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Introduction

Geologists often ask afundamental question: how old are the rocks that make up the Earth’s
crust? The ability to answer this question is central to reconstructing the history. of our
planet. Geochronology provides the framework for measuring geological time and
interpreting the sequence of events that shaped the Earth. This Series introduces you to the
foundations of geochronology, preparing you to appreciate its principles and.applications,
particularly in relation to Precambrian geology in Africa.

The aim of this Series is to familiarise you with the basic concepts and.guiding principles of
geochronology, and to equip you with the knowledge needed to explain how geologists
determine the age of rocks and apply these methods.to geological'studies.

We shall commence this Series by examining the concept and scope of geochronology,
including its definition, importance;and historical development. Next, we will explore the
fundamental principles that underpin geochronological studies, such as superposition and
faunal succession. Following that, we will consider the different methods of age
determination, both relative and absolute, and discuss their strengths and limitations.
Finally, we will wrap up by looking at how geochronology is applied to Precambrian geology,
with emphasis on examples from African shield areas and their tectonic significance.

Series Learning Outcomes

Upon completing this Series, you should be able to:
- SLO 2.1 define the concept of geochronology and explain its scope within Earth sciences,

-SLO 2.2 describe the historical development of geochronology and evaluate its importance
in geological studies,

- SLO 2.3 explain the fundamental principles of geochronology, including superposition,
original horizontality, cross-cutting relationships, and faunal succession,

-/SLO 2.4 distinguish between relative and absolute dating techniques and analyse their
limitations, and

-SLO 2.5 apply geochronological principles to interpret Precambrian geology with reference
to African shield areas and tectonic structures.

rp
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1.1 Concept and Scope of Geochronology

1.1.1 Definition of geochronology

Geochronology is the science of determining the age of rocks, fossils, and sediments. It
provides a chronological framework for Earth’s history, enabling geologists to_place
geological events in sequence and to measure the passage of geological time. By studying
geochronology, we gain insights into how the Earth has evolved over billions of years and
how different rock units relate to one another.

Geochronology is not limited to dating rocks alone, it also helps in reconstructing the timing
of tectonic events, volcanic eruptions, and the formation of mineral.deposits. Without
geochronology, our understanding of Earth’s past would remain fragmented.

Fill in the blank: Geochronology is the science of determining the of rocks, fossils,
and sediments.

Time-ordering of rock layers
S Fossil successsion
Deposition rates

Rates of uplift/subsdience
Mountain building events
Plate motions

PALAEONVIRONMENT
& CLIMATE

Timing of climate shifts
" Evoluttioairy events
Environmental change

OER | GEOSCIENCE LIB
Figure 1.1 Relationship of geochronology to other geological disciplines
1.1.2 Importance of geochronology in Earth sciences

The importance of geochronology lies in its ability to provide absolute and relative ages for
geological materials. This allows geologists to build a timeline of Earth’s history and to
correlate rock units across different regions. For example, dating methods help to establish
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when the Precambrian shields of Africa formed and how they evolved through tectonic
processes.

Geochronology also supports disciplines such as palaeontology, by dating fossils, and
mineral exploration, by identifying the age of ore deposits. In essence, it is a cornerstone of
Earth sciences, linking diverse fields together through the dimension of time.

Fill in the blank: Geochronology provides both and relative ages for geological

. ' e 3 OER | GEOSCENCE LIB_|
materials. Y i i g g 4 o

Plate 1.1 Field application of geochronology

141.3 Historical development of geochronology

Thehistorical development of geochronology began with early observations of rock layering
and fossil succession. The law of superposition, proposed in the seventeenth century, was
one of the first principles used to establish relative ages of rocks. Later, advances in physics
and chemistry led to the discovery of radiometric dating, which allowed geologists to assign
numerical ages to rocks.
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Today, geochronology combines classical stratigraphic principles with modern isotopic
techniques, offering a powerful toolkit for reconstructing Earth’s past. The evolution of
geochronology reflects the broader progress of science, moving from qualitative
observations to precise quantitative measurements.

Fillin the blank: The law of was one of the earliest principles used to establish relative
ages of rocks.

Timeline: Milestones in Geochronology

Year [/ _,. . -
Period Milestone Key Figure Description

Established that in an undisturbed sequence of
1669 Law OfNicolas Steno rocks, the oldest layers are at the bottom and

Superposition the youngest are’ at the top. This formed the
basis forrelative dating.

Principle of Noticed that. rock strata contain fossil
1790s - b - | assemblages that succeed each other in a
Faunal William Smith . . .
1815 . predictable order. This allowed geologists to
Succession . .
correlate layers across different regions.

Discovered that certain elements (like uranium)

1896 Discovery o of i Becquerelnaturally emit radiation. This provided the
Radioactivity N, " ;
clock" needed for absolute dating.
Rutherford suggested that radioactive decay
Ernest
. . could be used to date rocks; Boltwood
1905 -Radiometric Rutherford & . .
. published the first ages of rocks (hundreds of
1907 Dating Bertram L .
millions of years) based on uranium-lead
Boltwood
decay.
Published The Age of the Earth, using
1913 —Refinement OfArthurHolmes radiometric dating to provide the first
1927 . the Time Scale quantitative (absolute) ages for the various

geological periods.

Box 1.1 Milestones in the development of geochronology

Pilot questions 1.1
1. Which term refers to the science of determining the age of rocks and sediments?
2. What is the main importance of geochronology in Earth sciences?

-

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



3. Which principle was first used to establish relative ages of rocks?
4. How does geochronology support palaeontology?

5. What major scientific advance enabled geologists to assign numerical ages to rocks?

1.2 Principles of Geochronology

1.2.1 Law of superposition

The law of superposition states that in any undisturbed sequence of sedimentary rocks, the
oldest layers lie at the bottom and the youngest layers are found at.the top. This principle
provides a relative framework for dating rock strata and is one of the earliest methods used
by geologists to establish chronological order. It is particularly usefulin stratigraphic studies
where radiometric dating may not be possible.

Fill in the blank: According to the law of superposition, the layers are found at the
bottom of a rock sequence.

-
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Figure 1.2 Illustration of the law of'superposition

1.2.2 Principle of original horizontality

The principle of original horizontality states that layers of sediment are originally deposited
horizontally. under the action of gravity. If rock layers are found tilted or folded, it indicates
that they have been disturbed after deposition. This principle helps geologists to interpret
the geological history of an area and to distinguish between primary deposition and later
tectonic events.

Fill.in the blank: The principle of original states that sediments are deposited
horizontally under the action of gravity.

-

et
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Sedementary yers are deposited horizonally.

“ e.i?}i*f,?: ; P R P :
Plate 1.2 Horizontal deposition of sedimentary layers

1.2.3 Principle of cross-cutting relationships

The principle of cross-cutting relationships states that any geological feature that cuts
across anotherisiyounger than the feature it cuts. For example, a fault or igneous intrusion
must be younger than the rocks it displaces or intrudes. This principle is vital in establishing
relative ages'and reconstructing geological events.
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Fill in the blank: A geological feature that cuts across another is always than the
feature it

PRINCIPLE OF CROSS-CUTTING RELATIONSHIPS

The fault is younger than the sedientary rock layers it cuts through.

cuts.
Figure 1.3 Principle of cross-cutting relationships

1.2.4 Principle of faunal succession

The principle of faunal succession states that fossil organisms succeed one another in a
definite and recognisable order. This allows geologists to identify and correlate rock layers
across different regions based on their fossil content. Fossils act as time markers, making
this principle especially important in stratigraphy and palaeontology.

Fill in the blank: Fossil organisms succeed one another in a definite and recognizable

-
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PRINCIPLE OF FAUNAL SUCCESSTION

Fossils appear and disappear in a
definite order through rock layers.

A
% Trilbites

% Ammonites
YOANGER

Different fossil species appear in a predictable order in
sedenentary rocks.

Box 1.2 Examples of fossil succession in geological history

Pilot questions 1.2

1. What does the law of superposition state about the position of oldest and youngest rock
layers?

2. Which principle explains that sediments are deposited horizontally under gravity?

3. Accordingto the principle of cross-cutting relationships, how do we determine the relative
age of a fault?

4. What role do fossils play in the principle of faunal succession?

5. How can faunal succession help in correlating rock layers across different regions?

-
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1.3 Methods of Age Determination (Overview)

1.3.1 Relative dating techniques

Relative dating refers to methods that establish the chronological order of geological events
without assigning specific humerical ages. These techniques rely on principles such as
superposition, cross-cutting relationships, and faunal succession. By applying these rules,
geologists can determine whether one rock layer is older or younger than another.

Relative dating is particularly useful when radiometric methods are not available; or when
fossils provide a clear sequence of biological evolution. For example, the presence of
trilobites in one layer and ammonites in another indicates that the trilobite-bearing layer is
older.

Fill in the blank: Relative dating establishes the order of geological events without
assigning numerical ages.

-
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YONGER

OLDER

RELATIVE DATING & FAUNAL SUCCESSTION:
Fossils in a predicitable order determine
the relative ages of rock layers

Figure 1.4 Illustration of relative dating using fossil succession

1.3.2 Absolute dating techniques

Absolute dating refers to methods that provide numerical ages for rocks and minerals. The
most common approach is radiometric dating, which measures the decay of radioactive
isotopes within minerals. Techniques such as uranium-lead (U/Pb), potassium-argon
(K/Ar), and rubidium-strontium (Rb/Sr) dating are widely used to determine the age of
igneous and metamorphic rocks.

)
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Absolute dating allows geologists to quantify geological time, often in millions or billions of
years. This precision makes it possible to reconstruct the timing of tectonic events, volcanic
eruptions, and the formation of continental shields.

Fill in the blank: Absolute dating provides ages for rocks and minerals, often using
radiometric methods.

RADIOMTERIC DATING:
Measuring isotpes to
determine absolute age

nced mass spectmtory laboratory

Plate 1.3 Laboratory instruments for radiometric age determination

1.3.3 Limitations and challenges in age determination

Although both relative and absolute dating methods are powerful, they are not without
limitations. Relative dating depends on the preservation of stratigraphic sequences, which
may be disrupted by erosion or tectonic activity. Absolute dating requires suitable minerals
that contain radioactive isotopes, and results can be affected by contamination or
metamorphic resetting.
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Geologists must therefore combine multiple methods to achieve reliable age
determinations. For example, relative dating may establish the sequence of events, while
radiometric dating provides numerical ages to anchor the timeline.

Fill in the blank: Absolute dating results can be affected by contamination or
resetting.

Limitation Description & Impact
. Physical and chemical breakdown at the surface can leach away water-
Erosion . . . . . .
Weatherin soluble isotopes (like Potassium or Strontium). This often resultsin a loss
g of parent or daughter atoms, leading to an inaccurate age calculation.
. Significant tectonic events can cause fracturing or hydrothermal activity.
Tectonic

Fluids moving through these fractures canintroduce "foreign" isotopes or

Disturbance . . .
remove existing ones, breaking the closed-system requirement.

The addition of "extra" parent or daughter isotopes from the surrounding
Contamination environment—either during<the rock's history or during laboratory
sampling—can skew the ratio and provide a false age.

High heat and pressure during metamorphism can cause isotopes to
Metamorphic diffuse out of crystals. This "resets" the clock, meaning the date will
Resetting reflect the metamorphic event rather than the original formation of the
rock.

Box 1.3 Common limitations of dating methods

Pilot questions 1.3

1. What is the main difference between relative and absolute dating techniques?
2. Which principle is often used in relative dating to establish chronological order?
3. Name two radiometric methods commonly used in absolute dating.

4. What type of ages does absolute dating provide?

5/Identify one limitation of relative dating and one limitation of absolute dating.

1.4 Application of Geochronology to Precambrian Geology

1.4.1 Role of geochronology in Precambrian studies

-
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The Precambrian refers to the vast span of geological time before the Cambrian period,
covering nearly 90 per cent of Earth’s history. The rocks formed during this time are often
highly deformed and metamorphosed, making them difficult to interpret. Geochronology,
the science of determining the age of rocks, plays a crucial role in deciphering the history of
these ancient terrains. By applying dating techniques, geologists can establish when|the

earliest continental crust formed, when major tectonic events occurred, and how the
African shield areas evolved.

Fillin the blank: The Precambrian covers nearly per cent of Earth’s geological history.

Era Period Epoch
™ = - Today
ioloce 118K
Quaternary oy = - 118 Ka
N Pliocene
Cenozoic | s | Miocene |
| Ofigocene |
Paleogene Eocene

Phanerozoic

~— 252 Ma

ferous ]_;r___ sl
Devonian
Silurian

Ordovician

ambnar

Oider
}
N
o
%

Archean

Hadean

The geologic time scale. Image by
Jonathan R. Hendricks for the
Earth@Home project.

Figure 1.5 Geological time scale with emphasis on the Precambrian

1.4.2 Examples from African shield areas

-

.-
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Shield areas are large regions of exposed Precambrian crystalline rocks that form the stable
cores of continents. In Africa, notable shield areas include the West African Craton, the
Congo Craton, and the East African Shield. Geochronological studies of these regions have
revealed their ages, tectonic histories, and the processes that shaped them. For instance,
uranium-lead dating of zircons has shown that parts of the West African Craton are more
than 2.5 billion years old.

These findings help geologists to reconstruct the evolution of Africa’s continental crust and
to compare it with shield areas in other continents.

Fill in the blank: The West African Craton contains rocks that are more than billion
years old.
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1.4.3 Significance for regional tectonic interpretation

Geochronology provides essential evidence for interpreting tectonic structures, which are
large-scale features formed by movements of the Earth’s crust. In Africa, nappes,
transcurrent faults, and fold belts are common features associated with Precambrian
geology. By dating rocks within these structures, geologists can determine the timing of
tectonic events and understand how the African continent assembled through processes
such as collision, rifting, and crustal growth.

This knowledge is not only important for academic research but also for practical
applications such as mineral exploration, since many ore deposits are linked to
Precambrian tectonic events.

Fill in the blank: Geochronology helps geologists determine the timing of events in
Precambrian Africa.

Structure

Type Description & Characteristics Key African Examples

Ancient, stable crystalline cores of the continent.
These are large areas of exposed Precambrian
igneous and metamorphic rocks that have
remained tectonically-"quiet" for billions of years.

Arabian-Nubian  Shield,
Tuareg Shield, and the
Saharan Metacraton.

Shield Areas

Linear or curvilinear regions where the crust hasThe Mozambique Belt
been compressed and "wrinkled" due to plate (East Africa) and the
collisions. These often wrap around the edges of Mauritanide Belt (West
stable cratons. Africa).

Fold Belts

Also known as: strike-slip faults, these areThe Central African Shear
Transcurrent fractures where blocks of crust slide past eachZone and the shear zones
Faults other horizontally. In Africa, these often movedof the Hoggar region
crustal "terranes" into place. (Algeria).

Large, sheet-like bodies of rock that have been
pushed (thrusted) over other rock masses for
distances of 2 km or more, typically during intense
mountain-building events.

Nappes

Box 1.4 Examples of tectonic structures in Precambrian Africa

Pilot questions 1.4
1. What percentage of Earth’s history does the Precambrian cover?

-
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2. Name two major shield areas in Africa.
3. Which dating method has revealed the age of zircons in the West African Craton?
4. How does geochronology contribute to the interpretation of tectonic structures?

5. Why is geochronology important for mineral exploration in Precambrian terrains?

Series Summary

This Series has introduced you to the foundations of geochronology, highlighting its purpose
in establishing the age of rocks and reconstructing Earth’s history. We began by exploring
the concept and scope of geochronology, emphasizing its definition, importance, and
historical development. Then, we examined the guiding principles such as superposition,
original horizontality, cross-cutting relationships, and faunal succession;which provide a
framework for relative dating. Following that, we considered the methods of age
determination, distinguishing between relative and absolute techniques, while also noting
their limitations. Finally, we applied these ideas to Precambrian geology, focusing on African
shield areas and the significance of geochronology ininterpreting tectonic structures.

By completing this Series, you should now be able to define geochronology and explain its
scope (SLO 2.1), describe its historical development and evaluate its importance (SLO 2.2),
explain the fundamental principles that underpin geochronological studies (SLO 2.3),
distinguish between relative and absolute dating techniques and analyse their limitations
(SLO 2.4), and apply these principles to interpret Precambrian geology in Africa (SLO 2.5).
These outcomes provide you witha strong foundation for the more advanced topics that will
follow in subsequent Series:

Glossary of Terms

- Absolute dating: A method of determining the numerical age of rocks and minerals, often
using radiometric techniques that measure the decay of radioactive isotopes.

- Cross-cutting relationships: A principle stating that any geological feature, such as a fault
or intrusion, that cuts across another is younger than the feature it disrupts.

- Faunal succession: A principle that fossil organisms appear in a definite and recognisable
order, allowing geologists to identify and correlate rock layers based on their fossil content.

- Geochronology: The science of determining the age of rocks, fossils, and sediments,
providing a chronological framework for Earth’s history.

-
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- Original horizontality: A principle stating that sediments are originally deposited in
horizontal layers under the influence of gravity.

- Precambrian: The earliest and longest span of geological time, covering nearly 90 per cent
of Earth’s history, before the Cambrian period.

- Relative dating: A method of determining the chronological order of geological events
without assigning specific numerical ages, often using stratigraphic principles.

- Shield areas: Large regions of exposed Precambrian crystalline rocks that form the stable
cores of continents, such as the West African Craton.

- Superposition: A principle stating that in an undisturbed-sequence of sedimentary rocks,
the oldest layers lie at the bottom and the youngest are at the top.

- Tectonic structures: Large-scale features of the Earth’s crust, such as nappes, faults, and
fold belts, formed by movements and deformation of rocks.

Concept Check Questions [Series 1]

Objective questions

1. Which principle states that the oldest sedimentary layers lie at the bottom of a sequence?
(Linked to SLO 2.3)

2. Geochronology provides both-and relative ages for geological materials. (Linked to SLO
2.1)

3. Which dating method measures the decay of radioactive isotopes to determine numerical
ages? (Linked to SLO 2:4)

4.The Precambrian covers nearly per cent of Earth’s geological history. (Linked to SLO 2.5)

5. Shield areas such as the West African Craton are composed mainly of rocks. (Linked to
SLO 2.5)

Short-answer questions
6. Define geochronology and explain its scope within Earth sciences. (Linked to SLO 2.1)

7. Describe one limitation of relative dating and one limitation of absolute dating. (Linked to
SLO 2.4)

-
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8. Explain the principle of faunal succession and its importance in stratigraphy. (Linked to
SLO 2.3)

9. Identify two major shield areas in Africa and state their significance. (Linked to SLO 2.5)

10. Briefly describe how geochronology supports palaeontology. (Linked to SLO 2.2)

Long-answer questions

11. Analyse the historical development of geochronology, highlighting key ' milestones and
theirimpact on geological studies. (Linked to SLO 2.2)

12. Evaluate the role of geochronology in interpreting Precambrian ' geology of Africa, with
reference to tectonic structures and shield areas. (Linked to SLO 2.5)

Answers to Concept Check Questions [Series 1]
Objective questions

1. Law of superposition.

2. Absolute.

3. Radiometric dating.

4. 90 per cent.

5. Precambrian crystalline rocks.

Short-answer questions

6. Geochronologyisthe science of determining the age of rocks, fossils, and sediments. Its
scope includes establishing chronological frameworks for Earth’s history and supporting
disciplines such as stratigraphy, tectonics, and palaeontology.

7. Relative dating can be limited by erosion or tectonic disturbance, while absolute dating
may be affected by contamination or metamorphic resetting.

8. The principle of faunal succession states that fossil organisms succeed one another in a
definite and recognisable order. Itis important because it allows geologists to correlate rock
layers across regions.

9. The West African Craton and the Congo Craton are major shield areas. They are significant
because they preserve ancient Precambrian rocks that reveal the evolution of Africa’s
continental crust.

10. Geochronology supports palaeontology by dating fossils and placing them within a
chronological framework, helping to reconstruct biological evolution.

-
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Long-answer questions

11. Basic response: Geochronology developed from early principles such as superposition
and faunal succession, which established relative ages. The discovery of radioactivity
enabled radiometric dating, allowing geologists to assign numerical ages to rocks. These
milestones transformed geology from qualitative observations to precise quantitative
science.

Value-added response: Beyond these milestones, geochronology advanced through
innovations in isotopic analysis, such as uranium-lead dating of zircons, which provided
highly accurate ages. Modern techniques integrate stratigraphy, isotopic geochemistry, and
geophysical methods, enabling global correlations and refined modelsof Earth’s evolution.

12. Basic response: Geochronology helps interpret Precambrian geology by dating shield
areas and tectonic structures. It reveals the ages of cratons, such as the West African
Craton, and clarifies the timing of tectonic events like nappes and faults.

Value-added response: In addition to dating, geochronology provides insights into crustal
growth, continental assembly, and mineralisation processes. It allows comparisons
between African shields and those of other continents, contributing to global models of
Precambrian tectonics and resource exploration.

Answers to Pilot Questions [Series 1]
Pilot questions 1.1

1. Geochronology.

2. Absolute.

3. Law of superposition.

4. By dating fossils and placing them in chronological order.

5. The discovery of radioactivity and radiometric dating.

Pilot questions 1.2

1.The oldest layers are at the bottom and the youngest at the top.
2. Principle of original horizontality.

3. ltis younger than the rocks it cuts across.

4. Fossils act as time markers for correlating rock layers.

5. By matching fossil sequences across different regions.

-
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Pilot questions 1.3

1. Relative dating establishes order, while absolute dating provides numerical ages.
2. Superposition.

3. Uranium-lead (U/Pb) and potassium-argon (K/Ar).

4. Numerical ages.

5. Relative dating can be disrupted by erosion, while absolute dating can-be affected by
contamination.

Pilot questions 1.4

1. About 90 per cent.

2. West African Craton and Congo Craton.

3. Uranium-lead dating.

4. By providing ages that clarify the timing of tectonic events.

5. Because many ore deposits are linked to Precambrian tectonic processes.

References and Attributions [Series 1]

General references

- Course document: GEY 301: Geochronology & Precambrian Geology of Africa (uploaded
source).

- Open Educational Resources (OER) consulted for suggested illustration searches.

Figures

- Figure 1.1 Relationship of geochronology to other geological disciplines. Suggested Al
prompt: “Generate a simple diagram showing geochronology at the centre, linked to
stratigraphy and tectonics.” Search string: “geochronology stratigraphy tectonics diagram
OER.”

- Figure 1.2 lllustration of the law of superposition. Suggested Al prompt: “Generate a simple
diagram of sedimentary rock layers showing oldest at bottom, youngest at top.” Search
string: “law of superposition geology diagram OER.”

- Figure 1.3 Principle of cross-cutting relationships. Suggested Al prompt: “Generate a
diagram showing sedimentary layers with a fault cutting through them.” Search string:
“cross-cutting relationships geology diagram OER.”

-
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- Figure 1.4 Illustration of relative dating using fossil succession. Suggested Al prompt:
“Generate a diagram of sedimentary layers with fossils showing relative dating sequence.”
Search string: “relative dating fossil succession diagram OER.”

- Figure 1.5 Geological time scale with emphasis on the Precambrian. Suggested Al prompt:
“Generate a diagram of the geological time scale highlighting the Precambrian era.” Search
string: “Precambrian geological time scale diagram OER.”

Plates

- Plate 1.1 Field application of geochronology. Suggested Al prompt: “Generate an image of
a geologist studying layered rock formations with a notebook and hammer.” Search string:
“geologist studying rock layers field OER image.”

- Plate 1.2 Horizontal deposition of sedimentary layers. Suggested Al prompt: “Generate an
image of a cliff showing horizontal sedimentary layers.” Search string: “principle of original
horizontality geology OER image.”

- Plate 1.3 Laboratory instruments for radiometric.age determination. Suggested Al prompt:
“Generate an image of a laboratory setup with mass spectrometer used for radiometric
dating.” Search string: “radiometric dating laboratory equipment OER image.”

- Plate 1.4 Precambrian shield rocks in'Africa. Suggested Al prompt: “Generate an image of
exposed crystalline shield rocks in Africa with. weathered surfaces.” Search string:
“Precambrian shield rocks Africa OER image.”

Boxes

-Box 1.1 Milestones in the development of geochronology. Suggested Al prompt: “Generate
a timeline box listing milestones: law of superposition, faunal succession, discovery of
radioactivity, radiometric dating.” Search string: “timeline history of geochronology OER.”

- Box 1.2 Examples of fossil succession in geological history. Suggested Al prompt:
“Generate a box listing examples of fossil succession: trilobites, ammonites, dinosaurs,
mammals.” Search string: “principle of faunal succession fossil examples OER.”

- Box 1.3 Common limitations of dating methods. Suggested Al prompt: “Generate a box
listing limitations: erosion, tectonic disturbance, contamination, metamorphic resetting.”
Search string: “limitations of radiometric dating geology OER.”

- Box 1.4 Examples of tectonic structures in Precambrian Africa. Suggested Al prompt:
“Generate a box listing tectonic structures: nappes, transcurrent faults, fold belts, shield
areas.” Search string: “Precambrian tectonic structures Africa OER.”

-
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Referencing style applied: APA (7th edition) adapted for instructional material. Each Al-
generated illustration is noted with its prompt and tool/platform, while OER search strings
are provided for sourcing external educational resources.

Course code: GEY 301

Course title: Geochronology & Precambrian Geology of
Africa

Units: 2 Units

List of Series

Series 1: Foundations of Geochronology
Series 2: Radiometric Dating Techniques
Series 3: Stable Isotopes in Rock Chronology
Series 4: Precambrian Geology of Nigeria

Series 5: Tectonic Structures and Stratigraphy of Africa

2.1 Rubidium-Strontium (Rb/Sr) Dating Method
- 2.1.1 Principle of Rb/Sr decay system
-2.1.2 Application to ancientrocks

- 2.1.3 Strengths.and limitations

2.2 Potassium-Argon (K/Ar) Dating Method
- 2.2.1 Principle of K/Ar decay system
=2.2.2 Application to volcanic materials

- 2.2.3 Strengths and limitations

2.3 Uranium-Lead (U/Pb) Dating Method
-2.3.1 Principle of U/Pb decay system

- 2.3.2 Application to zircons and other minerals

-
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- 2.3.3 Strengths and limitations

2.4 Applications of Radiometric Dating in Precambrian Geology
- 2.4.1 Role in reconstructing geological events
-2.4.2 Case studies from African shield areas

- 2.4.3 Significance for tectonic interpretation

Introduction

In the last Series, we explored the foundations of geochronology, focusing on its principles
and applications to Precambrian geology. While those principles provided aframework for
understanding relative ages, geologists often need precise humerical ages to reconstruct
Earth’s history in detail. This is where radiometric dating techniques become essential, as
they allow us to measure geological time with remarkable accuracy by analysing the decay
of radioactive isotopes in minerals.

The aim of this Series is to introduce you to the major radiometric dating methods and to
equip you with the knowledge needed to explain how these techniques work, evaluate their
strengths and limitations, and apply them to geological studies.

We shall commence this Series by-examining the rubidium-strontium (Rb/Sr) method,
which is widely used for dating ancient rocks. Next, we will explore the potassium-argon
(K/Ar) technique, particularly useful for volcanic materials. Following that, we will consider
the uranium-lead (U/Pb) method, one of the most precise techniques for dating zircons and
other minerals. Finally, we will wrap up by discussing the broader applications of
radiometric dating in reconstructing geological events and interpreting Precambrian
terrains.

Series Learning Outcomes

Upon completing this Series, you should be able to:

=-SLO 2.1 explain the principles of the rubidium-strontium (Rb/Sr) dating method and
evaluate its.application to ancient rocks,

+SLO 2.2 describe the potassium-argon (K/Ar) dating technique and demonstrate how it is
used to date volcanic materials,

-SLO 2.3 analyse the uranium-lead (U/Pb) dating method and assess its precision in dating
zircons and other minerals, and

-
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-SLO 2.4 apply radiometric dating techniques to reconstruct geological events and interpret
Precambrian terrains.

2.1 Rubidium-Strontium (Rb/Sr) Dating Method

2.1.1 Principle of Rb/Sr decay system

The rubidium-strontium (Rb/Sr) dating method is based on the radioactive decay. of
rubidium-87 (\(*{87}\)Rb) into strontium-87 (\(*{87}\)Sr). Radioactive decay refers to the
spontaneous transformation of an unstable isotope into a stable one over time. The half-life
of \(*{871\)Rb is approximately 49 billion years, making it suitable for dating very-old rocks,
especially those formed in the Precambrian.

The principle relies on measuring the ratio of parentisotope (\(*{87}\)Rb) to daughterisotope
(M(™{87N)Sr) in a mineral or rock sample. By plotting these ratios on an isochron diagram,
geologists can determine both the age of the rock and the initial composition of strontium.

Fillin the blank: The half-life of rubidium=<87 is approximately billion years.

-
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Radioctive Decay of Rubibium-87
to Strortun-87 System
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Figure 2.1 Principle of Rb/Sr decay system

2.1.2 Application to ancient rocks

The Rb/Sr method is particularly useful for dating igneous and metamorphic rocks. Igneous
rocks, which crystallise from molten magma, often contain minerals such as biotite,
muscovite, and feldspar that incorporate rubidium during formation. Metamorphic rocks
can also be dated if they retain isotopic systems unaffected by later geological processes.

\” ‘J
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This technique has been widely applied to Precambrian shield areas, where rocks are
billions of years old. By dating these rocks, geologists reconstruct the history of continental
crust formation and tectonic events.

Fillin the blank: The Rb/Sr method is especially useful for dating and metamorphic rocks.

OER | GEOSIENCE LIB

Plate 2.1 Prembrian shield rocks suitable for Rb/Sr dating

2.1.3 Strengths and limitations
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One of the main strengths of the Rb/Sr method is its ability to date very old rocks due to the
long half-life of rubidium-87. It also allows geologists to use the isochron method, which
eliminates the need to know the initial strontium composition.

However, the method has limitations. Strontium is a mobile element, meaning it can‘be
redistributed during metamorphism or alteration, which may reset the isotopic system.
Additionally, the precision of Rb/Sr dating is lower compared to uranium-lead methods,
especially when dating younger rocks.

Fill in the blank: One limitation of the Rb/Sr method is that strontium can be during
metamorphism or alteration.

Strengths Limitations

Long Half-Life: With a half-life of approximately Lower Precision for Younger Rocks:
48.8 billionyears, itis ideal for dating the oldest Because the decay is so slow, young rocks
objects in the solar system and Precambrian(e.g., Cenozoic) / haven't accumulated
formations. enough *{87}Srto be measured accurately.

Strontium Mobility: Strontium is relatively
Useful for Ancient Rocks: It is the "goldmobile during chemical weathering or
standard" for dating metamorphic and igneous hydrothermal alteration, which can "reset"
rocks found in stable continental shields. or "leak" the system, leading to inaccurate
ages.

The Isochron Method: This-technique allows Complex Initial Ratios: In some volcanic
geologists to determine an age even if the initial suites, different magma sources can have
amount of daughter isotope ("{87]}Sr) isdifferent initial *{87}Sr/*{86}Sr ratios,
unknown, by plotting ratios of isotopes fromcomplicating the interpretation of the
multiple minerals. isochron.

Box 2.1 Strengths and limitations of the Rb/Sr dating method

Pilot questions 2.1

1. What isotope does rubidium-87 decay into?

2. Whatis the approximate half-life of rubidium-87?

3. Which types of rocks are most suitable for Rb/Sr dating?

4. What is the main advantage of using the isochron method in Rb/Sr dating?

5. Why might the isotopic system of strontium be reset in some rocks?

-

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



2.2 Potassium-Argon (K/Ar) Dating Method

2.2.1 Principle of K/Ar decay system

The potassium-argon (K/Ar) dating method is based on the radioactive decay of potassium-
40 (\(*{40N)K) into argon-40 (\(*{40}\)Ar). Potassium-40 is a naturally occurring isotope with
a half-life of about 1.25 billion years, making it suitable for dating rocks that are millions of
years old. Since argon is a noble gas, it does not combine chemically with other elements
and accumulates in minerals as a product of radioactive decay.

The principle of K/Ar dating involves measuring the ratio of \(*{40)\)K to \(*{40})\)Ar in a
mineral sample. Because argon escapes easily when rocks are molten, the clock starts
when the rock solidifies. From that point, the trapped argon provides a record of the time
elapsed since crystallisation.

Fillin the blank: The half-life of potassium-40 is approximately billionyears.

-
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Figure 2.2 Principle of K/Ar decay system

2.2.2 Application to volcanic materials

The K/Ar method is particularly valuable for dating volcanic rocks, such as basalt and
andesite, because these rocks crystallise quickly from molten lava. Minerals like mica,
feldspar, and hornblende are commonly analysed using this technique. By dating volcanic
layers, geologists can establish timelines for eruptions and correlate them with regional or
global geological events.
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This method has been widely used to date lava flows, ash deposits, and volcanic sequences
in Africa and beyond. It provides crucial evidence for understanding tectonic activity,
mountain building, and the evolution of continental crust.

Fill in the blank: The K/Ar method is especially useful for dating rocks such as basalt and
andesite.

OER | GEOSIENCE'LIB

Plate 2.2 Volcanic rocks suitable for K/Ar dating

2.2.3 Strengths and limitations
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The K/Ar method has several strengths. It is widely applicable to volcanic rocks, provides
reliable ages for events millions of years old, and is especially useful in regions with
extensive volcanic activity. It has been instrumental in dating hominid fossils in East Africa
by establishing ages of the volcanic layers above and below fossil-bearing strata.

However, the method also has limitations. Argon can escape from minerals during reheating
or alteration, which may lead to underestimated ages. Similarly, excess argon trapped
during crystallisation can cause overestimated ages. Careful sample selection and
laboratory procedures are therefore essential to obtain accurate results.

Fill in the blank: One limitation of the K/Ar method is that argon can-from minerals during
reheating or alteration.

Strengths Limitations

Useful for Volcanic Rocks: Since Potassium
is a major component in many common
minerals (like micas and feldspars), this
method is perfect for dating basalt, andesite,
and rhyolite.

Argon Loss: If the rock is reheated (e.g.,
through-metamorphism or deep burial), the
trapped "“{40}Ar gas can leak out, resulting in
a calculated age that is "too young."

Reliable for Millions of Years: With a half-life Excess Argon: Occasionally, "parentless"
of 1.25 billion years, it is exceptionallyArgon can be trapped in minerals (like olivine
versatile, covering everything from the early or pyroxene) during crystallization under high
Earth to the more recent Pleistocene epoch. pressure, leading to an age that is "too old."

Need for Careful Sampling: Only fresh,
unweathered samples can be used.
Weathering converts feldspars to clays,
which cannot retain Argon gas, ruining the
sample's integrity.

Dating Fossil Contexts: It is frequently used
to bracket the age of hominid fossils by dating
volcanic ash layers (tephra) found above and
below the fossil-bearing strata.

Box 2.2 Strengths and/limitations of the K/Ar dating method

Pilot questions 2.2

1.Antowhich isotope does potassium-40 decay?

2. What is the approximate half-life of potassium-40?

3. Which types of rocks are most suitable for K/Ar dating?

4. How does K/Ar dating help in establishing timelines for fossil-bearing strata?
5. What are two limitations of the K/Ar method?

-
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2.3 Uranium-Lead (U/Pb) Dating Method

2.3.1 Principle of U/Pb decay system

The uranium-lead (U/Pb) dating method is one of the most reliable and precise techniques
in geochronology. It is based on the radioactive decay of uranium isotopes (\(*{238}\)U and
\(*{235\)U) into stable lead isotopes (\(*{206}\)Pb and \(*{207}0\)Pb). The half-life of
\(*{238\)U is about 4.47 billion years, while that of \(*{235\)U is about 704-million years.
These long half-lives make the method suitable for dating rocks that are millions to billions
of years old.

The principle relies on measuring the ratios of uraniumto lead isotopes in minerals. Because
uranium is incorporated into minerals during crystallisation but leadis not, any lead present
in the mineral is assumed to be the product of radioactive decay. This makes U/Pb dating
particularly robust compared to other methods.

Fillin the blank: The half-life of uranium-238 is approximately billion years.

-
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Figure 2.3 Principle.of U/Pb decay system

2.3.2 Application to zircons and other minerals

The U/Pb method is most commonly applied to zircon crystals. Zircon is a mineral that
incorporates uranium atoms into its crystal structure but excludes lead, making it ideal for
dating. Zircons are highly resistant to weathering and metamorphism, which means they
preserve isotopic information over geological time.

Besides zircons, minerals such as monazite and titanite can also be dated using U/Pb
techniques. These applications allow geologists to determine the ages of igneous and
metamorphic rocks, reconstruct crustal evolution, and study tectonic processes.

Do)
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Fill in the blank: Zircon crystals are ideal for U/Pb dating because they incorporate but
exclude lead during crystallisation.

2.3.8 Strengths and limitations

The U/Pb method is considered one of the most precise dating techniques. It provides
concordant ages when both uranium decay chains are measured, offering a built-in cross-
check for accuracy. It is widely used to date the oldest rocks on Earth and even meteorites,
helping to establish the age of the solar system.

However, limitations exist. Lead loss during metamorphism or alteration can cause
discordant ages, meaning the results may not align perfectly between decay chains. Careful
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laboratory procedures and the use of concordia diagrams help to detect and correct such
issues.

Fillin the blank: One limitation of the U/Pb method is that loss during metamorphism
can cause discordant ages.

Feature Strengths Limitations

High Precision: Can achieve errors of Laboratory Procedures: Requires ultra-
Precision &less than 0.1% using ID-TIMS, allowingclean "clean lab" environments and
Accuracy for tight constraints on geological meticulous mineralseparationto avoid
events. lead contamination.

Lead Loss: Small amounts of lead can
"leak" out of the crystal lattice over
billions .of years, especially if the
crystal is damaged by radiation,
leading to "discordant" (inaccurate)
ages.

Concordant Ages: Uses two parallel
decay chains (*{238)\text{U} \to
Reliability *{206}\text{Pb} and "{235htext{U} \to
~207N\text{Pb}) to provide an internal
cross-check for age consistency.

Dating Oldest Rocks: Ideal for deep-Mineral Specificity: Works best on
time studies; it is the primary. method specific resistant minerals like zircon,

g:r?lc;glcal used to date the. oldest knownmonazite, and titanite. It can be more
g materials on Earth (e.g., Jack Hillsdifficult to apply to rocks lacking these
zircons). minerals.
Resilience: | Zircon . crystals are Compl"e‘x H|§tor|eslf Single grains can
. . have "inheritance" (older cores) or
- chemically and physically robust, often . . .
Durability overgrowths, requiring expensive in-

surviving multiple cycles of erosion and

. situ equipment (like SHRIMP or LA-ICP-
metamorphism.

MS) to resolve.
Box 2.3 Strengths and limitations of the U/Pb dating method

Pilot questions 2.3

1.Antowhich isotopes do uranium-238 and uranium-235 decay?

2. What is the approximate half-life of uranium-2387?

3. Why are zircon crystals ideal for U/Pb dating?

4. What is the main advantage of measuring both uranium decay chains in U/Pb dating?
5. What problem can lead loss cause in U/Pb dating results?

-
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2.4 Applications Of Radiometric Dating In Precambrian
Geology

2.4.1 Role in reconstructing geological events

Radiometric dating plays a central role in reconstructing the history of the Precambrian,
which accounts for nearly 90 per cent of Earth’s geological time. By applying techniques
such as Rb/Sr, K/Ar, and U/Pb dating, geologists can determine the ages of rocks and
minerals thatformed billions of years ago. These ages provide a timeline formajor geological
events such as crustal formation, mountain building, and volcanic activity.

For example, uranium-lead dating of zircons has revealed the ages of some of the oldest
rocks on Earth, helping scientists to understand when the continental crust first stabilised.
This chronological framework allows us to place tectonic. and magmatic events in
sequence, giving structure to Earth’s earliest history.

Fillin the blank: Radiometric dating provides a timeline for major geological events such as
crustal formation and activity.

-
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Figure 2.4 Timeline of Precambrian events reconstructed through radiometric dating

2.4.2 Case studies from African.shield areas

Shield areas are large regions of exposed Precambrian crystalline rocks that form the stable
cores of continents. In Africa, notable examples include the West African Craton, the Congo
Craton, and the East African Shield. Radiometric dating has been used extensively in these
regions to determine the ages of rocks and to reconstruct tectonic histories.

For instance, rubidium-strontium dating has shown that parts of the West African Craton
are.more than 2.5 billion years old, while uranium-lead dating of zircons has provided
evidence of crustal growth episodes in the Congo Craton. These case studies demonstrate
how radiometric dating contributes to our understanding of continental evolution.

Fill in the blank: The West African Craton contains rocks that are more than billion years
old.
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Plate 2.4 Precambrian shield rocks dated using radiometric methods

2.4.3 Significance for tectonic interpretation

Radiometric dating provides essential evidence for interpreting tectonic structures, which
are large-scale features formed by movements of the Earth’s crust. In Precambrian Africa,
nappes, fold belts, and transcurrent faults are common tectonic features. By dating rocks
within these structures, geologists can determine the timing of tectonic events and
understand how the African continent assembled through processes such as collision,
rifting, and crustal growth.

This knowledge is not only important for academic research but also for practical
applications such as mineral exploration, since many ore deposits are linked to
Precambrian tectonic activity.
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Fill in the blank: Radiometric dating helps geologists determine the timing of events in
Precambrian terrains.

PRECAMBRIAN TECTONIC STRUCTURES
(AFRICA)

* Nappes (Thrust Sheets)

* Fold Belts (e.g., Pan-African Orogeny)

* Transcurrent Faults (Strike-Slip Systems)

 Shield Areas (e.g. Congo Craton)

Radiametic Dating: U-Pb, Rb-Sr, K-Ar

Box 2.4 Examples of tectonic structures dated using radiometric methods

Pilot questions 2.4

1. What percentage of Earth’s history does the Precambrian cover?

2. Name two major shield areas in Africa where radiometric dating has been applied.
3. Which dating method has revealed crustal growth episodes in the Congo Craton?

4. How does radiometric dating contribute to tectonic interpretation?

-
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5. Why is radiometric dating important for mineral exploration in Precambrian terrains?

Series Summary

This Series has focused onradiometric dating techniques, showing how they provide precise
numerical ages that help geologists reconstruct Earth’s deep history. We began with the
rubidium-strontium method, examining its principle, application to ancient rocks, and
limitations. Then we moved on to the potassium-argon technique, highlighting.its value in
dating volcanic materials and fossil-bearing strata. Following that, we explored the
uranium-lead method, recognised for its exceptional precision when applied to zircons and
other resistant minerals. Finally, we considered how these techniques are applied to
Precambrian geology, particularly in African shield areas, to interpret tectonic structures
and crustal evolution.

By completing this Series, you should now be able to explain the principles of the Rb/Sr
method and evaluate its application (SLO 2.1), describe the ‘K/Ar technique and
demonstrate its use in volcanic contexts (SLO 2.2), analyse the U/Pb method and assess its
precisionindating zircons (SLO 2.3), and apply radiometric datingtechniques to reconstruct
geological events and interpret Precambrian terrains (SLO 2.4). These outcomes provide you
with a solid foundation for understanding. how radiometric dating underpins modern
geochronology.

Glossary of Terms

- Argon-40 (\(*{40}\)Ar): A stable isotope of argon produced by the radioactive decay of
potassium-40, used in potassium-argon dating.

- Concordia diagram: A graphical method used in uranium-lead dating to check the
consistency of age results by, plotting ratios of uranium and lead isotopes.

- Discordant ages: Age results in uranium-lead dating that do not align between decay
chains, often caused by lead loss during metamorphism.

- Half-life: The time it takes for half of the atoms of a radioactive isotope to decay into its
stable product.

- Isochron diagram: A plot used in rubidium-strontium dating to determine the age of a rock
and its initial strontium composition without assumptions.

- Metamorphism: The process by which rocks are altered by heat, pressure, or chemical
activity, which can sometimes reset isotopic systems used in dating.

-
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- Potassium-40 (\(*{40}\)K): A radioactive isotope of potassium that decays into argon-40,
forming the basis of potassium-argon dating.

- Precambrian: The earliest and longest span of geological time, covering nearly 90 per cent
of Earth’s history before the Cambrian period.

- Rubidium-87 (\(*{871)\)Rb): Aradioactive isotope of rubidium that decays into strontium-87,
forming the basis of rubidium-strontium dating.

- Shield areas: Large regions of exposed Precambrian crystalline rocks that form the stable
cores of continents, such as the West African Craton.

- Strontium-87 (\(*{871\)Sr): A stable isotope of strontium_ produced by the decay of
rubidium-87, used in rubidium-strontium dating.

- Tectonic structures: Large-scale features of the Earth’s crust, such as nappes, fold belts,
and faults, formed by movements and deformation of rocks.

- Uranium-lead (U/Pb) dating: A radiometric. dating method that measures the decay of
uranium isotopes into lead isotopes, known for its high precision.

- Zircon: A durable mineral that incorporates uranium but excludes lead during
crystallisation, making it ideal for uranium-lead dating.

Concept Check Questions [Series 2]

Objective questions

1. Rubidium-87 decays into which stable isotope? (Linked to SLO 2.1)

2. The half-life of potassium-40 is approximately billion years. (Linked to SLO 2.2)

3. Which mineralis most commonly used in uranium-lead dating? (Linked to SLO 2.3)

4. Radiometric dating provides a timeline for major geological events such as crustal
formation and activity. (Linked to SLO 2.4)

5: Which dating method is considered the most precise for dating zircons? (Linked to SLO
2.3)

Short-answer questions

-
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6. Explain why the isochron method is important in rubidium-strontium dating. (Linked to
SLO 2.1)

7. Describe how potassium-argon dating helps establish timelines for fossil-bearing strata.
(Linked to SLO 2.2)

8. State one strength and one limitation of the uranium-lead dating method. (Linked to SLO
2.3)

9. Identify two African shield areas where radiometric dating has been applied-and explain
their significance. (Linked to SLO 2.4)

10. Briefly describe how radiometric dating contributes to tectonic interpretation in
Precambrian terrains. (Linked to SLO 2.4)

Long-answer questions

11. Analyse the principle, application, and limitations' of the rubidium-strontium dating
method. (Linked to SLO 2.1)

12. Evaluate the role of uranium-lead dating in reconstructing Precambrian geology, with
reference to zircons and tectonic structures. (Linked to SLO 2.3, SLO 2.4)

Answers to Concept Check Questions [Series 2]

Objective questions
1. Strontium-87.

2. 1.25 billion.years.
3. Zircon.

4. Volecanic.

5. Uranium-lead (U/Pb) dating.

Short-answer questions

6. The isochron method is important because it eliminates the need to know the initial
strontium composition, making Rb/Sr dating more reliable.

7. Potassium-argon dating helps establish timelines by dating volcanic layers above and
below fossil-bearing strata, thereby bracketing the age of fossils.

-
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8. Strength: U/Pb dating provides highly precise ages. Limitation: Lead loss during
metamorphism can cause discordant ages.

9. The West African Craton and the Congo Craton are significant because they preserve
ancient Precambrian rocks that reveal the evolution of Africa’s continental crust.

10. Radiometric dating contributes to tectonic interpretation by providing ages for nappes,
fold belts, and faults, clarifying the timing of tectonic events.

Long-answer questions

11. Basic response: The rubidium-strontium method is based on the-decay of rubidium-87
into strontium-87. It is applied to igneous and metamorphic rocks, especially in
Precambrian shield areas. Its strengths include a long half-life and the use of the isochron
method, while limitations include strontium mobility during metamorphism:

Value-added response: Beyond these basics, the Rb/Sr method has'been instrumental in
dating crustal growth episodes and tectonic events across, continents. Advanced
applications include integrating Rb/Sr data with other.isotopic systems to refine models of
continental evolution.

12. Basic response: Uranium-lead dating is highly precise, especially when applied to
zircons, which incorporate uranium but exclude lead. It helps reconstruct Precambrian
geology by dating ancient rocks and tectonic structures.

Value-added response: In addition to dating zircons, U/Pb methods have been used to
establish the age of the Earthrand meteorites. They provide concordant ages through dual
decay chains, offering cross-checks foraccuracy. In Precambrian Africa, U/Pb dating has
clarified crustal assembly processes and guided mineral exploration.

Answers to Pilot Questions [Series 2]

Pilot questions 2.1

1. Strontium-87.

2. About 49 billion years.

3. Igneous rocks.

4. ltallows determination of age without knowing the initial strontium composition.

5. Because strontium can be redistributed during metamorphism or alteration.

Pilot questions 2.2

-
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1. Argon-40.

2. 1.25 billion years.

3. Volcanic rocks such as basalt and andesite.

4. By dating volcanic layers above and below fossil-bearing strata.

5. Argon loss and excess argon.

Pilot questions 2.3

1. Uranium-238 decays to lead-206 and uranium-235 decays to lead-207.
2. About 4.47 billion years.

3. Because they incorporate uranium but exclude lead.

4. It provides concordant ages by cross-checking both decay chains.

5. Lead loss.

Pilot questions 2.4

1. About 90 per cent.

2. West African Craton and Congo Craton.

3. Uranium-lead dating.

4. By providing ages for nappes, fold belts, and faults.

5. Because many.ore deposits are linked to Precambrian tectonic activity.

References and Attributions [Series 2]

General references

- Course document: GEY 301: Geochronology & Precambrian Geology of Africa (uploaded
source).

- Open Educational Resources (OER) consulted for suggested illustration searches.

-‘Referencing style applied: APA (7th edition) adapted for instructional material.

Figures

- Figure 2.1 Principle of Rb/Sr decay system. Al-generated using prompt: “Generate a
diagram showing radioactive decay of rubidium-87 to strontium-87 with half-life labelled.”
Suggested OER search string: “Rb Sr decay system diagram OER.”

-
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- Figure 2.2 Principle of K/Ar decay system. Al-generated using prompt: “Generate a diagram
showing radioactive decay of potassium-40 to argon-40 with half-life labelled.” Suggested
OER search string: “K Ar decay system diagram OER.”

- Figure 2.3 Principle of U/Pb decay system. Al-generated using prompt: “Generate a
diagram showing uranium-238 decaying to lead-206 and uranium-235 decaying to lead-207
with half-lives labelled.” Suggested OER search string: “U Pb decay system diagram OER.”

- Figure 2.4 Timeline of Precambrian events reconstructed through radiometric dating. Al-
generated using prompt: “Generate a diagram showing a timeline of Precambrian geological
events with ages from Rb/Sr, K/Ar, and U/Pb methods.” Suggested OER search string:
“Precambrian geological events timeline radiometric dating OER.”

Plates

- Plate 2.1 Precambrian shield rocks suitable for Rb/Sr dating. Al-generated using prompt:
“Generate an image of exposed Precambrian shield rocks with crystalline texture.”
Suggested OER search string: “Precambrian shield rocks Rb Sr dating OER image.”

- Plate 2.2 Volcanic rocks suitable for K/Ar dating. Al-generated using prompt: “Generate an
image of a volcanic landscape with basaltic lava flows and ash deposits.” Suggested OER
search string: “volcanic rocks basalt andesite K Ar dating OER image.”

- Plate 2.3 Zircon crystals commonly used in U/Pb dating. Al-generated using prompt:
“Generate an image of zircon crystals. under.a microscope with clear crystal shapes.”
Suggested OER search string: “zircon crystals microscope U Pb dating OER image.”

- Plate 2.4 Precambrian shield rocks dated using radiometric methods. Al-generated using
prompt: “Generate an image of exposed crystalline Precambrian shield rocks in Africa.”
Suggested OER search string: “Precambrian shield rocks Africa radiometric dating OER
image.”

Boxes

- Box 2.1-Strengths and limitations of the Rb/Sr dating method. Al-generated using prompt:
“Generate a box listing strengths (long half-life, useful for ancient rocks, isochron method)
and limitations (strontium mobility, lower precision for younger rocks).” Suggested OER
search string: “Rb Sr dating strengths limitations geology OER.”

- Box 2.2 Strengths and limitations of the K/Ar dating method. Al-generated using prompt:
“Generate a box listing strengths (useful for volcanic rocks, reliable for millions of years,
dating fossil contexts) and limitations (argon loss, excess argon, need for careful
sampling).” Suggested OER search string: “K Ar dating strengths limitations geology OER.”

- Box 2.3 Strengths and limitations of the U/Pb dating method. Al-generated using prompt:
“Generate a box listing strengths (high precision, concordant ages, dating oldest rocks) and

-
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limitations (lead loss, need for careful laboratory procedures).” Suggested OER search
string: “U Pb dating strengths limitations geology OER.”

- Box 2.4 Examples of tectonic structures dated using radiometric methods. Al-generated
using prompt: “Generate a box listing tectonic structures: nappes, fold belts, transcurrent
faults, shield areas.” Suggested OER search string: “Precambrian tectonic structures Africa
radiometric dating OER.”

Course code: GEY 301

Course title: Geochronology & Precambrian Geology of
Africa

Units: 2 Units

List of Series

Series 1: Foundations of Geochronology
Series 2: Radiometric Dating Techniques
Series 3: Stable Isotopes in Rock'Chronology
Series 4: Precambrian Geology of Nigeria

Series 5: Tectonic Structures and Stratigraphy of Africa

3.1 Principles of Stable Isotope Geochemistry
- 3.1.1 Definition of stable isotopes
- 3.1.2 Commonstable.isotopes used in geology (e.g., oxygen, carbon, sulphur)

- 3.1.3 Fractionation processes and isotope ratios

3.2 0xygen and Carbon Isotopes in Rock Chronology
-3.2.1 Oxygen isotopes and palaeoclimate reconstruction
-8.2.2 Carbonisotopes and sedimentary processes

- 3.2.3 Applications to dating and correlation of rock sequences

3.3 Sulphur and Other Isotopes in Precambrian Studies
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MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



- 3.3.1 Sulphur isotopes and early Earth atmosphere
- 3.3.2 Isotopic evidence for Precambrian biological activity

- 3.3.3 Case studies from African shield areas

3.4 Applications of Stable Isotopes in Tectonic and Geological Interpretation
- 3.4.1 Isotopes in metamorphic processes
- 3.4.2 Isotopes in hydrothermal systems and ore deposits

- 3.4.3 Integration of stable isotope data with radiometric dating

Introduction

In the last Series, we explored radiometric dating techniques and/saw how radioactive
isotopes provide precise numerical ages for rocks and geological events. While those
methods are invaluable, they are not the only tools available to geologists. Stable isotopes,
which do not undergo radioactive decay, offer a different but equally powerful way of
interpreting Earth’s history. By examining variations in stable isotope ratios, scientists can
reconstruct past climates, trace biological activity, and gain insights into tectonic and
metamorphic processes.

The aim of this Series is to introduce youto the principles and applications of stable isotopes
in rock chronology, equipping youwith the knowledge to explain how isotope ratios are used
to interpret geological time and processes.

We shall commence this Series by examining the principles of stable isotope geochemistry,
including definitions,.common isotopes, and fractionation processes. Next, we will explore
oxygen and carbon isotopes, focusing on their role in palaeoclimate reconstruction and
sedimentary processes. Following that, we will consider sulphur and other isotopes,
particularly their significance in Precambrian studies and evidence for early biological
activity. Finally, we will wrap up by discussing the broader applications of stable isotopes in
tectonicinterpretation, hydrothermal systems, and their integration with radiometric dating.

Series Learning Outcomes

Upon completing this Series, you should be able to:

- SLO 3.1: Define stable isotopes and explain the principles of isotope fractionation in
geochemistry

- SLO 3.2: Analyse oxygen and carbon isotope ratios and apply them to palaeoclimate
reconstruction and sedimentary processes,

-
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- SLO 3.3: Evaluate the significance of sulphur and other isotopes in Precambrian studies,
including evidence for early biological activity, and

-SLO 3.4: Apply stable isotope data to interpret tectonic processes, hydrothermal systems,
and integrate findings with radiometric dating.

3.1 Principles of Stable Isotope Geochemistry

3.1.1 Definition of stable isotopes

Stable isotopes are isotopes of an element that do not undergo radioactive decay over time.
Unlike radioactive isotopes, which transform into other elements, stable isotopes remain
constant but canvaryin their relative abundance. These variations are measured as isotope
ratios, which compare the amount of one isotope to another of the same element.

Stable isotopes are powerful tools in geology because their ratios can reveal information
about past environments, temperatures, and processes thataffected rocks and minerals.
For example, oxygen isotopes can indicate ancient climate conditions, while carbon
isotopes can reflect biological activity in sedimentary rocks.

Fill in the blank: Stable isotopes differ from radioactive isotopes because they do not
undergo decay.

-
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Figure 3.1 Stable isotopes compared with radioactive
STABLE ISOTOPES VS. RADIOACTIVE ISOTOPES
(CONSTANT) (DECAY OVER TIME)
Time0 Time1  Time2 Time 0 T:nel?' Time 2
CONSTANT AMOUNT OVER TIME AMOUNT DECREASES OVER TOIME
(HALF-LIFE)
« Do NOT decay (A ® ) X8

X SR,
* Nuclei are permanent
* Fixed number of protons &
neutrons

* Used in paleclimate, diet studies

* DO dcay (racoditive) Gi;ogon.u’ N
* Nuclei are unstable
* Emit radiation alpha, beta, gamma)

* Used in ralonoratic dating

3.1.2 Common stable isotopes used in geology

isotopes

Several stable isotopes are widely used in geological studies. The most important include:

- Oxygen isotopes (\(*{16}\)O and \(*{18}\)O): These are used to reconstruct palaeoclimate
and study water-rock interactions.

-/Carbon isotopes (\(*{12\)C and \(*{13}\)C): These provide insights into biological activity
and sedimentary processes.

- Sulphur isotopes (\(*{32\)S and \(*{34}\)S): These are applied in studies of early Earth
atmosphere and ore deposits.

Each isotope system has specific applications, but all rely on measuring variations in
isotope ratios to interpret geological history.

-
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Fill in the blank: Oxygen isotopes are particularly useful for reconstructing ancient
conditions.

Element Stable Isotopes Common Ratio Measured Primary Geological Applications

Paleothermometry:

A{16}\text{O}, \delta{18\text{O} Reconstructing past ocean
Oxygen “{17)\text{O}, (“{18]\text{O}/~{16\text{O}) temperatures from  carbonate
18A\text{O} shells. Hydrology: Tracing water

sources andevaporation history.

Paleobiology: Identifying

A(12)\text(C}, \delta~{13\text{C} signatures of photosynthesis.

Carbon R R Petroleum Geology: Determining

{13\text{C} (*{13\text{C}/*{12\text{C}) the fnaturity. and source of
hydrocarbons (oil and gas).

{a2)eais), Ruw 102 of sulphus in ore depodts,

Sulphur {33Rtext(S}, \delta™{34j\text{S} Atmospheric Evolution: Tracking

A34NtextS),  (M{34Ntext{SHA32\text{S})

~36]\text{S} the Great Oxidation Event (via

mass-independent fractionation).
Table 3.1 Common stable isotopes and their geological applications

3.1.3 Fractionation processes and isotope ratios

Isotope fractionation refers to the process by which different isotopes of the same element
are separated or distributed unequally during physical or chemical reactions. Fractionation
occurs because lighter isotopes move or react slightly faster than heavier ones.

There are two main types of fractionation:

- Equilibrium fractionation, which happens when isotopes distribute themselves between
substances at equilibrium, often influenced by temperature.

- Kinetic fractionation, which occurs during processes that are incomplete or unidirectional,
such as evaporation or diffusion.

The variations in isotope ratios caused by fractionation are expressed in delta (8) notation,
for example d\(*{18\)O, which compares the isotope ratio of a sample to a standard.

Fill in the blank: Fractionation occurs because lighter isotopes move or react slightly than
heavier ones.

-

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



EQUILIIRIUM FRACTIONATION KINETIC FRACTIONATION

(Temperature-Dependent) (Evaparation/Diffusion)
d Y
'
. f Lighter issotes
40 Ahugher T Ass =D escape faster

Mineral A

o
= 30
g N & °
: o
220 » = e
20 O Diffusion
. Water \llmlted
- L + T 1 H|60 + 180
0 20 %€ °C BRI Non-reversible
Temperature
>

OER (Oxygen Evolution Reaction)

Gaseous difusion

& i o %'}
— " d'%0Vapor(T,) < d"®0Vapor(T,) l l + I
Istototic exchange leads to '60,
preferatival partituling Mass-depensent transport

Figure 3.2 Types of isotope fractionation

Pilot questions 3.1

1. What distinguishes stable isotopes from radioactive isotopes?
2. Name two common stable isotope systems used in geology.
3. What geological information can oxygen isotopes provide?

4. What are the two main types of isotope fractionation?

5. Why do lighter isotopes fractionate more readily than heavier ones?
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3.2 Oxygen And Carbon Isotopes In Rock Chronology

3.2.1 Oxygen isotopes and palaeoclimate reconstruction

Oxygen isotopes are isotopes of oxygen, mainly \(*{16}\)O and \(*{18}\)O, that are used in
geology to study past climates and water-rock interactions. The ratio of \(*{18}\)O to
\(*{16\)O in minerals and fossils is expressed in delta notation (0\(*{18}\)O). Variations in
this ratio reflect changes in temperature and the composition of water at the time the rock
or fossil formed.

For example, in marine carbonates, higher d\(*{18\)O values often indicate cooler
conditions, while lower values suggest warmer climates. This makes-oxygen isotopes a key
tool for reconstructing palaeoclimate and understanding how Earth’s climate has changed
over geological time.

Fill in the blank: Higher OJ\(*{18\)O values in marine .carbonates usually
indicate conditions.

-
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Figure 8.3 Oxygen isotopes as indicators of palaeoclimate

3.2.2 Carbon isotopes and sedimentary processes

Carbon isotopes are isotopes of carbon, mainly \(*{12}\)C and \(*{13}\)C, that provide
insights 'into biological activity and sedimentary processes. The ratio of \(*{13}\)C to
\(*{12\)C is expressed as &\(*{13\)C. Variations in d\(*{13}\)C values can indicate changes
in organic productivity, burial of organic matter, or shifts in the global carbon cycle.

In sedimentary rocks, d\(*{13\)C values are used to trace ancient environments. For
instance, positive d\(*{13}\)C excursions often reflect increased burial of organic carbon,

-
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while negative excursions may signal events such as mass extinctions or changes in ocean
circulation.

Fillin the blank: Positive 8\(*{13}\)C excursions in sedimentary rocks often reflect increased
burial of carbon.

Stratified Sediments:
Archives: Archives of
Earth's History

Targeted Core for
Carbon Ispopte
Analysis (d13C)

OER (Oxygen Evolution Reaction) -
Insights from Ancient Carbon Cycles

Plate 3.1 Sedimentary rocks analysed for carbon isotope variations

3.2.3 Applications to dating and correlation of rock sequences

Oxygen and carbon isotopes are not only useful for environmental reconstruction but also
for rock chronology, which refers to the dating and correlation of rock sequences. Isotope
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variations can be matched across different regions, allowing geologists to correlate strata
and establish timelines for geological events.

For example, global &\(*{13\)C excursions have been used to correlate Precambrian
sedimentary sequences across continents. Similarly, 8\(*{18\)O records in carbonates can
be matched to identify synchronous climate events. These applications make stable
isotopes valuable complements to radiometric dating methods.

Fill in the blank: Global d\(*{13\)C excursions are often used to sedimentary sequences
across continents.

Application Description & Mechanism

Oxygen isotopes (\delta”{18}\text{O}) in marine shells are a primary
Palaeoclimate proxy for past sea temperatures and globalice volume. Carbon isotopes
Reconstruction (\delta”{13\text{C}) help reconstruct past atmospheric \text{CO} 2
levels and the health of ancient ecosystems.

Isotopes help identifythe origin of sediments (provenance). Variations in

Tracin . . . .
Sedimintar \delta”{13}\text{C} can _.distinguish between marine and terrestrial
Processes y organic matter, while oxygen ratios.can trace the influence of freshwater

(rivers) versus saltwater.in ancient deltas.

Known as chemostratigraphy, scientists use "excursions" (sudden
shifts) in isotope records to match rock layers across different
continents.. Since global events (like volcanic eruptions) change the
ocean's chemistry simultaneously, these shifts act as global time
markers.

Correlating Rock
Sequences

Box 3.1 Applications of oxygen and carbon isotopes in rock chronology

Pilot questions 3.2

1. Which oxygen isotopes are most commonly used in palaeoclimate studies?
2. What does a higher 6\(*{18}\)O value in marine carbonates usually indicate?
3.Which carbon isotopes are used to study sedimentary processes?

4. \What does a positive 8\(*{13}\)C excursion often reflect?

5. How can oxygen and carbon isotopes be used to correlate rock sequences?

3.3 Sulphur And Other Isotopes In Precambrian Studies

-
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3.3.1 Sulphur isotopes and early Earth atmosphere

Sulphur isotopes are isotopes of sulphur, mainly \(*{32}\)S and \(*{34}\)S, that are widely
used in Precambrian studies. Their ratios, expressed as d\(*{34}\)S, provide clues about the
composition of the early Earth atmosphere and the processes that influenced it.

One important feature of sulphur isotopes is mass-independent fractionation (MIF). This
occurs when isotope ratios deviate from what would be expected under normal'chemical
reactions. MIF signals in Precambrian rocks suggest that Earth’s atmosphere lacked oxygen
before about 2.4 billion years ago, a period known as the Great Oxidation Event (GOE).

Fillin the blank: Mass-independent fractionation of sulphur isotopesiindicates that the early
Earth atmosphere lacked significant.

-
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Figure 8.4 Sulphur isotope fractionation and atmospheric implications

3.3.2 Isotopic evidence for Precambrian biological activity

Stable isotopes also provide evidence for early biological activity. For example, carbon
isotopes'in Precambrian rocks show variations that reflect organic productivity and burial of
carbon. Similarly, sulphur isotopes can indicate microbial processes such as sulphate
reduction, which leaves distinct isotopic signatures in sediments.

These isotopic signals are crucial because they represent some of the earliest evidence of
life on Earth. By studying them, geologists and biologists can reconstruct how microbial
communities interacted with the environment billions of years ago.
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Fillin the blank: Sulphurisotope variations in Precambrian sediments often reflect microbial
processes such as reduction.

....................... ...M|CROBIAL
- SULFUR ISOTOPE
STUDIES

 Tracing early life
* Anoxic to Oxix Transition
_* Biosignaiures in Sulfide
Minerals (e.g., Pyrite).

Plate 3.2 Precambrian rocks with istopic signals of early life

3.3.3 Case studies from African shield areas

Precambrian shield areas in Africa, such as the Kaapvaal Craton and the Congo Craton,
provide excellent records of stable isotope variations. Sulphur isotope studies in these
regions have revealed evidence of atmospheric changes during the Great Oxidation Event.
Carbon isotope records have also been used to trace episodes of organic carbon burial and
global environmental shifts.
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These case studies highlight the importance of stable isotopes in reconstructing Earth’s
earliest history. They show how isotopic data can be integrated with radiometric dating to
build a more complete picture of Precambrian geology.

Fillin the blank: The Kaapvaal Craton and the Congo Craton are examples of African_areas
studied using stable isotopes.

Craton Region Isotope System Key Scientific Contribution

The Great Oxidation Event (GOE): Proved the
transition from an anoxic to oxic atmosphere.
Rocks older than ~2.4 Ga show Mass-
Independent Fractionation (MIF-S), which can
only occur in an_atmosphere lacking an ozone
layer.

Sulphur (*{33N\text{S},
34 \text{S},
~36}\text{S})

Kaapvaal Craton
(South Africa)

Crustal Growth & Life: Studies of carbonate
sequences and organic matter track the burial
Congo Craton Carbon of organic carbon. Large "excursions" in these
(Central Africa) (\delta™{13\text{C}) ratios correlate with massive crustal growth
periods and the stabilization of the African
plate.

Box 3.2 Case studies of stable isotope applications in African Precambrian shields

Pilot questions 3.3
1. Which sulphur isotopes are most commonly studied in Precambrian geology?

2. What does:mass-independent fractionation of sulphur isotopes indicate about the early
atmosphere?

3. Which. microbial process can be detected through sulphur isotope variations in
sediments?

4. Name two African shield areas where stable isotope studies have been applied.

5..How do stable isotope case studies complement radiometric dating in Precambrian
geology?

3.4 Application of Stable Isotopes in Tectonic and
Geological Interpretation

-
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3.4.1 Isotopes in metamorphic processes

Metamorphism refers to the alteration of rocks under heat, pressure, or chemical fluids,
often deep within the Earth’s crust. Stable isotopes, particularly oxygen and hydrogen, are
used to trace fluid-rock interactions during metamorphism. Variations in 8\(*{18}\)O values
can reveal the sources of fluids, whether they originated from magmatic, meteoric, or
marine environments.

By studying these isotopic signatures, geologists can reconstruct the pathways of fluids and
understand how they influenced mineral growth and rock transformation. This helps. in
identifying the conditions under which metamorphic rocks formed.

Fill in the blank: Variations in &\(*{18}\)O values during metamorphism can reveal the
sources of involved in rock alteration.

Fluid
dO =+8%

Source Fluid
d10 =+12%

Quartz
d10 =+3%

Quartz
d10 = +4%

d'80 Isootpe Encrohment

|




3.4.2 Isotopes in hydrothermal systems and ore deposits

Hydrothermal systems are networks of hot, mineral-rich fluids circulating through rocks.
Stable isotopes such as oxygen, hydrogen, sulphur, and carbon are used to study these
systems. For example, sulphur isotopes (8\(*{34\)S) can identify the sources of sulphur in
ore deposits, while oxygen isotopes can distinguish between magmatic and meteoric water
contributions.

These isotopic studies are crucial in economic geology because they help explain how
valuable ore deposits, such as gold and copper, formed. By tracing isotopic variations,
geologists can identify favourable conditions for mineralisation and. guide exploration
efforts.

Fill in the blank: Sulphur isotopes are particularly useful in hydrothermal studies because
they can identify the sources of in ore deposits.

-
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Plate 3.3.Hydrothermal ore deposits studied using stable isotopes

3.4.3 Integration of stable isotope data with radiometric dating

Stable isotope studies are most powerful when combined with radiometric dating, which
provides absolute ages for rocks. While isotopes such as oxygen, carbon, and sulphur reveal
environmental and process-related information, radiometric methods like U/Pb or Rb/Sr
establish precise timelines.

By integrating these approaches, geologists can reconstruct both the timing and conditions
of tectonic and geological events. For example, isotopic evidence of fluid activity can be
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matched with radiometric ages of metamorphism, giving a complete picture of crustal
evolution.

Fill in the blank: Radiometric dating provides absolute ages, while stable isotopes reveal
information about geological processes.

Focus Area Integration Benefits & Applications

Combines absolute age (radiometric) with relative 'sequences. For
example, using U-Pb dating to pin the exact age of a volcanic ash layer
within a sedimentary sequence containing fossil-based stable‘isotope
records.

Timing of Events

Uses stable isotopes (e.g., \delta®{18}0O, \delta”{13}C) as
Environmental geothermometers and climate proxies'to determine past temperatures
Conditions and atmospheric composition, while radiometric dating anchors these
conditions to specific points in the geologic timescale.

Integrates radiogenic racers (e.g., Sr, Nd, Hf) with stable isotopes to
distinguish between mantle-derived magmas and recycled crustal
material. This allows. geologists to map the growth and chemical
differentiation of continents over billions of years.

Crustal Evolution

Box 3.3 Integration of stable isotope data with radiometric dating

Pilot questions 3.4

1. Which isotopes are most' useful for tracing fluid-rock interactions during
metamorphism?

2. What can sulphurisotopes reveal about hydrothermal ore deposits?
3. Why are stable isotopes importantin economic geology?

4. How does integrating stable isotope data with radiometric dating improve geological
interpretation?

5. What type of information do stable isotopes provide compared to radiometric dating?

Series Summary

This Series has introduced you to the role of stable isotopes in rock chronology, showing
how they complement radiometric methods by revealing environmental conditions and
geological processes. We began with the principles of stable isotope geochemistry, defining

-
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key isotopes and explaining fractionation. Then we examined oxygen and carbon isotopes,
highlighting their applications in palaeoclimate reconstruction, sedimentary processes, and
correlation of rock sequences. Following that, we explored sulphur and other isotopes in
Precambrian studies, focusing on atmospheric changes, microbial activity, and case
studies from African shield areas. Finally, we considered how stable isotopes are appliedin
tectonic and geological interpretation, including metamorphism, hydrothermal systems,
and integration with radiometric dating.

By completing this Series, you should now be able to define stable isotopes-and explain
fractionation (SLO 3.1), analyse oxygen and carbon isotope ratios in relation to
palaeoclimate and sedimentary processes (SLO 3.2), evaluate the significance of sulphur
and other isotopes in Precambrian studies (SLO 3.3), and apply ;stable isotope/data to
interpret tectonic processes and integrate findings with radiometric dating (SLO 3.4). These
outcomes provide you with a strong foundation for using stable isotopes as a tool in
geological research and chronology.

Glossary of Terms

e Carbonisotopes: Isotopes of carbon, mainly \(*{12}\)C and \(*{13}\)C, used to study
biological activity, sedimentary processes, and changes in the global carbon cycle.

¢ Delta (8) notation: A way of expressing isotope ratios by comparing a sample to a
standard, commonly used for oxygen, carbon, and sulphur isotopes.

e Fractionation: The process by which isotopes of the same element are separated or
distributed unequally during physical or chemical reactions, often due to differences
in mass:

o | Great Oxidation Event (GOE): A major event about 2.4 billion years ago when Earth’s
atmosphere became enriched in oxygen, identified through sulphurisotope studies.

e  Hydrothermal systems: Networks of hot, mineral-rich fluids circulating through
rocks, often associated with ore deposits and studied using stable isotopes.

-
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e Mass-independent fractionation (MIF): A type of isotope fractionation where isotope
ratios deviate from expected patterns, often linked to atmospheric processes in the
Precambrian.

e Metamorphism: The alteration of rocks under heat, pressure, or chemical fluids,
during which stable isotopes can trace fluid—rock interactions.

e Oxygen isotopes: Isotopes of oxygen, mainly \(*{16}\)O and \(*{18}\)O, used to
reconstruct past climates and study water-rock interactions.

¢ Precambrian: The earliest and longest span of gealogicaltime, covering nearly 90 per
cent of Earth’s history before the Cambrian period.

e Shield areas: Large regions of exposed Precambrian crystalline rocks that form the
stable cores of continents, such as the Kaapvaaland Congo Cratons.

o Stable isotopes: Isotopes of an element that do not undergo radioactive decay,
remaining constant overtime butvarying in abundance, which makes them useful for
geological studies.

e Sulphurisotopes:Isotopes of sulphur, mainly \(*{32}\)S and \(*{34}\)S, used to study
atmospheric changes, microbial activity, and ore deposits in Precambrian geology.

Concept Check Questions [Series 3]

Objective questions

1. Stable isotopes differ from radioactive isotopes because they do not undergo decay.
(Linked to SLO 3.1)

2. Which oxygen isotopes are most commonly used in palaeoclimate reconstruction?
(Linked to SLO 3.2)

-
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3. Positive d\(*{13\)C excursions in sedimentary rocks often reflect increased burial
of carbon. (Linked to SLO 3.2)

4. Mass-independent fractionation of sulphur isotopes indicates that the early Earth
atmosphere lacked significant . (Linked to SLO 3.3)

5. Which isotopes are most useful for tracing fluid-rock interactions during metamorphism?
(Linked to SLO 3.4)

Short-answer questions

6. Define isotope fractionation and explain why lighter isotopes fractionate. more readily.
(Linked to SLO 3.1)

7. Describe how &\(*{18\)O values in marine carbonates can be used to reconstruct past
climates. (Linked to SLO 3.2)

8. Identify one microbial process that can be detected through'sulphurisotope variations in
Precambrian sediments. (Linked to SLO 3.3)

9. Explain how sulphur isotopes contribute to-.understanding hydrothermal ore deposits.
(Linked to SLO 3.4)

10. Briefly state how integrating stable isotope data with radiometric dating improves
geological interpretation. (Linked to SLO 3.4)

Long-answer questions

11. Analyse the principles of stable isotope geochemistry, including definitions, common
isotopes, and fractionation processes. (Linked to SLO 3.1)

12. Evaluate the role of oxygen.and carbon isotopes in rock chronology, with reference to
palaeoclimate reconstruction, sedimentary processes, and correlation of rock sequences.
(Linked to SLO 3.2)

13. Assess the significance of sulphur isotopes in Precambrian studies, focusing on
atmospheric changes, microbial activity, and African shield case studies. (Linked to SLO
3.3)

14. Apply stable isotope data to tectonic and geological interpretation, discussing
metamorphism, hydrothermal systems, and integration with radiometric dating. (Linked to
SLO 3.4)

Answers to Concept Check Questions [Series 3]

Objective questions

-
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1. Radioactive.
2.\(*{16}\)O and \(*{18}\)0.
3. Organic.

4. Oxygen.

5. Oxygen and hydrogen isotopes.

Short-answer questions

6. Isotope fractionation is the unequal distribution of isotopes during physical or chemical
reactions. Lighter isotopes fractionate more readily because they move or react faster than
heavier ones.

7. Higher d\(*{18\)O values in marine carbonates indicate. cooler climates, while lower
values suggest warmer conditions.

8. Microbial sulphate reduction.

9. Sulphur isotopes can identify the sourcescof sulphur in ore deposits, distinguishing
between magmatic and sedimentaryorigins.

10. Integration provides both absolute ages and environmental information, giving a fuller
picture of geological events.

Long-answer questions

11. Basic response: Stable isotopes are non-radioactive isotopes that remain constant over
time. Common examples include oxygen, carbon, and sulphur. Fractionation occurs when
isotopes are distributed unequally, either through equilibrium or kinetic processes.

Value-added response: Beyond the basics, fractionation studies allow geologists to trace
temperaturecdependent processes, evaporation, and diffusion. They also provide insights
into global cycles'such as carbon and sulphur, linking geochemistry to broader Earth system
science.

12. Basic response: Oxygen isotopes are used to reconstruct palaeoclimate, while carbon
isotopes trace biological activity and sedimentary processes. Both can be applied to
correlate rock sequences across regions.

Value-added response: Advanced applications include identifying global d\(*{13}\)C
excursions linked to mass extinctions and matching d\(*{18}\)O records to synchronous
climate events. These correlations provide a global framework for geological history.

-
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13. Basic response: Sulphur isotopes reveal atmospheric changes during the Great
Oxidation Event and microbial processes such as sulphate reduction. Case studies from
African shields show how isotopes record environmental shifts.

Value-added response: Outstanding learners may note that sulphur isotope mass-
independent fractionation provides unique evidence of pre-oxygen atmospheres, while
carbon isotope records highlight episodes of organic carbon burial. Together, they form a
multi-proxy approach to Precambrian studies.

14. Basic response: Stable isotopes trace fluid-rock interactions in metamorphism, identify
sources of sulphurin hydrothermal ore deposits, and complement radiometric dating.

Value-added response: Integration of isotopic and radiometric data allows geologists to
reconstruct both the timing and conditions of tectonic events. This combined approach is
vital for economic geology, crustal evolution studies, and understanding Earth’s dynamic
systems.

Answers to Pilot Questions [Series 3]

Pilot questions 3.1

1. Stable isotopes do not undergo radioactive decay.
2. Oxygen, carbon, and sulphur isotopes.

3. Ancient climate conditions:

4. Equilibrium fractionation and kinetic fractionation.

5. Faster.

Pilot questions 3.2

1. \(*{16\)O and \(*{18}\)O.
2. Cooler.

3. \("{12\)C and \(*{13}\)C.
4,/0Organic carbon.

5. Correlate.

Pilot questions 3.3

1.\(*{32]\)S and \(*{34}\)S.

-

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



2. Oxygen.
3. Sulphate reduction.
4. Kaapvaal Craton and Congo Craton.

5. They provide environmental context alongside absolute ages.

Pilot questions 3.4

1. Oxygen and hydrogen isotopes.

2. Sources of sulphur.

3. They help explain ore formation and guide exploration.

4. It combines timing with environmental conditions for a fuller picture.

5. Environmental.

References and Attributions [Series 3]

General references

- Course document: GEY 301: Geochronology & Precambrian Geology of Africa (uploaded
source).

- Open Educational Resources (OER) consulted for suggested illustration searches.

- Referencing style applied: APA (7th edition) adapted for instructional material.

Figures

- Figure 3.1 Stable.isotopes compared with radioactive isotopes. Al-generated using prompt:
“Generate a diagram comparing stable isotopes (constant) and radioactive isotopes (decay
over time).” Suggested OER search string: “stable isotopes vs radioactive isotopes diagram
OER.”

- Figure 3.2 Types of isotope fractionation. Al-generated using prompt: “Generate a diagram
illustrating equilibrium fractionation (temperature-dependent) and kinetic fractionation
(evaporation/diffusion).” Suggested OER search string: “isotope fractionation equilibrium
kinetic diagram OER.”

- Figure 3.3 Oxygen isotopes as indicators of palaeoclimate. Al-generated using prompt:
“Generate a diagram showing 6180 values in marine carbonates with arrows indicating
cooler and warmer conditions.” Suggested OER search string: “oxygen isotopes
palaeoclimate reconstruction diagram OER.”
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- Figure 3.4 Sulphurisotope fractionation and atmospheric implications. Al-generated using
prompt: “Generate a diagram showing sulphur isotope fractionation with a timeline marking
the Great Oxidation Event.” Suggested OER search string: “sulphur isotopes Precambrian
Great Oxidation Event diagram OER.”

- Figure 3.5 Oxygen isotopes tracing fluid sources in metamorphic rocks. Al-generated using
prompt: “Generate a diagram showing metamorphic rock with fluid pathways traced using
0180 isotopes.” Suggested OER search string: “oxygen isotopes metamorphism fluid rock
interaction diagram OER.”

Plates

- Plate 3.1 Sedimentary rocks analysed for carbon isotope variations. Al-generated using
prompt: “Generate an image of layered sedimentary rocks with visible strata used in carbon
isotope studies.” Suggested OER search string: “sedimentary rocks carbonisotope analysis
OER image.”

- Plate 3.2 Precambrian rocks with isotopic signals of earlylife. Al-generated using prompt:
“Generate an image of Precambrian sedimentary rocks with-visible layering, linked to
microbial isotope studies.” Suggested OER search string: “Precambrian sedimentary rocks
microbial sulphur isotope OER image.”

- Plate 3.3 Hydrothermal ore deposits studied using stable isotopes. Al-generated using
prompt: “Generate an image of_hydrothermal ore deposits with mineral veins in
Precambrian rocks.” Suggested OER search string: “hydrothermal ore deposits sulphur
isotopes OER image.”

Tables

- Table 3.1 Common stable isotopes and their geological applications. Al-generated using
prompt: “Generate a simple table listing oxygen, carbon, and sulphur isotopes with their
geological applications.” Suggested OER search string: “stable isotopes oxygen carbon
sulphur geology OER.”

Boxes

=Box 3.1 Applications of oxygen and carbon isotopes in rock chronology. Al-generated using
prompt: “Generate a box listing applications: palaeoclimate reconstruction, tracing
sedimentary processes, correlating rock sequences.” Suggested OER search string:
“oxygen carbon isotopes applications rock chronology OER.”

- Box 3.2 Case studies of stable isotope applications in African Precambrian shields. Al-
generated using prompt: “Generate a box listing case studies: Kaapvaal Craton (sulphur
isotopes, GOE), Congo Craton (carbon isotopes, crustal growth).” Suggested OER search
string: “African Precambrian shield stable isotope case studies OER.”
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- Box 3.3 Integration of stable isotope data with radiometric dating. Al-generated using
prompt: “Generate a box listing integration benefits: timing of events, environmental
conditions, crustal evolution.” Suggested OER search string: “stable isotopes radiometric
dating integration geology OER.”

Note: All Al-generated illustrations were created using descriptive prompts. Suggested OER
search strings are provided to enable sourcing of external educational resources where
needed.

Course code: GEY 301

Course title: Geochronology & Precambrian Geology of
Africa

Units: 2 Units

List of Series
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Series 5: Tectonic Structures and Stratigraphy of Africa

4.1 Geological framework of Nigeria’s Precambrian
-4.1.1 Overview of Nigerian Precambrian terrains
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-4.1.3' Major lithologies and rock associations

4.2 Tectonic evolution and structural features

- 4.2.1 Precambrian tectonic events in Nigeria

-4.2.2 Structural features: folds, faults, and shear zones
-4.2.3 Implications for crustal growth and stability

rp

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



4.3 Radiometric and isotopic studies in Nigerian Precambrian geology
- 4.3.1 Application of radiometric dating methods (Rb/Sr, U/Pb, K/Ar)
-4.3.2 Stable isotope studies in Nigerian terrains

- 4.3.3 Integration of isotopic data with tectonic interpretation

4.4 Economic geology and Precambrian resources
- 4.4.1 Mineralisation in Nigerian Precambrian terrains
-4.4.2 Ore deposits linked to Precambrian tectonics

- 4.4.3 Case studies of resource exploration and exploitation

Introduction

Nigeria’s Precambrian geology forms the foundation of its landmass and provides vital
insights into the earliest history of the African continent. The rocks and structures from this
vast period record tectonic events, crustal growth, and mineralisation processes that
continue to shape the country’s natural resources today. Understanding these terrains is
not only important for reconstructing Earth’s geological past but also for appreciating
Nigeria’s role within the broader Precambrian framework of Africa.

The aim of this Series is to introduce you to the geological framework, tectonic evolution,
isotopic studies, and economic significance of Nigeria’s Precambrian terrains, equipping
you with the knowledge to‘interpret their history and appreciate their importance in both
academic and applied geology.

We shall commence this Series by examining the geological framework of Nigeria’s
Precambrian, focusing on the distribution of shield areas, cratons, and major lithologies.
Next, we will explore tectonic evolution and structural features, considering folds, faults,
and shear zones and their implications for crustal growth. Following that, we will move on to
radiometric and isotopic studies, highlighting how dating methods and stable isotope
analyses contribute to understanding Nigerian terrains. Finally, we will wrap up by
discussing the economic geology of Nigeria’s Precambrian, including mineralisation, ore
deposits, and case studies of resource exploration and exploitation.

Series Learning Outcomes

Upon completing this Series, you should be able to:

- SLO 4.1 describe the geological framework of Nigeria’s Precambrian terrains, including
shield areas, cratons, and major lithologies,
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- SLO 4.2 analyse the tectonic evolution of Nigeria’s Precambrian, identifying key structural
features such as folds, faults, and shear zones,

- SLO 4.3 apply radiometric and stable isotope methods to interpret Nigerian Precambrian
geology, and

-SLO 4.4 evaluate the economic significance of Nigeria’s Precambrian terrains by examining
mineralisation, ore deposits, and case studies of resource exploration.

4.1 Geological Framework of Nigeria’s Precambrian
4.1.1 Overview of Nigerian Precambrian terrains

Nigeria’s Precambrian terrains represent some of the oldest rocks in West Africa, forming
the basement complex that underlies much of the country. These rocks date back billions
of years and provide evidence of early crustal formation, tectonic activity, and
metamorphism. The Nigerian basement complex is part of the larger Pan-African mobile
belt, which records significant geological events that shaped the African continent.

These terrains are composed of ancient crystalline rocks, including granites, gneisses,
schists, and migmatites. Their distribution across Nigeria highlights the country’s geological
diversity and importance in Precambrian studies.

Fillin the blank: Nigeria’s Precambrian basement complex is part of the larger mobile belt.

-
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Figure 4.1 Distribution/of Precambrian basement complex in Nigeria

4.1.2 Distribution of shield areas and cratons

Shield areas are large, stable regions of exposed Precambrian crystalline rocks that form the
cores of continents. In Nigeria, these shield areas are part of the West African Craton and
are linked to the Pan-African orogeny. The Nigerian basement complex includes several
important exposures, particularly in the north-central and south-western regions.

These shield areas are crucial for understanding crustal stability and tectonic history. They
also provide valuable insights into the processes that shaped the African continent during
the Precambrian.
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Fill in the blank: Shield areas are stable regions of exposed rocks that form the cores of
continents.

%

Plae 4.1 Precambrin shield exposres in Nigeria

4:1.3 Major lithologies and rock associations

TheNigerian Precambrian basement complex is characterised by diverse lithologies, which
are types of rocks distinguished by their composition and texture. The main rock
associations include:

- Granites and granitic gneisses: These represent ancient igneous activity and crustal
reworking.
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- Schists and quartzites: Metamorphic rocks formed under high pressure and temperature
conditions.

- Migmatites: Mixed rocks that show partial melting and re-crystallisation, reflecting
complex geological processes.

These lithologies provide evidence of multiple tectonic and metamorphic events,smaking
Nigeria’s Precambrian geology a rich field for study.

Fill in the blank: Migmatites are mixed rocks that show evidence of partial and re-
crystallisation.

Rock Type Group / Series Primary Geological Significance

Represent the final major. magmatic event of the Pan-
Older Granites (Pan-African orogeny. They/intrude into(the older Migmatite-

Granites . . . . ; . e
African Granitoids) Gneiss and Schist units, marking the "stabilization" of the
Nigerian crust.
Represent ancient sedimentary basins (supracrustal
Schists Schist Belts (Youngercover) that were folded and metamorphosed into the
Metasediments) basement. They are primary hosts for gold, iron-ore, and
polymetallic deposits.
Often " occur »as resistant ridges. Significant for
Quartzites Migmatite-Gneiss- reconstructing ancient shorelines or shallow marine
Quartzite Complex environments and serve as structural markers for
understanding folding patterns.
The oldest and most extensive unit (the "basement
. .. __Migmatite-Gneiss proper"). Their presence indicates extreme heat and
Migmatites

Complex pressure where rocks partially melted, reflecting the high-
grade metamorphic history of the region.

Table 4.1 Major lithologies of Nigeria’s Precambrian basement complex

Pilot questions 4.1

1. Nigeria’s Precambrian basement complex is part of which larger mobile belt?
2. What are shield areas composed of?

3. Name two major lithologies found in Nigeria’s Precambrian basement complex.
4. What geological process do migmatites reflect?

-

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



5. Why are shield areas important in Precambrian studies?

4.2 Tectonic Evolution and Structural Features

4.2.1 Precambrian tectonic events in Nigeria

Nigeria’s Precambrian geology records several important tectonic events, whichrare large-
scale processes that shaped the Earth’s crust through movements, collisions, and
deformation. These events include the Pan-African orogeny, a major tectonic episode that
occurred about 600 million years ago and significantly reworked the Nigerian basement
complex.

The Pan-African orogeny led to the formation of new granites, widespread metamorphism,
and the development of structural features such as folds and shear zones. It also integrated
Nigeria’s Precambrian terrains into the broader Pan-African mobile belt, linking them with
other parts of Africa.

Fill in the blank: The Pan-African orogeny occurred about million years ago and reworked
Nigeria’s basement complex.

-
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Figure 4.2 Majortectonic events affecting Nigeria’s Precambrian basement

4.2.2 Structural features: folds, faults, and shear zones

Structural features are physical expressions of tectonic forces preserved in rocks. In
Nigeria’s Precambrian basement, the most common structures include:

- Folds: Curved layers of rocks formed by compressional forces.
- Faults: Breaks in rocks where displacement has occurred due to tectonic stress.

- Shear zones: Regions of intense deformation where rocks have been displaced along
ductile planes.

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



These features provide evidence of the tectonic stresses that affected Nigeria’s
Precambrianterrains. They also help geologists reconstruct the sequence of tectonic events
and understand crustal deformation.

Fillin the blank: Shear zones are regions of intense deformation where rocks are displaced
along planes.

Plate 4.2 Structural features in Nigeria’s Precambrian basement
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4.2.3 Implications for crustal growth and stability

The tectonic evolution and structural features of Nigeria’s Precambrian basement have
important implications for crustal growth, which refers to the addition and reworking of
continental crust over geological time. The Pan-African orogeny and related tectonic
processes contributed to the stabilisation of Nigeria’s crust, making it part of the stable
shield areas of Africa.

These processes also influenced the distribution of mineral resources, as tectonic activity
often creates favourable conditions for ore deposits. Understanding crustal growth and
stability is therefore essential not only for academic geology but also for economic
exploration.

Fillin the blank: The Pan-African orogeny contributed to the stabilisation of Nigeria’s as part
of the African shield.

Category Key Implications

The Pan-African Orogeny (c..600 Ma) acted as the final "welding" event.
By intruding the massive Older Granites into the existing soft schists and
gneisses, the region transitioned from a mobile, tectonically active zone
to a stable cratonic block. This stability prevents significant modern-day
seismic (earthquake) activity in the region.

Crustal
Stabilisation

Tectonic "traps" created during the Precambrian dictate where wealth is
found today. Gold and iron ore are largely confined to the N-S trending
Mineral Resource Schist/Belts, while rare-earth elements, tin, and columbite are hosted

Distribution within' the Older Granite suites and associated pegmatites. The
structural "grain" of the basement controls the orientation of these
deposits.

Nigeria serves as a "geological bridge" for understanding the assembly of
the Gondwana supercontinent. By matching the fault lines (like the
Ifewara-Zungeru fault) and rock types of the Nigerian basement with
those in Northeast Brazil, geologists can precisely reconstruct how
Africa and South America were once joined.

Tectonic
Reconstruction

Box 4.1 Implications of tectonic evolution for crustal growth and mineralisation

Pilot questions 4.2
1. When did the Pan-African orogeny occur?
2. Name three structural features found in Nigeria’s Precambrian basement.

-
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3. What type of planes are associated with shear zones?
4. How did the Pan-African orogeny contribute to crustal growth in Nigeria?

5. Why are tectonic features important for understanding mineral resource distribution?

4.3 Radiometric and Isotopic Studies in Nigerian
Precambrian Geology

4.3.1 Application of radiometric dating methods

Radiometric dating is a technique used to determine the age of rocks by measuring the
decay of radioactive isotopes. In Nigeria’s Precambrian geology, methods such as Rb/Sr
(Rubidium-=Strontium), U/Pb (Uranium-Lead), and K/Ar (Potassium-=Argon) have been
widely applied. These methods provide absolute ages for granites, gneisses, and other
basement rocks, helping geologists reconstruct the sequence of tectonic and metamorphic
events.

For example, U/Pb dating of zircons in Nigerian granites has revealed ages that correspond
to the Pan-African orogeny, confirming the timing of crustal reworking. Rb/Sr studies have
also been used to trace metamorphic episodes and magmatic intrusions.

Fillin the blank: U/Pb dating of zircons.in Nigerian granites provides ages that correspond to
the orogeny.

-
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Based on Nigerian Geological Survesy Agency data & geological literature. OER | CC BY-SA

Figure 4.3 Radiometric dating techniques used in Nigerian Precambrian geology

4.3.2 Stable isotope studies in Nigerian terrains

Stable isotopes are isotopes that do not undergo radioactive decay, such as oxygen, carbon,
and sulphur. In Nigeria’s Precambrian terrains, stable isotope studies have been used to
investigate fluid—rock interactions, palaeoclimate signals, and evidence of early biological
activity.

Oxygen isotopes (O\(*{18}\)O) in Nigerian granites and metamorphic rocks reveal
information about the sources of fluids during metamorphism. Carbon isotopes
(O\(*{13N\)C) in sedimentary rocks provide clues about organic productivity and burial
processes. Sulphur isotopes (0\(*{34}\)S) have been applied to study ore deposits and
atmospheric changes during the Precambrian.

Fill in the blank: Carbon isotopes in sedimentary rocks provide clues about ancient
productivity and burial processes.

-
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Isotope

System Key Isotopes Major Applications in Nigeria Geologic Context / Examples

Thermomery & Fluid Origins:
Determining crystallization
temperatures and identifying if
fluids are magmatic,
metamorphic, or meteoric.

Used in the Igangan pegmatites
(SW Nigeria) to delineate
mineralizing fluid evolution and
crystallization temperatures.

A{18\text{O} /

OXYEeN 711 6Ntext{O}

Hydrogeology: Tracing Studied in the lkogosi Warm
groundwater recharge sourcesSpring and" Ilorin basement
and water-rock interaction inaquifers to confirm meteoric
basement aquifers. (rainfall) recharge.

. . . Applied to Precambrian
Chemostratigraphy: Correlation Ofmarbles (é.&., Jakura, Obajana,

{137\text{C} /Precambrian metasedlmentaryIk eshi) to determine the

{12)tex{C} unlt.s and |dent|f¥|ng RN marine origin of the limestone
environmental conditions. 4
protoliths.

Carbon

Mineralization:. Identifying. theHelps distinguish between
source of CO_2.in gold-bearingmantle-derived carbon and
quartz veins_and carbonate-richrecycled crustal organic matter
schist belts. in the Nigerian Schist Belts.

Used in the Gindi Akwati
cassiterite-sulfide deposits to
link mineralization to magmatic
fluids (\delta”™{34\text{S} near
0%o0).

Ore Genesis: Determining whether
M34N\text{S} /sulfurin ore depositsis magmatic,
M32N\text{S}. hydrothermal, or derived from

seawater/bacteria.

Sulphur

. . Applied to massive sulfide
Redox Conditions: Reconstructing leF;IZes within the Schist Belts to

the oxygenation levels of ancient. e o
identify "euxinic" (oxygen-poor)

Precambrian basins. . .
ancient environments.

Table 4.2 Stable isotopes and their applications in Nigerian Precambrian geology

4.3.3 Integration of isotopic data with tectonic interpretation

The greatest value of radiometric and isotopic studies lies in their integration with tectonic
and geological interpretation. Radiometric dating provides absolute ages, while stable
isotopes reveal environmental and process-related information. Together, they allow

-
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geologists to reconstruct both the timing and conditions of tectonic events in Nigeria’s
Precambrian.

For instance, isotopic evidence of fluid activity can be matched with radiometric ages of
metamorphism, giving a complete picture of crustal evolution. This integration also helpsiin
identifying periods of mineralisation and linking them to tectonic processes.

Fill in the blank: Radiometric dating provides absolute ages, while stable isotopes
reveal information about geological processes.

Benefits of Isotopic Integration in Nigerian Geology

1. Precise Timing of Tectonic Events

e The Logic: Combining U-Pb zircon ages with \delta®{18}\text{O} allows geologists to
date the exact moment of continental collision during the Pan-African Orogeny (\sim
600 Ma).

e Nigerian Context: Distinguishes between "Primary" basement rocks and those
"reworked" during later tectonic heat pulses.

2. Reconstruction of Paleo-Environmental Conditions

e The Logic: Stable Carbon (?{13\text{C})and Sulphur (*{34\text{S}) signatures act as
a chemical "thermometer" and "barometer" for ancient oceans.

 Nigerian Context: Reveals the atmospheric and oceanic oxygen levels during the
deposition of the /Nigerian Schist Belts, helping to reconstruct the Precambrian
climate.

3. Tracking Crustal Evolution & Recycling

e The Logic: Using isotopes to determine if magma was "fresh" from the mantle or
"recycled" from/much older Nigerian crust (e.g., Archean fragments).

e /Nigerian Context: Explains the transition from the ancient Migmatite-Gneiss
Complex to the younger "Older Granites" through crustal melting.

4. Fingerprinting Mineralisation Sources

e The Logic: Integrating isotopic data identifies the "plumbing system" of ore
deposits—linking specific magmatic events to the gold and columbite-tantalite
found today.

¢ Nigerian Context: Helps mineral exploration companies pinpointwhether gold in the
Bini Yauri or Iperindo areas is local or transported by deep-seated crustal fluids.

Box 4.2 Integration of radiometric and isotopic studies in Nigerian Precambrian geology

-
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Pilot questions 4.3

1. Which radiometric dating methods are commonly applied to Nigerian Precambrian
rocks?

2. What type of isotopes are oxygen, carbon, and sulphur?
3. What does &\(*{13}\)C in sedimentary rocks indicate?
4. How do sulphur isotopes contribute to Precambrian studies in Nigeria?

5. Why is the integration of radiometric and isotopic studies important in geological
interpretation?

4.4 Economic Geology and Precambrian Resources

4.4.1 Mineralisation in Nigerian Precambrian terrains

Mineralisation refers to the process by which valuable minerals are concentrated in rocks,
often due to tectonic and hydrothermal activity. Nigeria’s Precambrian basement complex
hosts a variety of mineral deposits; including gold, tin, columbite, and iron ore. These
resources are closely linked to the tectonic.and metamorphic events that shaped the
basement rocks.

Gold deposits, for example, are often associated with shear zones and quartz veins, while
tin and columbite are found in pegmatites formed during late-stage magmatic processes.
Iron ore deposits are linked to banded iron formations, which record ancient Precambrian
environments.

Fill in the blank: Gold deposits.in Nigeria’s Precambrian terrains are commonly associated
with zones and quartz veins.

-
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Plate 4.4 Gold-bearing quartz veins in Nigerian Precambrian rocks

4.4.2 Ore deposits linked to Precambrian tectonics

Ore deposits are naturally occurring concentrations of minerals that can be economically
extracted. In Nigeria, many ore deposits are directly linked to Precambrian tectonic
processes. For instance, tin and columbite deposits in the Jos Plateau are associated with

magmatic intrusions and pegmatites, while sulphide deposits are connected to
hydrothermal systems.
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These deposits highlight the importance of tectonic activity in creating favourable
conditions for mineral formation. By studying the geological context of ore deposits,
geologists can better understand their origin and guide exploration strategies.

Fillin the blank: Tin and columbite deposits in the Jos Plateau are associated with ma tic
intrusions and .

P o N
Tectonic-Magnatic Controls on Ore Deposts in the Nigerian
Nigerian Precadrran (Nigreria)

Magmatic intrustion
(e.g), granites, syeintes)

Gold-Quartz Veins

Gold-Quarz Veins Base Metal Sulfides

(e.g). Cu, Pb, Zn)

’ [ Precabemban Basement Rocks (Nigeria) ‘
—— (Nigrra) Teconic Shear

—O— Tantalum/Niobum-bearing == Hydrormal Fluids _—
Pegopites

igﬁe 4.4 Ore deposits linked to Precambrian tectonic activity

4.4.3 Case studies of resource exploration and exploitation
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Case studies from Nigeria’s Precambrian terrains demonstrate how geological knowledge
is applied in resource exploration and exploitation. The Jos Plateau, for example, has long
been a centre for tin mining, while gold exploration has expanded in regions such as Zamfara
and Osun. These activities illustrate the economic importance of Precambrian resources
and their role in national development.

However, resource exploitation also raises environmental and social challenges.
Sustainable practices are essential to balance economic benefits with ecological
protection and community welfare.

Fillin the blank: The Jos Plateau has historically been a centre for mining in Nigeria.

-
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PRECAMBRIAN RESOURCE EXPLORATION
CASE STUDIES - NIGERIA

JOS PLATEAU

* Primary commodities: Tin & Columbite
 Geological setting: Younger Granites
Mineralisation style: Pegetiites & Alluval deposits

ZAMFARA (ANGLOFON LOCAL GOVERNMENT AREA)

* Primary commodity: Gold
* Geological setting: Schist belts
Mineralisation style: Quartz veins & Alluval deposits

OSUN (IWAJOWA & ATIKU LOCAL LOCAL GOVT AREAS)

* Primary connodity: Gold (Exploration phase)
* Geologisating: Schist belts
* Quartz veins & Dissrmenated sulphides

Box 4.3 Case studies of Precambrian resource exploration in Nigeria

Pilot questions 4.4

1. What is mineralisation, and which minerals are found in Nigeria’s Precambrian basement
complex?

2. Which geological features are gold deposits commonly associated with?

3. What type of deposits are linked to magmatic intrusions and pegmatites in the Jos
Plateau?

-
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4. Why are tectonic processes important in the formation of ore deposits?

5. Name two regions in Nigeria where Precambrian resource exploration has been
significant.

Series Summary

This Series has focused on the Precambrian geology of Nigeria, highlighting its importance
as part of the wider African geological framework. We examined how Nigeria’s basement
complex records ancient tectonic events, crustal growth, and mineralisation, all of which
are crucial for understanding both the country’s geological history.and its economic
resources.

Starting off, we explored the geological framework of Nigeria’s Precambrian, including
shield areas, cratons, and major lithologies. We then moved on to tectonic evolution and
structural features, considering the Pan-African orogeny/and its impacton folds, faults, and
shear zones. Following that, we studied radiometric and isotopic. methods, showing how
they provide ages and environmental information. for Nigerian terrains. Finally, we
concluded with economic geology, examining mineralisation, ore deposits, and case
studies of resource exploration. By. completing this Series, you should now be able to
describe Nigeria’s Precambrian framework (SLO 4.1), analyse tectonic evolution and
structures (SLO 4.2), apply radiometric and isotopic methods (SLO 4.3), and evaluate the
economic significance of Precambrian resources (SLO 4.4).

Glossary of Terms

- Basement complex: The oldest group of rocks in Nigeria, made up of Precambrian
crystalline rocks such as granites, gneisses, schists, and migmatites, which form the
foundation of the country’s geology.

- Craton: A large, stable block of the Earth’s crust that has survived tectonic activity for
billions. of years. Nigerian Precambrian terrains are part of the West African Craton.

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

- Lithology: The physical characteristics of a rock, including its composition and texture.
Nigerian Precambrian terrains contain diverse lithologies such as granites, schists, and
migmatites.

- Mass-independent fractionation (MIF): A type of isotope fractionation where isotope ratios
deviate from expected patterns, often linked to atmospheric processes in the Precambrian.

-
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- Metamorphism: The process by which rocks are altered under heat, pressure, or chemical
fluids, producing new minerals and structures.

- Migmatite: A mixed rock formed by partial melting and re-crystallisation, reflecting
complex geological processes in Nigeria’s Precambrian basement.

- Mineralisation: The concentration of valuable minerals in rocks, often due to tectonic or
hydrothermal activity. Examples in Nigeria’s Precambrian include gold, tin, and columbite.

- Ore deposit: A naturally occurring concentration of minerals that can be economically
extracted, such as tinin the Jos Plateau or gold in Zamfara.

- Pan-African orogeny: A major tectonic event about 600 million years ago that reworked
Nigeria’s Precambrian basement complex, forming new granites and structural features.

- Radiometric dating: A method of determining the age of rocks by measuring the decay of
radioactive isotopes, such as U/Pb, Rb/Sr, and K/Ar.

- Shield area: A stable region of exposed Precambrian crystalline rocks that forms the core
of a continent. Nigeria’s basement complex includes such shield exposures.

- Stable isotopes: Isotopes that do not undergo radioactive decay, such as oxygen, carbon,
and sulphur, which are used to study geological processes and environmental conditions.

- Structural features: Physical expressions of tectonic forces in rocks, including folds, faults,
and shear zones, which record deformation in Nigeria’s Precambrian basement.

- Tectonic event: A large-scale geological process such as mountain building, crustal
reworking, or deformation that shapes the Earth’s crust. The Pan-African orogeny is a key
example.in Nigeria.

Concept Check Questions [Series 4]

Objective questions

1. Nigeria’s Precambrian basement complex is part of the larger mobile belt. (Linked to SLO
4.1)

2. The Pan-African orogeny occurred about million years ago. (Linked to SLO 4.2)

-
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3. Gold depositsin Nigeria’s Precambrian terrains are commonly associated with zones and
quartz veins. (Linked to SLO 4.4)

4. Which radiometric dating method is commonly applied to zircons in Nigerian granites?
(Linked to SLO 4.3)

5. Tin and columbite deposits in the Jos Plateau are associated with magmatic intrusions
and . (Linked to SLO 4.4)

Short-answer questions

6. Define basement complex and explain its significance in Nigeria’s Precambrian geology.
(Linked to SLO 4.1)

7. ldentify three structural features found in Nigeria’s Precambrian basement and explain
their geological importance. (Linked to SLO 4.2)

8. Describe how oxygen isotopes (6\(*{18}\)O) are used to study fluid—=rock interactions in
Nigerian Precambrian terrains. (Linked to SLO 4.3)

9. Explain why tectonic processes are important in the formation of ore deposits in Nigeria.
(Linked to SLO 4.4)

10. Briefly state how integrating radiometric dating with stable isotope studies improves
geological interpretation. (Linked to SLO 4.3)

Long-answer questions

11. Analyse the geological framework of Nigeria’s Precambrian, focusing on shield areas,
cratons, and lithologies. (Linked to SLO 4.1)

12. Evaluate the tectonic evolution of Nigeria’s Precambrian, with reference to the Pan-
African orogeny and structural features. (Linked to SLO 4.2)

13. Assess the role of radiometric and isotopic studies in Nigerian Precambrian geology,
highlighting their applications and integration. (Linked to SLO 4.3)

14. Discuss the economic significance of Nigeria’s Precambrian terrains, considering
mineralisation, ore deposits, and case studies of resource exploration. (Linked to SLO 4.4)

Answers to Concept Check Questions [Series 4]

Objective questions

1. Pan-African.

-
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2.600.
3. Shear.
4. U/Pb.

5. Pegmatites.

Short-answer questions

6. The basement complex is the oldest group of rocks in Nigeria, composed of Precambrian
crystalline rocks such as granites, gneisses, schists, and migmatites. It is significant
because it records ancient tectonic and metamorphic events.

7. Folds, faults, and shear zones. They are important because they show evidence of
tectonic stresses and help reconstruct crustal deformation.

8. O\(*{181\)O values in Nigerian rocks reveal the sources of fluids during metamorphism,
distinguishing between magmatic, meteoric, or marine origins.

9. Tectonic processes create favourable conditions for mineral formation, such as shear
zones for gold and magmatic intrusions for tin and columbite.

10. Integration provides both absolute ages and environmental information, giving a fuller
picture of geological events.

Long-answer questions

11. Basic response: Nigeria’s Precambrian framework includes shield areas and cratons
that form part of the West African Craton. Lithologies such as granites, schists, and
migmatites record tectonic and metamorphic events.

Value-added response: Outstanding learners may note that these terrains also provide
evidence of crustal growth®and stabilisation, linking Nigeria’s geology to continental
evolution across Africa.

12. .Basic response: The Pan-African orogeny reworked Nigeria’s basement complex,
forming new granites and structural features such as folds, faults, and shear zones.

Value-added response: Learners may add that these structures not only record tectonic
stresses but also influenced mineralisation and crustal stability, making Nigeria part of the
broader Pan-African mobile belt.

13. Basic response: Radiometric methods such as U/Pb, Rb/Sr, and K/Ar provide ages for
Nigerian rocks, while stable isotopes reveal environmental conditions. Together, they
reconstruct tectonic events.

-
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Value-added response: Learners may highlight that integration allows correlation with
global Precambrian events, and isotopic studies also trace palaeoclimate signals and early
biological activity.

14. Basic response: Nigeria’s Precambrian terrains host mineralisation including gold, tin,
columbite, and iron ore. Case studies such as the Jos Plateau illustrate resource
exploitation.

Value-added response: Outstanding learners may discuss the environmental and social
challenges of resource exploitation, emphasising the need for sustainable practices
alongside economic development.

Answers to Pilot Questions [Series 4]
Pilot questions 4.1

1. Pan-African mobile belt

2. Precambrian crystalline rocks

3. Granites and schists (also migmatites)

4, Partial melting

5. They show crustal stability and tectonic history

Pilot questions 4.2

1. About 600 million years ago

2. Folds, faults, and shear zones

3. Ductile planes

4. It stabilised Nigeria’s crust as part of the African shield

5. They influence mineral resource distribution and guide exploration

Pilot questions 4.3

1< Rb/Sr, U/Pb, and K/Ar

2. Stable isotopes

3. Ancient organic productivity

4. They help study ore deposits and atmospheric changes

5. Because it combines timing with environmental conditions for a fuller interpretation

-
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Pilot questions 4.4

1. Mineralisation is the concentration of valuable minerals; examples include gold, tin,
columbite, and iron ore

2. Shear zones and quartz veins
3. Tin and columbite deposits
4. They create favourable conditions for mineral formation

5. Jos Plateau and Zamfara (also Osun)

References and Attributions [Series 4]

General references

- Course document: GEY 301: Geochronology & Precambrian Geology of Africa (uploaded
source).

- Referencing style applied: APA (7th edition) adapted forinstructional material.

- Suggested Open Educational Resources (OERs) consulted for illustration sourcing.

Figures

- Figure 4.1 Distribution of Precambrian basement complex in Nigeria. Al-generated using
prompt: “Generate a map diagram showing Nigeria with highlighted Precambrian basement
complex regions.” Suggested OER search string: “Nigeria Precambrian basement complex
distribution map OER:”

- Figure 4.2 Major tectonic events affecting Nigeria’s Precambrian basement. Al-generated
using prompt:“Generate a timeline diagram showing Nigerian Precambrian tectonic events,
highlighting the Pan-African orogeny.” Suggested OER search string: “Nigeria Precambrian
tectonic events/Pan-African orogeny diagram OER.”

- Figure 4.3 Radiometric dating techniques used in Nigerian Precambrian geology. Al-
generated using prompt: “Generate a diagram showing Rb/Sr, U/Pb, and K/Ar dating
methods applied to Nigerian Precambrian rocks.” Suggested OER search string:
“radiometric dating Nigerian Precambrian geology diagram OER.”

- Figure 4.4 Ore deposits linked to Precambrian tectonic activity. Al-generated using prompt:
“Generate a diagram showing tectonic processes such as magmatic intrusions and shear
zones linked to ore deposits in Nigeria.” Suggested OER search string: “Nigeria Precambrian
ore deposits tectonic processes diagram OER.”

Plates
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- Plate 4.1 Precambrian shield exposures in Nigeria. Al-generated using prompt: “Generate
an image of exposed Precambrian crystalline rocks in Nigeria’s shield areas.” Suggested
OER search string: “Nigeria Precambrian shield exposures OER image.”

- Plate 4.2 Structural features in Nigeria’s Precambrian basement. Al-generated using
prompt: “Generate an image of Precambrian rocks in Nigeria showing folds and faults.”
Suggested OER search string: “Nigeria Precambrian basement folds faults shear zones OER
image.”

- Plate 4.4 Gold-bearing quartz veins in Nigerian Precambrian rocks. Al-generated using
prompt: “Generate an image of Precambrian rocks in Nigeria showing quartz veins
associated with gold mineralisation.” Suggested OER search string:“Nigeria Precambrian
gold quartz veins OER image.”

Tables

- Table 4.1 Major lithologies of Nigeria’s Precambrian basement complex. Al-generated
using prompt: “Generate a simple table listing granites, schists, quartzites, and migmatites
with their geological significance.” Suggested QOER search string: “Nigeria Precambrian
basement lithologies table OER.”

- Table 4.2 Stable isotopes and their applications in Nigerian Precambrian geology. Al-
generated using prompt: “Generate a tablelisting oxygen, carbon, and sulphurisotopes with
their applications in Nigerian Precambrian geology.” Suggested OER search string: “stable
isotopes Nigerian Precambrian geology table OER.”

Boxes

- Box 4.1 Implications of tectonic evolution for crustal growth and mineralisation. Al-
generated using prompt: “Generate a box listing implications: crustal stabilisation, mineral
resource distribution, tectonic reconstruction.” Suggested OER search string: “Nigeria
Precambriancrustal growth tectonic implications OER.”

- Box 4.2 Integration of radiometric and isotopic studies in Nigerian Precambrian geology.
Al-generated using prompt: “Generate a box listing integration benefits: timing of tectonic
events, environmental conditions, crustal evolution, mineralisation.” Suggested OER
search string: “radiometric isotopic integration Nigerian Precambrian geology OER.”

- Box 4.3 Case studies of Precambrian resource exploration in Nigeria. Al-generated using
prompt: “Generate a box listing case studies: Jos Plateau (tin and columbite), Zamfara
(gold), Osun (gold exploration).” Suggested OER search string: “Nigeria Precambrian
resource exploration case studies OER.”
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Note: All Al-generated illustrations were created using descriptive prompts. Suggested OER
search strings are provided to enable sourcing of external educational resources where
needed.

Course code: GEY 301

Course title: Geochronology & Precambrian Geology of
Africa

Units: 2 Units

List of Series

Series 1: Foundations of Geochronology
Series 2: Radiometric Dating Techniques
Series 3: Stable Isotopes in Rock Chronology
Series 4: Precambrian Geology of Nigeria

Series 5: Tectonic Structures and Stratigraphy of Africa

5.1 Fundamentals of tectonic structures in Africa
-5.1.1 Definition and classification of tectonic structures
- 5.1.2 Major tectonic features across Africa (folds, faults, shear zones)

- 5.1.3 Case examples from East African Rift and Pan-African belts

5.2 Stratigraphic framework of Africa
- 5.2.1 Principles of stratigraphy and correlation
=5.2.2' Major stratigraphic units in Africa (Precambrian to Phanerozoic)

- 5.2.3 Regional stratigraphic case studies (e.g., Congo Basin, Karoo Supergroup)

5.3 Integration of tectonics and stratigraphy
- 5.3.1 Influence of tectonics on sedimentation and basin development
- 5.3.2 Stratigraphic evidence of tectonic events
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- 5.3.3 Applications in geological mapping and resource exploration

5.4 Economic and applied significance
- 5.4.1 Tectonic controls on mineralisation and hydrocarbon systems
- 5.4.2 Stratigraphic guides to resource exploration

- 5.4.3 Case studies of applied tectonic-stratigraphic analysis in Africa

Introduction

In the last Series, we explored the Precambrian geology of Nigeria, examining its basement
complex, tectonic evolution, isotopic studies, and economic significance. Building on that
foundation, we now turn our attention to the broader African continent, where tectonic
structures and stratigraphy provide the framework for understanding;its geological history.
These elements are crucial because they reveal how Africa’s crust has evolved through
tectonic forces and how sedimentary layers recordthe passage of geological time.

The aim of this Series is to introduce‘you to the fundamental tectonic structures and
stratigraphic frameworks of Africa, and to equip you with the skills to interpret their
geological significance and applied value.in mapping and resource exploration.

We shall commence this Series by-examining the fundamentals of tectonic structures in
Africa, including their classification and examples such as folds, faults, and shear zones.
Next, we will explore the stratigraphic framework of Africa, considering principles of
correlation and major stratigraphic units from the Precambrian to the Phanerozoic.
Following that, we will move on to the integration of tectonics and stratigraphy, highlighting
how tectonic processes influence sedimentation and basin development. Finally, we will
wrap up by discussing the economic and applied significance of these studies, focusing on
mineralisation, hydrocarbon systems, and case studies of resource exploration across
Africa.

Series Learning Outcomes

Upon completing this Series, you should be able to:

- SLO 5.1 define and classify the major tectonic structures found across Africa, including
folds, faults, and shear zones,

- SLO 5.2 explain the principles of stratigraphy and identify key stratigraphic units within
Africa from the Precambrian to the Phanerozoic,

- SLO 5.3 analyse the relationship between tectonic processes and stratigraphic
development, highlighting their influence on sedimentation and basin evolution, and

-
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- SLO 5.4 evaluate the economic and applied significance of tectonic and stratigraphic
studies in Africa, with reference to mineralisation, hydrocarbon systems, and resource
exploration case studies.

5.1 Fundamentals of Tectonic Structures in Africa

5.1.1 Definition and classification of tectonic structures

Tectonic structures are large-scale features in the Earth’s crust formed by movements and
stresses such as compression, tension, and shear. These structures include folds, faults,
joints, and shear zones, which record the deformation history of rocks. In Africa, tectonic
structures are particularly important because they reveal the processes that shaped the
continent’s crust during events such as the Pan-African orogeny andthe opening of the East
African Rift.

Tectonic structures are commonly classified into three categories:

- Compressional structures: Formed when rocks are pushed together, leading to folds and
thrust faults.

- Extensional structures: Created when rocks are pulled apart, producing normal faults and
rift valleys.

- Shear structures: Resulting from lateral displacement, forming shear zones and strike-slip
faults.

Fill in the blank: Compressional structures are formed when rocks are together,
producing folds and thrust faults.

-
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MAJOR TECTONIC STRUCTURES & EXAMPLES FROM AFRICA (OER)

Reverse

+ Caused by converent forces

+— Rift valley —1

+— Rift valley —

Titten  Tilted

SHEAR
STRUCTURES

—

‘? ﬁ Transform falt

« Caused by parallel foren

forces « Caused by divergent forces forces
« Crustal thickking + Crustal thiming & rifting « Lateral crust movement
Examples: + Crustal thiming & rifting Examples:
« Atlas Mountains Fold & Thust Bel Examples: * Akwapim Fault Zone (Ghana)
- Cape Fold Belt - East African Rift System - Cameron Volcanic Line (part)
- Okavago Rift Zone

OecX

Figure 5.1 Classification of tectonic structures in Africa

5.1.2 Major tectonic features across Africa (folds, faults, shear zones)

Africa hosts a wide range of tectonic features that illustrate its dynamic geological history.
Folds are curved layers'of rock formed under compressional forces, seen in regions such as
the Pan-African belts. Faults are fractures in rocks where displacement has occurred, with
normal faults dominating rift systems like the East African Rift. Shear zones are zones of
intense deformation where rocks have been displaced along ductile planes, such as the
Central African Shear Zone.

These features are not only markers of past tectonic activity but also influence present-day
landscapes and resource distribution. For example, rift faults control basin formation, while
shear zones often host mineralisation.

Fill in the blank: The East African Rift is characterised by large-scale faults formed under
extensional forces.
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Plate 5.1 Faulted landscape of the East African Rift

5.1.8 Case examples from East African Rift and Pan-African belts

The East African Rift is one of the most prominent tectonic features in Africa, representing
anactive extensional system where the continent is slowly splitting apart. Itis characterised
by normal faults, volcanic activity, and rift valleys. This rift provides a modern example of
tectonic processes shaping stratigraphy and basin development.

The Pan-African belts, on the other hand, are ancient compressional structures formed
during the Pan-African orogeny about 600 million years ago. They consist of folded and
metamorphosed rocks, shear zones, and granitic intrusions. These belts stabilised large
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parts of Africa’s crust and are associated with mineral deposits such as gold and base
metals.

Fill in the blank: The Pan-African belts were formed during a major tectonic event
about million years ago.

TECTONIC CASE STUDIES \

East African Rift

¥ (Extensional Tectonics) \’

3 Pan-African Belts

(Compressional Tectonics)

OER Graphic

Box 5.1 Case studies of African tectonic structures

Pilot questions 5.1
1. What are tectonic structures, and how are they classified?

-
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2. Which type of tectonic structures are formed when rocks are pushed together?
3. Name three major tectonic features found in Africa’s crust.
4. What type of faults dominate the East African Rift?

5. During which tectonic event were the Pan-African belts formed?

5.2 Stratigraphic Framework Of Africa

5.2.1 Principles of stratigraphy and correlation

Stratigraphy is the branch of geology concerned with the study of rock layers (strata) and
their organisation in time and space. It provides a framework for interpreting Earth’s history
by examining how sediments are deposited, preserved, and correlated across regions. In
Africa, stratigraphy is essential for reconstructing geological events, identifying resource-
bearing formations, and linking local rock successions to global geological time scales.

Correlation involves matching rock layers from different locations based on their age,
composition, or fossil content. This allows geologists to build regional and continental
stratigraphic frameworks.

Fillin the blank: Stratigraphy is the study of rock and their organisation in time and space.

-
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Figure 5.2 Principles of stratigraphy and correlation

5.2.2 Major stratigraphic units in Africa (Precambrian to Phanerozoic)

Africa’s stratigraphy spans from the Precambrian, which records the earliest crustal rocks,
to. the Phanerozoic, which includes well-preserved sedimentary basins and fossil-rich
formations.

Keystratigraphic units include:

- Precambrian basement rocks: Crystalline complexes forming the foundation of the
continent.

- Palaeozoic sequences: Sedimentary deposits such as those in the Sahara and Congo
Basin, recording early marine environments.
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- Mesozoic formations: Including the Karoo Supergroup, which preserves evidence of
continental rifting and fossil assemblages.

- Cenozoic deposits: Rift valley sediments and coastal basins, reflecting more recent
tectonic and climatic processes.

Fill in the blank: The Karoo Supergroup is a major Mesozoic formation thatpreserves
evidence of continental and fossil assemblages.

Major Stratigraphic Approximate

Era Key Features and Lithology

Units / Groups Age
Includes the Villafranchian-Kaguerian
East African Rift Series (hominin-bearing fossils like
Deposits, Algoa & _Australopithecus). Features coastal
Cenozoic Bredasdorp Groups Present limestones, Nummulitic limestones in
(South Africa), Saharan North Africa,/ 'and fluvial/lacustrine
Carbonates sedimentsrelated to the opening of the
East African Rift.
Dominated by continental red beds and
Karoo Supergroup . .
volcanic activity (Drakensberg lavas).
(Upper: Beaufort &
. Records the breakup of Gondwana, the
Mesozoic Stormberg), North 252 - 66 Ma .
. . development of the African Surface
African Basins (NA 6, s L .
(pediplain), and significant marine
NA7) X . .
transgressions in the Saharan regions.
Cape Supergroup Features Dwyka Group tillites (glacial
(Table Mountain, relief from the Late Palaeozoic Ice Age)
Palacozoic Bokkeveld), Karoo 541 - 252 Ma and 'E'cca Groupicoal seams. Includes
Supergroup (Lower: fossiliferous marine sandstones (Table
Dwyka, Ecca), Anti- Mountain) and graptolitic shales in
Atlas Belt Northwest Africa.
Kaapvaal & West Composed of ancient granite-gneiss-
Affican Cratons greenstone belts (e.g., Barberton, ~3.5
. . ’~4,000 - 541Ga). Includes the gold-bearing
Precambrian Witwatersrand

Ma conglomerates of the Witwatersrand
androcks from the Pan-African Orogeny
(e.g., Mozambique and Damara belts).

Supergroup, Pan-
African Mobile Belts

Table 5.1 Major stratigraphic units of Africa

5.2.3 Regional stratigraphic case studies

-
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Severalregions in Africa provide excellent case studies for stratigraphic analysis. The Congo
Basin contains thick sedimentary sequences that record Palaeozoic to Cenozoic history.
The Karoo Supergroup in southern Africa is one of the most studied stratigraphic units,
preserving fossils of reptiles and plants that document the transition from the Palaeozoic to
the Mesozoic. Rift basins in East Africa, such as the Turkana Basin, provide Cenozoic
records of tectonic activity and climate change.

These case studies highlight how stratigraphy is applied to reconstruct geological history
and guide exploration for resources such as hydrocarbons and minerals.

Fill in the blank: The Congo Basin contains thick sedimentary sequences that record to
Cenozoic history.

1. The Congo Basin (Palaeozoic - Cenozoic)

The Congo Basin is one of the world's largest intracratonic-sag basins, sitting atop the
stable Congo Craton.

e Stratigraphic Record: It contains a massive sedimentary fill reaching up to 9 km in
thickness.

o KeyUnits: Therecord begins with Neoproterozoic glacial deposits (tillites), followed
by vast Palaeozoic and Mesozoic continental sequences.

o Significance: It provides a"window" into the long-term subsidence of the African
plate interior, transitioning from ancient marine environments to the modern
terrestrial rainforest ecosystem.

2. The Karoo Supergroup (Mesozoic Fossils)

Located primarily in Southern Africa, the Karoo is the most complete record of the transition
from the Palaeozoic to the Mesozoic in Gondwana.

¢ Fossil Record: It is world-renowned for its Therapsid (mammal-like reptile) fossils.
These biozones/allow geologists to correlate strata across South Africa, Lesotho, and
eveninto Antarctica and South America.

o Lithology: Features the Beaufort Group (famous for vertebrate evolution) and ends
abruptly with the Drakensberg Group flood basalts, marking the initial breakup of
the Gondwana supercontinent.

3. East African Rift System (Cenozoic Tectonics)

This active continental rift provides a real-time look at how plate tectonics creates new
stratigraphic units.
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e Tectonic Setting: A divergent boundary where the African Plate is splitting into the
Nubian and Somali plates.

e Stratigraphic Features: Characterized by thick sequences of lacustrine (lake)
sediments interlayered with volcanic ash (tephra).

e Anthropological Value: The unique chemistry of the volcanic ash layers allows for
precise radiometric dating (e.g., Potassium-Argon dating), which has been-crucial
in dating famous hominin fossils like "Lucy" (Australopithecus afarensis).

Box 5.2 Case studies of African stratigraphic frameworks

Pilot questions 5.2

1. What is stratigraphy, and why is it important in Africa?

2. What does correlation in stratigraphy involve?

3. Name four major stratigraphic units in Africa from the Precambrianto the Cenozoic.

4. Which Mesozoic formation preserves evidence of continental rifting and fossil
assemblages?

5. What type of geological history is recorded in the Congo Basin?

5.3 Integration of Tectonics and Stratigraphy

5.3.1 Influence of tectonics.on sedimentation and basin development

Sedimentation refers to the process by which sediments are deposited in basins, while
basin development describes the formation and evolution of depressions in the Earth’s
crust where sediments accumulate. Tectonic processes strongly influence both, as
compressionalforces create foreland basins, extensional forces form riftvalleys, and strike-
slip movements generate pull-apart basins.

In Africa, the East African Rift provides a clear example of how tectonic extension controls
sedimentation. Rift faults create accommodation space for sediments, while volcanic
activity contributes additional material. Similarly, compressional tectonics during the Pan-
African orogeny influenced the deposition of sediments in foreland basins adjacent to
mountain belts.

Fill:in the blank: Extensional tectonics in the East African Rift create space for
sediments to accumulate.

-
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Figure 5.3 Tectonic control on sedimentation and basin development

5.3.2 Stratigraphic evidence of tectonic events

Stratigraphic evidence refers to the record of tectonic activity preserved in sedimentary
layers. Features such as unconformities, changes in sediment type, and fossil assemblages
can indicate tectonic events. For example, angular unconformities mark periods of
deformation and erosion, while shifts from marine to continental sediments may reflect
tectonic uplift or basin closure.

In Africa, the Karoo Supergroup records stratigraphic evidence of continental rifting, with
volcanic layers interbedded with sedimentary rocks. Rift basins in East Africa also preserve
alternating lacustrine and fluvial deposits, reflecting tectonic pulses and climatic changes.
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Fill in the blank: Angular unconformities in stratigraphic records mark periods of
tectonic and erosion.

OPEN EDUCATIONAL RESOURCE (OER)

Palaeozio Sandstone &
/ Conglonrate (Flat-lying)
Tectonic Uplift &

Erosion Deposition

Precasedran Metsaediments
(Tilted & Folded)

ANGULAR UNCUNCTRINITY: Evidence of Tectonic
Deformation & Sea-Level Change in Africa

Plate 5.3 Stratigraphic evidence of tectonic deformation in Africa

5.3.3 Applications in geological mapping and resource exploration

The integration of tectonics and stratigraphy is particularly valuable in geological mapping,
which involves representing rock units and structures on maps, and in resource exploration,
which seeks economically valuable deposits. Stratigraphic records help geologists identify
depositional environments, while tectonic structures indicate potential traps for
hydrocarbons or zones of mineralisation.

-
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For example, rift basins in East Africa are important targets for hydrocarbon exploration, as
tectonic faults create traps and stratigraphy reveals reservoir rocks. Similarly, shear zones
associated with Precambrian belts often host gold deposits, with stratigraphy providing
clues to their age and formation.

Fill in the blank: Rift basins in East Africa are important targets for exploration
because tectonic faults create traps and stratigraphy reveals reservoir rocks.

Applications of Stratigraphy and Tectonics in Africa

Understanding the relationship between rock layers and the structural forces that shaped
them is not just academic; it is the foundation of Africa's resource-driven gconomy and
infrastructure development.

1. Geological Mapping & Infrastructure

e Regional Correlation: Using stratigraphic-principles to link disparate rock units
across national borders, essential for creating unified African geological maps.

e Engineering Geology: Identifying unconformities and fault zones is critical for the
safe construction of large-scale dams (e.g., Grand Ethiopian Renaissance Dam) and
trans-continental transport corridors.

e Hydrogeology: Stratigraphic mapping identifies aquifer units, such as the Nubian
Sandstone Aquifer System, which is vital for water security in arid North African
regions.

2. Hydrocarbon Exploration in Rift Basins

e Source & Reservoir Rocks: In the East African Rift and West African Passive
Margins, stratigraphy helps locate organic-rich shales (source) and porous
sandstones (reservoirs).

o Trap Identification: Tectonic analysis reveals how "normal faulting" in rifts creates
structural trapsthat contain oil and gas.

e ( Case Study: The Albertine Graben (Uganda) uses seismic stratigraphy to map
Cenozoic lake sediments that host significant oil reserves.

3. Mineral Exploration in Shear Zones

e | Structural Control: Many of Africa’s gold and base-metal deposits are "orogenic,"
meaning they are found in ancient shear zones and mobile belts (e.g., the Birimian
of West Africa).

« Hydrothermal Pathways: Tectonic deformation creates the fractures (pathways)
through which mineral-rich fluids travel, while stratigraphic boundaries often act as
"chemical traps" to precipitate the ore.

-
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e Targeting: Mapping the Precambrian basement involves identifying specific
greenstone belt stratigraphy to locate gold, copper, and cobalt deposits in the
Copperbelt of Zambia and the DRC.

Box 5.3 Applications of tectonic—stratigraphic integration in Africa

Pilot questions 5.3

1. How do tectonic processes influence sedimentation and basin development?

2. What type of accommodation space is created by extensional tectonicsiin rift systems?
3. What stratigraphic feature marks periods of tectonic deformation and erosion?

4. Which African stratigraphic unit records evidence of continental rifting?

5. Why is the integration of tectonics and stratigraphy important in resource exploration?

5.4 Economic and Applied Significance

5.4.1 Tectonic controls on mineralisation and hydrocarbon systems

Mineralisation refers to the concentration of economically valuable minerals within rocks,
often influenced by tectonic structures such as faults, folds, and shear zones. In Africa, gold
deposits are frequently associated with Precambrian shear zones, while copper and cobalt
mineralisation in the Central African Copperbelt is linked to tectonic folding and basin
development.

Similarly, hydrocarbon systems are controlled by tectonic settings. Rift basins, such as
those in East Africa, provide traps‘and reservoirs for oil and gas accumulation. Faults and
folds create structural traps, while stratigraphy determines reservoir quality and seal
effectiveness:

Fillin the blank: Rift basins in East Africa provide traps and reservoirs for the accumulation
of and gas.

-

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



TECTONIC CONTROLS ON RESOURCE SYSTEMS IN AFRICA
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Figure 5.4 Tectonic controls on mineral and hydrocarbon resources in Africa

5.4.2 Stratigraphic guides to resource exploration

Stratigraphic guides are indicators within sedimentary sequences that help geologists
locate potentialresources. For hydrocarbons, stratigraphy identifies reservoirrocks such as
sandstones, source rocks such as organic-rich shales, and seals such as evaporites. In
mineral. exploration, stratigraphy highlights formations associated with ore deposits, such
as banded iron formations in Precambrian successions.

In Africa, the Karoo Supergroup provides stratigraphic guides for coal exploration, while
Cenozoic rift basins highlight reservoir and source rocks for hydrocarbons. Stratigraphy
therefore complements tectonic analysis by narrowing down exploration targets.
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Fill in the blank: Organic-rich are stratigraphic indicators of source rocks in
hydrocarbon systems.

Key Stratigraphic Specific African

Resource Type Stratigraphic Principles

Unit(s) Examples
Cenozoic Lacustrine . East African Rift
Sequence Stratigraphy: )
Shales . .~ Basins (e.g., lLake
Hydrocarbons Identifying transgressive- .
. Sandstones; . Albert, Uganda); Niger
(Oil & Gas) . . _regressive cycles to locate
Mesozoic Marine . . Delta (Akata-Agbada-
. source/reservoir/seal triplets. . .
Formations Benin formations).

Witwatersrand Basin

Lithostratigraphy & Structural(South Africa);

Archean Greenstone Control: Identifying host rocks

Gold (Orogenic Belts; Proterozoic : . Birimian Greenstones
. (e.g., BIFs, volcaniclastics) R
& Placer) Quartzite- . . (Ghana, Cote
and their relation to< shear’, . . .
Conglomerates sones or unconformities d'lvoire); Lake Victoria
) Goldfield (Tanzania).
Copper & Neoproterozoic Chemostratlgraphy: Mapping Central African
redox . boundaries  where Copperbelt (Katanga
Cobalt Carbonate- . . . . )
. e . metal-rich fluids precipitate in Supergroup in DRC
(Sediment- Siliciclastic - . - " .
. specific stratigraphic "trap"and Zambia); Damara
Hosted) Successions o
layers. Belt (Namibia).
Lithostratigraphy &Karoo Supergroup
Coal (Energy &Pala‘eozmc-Me.sozmc Sedlmentology: Mapplng(Egca Group) in South
. Fluvial-Lacustrine deltaic and swamp Africa, Zimbabwe,
Industrial) . I .
Sequences environments withinand Mozambique
continental cycles. (Tete Basin).
Chronostratigraphy: Hamersley-style BlFs
Iron Ore Precambrian Correlation of globalin the Liberian Shield
(Banded... lron Metasedimentary oxygenation events (GOE) thatand Transvaal
Formations) Sequences led to the deposition ofSupergroup (South
massive iron layers. Africa).

Table 5.2 Stratigraphic guides to resource exploration in Africa

5:4.3 Case studies of applied tectonic—stratigraphic analysis in Africa

Case studies demonstrate how integrating tectonics and stratigraphy supports exploration
and development. In the Central African Copperbelt, tectonic folding and stratigraphy
combine to host world-class copper and cobalt deposits. In the Niger Delta, stratigraphy

-

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



reveals reservoir sandstones and source shales, while tectonic faults create traps for
hydrocarbons. The East African Rift illustrates how tectonic extension and stratigraphy
together define hydrocarbon potential and geothermal resources.

These examples show that applied tectonic—stratigraphic analysis is hot only academicbut
also central to Africa’s economic development.

Fill in the blank: The Niger Delta is a major hydrocarbon province where tectonic faults
create traps and stratigraphy reveals sandstones and source shales:

Case Studies: Tectono-Stratigraphy in Action

Africa's geological history has created unique "natural laboratories" where tectonic
movements directly dictate the location of world-class energy and mineral resources.

1. Central African Copperbelt (Copper-Cobalt)

e Tectonic Setting: An intracontinental/ rift . system that underwent intense
compression during the Lufilian Orogeny (~550 Ma).

o Stratigraphy: Hosted within the Katanga Supergroup. Mineralization is found in the
Roan Group, specifically where oxidized "red beds" meet reduced marine shales.

e The "Trap": Metals were leached from the basement by hot brines and precipitated
when they encountered organic-rich, sulfide-bearing layers. The complex folding and
thrusting of the Lufilian Arc brought these deeply buried ores closer to the surface.

2. Niger Delta (Hydrocarbons)

o Tectonic Setting: A Cenozoic passive margin delta that formed over a failed rift arm
(the Benue Trough) from the breakup of Gondwana.

e _Stratigraphy: A massive, 12 km thick sequence divided into three formations:
1. Akata Formation: Deep-water marine shales (The Source).
2. Agbada Formation: Alternating sands and shales (The Reservoir & Seal).
3. Benin Formation: Shallow continental sands.

ands.

e Gravity Tectonics: The weight of prograding sediments causes the underlying
Akata shales to deform, creating "roll-over anticlines" and growth faults that
trap oil and gas.

3. East African Rift (Hydrocarbons & Geothermal)

-
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e« Tectonic Setting: An active divergent boundary splitting the African Plate.

e Western Branch (Hydrocarbons): Basins like the Albertine Graben (Uganda)
feature deep, nutrient-rich lakes. High biological productivity led to the
deposition of thick, organic-rich lacustrine shales (source rocks) that are
now maturing into oil.

e Eastern Branch (Geothermal): Dominated by intense volcanism and crustal
thinning (e.g., Kenya and Ethiopia).

e The Mechanism: Magmatic intrusions provide a shallow heat source.
Stratigraphic layers of permeable volcaniclastics and-fractured basement
allow water to circulate, heat up, and be tapped for geothermal energy.

Box 5.4 Case studies of applied tectonic—stratigraphic analysis in Africa

Pilot questions 5.4
1. How do tectonic structures influence mineralisation.in Africa?

2. What type of tectonic setting provides traps and reservoirs for hydrocarbons in East
Africa?

3. Which stratigraphic indicator identifies source rocks'in hydrocarbon systems?
4. Name one stratigraphic unit in Africa that guides coal exploration.

5. Which African region is a major hydrocarbon province combining tectonic traps and
stratigraphic reservoirs?

Series Summary

This Series has‘examined the tectonic structures and stratigraphic framework of Africa,
emphasising their.importance in understanding the continent’s geological history and
applied significance. By linking structural geology with stratigraphy, we have seen how
tectonic forces shape basins, influence sedimentation, and control the distribution of
resources.

Starting off, we explored the fundamentals of tectonic structures, including folds, faults,
and.shear zones. We then moved on to the stratigraphic framework, considering principles
of correlation and major units from the Precambrian to the Cenozoic. Following that, we
integrated tectonics and stratigraphy, highlighting how tectonic events are recorded in
sedimentary sequences and applied in geological mapping. Finally, we concluded with the
economic and applied significance, focusing on mineralisation, hydrocarbon systems, and
case studies across Africa. By completing this Series, you should now be able to define and

-
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classify tectonic structures (SLO 5.1), explain stratigraphic principles and units (SLO 5.2),
analyse the relationship between tectonics and stratigraphy (SLO 5.3), and evaluate their
economic and applied importance (SLO 5.4).

Glossary of Terms

e Angular unconformity: A boundary in rock layers where tilted or folded strata are
overlain by younger, more horizontal layers, marking a period of tectonicdeformation
and erosion.

e Basin development: The formation and evolution of depressions in the Earth’s crust
where sediments accumulate, often influenced by tectonic. forces such as
compression or extension.

e Correlation: The process of matching rock layers from different locations based on
age, composition, or fossil content.to build regional or continental stratigraphic
frameworks.

e Fault: A fracture in rocks‘where displacement has occurred due to tectonic forces,
commonly seen in rift systems such as the East African Rift.

e Fold: A curved or bentrock layer formed under compressional forces, often found in
mountain.belts'and orogenic zones.

e [ Hydrocarbonsystem: A geological setting where oiland gas are generated, migrated,
and trapped, typically involving source rocks, reservoir rocks, and structural or
stratigraphic traps.

e Mineralisation: The concentration of economically valuable minerals within rocks,
often controlled by tectonic structures such as shear zones or folds.

-
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e Precambrian basement: The oldest crystalline rocks forming the foundation of
Africa’s geology, predating the Phanerozoic and recording early tectonic events.

e Sedimentation: The process by which sediments are deposited in basins, influenced
by tectonic activity and environmental conditions.

e Shear zone: A zone of intense deformation where rocks have been displaced along
ductile planes, often associated with mineral deposits such as gold.

e Source rock: A sedimentary rock rich in organic material that generates
hydrocarbons when subjected to heat and pressure.

e Stratigraphic evidence: Geological records preserved in sedimentary layers that
indicate tectonic events, such as unconformities or changes in sediment type.

o Stratigraphic guide: An indicator within sedimentary sequences that helps geologists
locate potentialresources, such as banded iron formations or reservoir sandstones.

o Stratigraphy: The study. of‘rock layers (strata) and their organisation in time and
space, used to reconstruct Earth’s history and correlate formations across regions.

o [ Tectonic structure: Large-scale features in the Earth’s crust formed by movements
and stresses, including folds, faults, and shear zones.

e Unconformity: A gap in the geological record where deposition stopped, erosion
removed previously formed layers, or tectonic activity altered the sequence.

Concept Check Questions [Series 5]

Objective questions

-
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1. Tectonic structures such as folds and thrust faults are formed under forces. (Linked to
SLO5.1)

2. The East African Riftis characterised by large-scale faults. (Linked to SLO 5.1)

3. Stratigraphy is the study of rock and their organisation in time and space. (Linked to SLO
5.2)

4. The Karoo Supergroup is a major Mesozoic formation that preserves evidence of
continental. (Linked to SLO 5.2)

5. Angular unconformities in stratigraphic records mark periods of tectonic and erosion.
(Linked to SLO 5.3)

Short-answer questions
6. Define tectonic structures and give two examples found in Africa. (Linked to SLO 5.1)
7. Explain the principle of correlation in stratigraphy. (Linkedto SLO 5.2)

8. Identify two African basins that provide important stratigraphic records and state their
significance. (Linked to SLO 5.2)

9. Describe how tectonic processes influence sedimentation in rift basins. (Linked to SLO
5.3)

10. State one way in which stratigraphy guides resource exploration in Africa. (Linked to SLO
5.4)

Long-answer questions

11. Analyse the classification of tectonic structures in Africa, with examples of
compressional, extensional, and shear features. (Linked to SLO 5.1)

12. Evaluate the stratigraphic framework of Africa, highlighting major units from the
Precambrian to the Cenozoic. (Linked to SLO 5.2)

13. Assess the integration of tectonics and stratigraphy, focusing on how tectonic events are
recorded in sedimentary sequences. (Linked to SLO 5.3)

14. Discuss the economic and applied significance of tectonic and stratigraphic studies in
Africa; with reference to mineralisation and hydrocarbon systems. (Linked to SLO 5.4)

Answers to Concept Check Questions [Series 5]
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Objective questions
1. Compressional.
2. Normal.

3. Layers.

4. Rifting.

5. Deformation.

Short-answer questions

6. Tectonic structures are large-scale features formed by crustal movements.and stresses.
Examples include folds in the Pan-African belts and faults in the East African/Rift.

7. Correlation involves matching rock layers from different locations based on age,
composition, or fossil content to build regional frameworks.

8. The Congo Basin records Palaeozoic to Cenozoic history, while the Karoo Supergroup
preserves Mesozoic fossils and evidence of rifting.

9. In rift basins, extensional tectonics create accommodation space for sediments, while
faults and volcanic activity influence deposition.

10. Stratigraphy identifies reservoirrocks, source rocks, and seals in hydrocarbon systems,
guiding exploration.

Long-answer questions

11. Basic response: Compressional structures include folds and thrust faults, extensional
structures include normal faults and rift valleys, and shear structures include strike-slip
faults and shear zones.

Value-added response: Learners may add African examples such as folds in the Pan-
African belts, normal faults in the East African Rift, and shear zones in the Central African
Shear Zone, linking them to tectonic history.

12.Basic response: Africa’s stratigraphy includes Precambrian basement rocks, Palaeozoic
marine deposits, Mesozoic formations such as the Karoo Supergroup, and Cenozoic rift
valley sediments.

Value-added response: Learners may highlight how these units correlate with global
geological time scales and provide evidence of tectonic and climatic changes across
Africa.

-
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13. Basic response: Tectonic events are recorded in stratigraphy through unconformities,
shifts in sediment type, and fossil assemblages.

Value-added response: Learners may expand by discussing how integration aids
geological mapping, basin analysis, and exploration, with examples from the Karoo
Supergroup and East African Rift.

14. Basic response: Tectonic structures control mineralisation, such as gold in shearzones,
while stratigraphy guides hydrocarbon exploration in rift basins and coal in the Karoo
Supergroup.

Value-added response: Learners may add case studies such as the Central’ African
Copperbeltfor copper—cobalt, the Niger Delta for hydrocarbons, and East African Rift basins
for geothermal potential, emphasising applied significance.

Answers to Pilot Questions [Series 5]

Pilot questions 5.1

1. Tectonic structures are large-scale features formed by crustal movements and stresses;
they are classified into compressional, extensional, and shear structures.

2. Compressional structures.
3. Folds, faults, and shear zones.
4. Normal faults.

5. About 600 million years ago.

Pilot questions 5.2

1. Stratigraphy is the study of rock layers and their organisation in time and space; it is
important in'Africa for reconstructing geological history and guiding exploration.

2. Correlation involves matching rock layers from different locations based on age,
composition, or fossil content.

3. Precambrian basement, Palaeozoic sequences, Mesozoic formations, and Cenozoic
deposits.

4.The Karoo Supergroup.

5. Palaeozoic to Cenozoic history.

Pilot questions 5.3

-
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1. Tectonic processes influence sedimentation and basin development by creating
accommodation space and controlling depositional environments.

2. Accommodation space.
3. Angular unconformity.
4. The Karoo Supergroup.

5. Because it supports geological mapping, basin analysis, and resource exploration.

Pilot questions 5.4

1. They influence mineralisation by creating favourable structures such as shear zones and
folds.

2. Rift basins.

3. Organic-rich shales.
4. The Karoo Supergroup.
5. The Niger Delta.

References and Attributions [Series 5]

General references

- Course document: GEY 301: Geochronology & Precambrian Geology of Africa (uploaded
source).

- Referencing style applied: APA (7 edition) adapted for instructional material.

- Suggested Open Educational Resources (OERs) consulted for illustration sourcing.

Figures

- Figure 5.1 Classification of tectonic structures in Africa. Al-generated using prompt:
“Generate a diagram showing compressional, extensional, and shear tectonic structures
with examples.” Suggested OER search string: “tectonic structures classification Africa
diagram OER.”

<Figure 5.2 Principles of stratigraphy and correlation. Al-generated using prompt: “Generate
a diagram illustrating stratigraphic layers and correlation across regions.” Suggested OER
search string: “principles of stratigraphy correlation diagram OER.”

- Figure 5.3 Tectonic control on sedimentation and basin development. Al-generated using
prompt: “Generate a diagram showing rift basins, foreland basins, and strike-slip basins
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with tectonic forces and sedimentation patterns.” Suggested OER search string: “tectonic
control sedimentation basin development Africa diagram OER.”

- Figure 5.4 Tectonic controls on mineral and hydrocarbon resources in Africa. Al-generated
using prompt: “Generate a diagram showing shear zones linked to gold deposits andrift
basins linked to hydrocarbon systems in Africa.” Suggested OER search string: “Africa
tectonic controls mineralisation hydrocarbon systems diagram OER.”

Plates

- Plate 5.1 Faulted landscape of the East African Rift. Al-generated using prompt: “Generate
an image of the East African Rift showing normal faults and rift valley terrain.” Suggested
OER search string: “East African Rift faulted terrain OER image.”

- Plate 5.3 Stratigraphic evidence of tectonic deformation in Africa. Al-generated using
prompt: “Generate an image of stratigraphic layers in Africa showing angular unconformity
due to tectonic deformation.” Suggested OER search string: “African stratigraphy angular
unconformity tectonic evidence OER image.”

Tables

- Table 5.1 Major stratigraphic units of Africa. Al-generated using prompt: “Generate a table
listing Precambrian, Palaeozoic, Mesozoic, and Cenozoic stratigraphic units of Africa with
age and features.” Suggested OER search string: “African stratigraphic units Precambrian
Phanerozoic table OER.”

- Table 5.2 Stratigraphic guidesto resource exploration in Africa. Al-generated using prompt:
“Generate a table showing stratigraphic guides for hydrocarbons, minerals, and coal with
African examples.” Suggested OER search string: “Africa stratigraphic guides resource
exploration table OER.”

Boxes

- Box 5.1 Case studiesof African tectonic structures. Al-generated using prompt: “Generate
a box listing case studies: East African Rift (extensional tectonics), Pan-African belts
(compressional tectonics).” Suggested OER search string: “East African Rift Pan-African
belts tectonic case studies OER.”

- Box 5.2 Case studies of African stratigraphic frameworks. Al-generated using prompt:
“Generate a box listing case studies: Congo Basin (Palaeozoic-Cenozoic), Karoo
Supergroup (Mesozoic fossils), East African Rift basins (Cenozoic tectonics).” Suggested
OER search string: “African stratigraphy Congo Basin Karoo Supergroup Rift basins OER.”

- Box 5.3 Applications of tectonic-stratigraphic integration in Africa. Al-generated using
prompt: “Generate a box listing applications: geological mapping, hydrocarbon exploration
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in rift basins, mineral exploration in shear zones.” Suggested OER search string: “Africa
tectonics stratigraphy geological mapping resource exploration OER.”

- Box 5.4 Case studies of applied tectonic-stratigraphic analysis in Africa. Al-generated
using prompt: “Generate a box listing case studies: Central African Copperbelt (copper-
cobalt), Niger Delta (hydrocarbons), East African Rift (hydrocarbons and geothermal).”
Suggested OER search string: “Africa tectonic stratigraphic case studies Niger Delta
Copperbelt Rift OER.”

Note: All Al-generated illustrations were created using descriptive prompts. Suggested OER
search strings are provided to enable sourcing of external educational resources where
needed.
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