer: A field instrument used to measure strike-and dip of rock layers.

Field notebook: A geologist’s primary tool for recording observations, sketches, and
sample details during fieldwork.

Safety gear: Protective equipment such as helmets, boots; and gloves used to ensure
safety during geological fieldwork.

Resource exploration: The study of exposuresto locate minerals, groundwater, or
hydrocarbons.

Engineering geology: The application of geological knowledge to construction and
infrastructure projects, often based on field exposure studies.

Concept Check Questions [Series 5]

Objective questions

A geological exposure is any part of the Earth’s surface where are visible. (Linked
to SLO 5.1)
Road cuts and quarries are examples of exposures. (Linked to SLO 5.2)

Granite is a coarse-grained igneous rock composed mainly of quartz, feldspar, and
. (Linked to SLO 5.3)

The alignment of minerals into parallel layers in metamorphic rocks is called
(Linkedto SLO 5.3)

A is used to measure the strike and dip of rock layers. (Linked to SLO 5.4)

Short-answer questions
Define a geological exposure and give one example. (Linked to SLO 5.1)
Distinguish between natural and artificial exposures with examples. (Linked to SLO 5.2)

List two field characteristics of sedimentary rocks. (Linked to SLO 5.3)
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Why are sketches important in recording geological observations? (Linked to SLO 5.4)

Mention two safety measures geologists should follow during fieldwork. (Linked to SLO 5.4)

Long-answer questions

Describe the field characteristics of igneous, sedimentary, and metamorphic rocks, giving
examples of each. (Linked to SLO 5.3)

Evaluate the applications of geological field studies in resource exploration, engineering
geology, and education. (Linked to SLO 5.5)

Answers to Concept Check Questions [Series 5]

Objective questions
Rocks (or bedrock/superficial deposits).
Artificial.
Mica.
Foliation.

Compass-clinometer.

Short-answer questions

A geological exposure is avisible portion of bedrock or deposits at the Earth’s surface.
Example: a cliff face.

Natural exposures occur througherosion or uplift (e.g., riverbank), while artificial
exposures are created by human activity (e.g., quarry).

Stratification (layering) and fossils.

Sketches capture structural and spatial features that may not be clear in photographs,
providing detailed visual records.

Wearing protective gear and carrying a first aid kit.

Long-answer questions

Igneous rocks: Identified by textures (coarse-grained granite, fine-grained basalt),
structures (columnar jointing, vesicles), and minerals (quartz, feldspar, mica).
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Sedimentary rocks: Recognised by stratification, fossils, and structures like ripple
marks or cross-bedding.

Metamorphic rocks: Distinguished by foliation (schist), banding (gneiss), and mineral
assemblages (garnet, mica).

Resource exploration: Exposures reveal ore-bearing rocks, aquifers, and petroleum
basins.

Engineering geology: Used to assess rock strength, slope stability;and construction
materials.

Education and research: Provide practical training for students, data formapping,
stratigraphy, and tectonic studies.
Together, these applications show how field studies bridge theory with practice and
support both economic and scientific development.

Answers to Pilot Questions [Series 5]

Answers to Pilot Questions 5.1
A geological exposure is a visible portion of bedrock or deposits at the Earth’s surface.
Cliffs and riverbanks.
They provide direct evidence of rock types, structures, and geological processes.

Natural exposures form through erosion/uplift, while artificial exposures are created by
human activity.

Artificial exposures often reveal fresh surfaces and deeper layers.

Answers to Pilot Questions 5.2
Textures, structures, and mineral composition.
Quartz, feldspar, and mica.
Stratification and fossils.
Foliation is the alignment of minerals into parallel layers in metamorphic rocks.

Gneiss, which shows banding.

Answers to Pilot Questions 5.3

Geological hammer, compass-clinometer, hand lens.
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Compass-clinometer.
Sketches capture structural features not always visible in photographs.
Wearing protective gear and avoiding unstable slopes.

Teamwork ensures safety, communication, and supportin the field.

Answers to Pilot Questions 5.4
They reveal ore-bearing rocks and guide exploration.
Because sedimentary exposures provide clues about petroleum-bearing basins.
They help assess rock strength, slope stability, and foundation conditions.
Quarry sites provide aggregates for road construction.

They serve as practical teaching tools and provide data for research.

References and Attributions

Figure 5.1: Types of geological exposures

Al-generated placeholder. Prompt: “Generate a diagram showing natural exposures (cliffs,
riverbanks) and artificial exposures (road cuts, quarries).”

Suggested OER search string: geological exposures types OER geology diagram.

Box 5.1: Importance of geological exposures in field studies

Al-generated placeholder. Prompt: “Generate a table listing rock identification, structural
observation, sampling, and geological interpretation as reasons for studying exposures.”
Suggested OER search string:importance of geological exposures OER geology.

Plate 5.1: Artificial geological exposure in a road cut

Al-generated placeholder. Prompt: “Generate a photograph-style image of a road cut
showing visible rock layers.”

Suggested OER search string: road cut geological exposure OER geology image.

Plate 5.2: Igneous exposure - granite outcrop

Al-generated placeholder. Prompt: “Generate a photograph-style image of a granite
outcrop showing coarse-grained texture.”

Suggested OER search string: granite outcrop Nigeria OER geology image.

Figure 5.2: Sedimentary structures in field exposures

Al-generated placeholder. Prompt: “Generate a diagram showing bedding planes, ripple
marks, and cross-bedding in sedimentary rocks.”

Suggested OER search string: sedimentary structures bedding ripple marks OER geology
diagram.
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Plate 5.3: Metamorphic exposure — gneiss outcrop

Al-generated placeholder. Prompt: “Generate a photograph-style image of a gneiss
outcrop showing banding.”

Suggested OER search string: gneiss outcrop Nigeria OER geology image.

Figure 5.3: Essential tools for geological fieldwork

Al-generated placeholder. Prompt: “Generate a diagram showing a geological hammer,
compass-clinometer, hand lens, GPS, and notebook.”

Suggested OER search string: geological field tools OER geology diagram.

Plate 5.4: Recording geological observations through sketches

Al-generated placeholder. Prompt: “Generate a photograph-style image.of a geologist
sketching an outcrop in a field notebook.”

Suggested OER search string: geologist sketching outcrop fieldwork OER geology image.

Box 5.3: Safety considerations for geologists in the field

Al-generated placeholder. Prompt: “Generate a checklist table of safety measures:
protective gear, teamwork, first aid kit, hazard awareness.”

Suggested OER search string: geological fieldwork-safety checklist OER geology.

Figure 5.4: Geological exposures in resource exploration

Al-generated placeholder. Prompt: “Generate a diagram showing minerals, groundwater,
and hydrocarbons linked to geological exposures.”

Suggested OER search string: geological exposures resource exploration OER geology
diagram.

Plate 5.5: Engineering geology field study

Al-generated placeholder. Prompt: “Generate a photograph-style image of engineers
examining a rock exposure for construction project planning.”

Suggested OER search string: engineering geology rock exposure Nigeria OER image.

Box 5.4: Applications of geological field studies in Nigeria

Al-generated placeholder. Prompt: “Generate a table listing resource exploration,
engineering geology, and education as applications of field studies.”

Suggested OER searchsstring: applications of geological field studies OER geology.

General references

Nigerian Geological Survey Agency (NGSA) open educational resources.
Case studies from Nigerian geology texts and OER repositories.

Global field geology practices and educational resources.

All Al-generated placeholders are based on prompts designed for educational illustration.
Suggested search strings are provided to locate open educational resource (OER) versions
suitable for teaching and learning.
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